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Cervical cancer is the second most prevalent cancer among women worldwide, and 
infection with Human Papilloma Virus (HPV) has been identified as the causal agent 

for this condition. The natural history of cervical cancer is characterized by slow 
disease progression, rendering the condition in essence preventable and even treatable 

when diagnosed in early stages. Pap smear and the recently introduced prophylactic 
vaccines are the most prominent prevention options, but despite the availability 
of these primary and secondary screening tools, the global burden of disease is 

unfortunately still very high. This book will focus on the clinical and diagnostic 
aspects of HPV and related disease, highlighting the latest developments in this field.
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Preface

Cervical cancer is the second most prevalent cancer among women worldwide, mainly af‐
fecting young women. Infection with Human Papilloma Virus (HPV) has been identified as
the causal agent for this condition. The natural history of cervical cancer is characterized by
slow disease progression, generally taking over 10 years from the initial infection with HPV
till cancer. In essence, cervical cancer is a preventable disease, and treatable if diagnosed in
early stage. Historically, the introduction of the Pap smear has markedly reduced the num‐
ber of new cases countries with an effective prevention program. The burden of disease is
highest in developing countries, with peak incidence in Eastern Africa. Recently, prophylac‐
tic vaccines became available, equally contributing to a better disease prevention. Unfortu‐
nately, the global burden of disease is still very high

In the first section, diagnostic and preventive aspects of HPV related diseases are highlight‐
ed. The first two chapters describe in detail molecular approaches in HPV detection. With
the introduction of the vaccine, novel challenges arose, Dr. Rodriguez-Iglesias highlights the
need for differential screening strategies in the post-vaccine era. Prognosis towards progres‐
sion of lesions has for many years been an important challenge, and Dr. Hilfrich describes
how the L1 protein can be instrumental in disease prediction. In the following chapter, ancil‐
lary techniques in the histopathologic diagnosis of squamous or glandural lesions are dis‐
cussed. Dr. Mueller contributed a holistic chapter on HPV prevention.

The second section focusses on updated clinical aspects of HPV infections, including general
clinical manifestations of HPV infections, penile cancers, head and neck tumors. Dr. Trottier
describes the epidemiology of anogenital HPV infections, and dr. Duerksen-Hughes provid‐
ed an overview of modern molecular approaches to eradicate HPV induced cervical cancer.
The last chapter provides insights in the analysis of the native virus.

This book will be a useful tool for both researchers and clinicians dealing with cervical can‐
cer, and will provide them with the latest information in this field.

Prof. Dr. Davy Vanden Broeck, MSc, PhD.
Team leader HPV/cervical cancer research

International Centre for Reproductive Health
Ghent University

Belgium
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Chapter 1

Molecular Diagnosis of Human Papillomavirus
Infections

Santiago Melón, Marta Alvarez-Argüelles and
María de Oña

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55706

1. Introduction

Human Papillomavirus (HPV) is arguably the most common sexually transmitted agent
worldwide, either in its clinical (genital warts) or subclinical presentation in men and women.
The main interest in HPV relates to its recognized as a causal and necessary factor for cervical
cancer one of the most common cancers in women (80% of cases in most developing countries,
with an annual incidence of almost half a millon and a mortality rate of approximately 50%)
[1-5], and other types of cancer, such as penis, anal or oral cancer [6].

The overall prevalence of HPV in cervix in women in the general population is 10%. This
prevalence is higher in the less developed world than in more developed regions [7, 8]. A
review of studies has also shown prevalence of HPV in men as usually 20% or greater,
depending on population tested and the type and number of anatomic sities evaluated [9].

HPV infection is most common in sexually active young women 25 years of age or younger
but cervical cancer is common in older woman, suggesting infection at younger age and slow
progression to cancer [10].

The most significant predictor for adquiring HPV infection in men or women appears to be
the life time number of sexual parteners [11,12,13]. For women, the sexual activity of their
partner(s) is also important, with increased risk of adquiring HPV if their partner had, or
currently has, other partners [12].

Not all women infected with high-risk HPV develop cervical cancer, other factors are neces‐
sary: genotype, persistent infection, viral variants, viral load, integration, coinfection, age of
30 years old, inmunosupresión, smoking, condom use, coinfections, long-term use of oral
contraceptives, parity and circumcision. [10, 12, 14-24]

© 2013 Melón et al.; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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About 189 HPV genotypes have been sequence and classified according to their biological
niche, oncogenic potential and phylogenetic position [25]. From them, about 40 can infect the
genital tract [26]. HPV types are classified based on their association with cervical cancer and
precursor lesion into low-risk types (LR-HPV), which are found mainly in genital warts, high-
risk types (HR-HPV), which are frequently associated with invasive cervical cancer and
undetermined risk types (table 1) [27, 28, 29].

Risk category HPV types

High-risk 16,18,31,33,35,39,45,51,52,56,58,59,68,73,82

Low-risk 6,11,40,42,43,44,54, 61,70,72, 81, 83, 89

Undetermined risk 26,53,66

Table 1. HPV types classification according their oncogenic potential

Worldwide, HPV-16 is the most common HPV type across the spectrum of HPV related
cervical lesions. In women with ICC (invasive cervical cancer), the most common HPV types
are HPV-16,18,33,45,31 and 58 [30, 31], but among these genotypes, certain variants have linked
to different clinical outcomes. It is now generally accepted that HPV has co-existed with its
human host over a very long period of time and has evolved into multiple evolutionary
lineages [25, 32]. Intratypic variants of HPV16 have been identified from different geographic
locations and are classified according to their host ethnic groups as European (including
prototypes and Asian types), Asian American, African and North American [33]. Through
epidemiological and in-vitro experimental studies, natural variants of HPV16 have shown
substantial differences in pathogenicity, immunogenicity and tumorigenicity. IARC Study [34]
and IARC Meta-analysis [31] are very robust in identifying that HPV-16 and 18 contibute
approximately 70% of all ICC. HPV-16,18 and 45 are the three most relevant types in cervical
adenocarcinoma [30]. The geographical variation in type distribution is of minor significance
variation.

Among men and women, cancers of the ano-genital tract and their precursor lesions have been
strongly linked to infection with sexually transmited human papillomavirus. In men, HPV
infection has been strongly associated with anal cancer and is associated with approximately
85% of the anal squamous cell cancers that accur annually worldwide. Likewise, approxi‐
mately 50% of cancers of penis have been associtated to HPV infection [35]. Genital warts are
a common sexually transmitted condition with an estimated prevalence of 1-2% of young
adults [36]. Although having genital warts is not associated with mortality, represent a
significant public health problem (clinical symptoms and psychosocial problems) and
healthcare costs for society [37-39]. More than 90% of genital warts are related to HPV-6 and
11 (low risk genotypes) in general these types are not associated with malignant lesions,
however 20-50% of these also contained coinfection with oncogenic HPV types [39-41].

On the other hand, between 33-72% of oropharyngeal cancers, and 10% of cancer of the larynx
may be attributed to HPV infection [42-44].

Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective4

2. Etiopathogenesis of HPV

The HPV virion has a double-stranded, circular DNA genome of approximately 7900bp, with
eight overlapping open reading frames, comprising early (E), and late (L) genes and an
untranslated long control region, within an icosahedral capsid. The L1 and L2 genes encode
the mayor and minor capsid proteins. The capsid contains 72 pentamers of L1, and a pproxi‐
mately 12 molecules of L2. The early genes regulate viral replication and some have transfor‐
mation potential. Late genes L6 and L7 code for structural capsid proteins which encapsidate
the viral genome. (Figure 1).

  

Figure 1. Organization of the HPV genome. Adapted from Doorbar J. [45]

Infection by papillomaviruses requires that virus particles gain access to the epithelial basal
layer and enter the dividing basal cells. Having entered the epithelial tissues, the HPV virus
enters the nucleus of a basal epithelial cell, where early genes E1 and E2 are expressed,
replicating the viral genome and transcribing messenger RNA needed for viral replication; in
addition to its role in replication and genome segregation, E2 can also act as a transcription
factor and can regulate the viral early promoter and control expression of the viral oncogenes
(E6 and E7). At low levels, E2 acts as a transcriptional activator, whereas at high levels E2
represses oncogene expression [45]. As the host cells differentiate, genes E4 and E5 assist in
the production of the viral genome by controlling epidermal growth factor. E6 and E7 are viral
oncogenes which now become important. E6 causes degradation of the tumour suppressor
gene p53, while E7 completes for retinoblastoma protein (pRb), allowing the transcription
factor E2F to drive cell proliferation processes. The p16 protein, encoded by the suppressor
gene CDKN2A (MTS1, INK4A) at chromosome 9p21, is an inhibitor of cyclin dependent
kinases (cdk)which slows cell cycle by inactivating the function of the complex-cdk4 and cdk6-
cyclin D. These complexes regulate the control point of the G1 phase of the cell cycle with
subsequent phosphorylation and inactivation of retinoblastoma (pRb), which E2F released and
which allows cells to enter S phase. It has been demonstrated existence of a correlation between
pRb and p16 reciprocal, which is why there a strong overexpression of p16 both in carcinomas

Molecular Diagnosis of Human Papillomavirus Infections
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as in lesions premalignant cervix. In cervical cancer, pRb is functionally inactivated from the
initial stages of cervical carcinogenesis as a consequence of expression of HPV E7 gene. Genes
E6 and E7 therefore act to remove two principle mechanisms of cell defence, and drive the cell
replication machinery towards production of new virus particles. E6 and E7 are also known
to promote oncogenesis. [45]

On the other hand, integration of HPV-DNA into the host DNA is a well known topic in cervical
cancer. Integration of HPV 16 DNA correlates with dysfunction of HPV E1 or E2 ORF, which
are active during HPV replication. E2 loss of function allows up-regulation of E6 and E7
oncoproteins, because E2 is a repressor of E6 and E7. (Figure 2).

Figure 2. The location in squamous epithelium of the main stages of the papillomavirus life cycle. [46]

3. Diagnosis of HPV infections

Despite the promising outcomes, vaccination does not exempt from performing periodic
control visits, because the effects of the vaccine at 15-20 years and the role other genotypes
with oncogenic capacity not included in the vaccine may play are still unknown. Furthermore,
there is still a large population of women which has had no access to it. Then, secondary
prevention by screening and treatment will continue to be crucially important in cervical
cancer prevention programs. Moreover, the fact that infection by HPV provokes long-term
symptomatology demands a close follow-up (screening) of those individuals susceptible to
infection in order to avoid related problems.

Currently,  cervical  cancer screening is  acknowledged as the most  effective approach for
cervical cancer control. The primary screening and diagnostic methods have been cytology
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and histology, but two limitations of the Pap smear exist: low specificity leading to the need
for repeat screening at relatively short intervals and cervical cancer screening, based on Pap
smear, remains beyond the economic resources of nation in developing world. This econom‐
ic disparity has meant that cervical cancer incidence and mortality rates in the developing
world have remained high, with large reductions in these rates being limited primarily to
the industrialized world. Thus, the reduction of cervical cancer in developing nations remains
an unmet need of high priority. Since the link between HPV and cervical cancer is known
and numerous large scale studies have been done, molecular methods to detect HPV DNA
in clinical  specimens (vaginal,  urethral,  paraurethral,  anal  or pharyngeal  exudates,  biop‐
sies, and, especially, endocervical exudates) have been introduced into screening algorithms.

Increased sensitivity has important clinical outcomes because reduce mortality and an
elongation of screening, and implies better compliance with screening and lower cost [47]. An
Italian study showed that HPV-based screening is more effective than cytology in preventing
invasive cervical cancer, by detecting persistent high-grade lesions earlier and providing
longer low-risk period [48].

HPV serves as paradigm for the use of NAATs for its diagnosis and typification due to how
difficult it is to obtain the virus via cell cultures or to develop indirect diagnosis techniques [49].

The first protocols for detect HPV were described about 20 years ago, using L1 consensus
primers PCR systems, particularly MY09/11 and GP5+/6+ [50-52]. These primer systems have
been widely used to study the natural history of HPV and their rule in the development of
genital cancer [53-55]. Nowadays, several kits are commercially available which allow for the
detection of the virus or the detection and typification of the most relevant HPVs: Amplicor
HPV test and Linear array HPV Genotyping test (Roche Diagnostics, Switzerland), Innolipa
HPV Genotyping Extra (Innogenetics, Belgium), Biopat kit (Biotools, Spain) or Clart Papillo‐
mavirus 2 (Genómica, Spain). The latter uses microarray technology to increase the number
of hybridizations in a reduced space. Besides genome amplification, direct hybridization
protocols on the sample (hybrid capture) approved by the FDA for diagnosing HPV in women
(Hybrid Capture II, Digene, USA) is also used. These protocols identify high and low-risk
genotypes without specifying the infecting genotype.

The sensitivity of such methods has left out cytological methods (Papanicolau), which are less
sensitive and specific. This high degree of sensitivity allows to extending the period between
control visits of women to 5 or 6 years [56, 57].

3.1. Signal amplification systems

The Hybrid Capture II system (HCII, Digene, USA) is a non radioactive signal amplifica‐
tion method based on the hybridization of the target HPV-DNA to labeled RNA probes in
solution. The resulting RNA-DNA hybrids are captured onto microtiter wells and are detected
by  specific  monoclonal  antibody  and  chemiluminiscence  substrate,  providing  a  semi-
quantitative  measurement  of  HPV-DNA.  Two  different  probe  cocktails  are  used,  one
containing probes for five low-risk gentypes: HPV 6, 11, 42,43 and 44 and the other contain‐
ing  probes  for  13  high-risk  genotypes:  HPV  16,18,31,33,35,39,45,51,52,56,58,59  and  68.
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However, HCII has some limitations. It distinguishes between the high-risk and low-risk
groups but does not permit identification of specific HPV genotypes.  Hybrid Capture II
(HCII) has been shown to have similar analytic sensitivity to some PCR methods for HPV
DNA detection [58], but present cross-reactivity of the two probe cocktails can reduce the
clinical relevance of a positive result [59, 60].

The Hybrid Capture III (HCIII, Digene, USA) is being evaluated as the next generation of
hybrid capture clinical assays. A primary technical distinction between HCIII and HCII is that
HCIII employs a biotinylated DNA oligonucleotide specific for selected HPV DNA sequences
(HPV16 and HPV18) for the capture of the DNA-RNA complexes on streptavidin-coated wells,
to reduce false positivity [59].

3.2. Target amplification systems (PCR)

Type specific primers designed to amplify exclusively a single HPV genotype can be use but
multiple type-specific PCR reactions must be performed separately to detect the presence of
HPV in a sample. This method is labor-intensive, a little bit expensive and the type –specificity
of each PCR primer set should be validated. Alternatively, consensus or general PCR primers
can be used to amplify a broad-spectrum of HPV types: genome amplification protocols (PCR)
with degenerate primers targeted towards the L1 gene fragment (MY09/MY11) allow for the
detection of a wide range of viral subtypes, which are then identified with specific probes [50,
61]. Other consensual primers (PGMY, GP5+/GP6+ or SF10) used on the same target enhance
diagnostic sensitivity [52, 62, 63]. Thanks to these protocols, the low and high cancer progres‐
sion risk genotypes were identified [25].

Amplification protocols have also experimented great advancements with the application of
real-time PCR, which reduces reaction times (e.g. HPV RealTime test, Abbot, USA; GenoID,
Hungary). In fact, it is now possible to automate the whole process (Cobas® 4800 HPV Test
with 16/18 Genotyping, Roche Diagnostics, Switzerland).

Type-specific PCR primers can be combined with fluorescent probes to real-time detection
[64-66] although multiplexing several type specific primers within one reaction can be technical‐
ly difficult. Broad-spectrum PCR primers have also been used in real-time PCR [67, 68].

The HCII method and consensus PCR assays are currently the most frecuently applied. In last
years, RT-PCR is being introduced in clinical microbiology laboratories.

3.3. Full spectrum genotyping

About 40 different HPV types (involved in human genital infections) have been identified
based on DNA sequence analysis so far, with a subset of these being classified as high risk.
DNA of these types is found in almost all cervical cancers, however, regional variation in the
distribution of certain HPV types should be taken into account in the composition of screening
“cocktails” for high-risk HPV types from different populations [29]. The diversity of virus
types and the incidence of multiple infections have made it necessary to develop reliable
methods to identify the different genotypes, for epidemiological studies as well as for the
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patient follow up [69]. Over the last few years, virus genotyping has become an important way
to approach cervical cancer. Then HPV genotype detection could increase specificity in a
routine screening program or in post –treatment follow-up (i.e. test of cure) by differentiating
transient and sequential infection from persistent infection [70-72].

Population-based genotyping characterizations pre- and post-vaccination will be important to
determinate vaccine effectiveness and potential unmasking of niche replacements by non-
vaccines HPV types in cytologically normal women and women with low and high grade
lesions.

Genotyping assays have been developed, like GP5+/6+ reverse line blot, or MY90/11 dot-blot.
Based in these technologies, specific kits have been comercializated: PGMY09/11 linear array
(Linear Array® HPV genotyping test; Roche Molecular Systems, Switzeland) and SPF10 LiPA
25 (Inno-LiPA® HPV test, Innogenetics, Belgium). The assays are based on consensus broad
spectrum PCR which are subsequently differentiated by type-specific oligonucleotide probe
hybrydizacion. These assays have the ability to identify multiple several viruses in cases of
multiple infections. In the last years, others assays for HPV genotyping has been commercial‐
ised and introduced in clinical and research laboratories with full or partial automation
(PapilloCheck HPV-Screening Test, Greiner Bio-One; Clart HPV2, Genomica, Infiniti HPV
Genotyping assay, Autogenomics; Cobas 4800 HPV Test, Roche diagnostics; Real Time High
Risk HPV test, Abbott Molecular) [73]

As already reported and in spite of its limitations, sequencing could be considered the gold
standard for HPV genotyping, due to the possibility of identifying virtually all virus types
without mistaken classifications through cross-reactions among similar types, which can occur
using tests based on hybriditation [74, 75]. Nevertheless, it was disadvantaged at identifying
genotypes in samples with multiple infections, in which viral sequences overlap and it is not
possible to distinguish the various types [74, 76].

In any case, genotyping is a technology that has to be incorporated in the HPV surveillance.
Waiting for massive sequencing, now the most promising field is automated methods, because
simplifies the testing procedure, increases the sample processing capability, minimizes the
human errors, facilitates the quality assurance, reduces the cost and can be developed in
multiples laboratories.

4. Screening and progression prognostic biomarkers technologies

Because molecular testing for HR-HPV DNA may detect infection too early in the process, with
only a small subset of women developing disease that progresses to cancer, there is interest in
defining secondary markers that have potential application in identification of women who
need to be followed more closely because they are at higher risk of developing high-grade
lesions [77]; especially, when the positive predictive value of current screening strategies will
be diminished in a vaccinated population [78]. Then, the impetus for new screenig or progre‐
sion technologies in the developed world is thus predominately driven by the need to increase
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positive predictive value and reduce over-manegement of low-grade and often transient
abnormalities.

In these situations, several surrogate markers are in research.

4.1. HPV viral load

Several studies have suggested that a high HPV-DNA viral load may be a candidate marker
that could help identify women at greater risk of CIN progression [64, 65, 79, 80]. It has been
reproted that average HPV DNA copy number increases significantly with the grade of CIN
mainly for HPV 16, but not for other HR-HPV types [81-83]. Some studies have pointed out
that high viral load in cytological normal epithelium could also be a risk factor for neoplasic
progression but other studies suggested an important limitation to the utility in screening
algorithms for the sustancial overlap oh HPV load values between women without and with
CIN and the common presence of more than one carcinogenic HPV type [64, 84].

Real- time PCR techniques have been developed to quantify HPV in clinical samples. More‐
over, the HCII provides semiquantitative measurement of HPV–DNA, and some studies have
demonstrated that the estimated HCII load correlated well with the precise load generated by
RT-PCR [85-86]. However, real-time PCR assays more accurately measure HPV 16 viral load
by adjusting the signal obtained for HPV 16 DNA with the amount of cellular DNA calculated
for amplification of a human gene, therefore providing a more accurate viral load [64, 65, 87,
88]. However, due to low multiplicity for different HR-HPV types, real-time PCR methods are
not suitable as a high-throughput screening tool.

4.2. HPV mRNA

Although HR-HPV genotypes are associated with any grade of dysplasia, these types can be
detected in a significant proportion of women with normal cytology. It is konwn that HPV E6
and E7 genes are overexpressed throughout the thickness of epithelial cells in high-grade
lesions and cancer. Then, mRNA could be more efficient than cytology for the triage of HPV
DNA-positive women, and provides high speficity for high grade cervical intraepithelial
neoplasia identification [69, 89-93].

Some authors have developed a real time reverse transcriptase amplificatios (RT–PCR) for
HPV detection strategies and suggested that it may be more specific for the detection of
symtomatic infections and quantitative increased coordinately with severity of the lesion
[94, 95].

These assays incorporates NASBA amplification of E6/7 mRNA transcripts prior to type
specific detection via molecular beacons for HPVs 16,18,31,33,and 45. Initial data, on the
pronsotic value and specificity for underlying disease, is promising, but the value of this
method compared with DNA based assays remains to be determined in large-scale prospective
studies [96,97].

Detection of human papillomavirus (HPV) E6/E7 oncogene expression may be more predictive
of cervical cancer risk than test HPV-DNA.Commercial test targeting HPV mRNA has been
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developed: NucliSENS-EasyQ® HPV E6/E7 mRNA assay (Biomerieux, USA) and Aptima HPV
test (Gen-Probe, USA) both are a type-specific E6/E7 mRNA test for HR-HPV types performed
in one NASBA reaction NucliSENS-EasyQ® HPV E6/E7 mRNA assay detected HPV
16,18,31,33 and 45 with detection and genotyping and Aptima HPV test detects E6/E7 mRNA
of 14 oncogenic types HPV16,18,31,33,35,39,45,51,52,56,58,59,66, and 68.

4.3. HPV integration (E2/E6-7 ratio)

Most HR-HPV infections are either latent or permissive. Latent infections are not very well
defined, but it is assumed that the viral genome is maintained as an episome in the basal
and parabasal cells of the epithelium without inducing obvious phenotypic alterations in the
host cell.

The transformation process is characterized by the deregulation of viral oncogenes E6 and E7
in cycling cells which ultimately results in chromosomal instability and the accumulation of
mutations. The underlying mechanisms for deregulation are manifold. Integration of the HPV
genome is a characteristic step in cervical carcinogenesis and its appearance correlates with
the progression of precancerous lesions (CIN2/3) to invasive carcinoma [98-100].

However, integration is not mandatory in this process and was shown to be HPV-type
dependent. Vinokurova and colleagues observed that HPV16, 18 and 45 were substantially
more often present in an integrated state compared with HPV types 31 and 33 [101].

The loss of the viral E2 gene is a common consequence of HPV integration. This event may
lead to an elevated expression of the oncogenes E6 and E7 due to the fact that E2 is no longer
able to repress the expression of the viral oncogenes in trans [102, 103 ]. However, in a recent
analysis of biopsy material no correlation between the expression levels of viral oncogene
transcripts and the physical state of the viral genome was found [104.

Several investigators have also focussed on the impact integration may have on the host
genome. Methods for detection of integrated HPV have been described [87, 105. However, they
are affected by similar limitations described for HPV viral load. On the other hand, cervical
epithelial cells for women with CIN may simultaneously countain episomal and integrated
HPV DNA. Recent data suggest that integration frequency in CIN3 and ICC is variable by HPV
genotype, further reducing the desired gains in specificity [101].

4.4. E6-T350G HPV 16 variant

A variety of HPV types have been characterized on the basis of differences greater than 10%
in L1 gene sequence [25]. Isolates of the same type are referred to as “variants” when the
nucleotide sequences of their coding genes differ by less than 2%, or when the non-coding
region (LCR) differs by as much as 5% [106]. HPV 16 is one of the most important HPV
genotypes wich cause serius cervical disorders, but amoung these genotypes, certains variants
have been linked to different clinical outcomes. HPV 16 variants have been grouped into six
distinct phylogenetic branches: E (European), AA (Asian-American), Af1(African 1), Af2
(African 2), NA (North American), As (Asian) with different geographic distributions. Most
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Several investigators have also focussed on the impact integration may have on the host
genome. Methods for detection of integrated HPV have been described [87, 105. However, they
are affected by similar limitations described for HPV viral load. On the other hand, cervical
epithelial cells for women with CIN may simultaneously countain episomal and integrated
HPV DNA. Recent data suggest that integration frequency in CIN3 and ICC is variable by HPV
genotype, further reducing the desired gains in specificity [101].

4.4. E6-T350G HPV 16 variant

A variety of HPV types have been characterized on the basis of differences greater than 10%
in L1 gene sequence [25]. Isolates of the same type are referred to as “variants” when the
nucleotide sequences of their coding genes differ by less than 2%, or when the non-coding
region (LCR) differs by as much as 5% [106]. HPV 16 is one of the most important HPV
genotypes wich cause serius cervical disorders, but amoung these genotypes, certains variants
have been linked to different clinical outcomes. HPV 16 variants have been grouped into six
distinct phylogenetic branches: E (European), AA (Asian-American), Af1(African 1), Af2
(African 2), NA (North American), As (Asian) with different geographic distributions. Most
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HPV16 variants from European and North American samples were classified as European
prototype (EP) [107]. Several studies have shown that the infection by the European L83V
HPV16 variant, harbouring a nucleotide substitution at position 350 in the E6 gene (E6-T350G),
is a risk factor for advanced cervical disease although some discrepant results have also been
found [21, 104, 108, 109 ].

Detection of HPV variant has been performed mainly by Sanger sequencing, pyrosequencing
or high resolution melting analysis [110, 111]. A new one-step allelic discrimination real time
PCR assay to detect the E6-T350G HPV 16 variant was evaluated in clinical samples, this novel
allelic discrimination assay is a fast sensitive and specific method [24].

4.5. p16 enzyme linked inmunosorbent assay

Protein p16 is a cell cycle regulation protein which accumulates in abnormal epithelial cells
infected with HR-HPVs as a result of a loss of negative regulation by the retinoblastoma protein
induced by E7 expresion [112]. In immunostaining studies, p16 (INK4a) has shown potential
as a marker of high grade cervical intraepithelial neoplasia (CIN) and invasive cervical cancer
[113, 114]. A recent literature report demonstrates different p16 accuracy according to different
anatomical sub-sites. In this complex scenario the p16-IHC test alone or in association to
CDKN2a promoter methylation could be used only as screening methods but need to be
associated with molecular tests in order to detect HPV-DNA and to assess its integration status.
Furthermore, non-dysplastic cells, particulary methaplastic, atrophic and endocervical cells,
may display p16 immunoreactivity, thereby reducing specificity [115].

4.6. Methylation profile

Methylation of CpG islands within gene promoter regions can lead to silencing of gene
expression. Methylation of tumor-relevant genes has been identified in many cancers: p16
methylation is the paradigm for epigenetic inactivation of a tumor suppressor gene, leading
to abrogation of cell cycle control, escape from senescence, and induction of proliferation.

Methylation has been detected already at precancerous stages, suggesting that methylation
markers may have value in cervical cancer screening [116]. Furthermore, methylated DNA is
a stable target and allows for flexibility of assay development.The detection of methylated
genes from cervical specimens is technically feasible and represents a source for detecting
potential biomarkers of relevance to cervical carcinogenesis. In particular, there is the ultimate
hope of finding methylation markers that, among HPV-infected women, would indicate the
presence of CIN2+ and risk of cancer.

A clear role of methylation in carcinogenesis has been demonstrated only for 6 genes (DAPK1,
RASSF1, CDKN2A, RARB, MLH1, and GSTP1 [117].

During the last years, several new platforms have been developed that allow for accurate high-
throughput genome-wide DNA methylation profiling [118]. Markers or marker panels
identified in these approaches could be translated to smaller scaled assays such as Methylight
to be used in cervical cancer screening, but their use is in research.
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4.7. Human telomerase RNA component (hTERC)-gain

It has been generally accepted that carcinogenesis involves the progressive accumulation of
genetic abnormalities. Gain at 3q is a common feature of squamous-cell carcinoma (SCC), with
an overlapping area of gain at 3q26 having been reported in SCC at different anatomic sites
[119], including cervix of the uterus [120, 121].

The human telomerase RNA component (hTERC) gene, localized on chromosome 3q26,
encodes the RNA component of human telomerase, and acts as a template for the addition of
the repeat sequence [122]. Genetic studies have shown that amplification of hTERC gene might
be an early event commonly involved in the progression of CIN to cervical cancer [123-127].

Amplification of hTERC gene has been identified in many tumor samples and immortalized
cell lines using techniques such as fluorescence in situ hybridization (FISH) and Southern blot
analysis, suggesting that transcription is upregulated during tumorigenesis [128]. Lan YL et
al. confirm that measuring hTERC gene gain could be a useful biomarker to predict the
progression of CIN-I or –II to CIN-III and cervical cancer [129]. The present limitation to this
assay is the technical complexity and requeriment of highly trained individuals to interpret
the FISH staining, however automated methods for reading TERCH FISH slides are under
development.

4.8. Other proliferation/cell cycle markers

HPV contributes to neoplastic progression predominantly through the action of two viral
oncoproteins (E6 and E7) and is manifested by changes in the expression of host cell cycle
regulatory proteins [130]. Such differentially expressed host proteins and nucleic acids may
have a role as “biomarkers” of dysplastic cells.

To date, a wide array of molecular markers has been evaluated. Three markers that have shown
the greatest potential are the cyclin dependant kinase inhibitor p16INK4 [131, 132] and the DNA
replication licensing proteins CDC6 (cell division cycle protein 6) and MCM5 (mini chromo‐
some maintenance 5) [133]. Some authors found that three markers showed a linear correlation
between their presence or absence and the grade of dysplasia [132].

5. Summary

In summary, the relevance of HPV infections requires a close monitoring, especially in certain
groups o individuals (e. i. Women older than 30 years old). The accuracy of methos using
NAATs has emerged as election in the control of HPV infection. But the search is ongoing for
safer: more precise markers which may allow for a better control of the infection [134]. These
markers include genome quantification via real-time PCR, viral integration into the human
genome via E2-E1/E6-E7 genes ratio or the search of viral variants by sequencing, pyrose‐
quencing or allelic discrimination techniques [24, 109, 135].
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Addition of new technologies into existing, highly efective screening programs are considered
according to the ability to increase the efficiency of the program (high sensitivity with
reduction in unnecessary follow-up of minor, transient infection) [136].

The table 2 presents a summary of the technologies relative to their intended or perceived
benefit and limitations compared to existing screening and progression prognostic biomarkers
methods [136].

Technology Benefits Limitations

HCII Non radioactive signal amplification method Not identification of specific HPV genotypes

Distinguishes between the high-risk and low-risk

HPV

Cross-reactivity between high-risk and low-risk HPV

Similar analytic sensitivity to some PCR methods

for HPV DNA detection

PCR Non radioactive signal amplification method Contamination

Low cost

Amenable to use with many-samples

HPV

genotyping

Discrimination of HPV-18/18 from other high-risk

types may have greater positive predictive value.

Moderate to high complexity even with

standardized commercial reagents.

May differentiate sequential infection with

different types from persistent infection with the

same type.

Very difficult to establish consensus primer-based

genotyping de novo with adequate quality control

Useful for test of cure. Algorithms may be too complicated to be readily

translated into clinical practice.

Amenable to use with self-sampling. High cost

Compatible with many collection buffers.

Objective output.

HPV mRNA Potential to increase specificity Moderate to high complexity

Objective output. RNA less stable, not compatible with some

common collection buffers

Compatibility with self-sampling unknown

High cost

HPV viral load Potential to increase specificity High complexity

Objective and quantitative output. Not pronostic (except for HPV 16)

Requires type-specific quantitation

High cost
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Technology Benefits Limitations

HPV

integration

Potential to increase specificity Moderate complexity for DNA methods

Objective output. Very high complexity to detect integrated

transcripts

Integrated DNA may not be transcriptionally active

Requires type-specific assay

Common occurrence of mixed episomal and

integrated HPV in cervical intraepithelial neoplasia

High cost

p16 enzyme

liked

inmunobsorbe

nt assay

Single analyte (p16protein) to detect infection

with any high-risk HPV

Moderate complexity

May increase specificity by detecting active

infection

Compatibility with self-sampling unknown

Subjective output Not compatible with all collection buffers

Cost may be lower than DNA/RNA test Order of sampling may affect performance

Low specifity

Methylacion

profile

As a marker of disease and not infection, may

increase specificity

High complexity

Compatible with urine sampling Sensitivity limited; questionable reproducibility

Objective output. High cost

TERC-gain As a marker of disease and not infection, may

increase specificity

Very high complexity

Subjective output High cost

May be useful as a pronostic marker

Other

proliferation/

cell cycle

markers

As a marker of disease and not infection, may

increase specificity

High complexity

Subjective output Questionable reproducibility

High cost

TERC: telomerase RNA component. Adapted from Gravitt et al [135]

Table 2. Screening and progression prognostic biomarkers technologies.
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1. Introduction

The Human Papillomavirus (HPV) has been shown to play a causative role in anal, head and
neck, oral, oropharyngeal, penile, vaginal, vulvar and cervical cancers. The last one is the
second most common cancer among women worldwide [1-3]. Some types of HPV have been
established as the central cause of cervical carcinoma [4-7]

Acquisition of HPV is very common, particularly among sexually active young adults, and
incidence of infection with oncogenic HPV types appears to be higher than the incidence of
infection with non-oncogenic types [8]. Oncogenic HPV types 16 and 18 and history of other
concurrent sexually transmitted diseases were found to be significantly associated with
progression to cervical cancer [1-13].

More than 100 HPV types have been identified and about 40 types can infect the genital tract.
Worldwide, HPV 16 is the most common high-risk type, present in 50%, followed by HPV 18,
present in 14% of cervical cancers [9]. Same types of HPV were more frequent in malignant
than in benign lesions, and infection with high-risk types of HPV is now considered the major
risk factor for the development of cancer of the uterine cervix [1].

Thus, the HPV infection is necessary for the development of the cervical cancer. The develop‐
ment of this cancer is considered to be a multistep process, where HPV is necessary but in itself
an insufficient cause. Disease can only develop when there is persistent HPV infection of the
cervical epithelium [3,9].

Cervical cancer is considerate a rare complication of infection with high risk HPV (HR-HPV),
but every abnormal or dysplastic lesion of the cervix is potentially malignant and may develop
into cervical cancer over time. The incidence is highest in developing countries, largely as a
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1. Introduction

The Human Papillomavirus (HPV) has been shown to play a causative role in anal, head and
neck, oral, oropharyngeal, penile, vaginal, vulvar and cervical cancers. The last one is the
second most common cancer among women worldwide [1-3]. Some types of HPV have been
established as the central cause of cervical carcinoma [4-7]

Acquisition of HPV is very common, particularly among sexually active young adults, and
incidence of infection with oncogenic HPV types appears to be higher than the incidence of
infection with non-oncogenic types [8]. Oncogenic HPV types 16 and 18 and history of other
concurrent sexually transmitted diseases were found to be significantly associated with
progression to cervical cancer [1-13].

More than 100 HPV types have been identified and about 40 types can infect the genital tract.
Worldwide, HPV 16 is the most common high-risk type, present in 50%, followed by HPV 18,
present in 14% of cervical cancers [9]. Same types of HPV were more frequent in malignant
than in benign lesions, and infection with high-risk types of HPV is now considered the major
risk factor for the development of cancer of the uterine cervix [1].

Thus, the HPV infection is necessary for the development of the cervical cancer. The develop‐
ment of this cancer is considered to be a multistep process, where HPV is necessary but in itself
an insufficient cause. Disease can only develop when there is persistent HPV infection of the
cervical epithelium [3,9].

Cervical cancer is considerate a rare complication of infection with high risk HPV (HR-HPV),
but every abnormal or dysplastic lesion of the cervix is potentially malignant and may develop
into cervical cancer over time. The incidence is highest in developing countries, largely as a
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result of lack of screening programs and poor access to medical care [1]. The prevalence of
HPV and the distribution of its types probably plays an important role as well. On the other
hand, the relationship between others cancer types and HPV-associated is just emerging [10].

The variability in HPV-attributable proportions for non cervical cancers, in part, arises from
differences in HPV detection methods across studies as well as from true geographic differ‐
ences in HPV-attributable proportions [11]. Despite this variability, 90%–93% of anal cancers,
12%–63% of oropharyngeal cancers, 36%–46.9% of penile cancers, 40%–64% of vaginal cancers,
and 40%–51% of vulvar cancers are potentially attributable to HPV infection [11-15].

Abnormal cervical epithelial cells can be detected microscopically following Papanicolaou
(Pap) staining of conventional cervical smears or of the more homogeneous cell suspension
from liquid cytology medium. This forms the basis of cervical screening programmes for
detection of women at risk of disease progression, and also for incident infections [9,16].
Molecular detection of HPV provides a different approach to screening and patient manage‐
ment. In this chapter was described the diagnosis of HPV infection to screening cervical cancer
and molecular tools to detect HPV-DNA/RNA.

2. The diagnosis of HPV infection to screening cervical cancer

Carcinoma of the uterine cervix is the second most common cancer among women worldwide,
with very high mortality rates in developing countries. It was observed more than 20 years
ago that some types of HPV were more frequent in malignant than in benign lesions, and
infection with high-risk types of HPV is now considered the major risk factor for the devel‐
opment of cancer of the uterine cervix [1]. Oncogenic HPV types 16 and 18 and history of other
concurrent sexually transmitted diseases were found to be significantly associated with
progression to cervical cancer [5].

Studies have demonstrated a strong association between lifetime number of sexual part‐
ners and genital HPV acquisition. The acquisition of new sexual partners continues through‐
out all age groups. In addition, studies have shown consistently that the risk of cervical cancer
can be predicted as much by a woman's own sexual behaviour as by the sexual behaviour
of her husband/partner. The presence of HPV DNA in the penis and urethra of her sexual
partner(s) is directly related to her HPV carrier status and therefore her risk of developing
cervical cancer [13-15].

Of the genital HPVs, which are sexually transmitted, 15 are categorized as high risk and are
considered the causative agents of most cervical cancers, with over 99% of cervical lesions
containing viral sequences [1]. The remaining viral types are rarely found in malignancies.
High-risk HPVs (HR-HPV) are also associated with many vulvar, anal and penile carcinomas
and contribute to oral cancers [17], 2006). Additionally, these cancers, in contrast to cervical
cancer, appear to be preferentially associated with HPV16 [11,14]. For instance, in the subset
of penile cancer attributed to HPV infection, HPV 16 was found in 60,23% of cases [18]. A
vaccine has recently been introduced that can prevent the initial infection by two of these high-
risk types, HPV 16 and 18, which are responsible for about 70% of cervical cancers [19].
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The process by which HPV facilitates tumour initiation and fosters tumour progression is an
exceptional model to understand the development of many other human cancers and also
allows identification of additional signalling pathways targeted in malignant progression [19].
The association between HPV and human cancer was first proposed more than three decades
ago by Harald zur Hausen, and he was honored with one of two 2008 Nobel Prizes in Medicine
for his isolation and characterization of HPV 16 in 1983 and later HPV 18 in cervical cancer [20].
The award recognized not only the importance of his discovery in the eventual documentation
of the etiology of HPV in cervical and a number of other cancers, but also the importance of
the application of his discovery to the clinical use of HPV testing and in implementation of the
HPV vaccine.

Additional, many studies have demonstrated the direct role of HPV infection in the develop‐
ment of several human cancers [12-15,21]. HPV 16 and HPV 18 are the most frequently found
HPV types in cervical cancers worldwide, being detected in approximately 50 and 20% of the
cases, respectively [2-22]. For this reason, the majority of the biological studies were focused
on these two HPV types.

The viral genomes are replicated in synchrony with cellular DNA replication. After cell
division, one daughter cell migrates away from the basal layer and undergoes differentiation.
Differentiation of HPV-positive cells induces the productive phase of the viral life cycle, which
requires cellular DNA synthesis machinery. The expression of E6 and E7 deregulates cell cycle
control, pushing differentiating cells into S phase, allowing viral genome amplification in cells
that normally would have exited the cell cycle. The late-phase L1 and L2 proteins encapsidate
newly synthesized viral genomes and virions are shed from the uppermost layers of the
epithelium [19].

The induction of hyperproliferation by the E7 oncoprotein triggers apoptosis, which is blocked
by the actions of the E6 oncoprotein. The cooperative actions of E6 and E7 efficiently immor‐
talize cells and this process is augmented by the actions of the E5 protein. The ability of E6 and
E7 to target crucial regulators of proliferation, apoptosis, immortalization and genomic
stability collectively promotes the emergence of a clonal population of cells with a growth
advantage and an increased propensity for transformation and malignant progression [19].

The best-characterized HPV 16 E6 activity is its ability to induce degradation of the tumor
suppressor protein p53 via the ubiquitin pathway. This cellular protein is a transcription factor
that can trigger cell cycle arrest or apoptosis in response to a large variety of cellular stresses,
such as hypoxia or DNA damages. Overall, the role of p53 is to ensure the integrity of the
cellular genome, preventing cell division after DNA damage or delaying it until the damage
has been repaired. The induction of p53 degradation appears to be an exclusive feature of E6
proteins from the HR-HPV types [23].

Codon 72 polymorphism on the 4th exon of TP53 is involved in multiple steps of carcinogenesis
and may also account for genetic differences in susceptibility to cancer [24-26]. This most
common polymorphism results in a non-conservative change at codon 72 of an arginine to a
proline within a proline - rich region of p53 which is known to be important for the growth
suppression and apoptotic functions [25]. It has been demonstrated that the TP53 polymor‐
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result of lack of screening programs and poor access to medical care [1]. The prevalence of
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(Pap) staining of conventional cervical smears or of the more homogeneous cell suspension
from liquid cytology medium. This forms the basis of cervical screening programmes for
detection of women at risk of disease progression, and also for incident infections [9,16].
Molecular detection of HPV provides a different approach to screening and patient manage‐
ment. In this chapter was described the diagnosis of HPV infection to screening cervical cancer
and molecular tools to detect HPV-DNA/RNA.
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Carcinoma of the uterine cervix is the second most common cancer among women worldwide,
with very high mortality rates in developing countries. It was observed more than 20 years
ago that some types of HPV were more frequent in malignant than in benign lesions, and
infection with high-risk types of HPV is now considered the major risk factor for the devel‐
opment of cancer of the uterine cervix [1]. Oncogenic HPV types 16 and 18 and history of other
concurrent sexually transmitted diseases were found to be significantly associated with
progression to cervical cancer [5].

Studies have demonstrated a strong association between lifetime number of sexual part‐
ners and genital HPV acquisition. The acquisition of new sexual partners continues through‐
out all age groups. In addition, studies have shown consistently that the risk of cervical cancer
can be predicted as much by a woman's own sexual behaviour as by the sexual behaviour
of her husband/partner. The presence of HPV DNA in the penis and urethra of her sexual
partner(s) is directly related to her HPV carrier status and therefore her risk of developing
cervical cancer [13-15].

Of the genital HPVs, which are sexually transmitted, 15 are categorized as high risk and are
considered the causative agents of most cervical cancers, with over 99% of cervical lesions
containing viral sequences [1]. The remaining viral types are rarely found in malignancies.
High-risk HPVs (HR-HPV) are also associated with many vulvar, anal and penile carcinomas
and contribute to oral cancers [17], 2006). Additionally, these cancers, in contrast to cervical
cancer, appear to be preferentially associated with HPV16 [11,14]. For instance, in the subset
of penile cancer attributed to HPV infection, HPV 16 was found in 60,23% of cases [18]. A
vaccine has recently been introduced that can prevent the initial infection by two of these high-
risk types, HPV 16 and 18, which are responsible for about 70% of cervical cancers [19].
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on these two HPV types.
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The induction of hyperproliferation by the E7 oncoprotein triggers apoptosis, which is blocked
by the actions of the E6 oncoprotein. The cooperative actions of E6 and E7 efficiently immor‐
talize cells and this process is augmented by the actions of the E5 protein. The ability of E6 and
E7 to target crucial regulators of proliferation, apoptosis, immortalization and genomic
stability collectively promotes the emergence of a clonal population of cells with a growth
advantage and an increased propensity for transformation and malignant progression [19].

The best-characterized HPV 16 E6 activity is its ability to induce degradation of the tumor
suppressor protein p53 via the ubiquitin pathway. This cellular protein is a transcription factor
that can trigger cell cycle arrest or apoptosis in response to a large variety of cellular stresses,
such as hypoxia or DNA damages. Overall, the role of p53 is to ensure the integrity of the
cellular genome, preventing cell division after DNA damage or delaying it until the damage
has been repaired. The induction of p53 degradation appears to be an exclusive feature of E6
proteins from the HR-HPV types [23].

Codon 72 polymorphism on the 4th exon of TP53 is involved in multiple steps of carcinogenesis
and may also account for genetic differences in susceptibility to cancer [24-26]. This most
common polymorphism results in a non-conservative change at codon 72 of an arginine to a
proline within a proline - rich region of p53 which is known to be important for the growth
suppression and apoptotic functions [25]. It has been demonstrated that the TP53 polymor‐
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phism varies according to ethnic and geographical distribution, like most human genetic
polymorphisms [24].

A meta-analysis of such studies revealed that the arginine homozygous genotype is associated
with an increased risk of invasive cervical cancers, but not with squamous intraepithelial
lesions supporting the hypothesis that the p53 codon 72 polymorphism may have a principal
role in progression to HPV-related cancer, rather than in initiation of the neoplasia [27].

For prevention and early detection of cervical cancer, it is important to detect not only cervical
intraepithelial changes, but also to identify the presence of HR-HPV and its type as well. If the
results of HR-HPV test are positive, the possibility of cervical intraepithelial neoplasia (CIN)
can be prognosticated even if there are no cytologic changes in the cervix. The possibility for
regression of CIN 2 cervical changes caused by HPV type 16 is lower compared with cervical
changes caused by other HR-HPV types. The risk of mild cervical changes leading to severe
cervical changes (CIN 3) is higher when detecting HR-HPV types, especially HPV type 16,
compared with lower-risk HPV types. HR-HPV-positive women, even without cytologic
changes, have a 210-fold higher risk of developing CIN 3 in 6 years as compared with HR-
HPV-negative women [28].

Starting in the late 1960s significant advances were made in understanding the cellular changes
leading to invasive cervical cancer, but it was not until 1976 that Meisels and Fortin first
established HPV as the etiologic agent in an abnormal cervical cytologic finding (koilocytotic
atypia) [20]. The advent of screening to identify and treat cervical cancer precursor lesions,
CIN, has led to a substantial reduction in the incidence of cervical cancer in those countries
where routine screening is in place. Conversely, most cervical cancer-related mortality occurs
in countries where there is no routine cervical screening, although Pap’s smear is a cost
effective screening method in low resource settings [10].

Cervical screening is considered to have been the most effective cancer-screening test ever
introduced and in developed countries with organized programmes. A successful screening
programme however is dependent on understanding and acceptance of the need for a
particular test, the need for further investigation of abnormalities and particularly, the need
for quality assurance of all parts of the system [29].

In the evaluation by IARC in 2005 was concluded that there is sufficient evidence that screening
women ages 35 to 64 for cervical cancer precursors by conventional cytology every 3 to 5 years
within high-quality programs reduces incidence of invasive cervical cancer by at least 80%
among those screened [6]. Despite the large amount of data available on the value of HPV-
DNA testing for the detection of cervical cancer precursors, both in the primary cervical
screening and in the management of ‘borderline’ or Atypical Squamous Cells of Undetermined
Significance (ASCUS) cytology, HPV-DNA tests have not always and correctly been translated
into clinical practice by clinicians and within national cervical screening programs [30-31].

Although Pap's smears have reduced the incidence of cervical cancer by over 80% in the United
States, cervical cancer is the second leading cause of cancer deaths in women worldwide, and
effective implementation of the HPV vaccine and continued screening should dramatically
reduce the incidence of these cancers [19]. Cervical cytologic testing or colposcopy is an
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acceptable method for managing women over the age of 20 years with ASCUS, but HPV-DNA
testing is the preferred approach. Several population-based studies have established that tests
for HR-HPV DNA have higher clinical sensitivity than cytology in detecting cervical intrae‐
pithelial neoplasia (CIN) of grades 2 and above (CIN2+), and that combined HPV and cytology
testing shows the highest negative predictive values (NPV) for CIN2+ [31-69]. Thus, the HPV
DNA test should be used in conjunction with Pap's smear test wherever feasible and affordable
or potentially as a stand-alone test [32], because both combined has been shown to greatly
improve the ability to detect pre-cancerous states [33].

In general, the prevalence of HPV is higher in young women compared to women over 30
years [34-35]. Most HPV infections are transient [9,36] and natural history studies have shown
that HPV DNA is detectable in cells from the cervix for less than a year in most infected women.
Therefore, the presence or absence of HPV DNA at a single time point is a poor indicator of
lifetime exposure. To mitigate this problem, serological tools to detect HPV antibodies have
been developed.

However, the serological assays have only limited accuracy and HPV cannot be grown in
conventional cell cultures. As infection with HPV is followed by a humoral immune response
against the major capsid protein [37], with antibodies remaining detectable for many years,
serology is not suitable for distinguishing present and past infections. Consequently, accurate
diagnosis of HPV infection relies on the detection of viral nucleic acid [9,38].

The Hybrid Capture Assay I (HC1) was first introduced by Digene in 1995 [39]. HC1 was a
relatively fast, liquid hybridization assay designed to detect 14 HPV types divided into high-
risk types (HPV 16, 18, 31, 33, 35, 45, 51, 52 and 56) and low-risk types (HPV 6, 11, 42, 43, and
44). Initially, this was to be used to augment the sensitivity of conventional Pap testing and to
provide a meaningful negative predictive value for assessing cervical dysplasia [20].

The second generation of Hybrid Capture Asssay, the hybrid capture-II (HC2) DNA test -
Digene (Now Qiagen, Valencia, Calif Gaithersburg, MD, USA), which uses a micro titer plate
instead of tubes and has been approved by the US Food and Drug Administration (FDA) for
DNA- HPV identification [40], as an adjunct to cervical screening in the US women in aged 30
years and over. HC2 is a semiquantitative measure of viral load relative to 1pg/ml and uses
RNA-labeled probes for targeting DNA sequences from 13 high-risk HPV (16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, and 68) 5 low-risk types (6, 11, 42, 43 and 44) [7,40-41].

Although its use has become the standard in many countries, it has several limitations
including the inability to identify specific types and the lack of internal control for the amount
of input DNA 7,40-42]. In addition, the reliance on sample volume as a proxy for cellularity
may give rise to false negatives in samples with few infected cells. The lack of a negative control
within the test also prevents detection of false negatives due to procedural or reagent problems.
Another source of concern is the fact that the HR-HPV probe set is not all-inclusive. Women
with unusual types may have a true-negative HC2 test yet still harbor a virus capable of causing
cancer [43].

Studies comparing HC2 and Polymarese Chain Reaction (PCR) results have also shown that
the hybrid capture probes are not entirely type specific [43]. The detection limit of approxi‐
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phism varies according to ethnic and geographical distribution, like most human genetic
polymorphisms [24].
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lesions supporting the hypothesis that the p53 codon 72 polymorphism may have a principal
role in progression to HPV-related cancer, rather than in initiation of the neoplasia [27].
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established HPV as the etiologic agent in an abnormal cervical cytologic finding (koilocytotic
atypia) [20]. The advent of screening to identify and treat cervical cancer precursor lesions,
CIN, has led to a substantial reduction in the incidence of cervical cancer in those countries
where routine screening is in place. Conversely, most cervical cancer-related mortality occurs
in countries where there is no routine cervical screening, although Pap’s smear is a cost
effective screening method in low resource settings [10].

Cervical screening is considered to have been the most effective cancer-screening test ever
introduced and in developed countries with organized programmes. A successful screening
programme however is dependent on understanding and acceptance of the need for a
particular test, the need for further investigation of abnormalities and particularly, the need
for quality assurance of all parts of the system [29].

In the evaluation by IARC in 2005 was concluded that there is sufficient evidence that screening
women ages 35 to 64 for cervical cancer precursors by conventional cytology every 3 to 5 years
within high-quality programs reduces incidence of invasive cervical cancer by at least 80%
among those screened [6]. Despite the large amount of data available on the value of HPV-
DNA testing for the detection of cervical cancer precursors, both in the primary cervical
screening and in the management of ‘borderline’ or Atypical Squamous Cells of Undetermined
Significance (ASCUS) cytology, HPV-DNA tests have not always and correctly been translated
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that HPV DNA is detectable in cells from the cervix for less than a year in most infected women.
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instead of tubes and has been approved by the US Food and Drug Administration (FDA) for
DNA- HPV identification [40], as an adjunct to cervical screening in the US women in aged 30
years and over. HC2 is a semiquantitative measure of viral load relative to 1pg/ml and uses
RNA-labeled probes for targeting DNA sequences from 13 high-risk HPV (16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, and 68) 5 low-risk types (6, 11, 42, 43 and 44) [7,40-41].

Although its use has become the standard in many countries, it has several limitations
including the inability to identify specific types and the lack of internal control for the amount
of input DNA 7,40-42]. In addition, the reliance on sample volume as a proxy for cellularity
may give rise to false negatives in samples with few infected cells. The lack of a negative control
within the test also prevents detection of false negatives due to procedural or reagent problems.
Another source of concern is the fact that the HR-HPV probe set is not all-inclusive. Women
with unusual types may have a true-negative HC2 test yet still harbor a virus capable of causing
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mately 5000 genome is the power of HC2 and it makes it less sensitive than PCR and cross-
reactivity of the two probe cocktails can reduce the clinical relevance of a positive result [20,40].

Despite the HC2 present some limitations [33], this assay has shown high sensitivity for the
detection of CIN of grade 2 and worse (CIN2+) and it was recently recommended to be used
as a benchmark for performance assessment of new candidate HPV tests for primary cervical
cancer screening in women of 30 years and older. The emergence of competing platforms like
the Linear Array (Roche) and INNO-LiPA HPV (Innogenetics) has led to the development of
some new elements by Qiagen that are designed to counteract perceived advantages of
alternative tests [43]. This others platforms are commonly used in the HPV typing assays and
follow up of persistent infections to monitor the presence of specific HPV genotypes [44].

Has been demonstrated that HC2 has proven its effectiveness in large clinical trials and
everyday practice, but the search continues for markers with superior specificity for high-
grade disease without excessive corresponding loss of sensitivity. A number of new assays
have been developed for molecular and immunostaining platforms with the intention of
meeting this need [43].

As a screening test, cervical cytology for CIN has reduced the incidence of mortality worldwide
[45], however this methodology has a limited sensitivity. So, as described by [46] a shift from
conventional cytology to a molecular approach integrated into cervical cancer screening is the
most likely solution to the goals of improved screening in both the developed and developing
world. Therefore, molecular tests have become available for clinical and research purposes in
response to the need for identifying infection during earlier stages and improving patient
follow-up [9,40].

A modified, experimental Hybrid Capture assay named Hybrid Capture 3 uses RNA probes,
as in Hybrid Capture 2, but in combination with biotinylated capture oligonucleotides that are
directed to unique sequence regions within the desired target to increase test specificity [47].
The assay has been developed further to reduce cross-reactivity while maintaining sensitivity
and for use either on DNA or RNA as targets. A recent comparison study concluded that, at
the optimal cut-off points, Hybrid Capture 2 and 3 had similar screening performance
characteristics for high-grade lesions diagnosed at the enrolment visit [48].

Hybrid Capture 3 (HC3) is being evaluated as the next generation of hybrid capture clinical
assays that target 13 oncogenic HPV types for the detection of cervical precancerous cervical
intraepithelial neoplasia grade 3 (CIN3). A primary technical distinction between HC3 and
HC2 is that HC3 employs a biotinylated DNA oligonucleotide specific for selected HPV DNA
sequences for the capture of the DNA-RNA complexes on streptavidin-coated wells, whereas
HC2 uses wells coated with polyclonal antibody against DNA-RNA complexes for hybrid
capture. The use of capture oligonucleotide instead of an immobilized antibody also dimin‐
ishes the possibility of nonspecific RNA-DNA hybrids, present as the result of improperly
alkali-denatured specimens, from binding to the microplate well and consequently may reduce
false positivity for HC3 compared to HC2 [48].

This ratio assay may reflect the natural pattern of HPV mRNA expression that occurs during the
progression of disease in cervical epithelium. After initial infection, polycistronic, pre-mRNA
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is transcribed from HPV DNA that exists either as circular, extrachromosomal episomes or as
DNA that is integrated into the chromosome. As pre-malignant lesions progress, the abun‐
dance of mRNAs that encode the oncogenes, such as E6 and E7 (E6–7), may increase and the
mRNAs encoding non-oncogenic HPV proteins, such as E2 and L1, may decrease [49]. The
incidence of HPV integration may reduce further transcripts encoding E2 and other down‐
stream genes, such as L1, because integration usually occurs at the E2 loci [50]. The E2 gene
product is an important down-regulator of oncogenic E6–7 expression [19]. Thus, lower E2 levels
may correlate with disease progression. Therefore, it may be useful to measure the ratio of E6–
7 over E2 transcripts in cervical specimens and compare this ratio with the severity of disease [51].

In the study [48] was compared the performance of a prototype version of the Hybrid Capture
3 (HC3) human papillomavirus (HPV) DNA assay to the current generation Hybrid Capture 2
(HC2) assay, both of which target 13 oncogenic HPV types, for the detection of cervical intraepi‐
thelial neoplasia grade 3 and cancer (CIN3+) with cervicovaginal lavage specimens collected at
enrollment into a 10-year cohort study at Kaiser Permanente. The authors suggest that HC3 may
be a slightly more sensitive, equally specific test for the detection of CIN3+ over the duration of
typical screening intervals compared to its predecessor, HC2. The increased sensitivity of HC3
compared to HC2 appears to be the result of increased detection of CIN3+ in women who were
30 years of age or older and were cytologically negative. They emphasize that further valida‐
tion studies of HC3 are needed with more clinically relevant cervical specimens.

Diagnosis of HPV infection relies on the detection of the viral DNA in clinical samples; thus
accurate detection and genotyping of HPV are of critical importance for determining the
prevalence of HPVs in a given population and for determining the risks associated with
infections of a particular type [52]. The first evaluation of the use of HPV testing in a potential
clinical application was published in 1989 by Tidy et al. on the detection of HPV 16 by PCR
both in normal and in dyskaryotic smears from 21 women. The results was sufficiently
compelling to predict that HPV testing might eventually supplement cytologic analysis of
cervical samples in screening [20].

PCR is a highly sensitive technique and allows testing on samples with less tissue or fewer
cells [7,46]. Multiplex HPV genotyping methods based on hybridization to fluorescently
labeled beads have also been reported [53]. These methods are capable of detecting very small
copy numbers of virus, and extremely high sensitivities have been reported. However, because
HC2 has been established as the criterion standard for clinical treatment algorithms, such high
positive rates are actually a drawback rather than an advantage for clinical use. The relative
complexity of PCR-based methods, concerns about contamination of the laboratory by PCR
products, and patent protection on some aspects of the technology have further hindered
widespread adoption of this approach [43].

The sensitivity and specificity of PCR based methods vary, depending mainly on the primer
set, the size of the PCR product, the reaction conditions and efficacy of the DNA polymerase
used in the reaction, the spectrum of HPV types amplified, the ability to detect multiple types
and the availability of a type-specific assay. PCR can theoretically produce 109 copies from a
single double stranded DNA molecule after 30 cycles of amplification. Therefore, care must
be taken to avoid false-positive results derived from cross-contaminated specimens or
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mately 5000 genome is the power of HC2 and it makes it less sensitive than PCR and cross-
reactivity of the two probe cocktails can reduce the clinical relevance of a positive result [20,40].

Despite the HC2 present some limitations [33], this assay has shown high sensitivity for the
detection of CIN of grade 2 and worse (CIN2+) and it was recently recommended to be used
as a benchmark for performance assessment of new candidate HPV tests for primary cervical
cancer screening in women of 30 years and older. The emergence of competing platforms like
the Linear Array (Roche) and INNO-LiPA HPV (Innogenetics) has led to the development of
some new elements by Qiagen that are designed to counteract perceived advantages of
alternative tests [43]. This others platforms are commonly used in the HPV typing assays and
follow up of persistent infections to monitor the presence of specific HPV genotypes [44].

Has been demonstrated that HC2 has proven its effectiveness in large clinical trials and
everyday practice, but the search continues for markers with superior specificity for high-
grade disease without excessive corresponding loss of sensitivity. A number of new assays
have been developed for molecular and immunostaining platforms with the intention of
meeting this need [43].

As a screening test, cervical cytology for CIN has reduced the incidence of mortality worldwide
[45], however this methodology has a limited sensitivity. So, as described by [46] a shift from
conventional cytology to a molecular approach integrated into cervical cancer screening is the
most likely solution to the goals of improved screening in both the developed and developing
world. Therefore, molecular tests have become available for clinical and research purposes in
response to the need for identifying infection during earlier stages and improving patient
follow-up [9,40].

A modified, experimental Hybrid Capture assay named Hybrid Capture 3 uses RNA probes,
as in Hybrid Capture 2, but in combination with biotinylated capture oligonucleotides that are
directed to unique sequence regions within the desired target to increase test specificity [47].
The assay has been developed further to reduce cross-reactivity while maintaining sensitivity
and for use either on DNA or RNA as targets. A recent comparison study concluded that, at
the optimal cut-off points, Hybrid Capture 2 and 3 had similar screening performance
characteristics for high-grade lesions diagnosed at the enrolment visit [48].

Hybrid Capture 3 (HC3) is being evaluated as the next generation of hybrid capture clinical
assays that target 13 oncogenic HPV types for the detection of cervical precancerous cervical
intraepithelial neoplasia grade 3 (CIN3). A primary technical distinction between HC3 and
HC2 is that HC3 employs a biotinylated DNA oligonucleotide specific for selected HPV DNA
sequences for the capture of the DNA-RNA complexes on streptavidin-coated wells, whereas
HC2 uses wells coated with polyclonal antibody against DNA-RNA complexes for hybrid
capture. The use of capture oligonucleotide instead of an immobilized antibody also dimin‐
ishes the possibility of nonspecific RNA-DNA hybrids, present as the result of improperly
alkali-denatured specimens, from binding to the microplate well and consequently may reduce
false positivity for HC3 compared to HC2 [48].

This ratio assay may reflect the natural pattern of HPV mRNA expression that occurs during the
progression of disease in cervical epithelium. After initial infection, polycistronic, pre-mRNA
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is transcribed from HPV DNA that exists either as circular, extrachromosomal episomes or as
DNA that is integrated into the chromosome. As pre-malignant lesions progress, the abun‐
dance of mRNAs that encode the oncogenes, such as E6 and E7 (E6–7), may increase and the
mRNAs encoding non-oncogenic HPV proteins, such as E2 and L1, may decrease [49]. The
incidence of HPV integration may reduce further transcripts encoding E2 and other down‐
stream genes, such as L1, because integration usually occurs at the E2 loci [50]. The E2 gene
product is an important down-regulator of oncogenic E6–7 expression [19]. Thus, lower E2 levels
may correlate with disease progression. Therefore, it may be useful to measure the ratio of E6–
7 over E2 transcripts in cervical specimens and compare this ratio with the severity of disease [51].

In the study [48] was compared the performance of a prototype version of the Hybrid Capture
3 (HC3) human papillomavirus (HPV) DNA assay to the current generation Hybrid Capture 2
(HC2) assay, both of which target 13 oncogenic HPV types, for the detection of cervical intraepi‐
thelial neoplasia grade 3 and cancer (CIN3+) with cervicovaginal lavage specimens collected at
enrollment into a 10-year cohort study at Kaiser Permanente. The authors suggest that HC3 may
be a slightly more sensitive, equally specific test for the detection of CIN3+ over the duration of
typical screening intervals compared to its predecessor, HC2. The increased sensitivity of HC3
compared to HC2 appears to be the result of increased detection of CIN3+ in women who were
30 years of age or older and were cytologically negative. They emphasize that further valida‐
tion studies of HC3 are needed with more clinically relevant cervical specimens.

Diagnosis of HPV infection relies on the detection of the viral DNA in clinical samples; thus
accurate detection and genotyping of HPV are of critical importance for determining the
prevalence of HPVs in a given population and for determining the risks associated with
infections of a particular type [52]. The first evaluation of the use of HPV testing in a potential
clinical application was published in 1989 by Tidy et al. on the detection of HPV 16 by PCR
both in normal and in dyskaryotic smears from 21 women. The results was sufficiently
compelling to predict that HPV testing might eventually supplement cytologic analysis of
cervical samples in screening [20].

PCR is a highly sensitive technique and allows testing on samples with less tissue or fewer
cells [7,46]. Multiplex HPV genotyping methods based on hybridization to fluorescently
labeled beads have also been reported [53]. These methods are capable of detecting very small
copy numbers of virus, and extremely high sensitivities have been reported. However, because
HC2 has been established as the criterion standard for clinical treatment algorithms, such high
positive rates are actually a drawback rather than an advantage for clinical use. The relative
complexity of PCR-based methods, concerns about contamination of the laboratory by PCR
products, and patent protection on some aspects of the technology have further hindered
widespread adoption of this approach [43].

The sensitivity and specificity of PCR based methods vary, depending mainly on the primer
set, the size of the PCR product, the reaction conditions and efficacy of the DNA polymerase
used in the reaction, the spectrum of HPV types amplified, the ability to detect multiple types
and the availability of a type-specific assay. PCR can theoretically produce 109 copies from a
single double stranded DNA molecule after 30 cycles of amplification. Therefore, care must
be taken to avoid false-positive results derived from cross-contaminated specimens or
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reagents. Several procedures are available to avoid the potential problems of using PCR
protocols for HPV DNA detection [30].

The limitations associated with PCR-based HPV-DNA detection are related to primer selec‐
tion and optimal protocol standardization [46,54]. The PCR assay most likely to be amendable
to broad screening and/or surveillance applications are based on consensus primer amplifica‐
tion of a broad spectrum of genotypes which are subsequently differentiated by type-specific
oligonucleotide probe hybridization. The most commonly used consensus PCR target is the
highly conserved L1 open reading frame (ORF), of genital HPV genomes [52]. Among these are
the single pair of consensus primers GP5/6 [55] and its extended version GP5+/6+ [35,56] and the
MY09/11 degenerate primers [57] and its modified version, PGMY09/11 [30,58] and SPF 10 [59].
In addition, none of these assays can be automated or deployed on a high-throughput plat‐
form, features that are essential for an assay intended for use with a large volume of patients [60].

The viral nucleic acid must be preserved to avoid false-negative results caused by degradation
by  endogenous  endonucleases.  This  is  especially  important  when  analyzing  HPV-RNA
transcripts. To assess the integrity of genomic DNA in the specimen and its suitability for
molecular analysis, adequate controls, such as β-globin gene amplification or spiking of the
sample with known positive material, are crucial. Several commercially available sampling kits,
originally intended for cytology (e.g. PreservCyt, Cytyc Corp.) adequately preserve nucleic acids
for molecular diagnosis even after prolonged storage at ambient temperatures [61].

The commercial HPV assays are based on L1 or E1 PCR for high-risk HPV DNA detection and
genotyping are now available from different companies: AmplicorR and Linear Array (Roche
Molecular Systems, CA, USA), INNO-LiPAR (Inngenetics, Ghent, Belgium), PapiloCheck
(Greiner Bio-One GmbH, Germany), Multiplex HPV Genotyping Kit (Multimetrix GmmbH,
Heildelberg, Germany) [Table 01]. After amplifying parts of the L1 region, such assays
hybridize the resulting PCR product to a detection and visualization unit (microarray or a
reverse line blot) [62].

HPV-DNA assays can be performed using the same specimen as used for cytological exami‐
nation, which is an important logistic aspect of routine clinical testing. However, a cervical
scrape is only a small sample of the cervical epithelium and sampling errors may influence
cytology grading. Only a portion of the cervical cell suspension is used for DNA isolation with
only a fraction of the isolated DNA being used for specific DNA detection. Therefore, if a
specimen only contains a limited number of HPV-DNA copies, sampling errors may produce
inconsistencies even in a sensitive assay. Furthermore, the outcome of a HPV-DNA assay can
vary depending on the menstrual cycle [9].

Luminex (xMAP) suspension array technology is based on polystyrene beads that are inter‐
nally dyed with various ratios of two spectrally distinct fluorophores. Different molecules such
as individual oligonucleotide probes can be coupled to different bead sets with specific
absorption spectra. These sets are combined to a suspension array and allow up to 100 different
probes to be measured simultaneously in a single reaction (multiplexing) [62].

This technology can potentially be fully automated, dramatically decreasing the personal cost
component of the assay; this assay has been used for the genotyping of 45 HPV types with
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PGMY09/11 PCR, 22 HPV types with GP5+/6+ PCR 15 HPV types with YBT L1/GP-1 PCR, and
18 HPV types with GP5+/6+ PCR. These multiplex HPV genotyping (MPG) methods have been
compared with other well established HPV detection methods such as HC2, restriction
fragment length polymorphism (RFLP) and DNA chip technology for the evaluation of their
performance. However, none of these well established assays are perfect and suitable for the
“gold standard”. Sequencing gives the most conclusive genotype information, although it is
the most labor intensive. However, sequencing is the most desirable way to validate HPV
genotyping methods [62].

Assay name HPV genotypes detected Detection technology
DNA and HPV gene

detected
Producer

Hybrid capture

2 (HC2)

High-risk

16,18,31,33,35,39,45,51,52,56,58,59,6

8

Low –risk

6, 11, 42, 43, 44

Sandwich capture

molecular

DNA, L1 Qiagen (MD,

USA)

Cervista 16, 18 and bulk (31, 33, 35, 39, 45, 51,

52, 56, 58, 59, 66, 68)

Invader chemistry DNA, L1, E6, E7 Hologic (WI, USA)

Cobas HPV

test

16, 18 and bulk (31, 33, 35, 39, 45, 51,

52, 56, 58, 59, 66, 68)

Real-time PCR DNA, L1 Roche (Rotkreuz,

Switzerland)

Abbott´s Real

Time High Risk

HPV

16, 18 and bulk (31, 33, 35, 39, 45, 51,

52, 56, 58, 59, 66, 68)

Real-time PCR DNA, L1 Abbott (IL, USA)

Clinical Array 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42,

43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 61,

62, 66, 68, 70, 71, 72, 73, 81, 82, 83, 84,

85, 89.

PCR/microarray DNA, L1 Genomica

(Madrid, Spain)

Linear Array 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42,

45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62,

64, 66, 67, 68, 69, 71, 71, 72, 73, 81, 82,

83, 84.

PCR/reverse

hybdridization line blot

DNA, L1 Innogenetics

(Gent, Belgium)

INNO-LiPA

Genotyping

Extra

6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 43,

44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68,

69, 70, 71, 73, 74, 82.

PCR/reverse

hybdridization line blot

DNA, L1 Innogenetics

(Gent, Belgium)

PapilloCheck 6,11, 16, 18, 31, 33, 35, 39, 40, 42, 43,

44/55, 45, 51, 52, 53, 56, 58, 59, 66, 68,

70, 73, 82

PCR/microarray DNA, L1 Greiner BioOne

(Frickenhaunsen,

Germany)

* Modified from [62]

Table 1. Commercial HPV-DNA assays
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reagents. Several procedures are available to avoid the potential problems of using PCR
protocols for HPV DNA detection [30].

The limitations associated with PCR-based HPV-DNA detection are related to primer selec‐
tion and optimal protocol standardization [46,54]. The PCR assay most likely to be amendable
to broad screening and/or surveillance applications are based on consensus primer amplifica‐
tion of a broad spectrum of genotypes which are subsequently differentiated by type-specific
oligonucleotide probe hybridization. The most commonly used consensus PCR target is the
highly conserved L1 open reading frame (ORF), of genital HPV genomes [52]. Among these are
the single pair of consensus primers GP5/6 [55] and its extended version GP5+/6+ [35,56] and the
MY09/11 degenerate primers [57] and its modified version, PGMY09/11 [30,58] and SPF 10 [59].
In addition, none of these assays can be automated or deployed on a high-throughput plat‐
form, features that are essential for an assay intended for use with a large volume of patients [60].

The viral nucleic acid must be preserved to avoid false-negative results caused by degradation
by  endogenous  endonucleases.  This  is  especially  important  when  analyzing  HPV-RNA
transcripts. To assess the integrity of genomic DNA in the specimen and its suitability for
molecular analysis, adequate controls, such as β-globin gene amplification or spiking of the
sample with known positive material, are crucial. Several commercially available sampling kits,
originally intended for cytology (e.g. PreservCyt, Cytyc Corp.) adequately preserve nucleic acids
for molecular diagnosis even after prolonged storage at ambient temperatures [61].

The commercial HPV assays are based on L1 or E1 PCR for high-risk HPV DNA detection and
genotyping are now available from different companies: AmplicorR and Linear Array (Roche
Molecular Systems, CA, USA), INNO-LiPAR (Inngenetics, Ghent, Belgium), PapiloCheck
(Greiner Bio-One GmbH, Germany), Multiplex HPV Genotyping Kit (Multimetrix GmmbH,
Heildelberg, Germany) [Table 01]. After amplifying parts of the L1 region, such assays
hybridize the resulting PCR product to a detection and visualization unit (microarray or a
reverse line blot) [62].

HPV-DNA assays can be performed using the same specimen as used for cytological exami‐
nation, which is an important logistic aspect of routine clinical testing. However, a cervical
scrape is only a small sample of the cervical epithelium and sampling errors may influence
cytology grading. Only a portion of the cervical cell suspension is used for DNA isolation with
only a fraction of the isolated DNA being used for specific DNA detection. Therefore, if a
specimen only contains a limited number of HPV-DNA copies, sampling errors may produce
inconsistencies even in a sensitive assay. Furthermore, the outcome of a HPV-DNA assay can
vary depending on the menstrual cycle [9].

Luminex (xMAP) suspension array technology is based on polystyrene beads that are inter‐
nally dyed with various ratios of two spectrally distinct fluorophores. Different molecules such
as individual oligonucleotide probes can be coupled to different bead sets with specific
absorption spectra. These sets are combined to a suspension array and allow up to 100 different
probes to be measured simultaneously in a single reaction (multiplexing) [62].

This technology can potentially be fully automated, dramatically decreasing the personal cost
component of the assay; this assay has been used for the genotyping of 45 HPV types with
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PGMY09/11 PCR, 22 HPV types with GP5+/6+ PCR 15 HPV types with YBT L1/GP-1 PCR, and
18 HPV types with GP5+/6+ PCR. These multiplex HPV genotyping (MPG) methods have been
compared with other well established HPV detection methods such as HC2, restriction
fragment length polymorphism (RFLP) and DNA chip technology for the evaluation of their
performance. However, none of these well established assays are perfect and suitable for the
“gold standard”. Sequencing gives the most conclusive genotype information, although it is
the most labor intensive. However, sequencing is the most desirable way to validate HPV
genotyping methods [62].

Assay name HPV genotypes detected Detection technology
DNA and HPV gene

detected
Producer

Hybrid capture

2 (HC2)

High-risk

16,18,31,33,35,39,45,51,52,56,58,59,6
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Low –risk

6, 11, 42, 43, 44
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Cervista 16, 18 and bulk (31, 33, 35, 39, 45, 51,
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Real-time PCR DNA, L1 Roche (Rotkreuz,

Switzerland)

Abbott´s Real

Time High Risk

HPV

16, 18 and bulk (31, 33, 35, 39, 45, 51,

52, 56, 58, 59, 66, 68)

Real-time PCR DNA, L1 Abbott (IL, USA)
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3. HPV nucleic acid detection

Detection of HPV E6/E7 messenger RNA (mRNA) is an indicator of HPV oncogenic activity
and may be used as a clinically predictive marker to identify women at risk of developing
high-grade cervical dysplastic lesions and cervical carcinoma [63]. This method has been
proposed as a more specific marker for cervical dysplasia and cancer than HPV DNA [64].
Several assays have been designed to detect mRNA of the E6 and E7 transforming genes of
HPV. The level of E6 and E7 gene expression is increased in high-grade lesions compared with
low-grade lesions. These tests have high specificity for detecting disease and could potentially
serve as functional discriminators between high-risk and low-risk infections [19].

Initial studies comparing HPV DNA and RNA detection (using consensus PCR and PreTect
HPV-Proofer) in women with ASCUS and mild dysplasia on cervical cytology showed that
twice as many women were positive for HPV DNA compared with those with HPV RNA
positivity. They also demonstrated that while both tests were highly sensitive for detection of
CIN2+ (85.7%), HPV RNA detection was far more specific for detection of high-grade lesions
(84.9% vs 50%) [65].

The PreTect HPV-Proofer (NorChip AS, Klokkarstua, Norway) is a commercially available
real-time multiplex nucleic acid sequence-based amplification (NASBA) assay, also called
NucliSENS EasyQ (bioMérieux, Marcy l'Etoile, France). This assay is based HPV detection
using HPV DNA plasmids and detects E6/E7 mRNA of the five most common HPV types,
HPV16, 18, 31, 33, and 45 [64,66]. These five types have been shown to account for about 82%
of cervical cancer worldwide, but their prevalence varies between different geographical
regions [67].

In comparison to HPV DNA tests, NASBA-based HPV detection showed better results in terms
of specificity for high-grade cervical lesions, while its sensitivity is lower. Currently, it is
difficult to know whether the differences in diagnostic accuracy are a result of the larger type
detection range and high analytical sensitivity of the HPV DNA tests. To elucidate this issue,
experimental confirmation that RNA is the sole target of HPV NASBA is required [64].

NASBA-positive women are 69.8 times more likely to be diagnosed with CIN2+ within 2 years
of testing than NASBA negative women. Thus, the addition of HPV mRNA triage to cervical
screening programmers may decrease the incidence of false-negative results while also
allowing the time interval between screening events to be increased for those women who are
HPV DNA and RNA negative [63]. Several studies on the relative performance of NASBA have
been conducted in Europe with an indication that this test is more specific than other tests,
including the APTIMA and HC2 assays to identify CIN 2+ [65,68-70]. This indicates that the
NASBA assay can be used reliably to obtain simultaneous type-specific information for the
five genotypes targeted by the test. This is an appealing feature given the indication for the
identification of types 16 and 18 in risk stratification and better clinical management of women
with a positive HPV test [71].

On the other hand, there have been reports that the NASBA technique can detect DNA, causing
false-positive results [64,72]. However, NASBA can serve as a better triage test than HPV DNA
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to reduce colposcopy referral in both ASCUS and low grade squamous intraepithelial lesion
(LSIL). It is also more efficient than cytology for the triage of HPV DNA-positive women.
Nevertheless, its low sensitivity demands a strict follow-up of HPV DNA positive-mRNA
negative cases [73].

APTIMA (Gen-Probe, San Diego, CA) is a commercially available mRNA test for HPV, which
detects mRNA of HR-HPV types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68), based
on transcription-mediated amplification [66,74]. There is indication that the APTIMA test has
clinical sensitivity similar to that of HC2 [74], but with higher specificity for detection of dysplasia
and improved clinical specificity over that of HC2, which is designed to detect DNA of the same
HPV types, except for type 66 [66]. The germany study concluded that APTIMA had a sensitiv‐
ity similar to but a specificity significantly higher (P < 0.0001) than the HC2 test for the detec‐
tion of CIN2+. that he AHPV assay was significantly more sensitive and significantly more
specific than cytology for the detection of disease [75]. The assay is sensitive and very specific
for detection of high-risk HPV, which may improve patient management and reduce the cost of
care. However, APTIMA does not specify the individual HPV types detected [76].

In study carried out as part of a multicenter study in Canada which was assessed the clinical
usefulness of testing for E6/E7 mRNA and other molecular biomarkers in cervical cancer
screening in comparison with HPV DNA testing and cytology. A point worth noting is that 61
(15.9%) of 384 CIN 2+ cases were found in women with normal cytology at the time of
enrollment, and 70.5% and 86.9% of these were positive by NASBA and HC2, respectively.
This reinforces the importance of incorporating HPV testing or repeat cytology in cervical
cancer screening. Also, a separate analysis of unsatisfactory cytology indicated an enriched
population of CIN 2+ [71].

This reflects the inherent limitation of cytology-based evaluation. Regardless, the positivity
with NASBA or HC2 was dependent on the number of genotypes covered by the respective
tests and their prevalence in different grades of cytologic and histologic lesions. Furthermore,
the lesion progression is more strongly associated with types 16 and 18, and there are indica‐
tions that an HPV test that distinguishes types 16 and 18 from other oncogenic types may be
more useful as it could identify women at greater risk of cervical cancer [71].

Microfluidic approaches in diagnostics achieve significant reagent volume reduction and thus
cost-drive innovation, potentially achieving widespread penetration in non-hospital, non-
specialized environments. However, microfluidic approaches are not without their challenges.
The field of “lab-on-a-chip” (LOC) diagnostics has grown rapidly from this basic need, and it
is fast accelerating towards a “sample-in answer-out” platform for molecular diagnostics.
NASBA technology with real-time fluorescence measurement was adapted to detect HPV
mRNA in cervical specimens and cervical cell lines. The isothermal nature of NASBA greatly
simplifies amplification strategies for nucleic acid detection on chip. This platform has huge
potential within “point-of-care”(POC) diagnostics as up to 16 different targets can be detected
simultaneously for each clinical sample analyzed [77].

In recent study from Norway, the prototype NASBA platform presented amplification efficien‐
cy of has been compared to an industry gold standard for HPV detection with encouraging
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3. HPV nucleic acid detection

Detection of HPV E6/E7 messenger RNA (mRNA) is an indicator of HPV oncogenic activity
and may be used as a clinically predictive marker to identify women at risk of developing
high-grade cervical dysplastic lesions and cervical carcinoma [63]. This method has been
proposed as a more specific marker for cervical dysplasia and cancer than HPV DNA [64].
Several assays have been designed to detect mRNA of the E6 and E7 transforming genes of
HPV. The level of E6 and E7 gene expression is increased in high-grade lesions compared with
low-grade lesions. These tests have high specificity for detecting disease and could potentially
serve as functional discriminators between high-risk and low-risk infections [19].

Initial studies comparing HPV DNA and RNA detection (using consensus PCR and PreTect
HPV-Proofer) in women with ASCUS and mild dysplasia on cervical cytology showed that
twice as many women were positive for HPV DNA compared with those with HPV RNA
positivity. They also demonstrated that while both tests were highly sensitive for detection of
CIN2+ (85.7%), HPV RNA detection was far more specific for detection of high-grade lesions
(84.9% vs 50%) [65].

The PreTect HPV-Proofer (NorChip AS, Klokkarstua, Norway) is a commercially available
real-time multiplex nucleic acid sequence-based amplification (NASBA) assay, also called
NucliSENS EasyQ (bioMérieux, Marcy l'Etoile, France). This assay is based HPV detection
using HPV DNA plasmids and detects E6/E7 mRNA of the five most common HPV types,
HPV16, 18, 31, 33, and 45 [64,66]. These five types have been shown to account for about 82%
of cervical cancer worldwide, but their prevalence varies between different geographical
regions [67].

In comparison to HPV DNA tests, NASBA-based HPV detection showed better results in terms
of specificity for high-grade cervical lesions, while its sensitivity is lower. Currently, it is
difficult to know whether the differences in diagnostic accuracy are a result of the larger type
detection range and high analytical sensitivity of the HPV DNA tests. To elucidate this issue,
experimental confirmation that RNA is the sole target of HPV NASBA is required [64].

NASBA-positive women are 69.8 times more likely to be diagnosed with CIN2+ within 2 years
of testing than NASBA negative women. Thus, the addition of HPV mRNA triage to cervical
screening programmers may decrease the incidence of false-negative results while also
allowing the time interval between screening events to be increased for those women who are
HPV DNA and RNA negative [63]. Several studies on the relative performance of NASBA have
been conducted in Europe with an indication that this test is more specific than other tests,
including the APTIMA and HC2 assays to identify CIN 2+ [65,68-70]. This indicates that the
NASBA assay can be used reliably to obtain simultaneous type-specific information for the
five genotypes targeted by the test. This is an appealing feature given the indication for the
identification of types 16 and 18 in risk stratification and better clinical management of women
with a positive HPV test [71].

On the other hand, there have been reports that the NASBA technique can detect DNA, causing
false-positive results [64,72]. However, NASBA can serve as a better triage test than HPV DNA
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to reduce colposcopy referral in both ASCUS and low grade squamous intraepithelial lesion
(LSIL). It is also more efficient than cytology for the triage of HPV DNA-positive women.
Nevertheless, its low sensitivity demands a strict follow-up of HPV DNA positive-mRNA
negative cases [73].

APTIMA (Gen-Probe, San Diego, CA) is a commercially available mRNA test for HPV, which
detects mRNA of HR-HPV types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68), based
on transcription-mediated amplification [66,74]. There is indication that the APTIMA test has
clinical sensitivity similar to that of HC2 [74], but with higher specificity for detection of dysplasia
and improved clinical specificity over that of HC2, which is designed to detect DNA of the same
HPV types, except for type 66 [66]. The germany study concluded that APTIMA had a sensitiv‐
ity similar to but a specificity significantly higher (P < 0.0001) than the HC2 test for the detec‐
tion of CIN2+. that he AHPV assay was significantly more sensitive and significantly more
specific than cytology for the detection of disease [75]. The assay is sensitive and very specific
for detection of high-risk HPV, which may improve patient management and reduce the cost of
care. However, APTIMA does not specify the individual HPV types detected [76].

In study carried out as part of a multicenter study in Canada which was assessed the clinical
usefulness of testing for E6/E7 mRNA and other molecular biomarkers in cervical cancer
screening in comparison with HPV DNA testing and cytology. A point worth noting is that 61
(15.9%) of 384 CIN 2+ cases were found in women with normal cytology at the time of
enrollment, and 70.5% and 86.9% of these were positive by NASBA and HC2, respectively.
This reinforces the importance of incorporating HPV testing or repeat cytology in cervical
cancer screening. Also, a separate analysis of unsatisfactory cytology indicated an enriched
population of CIN 2+ [71].

This reflects the inherent limitation of cytology-based evaluation. Regardless, the positivity
with NASBA or HC2 was dependent on the number of genotypes covered by the respective
tests and their prevalence in different grades of cytologic and histologic lesions. Furthermore,
the lesion progression is more strongly associated with types 16 and 18, and there are indica‐
tions that an HPV test that distinguishes types 16 and 18 from other oncogenic types may be
more useful as it could identify women at greater risk of cervical cancer [71].

Microfluidic approaches in diagnostics achieve significant reagent volume reduction and thus
cost-drive innovation, potentially achieving widespread penetration in non-hospital, non-
specialized environments. However, microfluidic approaches are not without their challenges.
The field of “lab-on-a-chip” (LOC) diagnostics has grown rapidly from this basic need, and it
is fast accelerating towards a “sample-in answer-out” platform for molecular diagnostics.
NASBA technology with real-time fluorescence measurement was adapted to detect HPV
mRNA in cervical specimens and cervical cell lines. The isothermal nature of NASBA greatly
simplifies amplification strategies for nucleic acid detection on chip. This platform has huge
potential within “point-of-care”(POC) diagnostics as up to 16 different targets can be detected
simultaneously for each clinical sample analyzed [77].

In recent study from Norway, the prototype NASBA platform presented amplification efficien‐
cy of has been compared to an industry gold standard for HPV detection with encouraging
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results. By this, we have demonstrated the subcomponents of a complete integrated in vitro
diagnostic system: from clinical sample input to sample preparation to amplification to detection,
thus advancing towards a “sample-in, answer-out” diagnostic platform. The prototype NASBA
platform combined extraction and amplification in a microfluidic device consisting of extrac‐
tion and NASBA chips. In addition, the adopted NASBA method offers the unique characteris‐
tics of isothermal amplification, greatly simplifying the thermocycling requirements for the
system: effectively allowing a “blackbox” technology to be developed encompassing amplifica‐
tion and detection simultaneously in a real-time format. The Authors described this technolo‐
gy platform is not limited to diagnostics of cervical precancer and cancer, but it has enormous
potential in the monitoring and diagnosis of gene activity in areas such as infectious disease,
oncology, immune response to allergens, immunotherapies, and chemotherapies [77].

The mRNA assays with real-time PCR may be a useful tool in investigation of as well as in
primary screening for cervical neoplasias, and it might be worthwhile to consider which
genotypes to include in further investigations to optimize sensitivity and specificity, especially
in a post vaccine era, when it may be necessary to reconsider HPV testing strategies [66].

3.1. MicroRNA analysis in Human Papillomavirus (HPV)

MicroRNAs (miRNAs) are noncoding regulatory RNAs 18-25 nucleotides in size that are
derived from RNA polymerase II (pol II) transcripts of coding or noncoding genes. MiRNAs
most often function by binding to the 3´ UTRs of target messenger RNAs, whereby they induce
mRNA degradation or translational repression [78]. Many miRNAs are tissue- or differentia‐
tion-specific, and their temporal or short-lived expression modulates gene expression at the
posttranscriptional level by base-pairing with complementary nucleotide sequences of target
mRNAs [79-80]. The functions of miRNAs are still largely unknown, but it seems that they are
important in the regulation of cellular gene expression and behavior [81,82].

As of August 2012, the miRBase database (http://www.mirbase.org/) [112] had collected 21,264
entries representing hairpin precursor pre-miRNAs. Human genome contains ~ 416 miRNA
genes encoding 1048 distinct mature miRNAs from every chromosome except Y. Approxi‐
mately 113 miRNA genes encode a cluster of miRNAs and produce ~ 390 miRNA sequences.
Bioinformatics prediction shows that each miRNA targets ~ 200 RNA transcripts directly or
indirectly, and up to one-third of the total number of human mRNAs are targets of more than
one miRNA [81]. So, the actions of miRNAs exert profound effects on gene expression at the
posttranscriptional level in almost every biological process. However, miRNA expression
itself, similar to any other transcription mediated by pol II, is regulated both at the transcrip‐
tional and posttranscriptional levels.

Many cellular transcription factors, including c-Myc, p53, and E2F, have been described to
regulate miRNA transcription. Oncogenic HPV E6 induces degradation of p53 and E7 mediates
degradation of pRB to release E2F from the pRB–E2F complex, it is conceivable that oncogenic
HPV infection causes aberrant expression of cellular miRNAs [81]. Other factors involved in
miRNA maturation and processing after transcription are Drosha (an RNase-II endonuclease
that produces pre-miRNA from pri-miRNA), DGCR8 (DiGeorge syndrome critical region gene
8, a double-stranded RNA-binding protein needed for Drosha activity), exportin 5 (for pre-
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miRNA export), Dicer (an RNase-III enzyme that produces mature miRNA from pre-miRNA),
TRBP (a Dicer partner), and Ago2 (a major component for RISC) [81,83-84].

In the study [81] was profiled 455 miRNAs via miRNA microarray in 4 cervical cancer tissues
and 4 normal cervical cancer tissues and they found significant overexpression of 18 miRNAs
and underexpression of 15 miRNAs cervical cancer tissues compared to normal cervical cancer
tissues [85]. In the analysis from157 cellular miRNAs via the TaqMan MicroRNA Human Early
Panel Kit (Applied Biosystems) in 10 early stage squamous cell carcinomas and 10 normal
cervical samples. The authors found overpression of 68 miRNAs and underexpression of two
in the cervical carcinomas versus normal cervical samples [86].

A recent review published [81] presented that cervical cancer represents a unique tumor model
for understanding how viral E6 and E7 oncoproteins deregulate the expression of the miR-15/16
cluster, miR-17-92 family, miR-21, miR-23b, miR-34a, and miR-10b/93/25 cluster via the E6-
p53 and E7-pRb pathways. miRNAs may influence the expression of papillomavirus gene in a
differentiation-dependent manner by targeting viral RNA transcripts. Genome-wide profiling
of miRNA signatures has indicated that aberrant, increased or decreased, miRNA expression is
common in most human tumors [83,86]. The table 2 [81] presented a summary of miRNA
expression profiling studies in cervical cancer, as illustrated below, in three distinct studies.

In the study conducted in 2011 was found significant overexpression of 18 miRNAs and
underexpression of 2 miRNAs in cervical cancer tissues compared to normal cervical tissues via
TaqMan MicroRNA arrays. Those authors demonstrated, via individual qRT-PCR assays,
significant overexpression of miR-16, miR-21, miR-106b, miR135b, miR-141, miR-223, miR-301b
and miR-449a, and underexpression of miR-218 and miR-433 in cervical cancer and dysplasia
from normal cervical compared to normal cervical tissue. Their results showed that miR-21,
miR-135b, miR-223 and miR-301b were overexpressed in the cervical cancer tissue compared to
both normal and cervical dysplasia tissue. So, those authors concluded that such miRNAs are
good candidates for markers of progression from normal to dysplasia to cancer [85].

Another recent study published in 2011 was analyzed six paired normal and cervical cancer
tissues by using the same miRNA array plataform and showed an increased expression of 12
miRNAs and decreased expression of 11 miRNAs, as presented in table 2 [87]. The study
presented by [88] found increased expression of miR-21 in cervical cancer and a decreased
expression of both miR-143 and miR-145. Those data together indicated that cervical cancer
expresses no or very little of the miR-143/145 cluster. A PCR-based miRNA assay was used to
analyze 102 cervical cancer samples [89] and the authors identified miR-200a and miR-9 as two
molecular markers that could be used to predict cervical cancer survival.

In the analysis [90] was investigated 802 unknown and 122 predicted human miRNAs via
CaptialBio mammalian miRNA arrays V 3.0 in 13 HPV-16 and HPV-18 positive cervical cancers
and their adjacent normal tissues. The authors found that miR-141 is overexpressed and
miR-218 is underexpressed in cervical cancer compared to normal cervical tissue. In the study
[111] analyzed miRNA expression via microarray in 5 cervical squamous cell carcinomas that
appeared to be HPV-negative and 5 normal cervical tissues and they found that miR-21 to be
overexpressed in the cervical cancer samples.
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results. By this, we have demonstrated the subcomponents of a complete integrated in vitro
diagnostic system: from clinical sample input to sample preparation to amplification to detection,
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platform combined extraction and amplification in a microfluidic device consisting of extrac‐
tion and NASBA chips. In addition, the adopted NASBA method offers the unique characteris‐
tics of isothermal amplification, greatly simplifying the thermocycling requirements for the
system: effectively allowing a “blackbox” technology to be developed encompassing amplifica‐
tion and detection simultaneously in a real-time format. The Authors described this technolo‐
gy platform is not limited to diagnostics of cervical precancer and cancer, but it has enormous
potential in the monitoring and diagnosis of gene activity in areas such as infectious disease,
oncology, immune response to allergens, immunotherapies, and chemotherapies [77].

The mRNA assays with real-time PCR may be a useful tool in investigation of as well as in
primary screening for cervical neoplasias, and it might be worthwhile to consider which
genotypes to include in further investigations to optimize sensitivity and specificity, especially
in a post vaccine era, when it may be necessary to reconsider HPV testing strategies [66].

3.1. MicroRNA analysis in Human Papillomavirus (HPV)

MicroRNAs (miRNAs) are noncoding regulatory RNAs 18-25 nucleotides in size that are
derived from RNA polymerase II (pol II) transcripts of coding or noncoding genes. MiRNAs
most often function by binding to the 3´ UTRs of target messenger RNAs, whereby they induce
mRNA degradation or translational repression [78]. Many miRNAs are tissue- or differentia‐
tion-specific, and their temporal or short-lived expression modulates gene expression at the
posttranscriptional level by base-pairing with complementary nucleotide sequences of target
mRNAs [79-80]. The functions of miRNAs are still largely unknown, but it seems that they are
important in the regulation of cellular gene expression and behavior [81,82].

As of August 2012, the miRBase database (http://www.mirbase.org/) [112] had collected 21,264
entries representing hairpin precursor pre-miRNAs. Human genome contains ~ 416 miRNA
genes encoding 1048 distinct mature miRNAs from every chromosome except Y. Approxi‐
mately 113 miRNA genes encode a cluster of miRNAs and produce ~ 390 miRNA sequences.
Bioinformatics prediction shows that each miRNA targets ~ 200 RNA transcripts directly or
indirectly, and up to one-third of the total number of human mRNAs are targets of more than
one miRNA [81]. So, the actions of miRNAs exert profound effects on gene expression at the
posttranscriptional level in almost every biological process. However, miRNA expression
itself, similar to any other transcription mediated by pol II, is regulated both at the transcrip‐
tional and posttranscriptional levels.

Many cellular transcription factors, including c-Myc, p53, and E2F, have been described to
regulate miRNA transcription. Oncogenic HPV E6 induces degradation of p53 and E7 mediates
degradation of pRB to release E2F from the pRB–E2F complex, it is conceivable that oncogenic
HPV infection causes aberrant expression of cellular miRNAs [81]. Other factors involved in
miRNA maturation and processing after transcription are Drosha (an RNase-II endonuclease
that produces pre-miRNA from pri-miRNA), DGCR8 (DiGeorge syndrome critical region gene
8, a double-stranded RNA-binding protein needed for Drosha activity), exportin 5 (for pre-
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miRNA export), Dicer (an RNase-III enzyme that produces mature miRNA from pre-miRNA),
TRBP (a Dicer partner), and Ago2 (a major component for RISC) [81,83-84].

In the study [81] was profiled 455 miRNAs via miRNA microarray in 4 cervical cancer tissues
and 4 normal cervical cancer tissues and they found significant overexpression of 18 miRNAs
and underexpression of 15 miRNAs cervical cancer tissues compared to normal cervical cancer
tissues [85]. In the analysis from157 cellular miRNAs via the TaqMan MicroRNA Human Early
Panel Kit (Applied Biosystems) in 10 early stage squamous cell carcinomas and 10 normal
cervical samples. The authors found overpression of 68 miRNAs and underexpression of two
in the cervical carcinomas versus normal cervical samples [86].

A recent review published [81] presented that cervical cancer represents a unique tumor model
for understanding how viral E6 and E7 oncoproteins deregulate the expression of the miR-15/16
cluster, miR-17-92 family, miR-21, miR-23b, miR-34a, and miR-10b/93/25 cluster via the E6-
p53 and E7-pRb pathways. miRNAs may influence the expression of papillomavirus gene in a
differentiation-dependent manner by targeting viral RNA transcripts. Genome-wide profiling
of miRNA signatures has indicated that aberrant, increased or decreased, miRNA expression is
common in most human tumors [83,86]. The table 2 [81] presented a summary of miRNA
expression profiling studies in cervical cancer, as illustrated below, in three distinct studies.

In the study conducted in 2011 was found significant overexpression of 18 miRNAs and
underexpression of 2 miRNAs in cervical cancer tissues compared to normal cervical tissues via
TaqMan MicroRNA arrays. Those authors demonstrated, via individual qRT-PCR assays,
significant overexpression of miR-16, miR-21, miR-106b, miR135b, miR-141, miR-223, miR-301b
and miR-449a, and underexpression of miR-218 and miR-433 in cervical cancer and dysplasia
from normal cervical compared to normal cervical tissue. Their results showed that miR-21,
miR-135b, miR-223 and miR-301b were overexpressed in the cervical cancer tissue compared to
both normal and cervical dysplasia tissue. So, those authors concluded that such miRNAs are
good candidates for markers of progression from normal to dysplasia to cancer [85].

Another recent study published in 2011 was analyzed six paired normal and cervical cancer
tissues by using the same miRNA array plataform and showed an increased expression of 12
miRNAs and decreased expression of 11 miRNAs, as presented in table 2 [87]. The study
presented by [88] found increased expression of miR-21 in cervical cancer and a decreased
expression of both miR-143 and miR-145. Those data together indicated that cervical cancer
expresses no or very little of the miR-143/145 cluster. A PCR-based miRNA assay was used to
analyze 102 cervical cancer samples [89] and the authors identified miR-200a and miR-9 as two
molecular markers that could be used to predict cervical cancer survival.

In the analysis [90] was investigated 802 unknown and 122 predicted human miRNAs via
CaptialBio mammalian miRNA arrays V 3.0 in 13 HPV-16 and HPV-18 positive cervical cancers
and their adjacent normal tissues. The authors found that miR-141 is overexpressed and
miR-218 is underexpressed in cervical cancer compared to normal cervical tissue. In the study
[111] analyzed miRNA expression via microarray in 5 cervical squamous cell carcinomas that
appeared to be HPV-negative and 5 normal cervical tissues and they found that miR-21 to be
overexpressed in the cervical cancer samples.
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MiR-21 is the most highly overexpressed miRNA in numerous cancers and it down regulates
the tumor suppressor PTEN in non-small cell lung cancer and in hepatocellular cancer, in
which PTEN regulation leads to overexpression of matrix metalloproteinases MMP2 and
MMP9 [85]. These proteins promote cellular migration and invasion. MiR-21 also targets the
tumor suppressor genes tropomyosin I (TPM1), programmed cell death 4 (PDCD4) and
maspin, and the latter two have been implicated in tumor invasion and metastasis [91].
Increased miR-21 expression in cervical cancer may be attributable to both E6 and E7. Such
viral oncoproteins play important roles in regulating cellular miRNA expression and their
function can be reduced due to epigenetic modification of miRNA genes. Identification of a
panel of miRNAs that can be used as early biomarkers in cervical cancer is potentially useful
to determine disease behavior and prognosis. They may also provide new targets for anticancer
therapy [85].

Until now, there are evidence indicating that HPV regulation of cellular miRNA expression
most likely occurs through viral E6 and E7 [81], although oncogenic HPVs do not produce viral
miRNAs, they are responsible for the aberrant expression of oncogenic or tumor suppressive
miRNAs. High-risk E6 and E7 interact separately with several dozens or even hundreds of
cellular factors and these interactions could lead to increased or decreased expression cellular
miRNAs. Some of the altered miRNA expression could be a result from both E6 and E7. It is
known that the main function of oncogenic HPV E6 is to target p53 for degradation [81-93].
As a transcription factor, p53 plays an important role in the transcription of numerous coding
and noncoding genes [92-94] and it seems that oncogenic HPV is capable of regulating the
expression of many cellular miRNAs via p53 [81], and its downstream targets are miR-34a and
miR-23b, increasing cell growth and migration in cervical tissues.

miRNA Chromosome locationWang et al [108] Li et al [109] Witten et al [110]

miR-15ª 13q14.2 Up

miR-15b 3q25.33 Up Up

miR-16 13q14.2 Up Up

miR-17-5p 13q31.3 Up Up

miR-20a 13q31.3 Up Up

miR-20b Xq26.2 Up Up

miR-21 17q23.1 Up Up Up

miR-93 7q22.1 Up Up

miR-106a Xq26.2 Up Up

miR-146a 5q34 Up

miR-148a 7p15.2 Up

miR-155 21q21.3 Up Up

miR-181c 19p13.13 Up

miR-182 7q32.2 Up Up Up
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miRNA Chromosome locationWang et al [108] Li et al [109] Witten et al [110]

miR-183 7q32.2 Up

miR-185 22q11.21 Up Up

miR-223 Xq12 Up

miR-224 Xq28 Up Up

miR-324-5p 17p13.1 Up

miR-10b 2q31.1 Down Down

miR-29a 7q32.3 Down Down

miR-30b 8q24.22 Down

miR-34a 1p36.22 Down Down

miR-125a 19q13.41 Down Down

miR-125b 11q24.1 Down Down

miR-126 9q34.3 Down Down

miR-127 14q32.2 Down Down

miR-133a 18q11.2 Down

miR-133b 6p12.2 Down Down

miR-143 5q32 Down Down Down

miR-145 5q32 Down

miR-191 3p21.31 Down

miR-218 4p15.31;5q34 Down Down

miR-378 (422b) 5q32 Down

miR-422a 15q22.31 Down

miR-424 Xq26.3 Down Down Down

miR-450 Xq26.3 Down Down Down

miR-455 9q32 Down Down

miR-574 4p14 Down

Up: upregulated in cervical cancer; down, downregulated in cervical cancer.[81].

Table 2. Summary of miRNA signatures in cervical cancer.

4. Clinical utility of molecular HPV diagnosis

The incidence of cervical cancer in the decades to come might in fact increase in developing
countries due to the aging of the population and the persistent absence of adequate screening
programs [95]. In countries with screening, the target of preventive efforts has shifted from
cervical cancer detection to the diagnosis and treatment of cancer precursor lesions. However,
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and noncoding genes [92-94] and it seems that oncogenic HPV is capable of regulating the
expression of many cellular miRNAs via p53 [81], and its downstream targets are miR-34a and
miR-23b, increasing cell growth and migration in cervical tissues.
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miR-30b 8q24.22 Down

miR-34a 1p36.22 Down Down

miR-125a 19q13.41 Down Down

miR-125b 11q24.1 Down Down

miR-126 9q34.3 Down Down

miR-127 14q32.2 Down Down

miR-133a 18q11.2 Down

miR-133b 6p12.2 Down Down
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miR-422a 15q22.31 Down

miR-424 Xq26.3 Down Down Down
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Up: upregulated in cervical cancer; down, downregulated in cervical cancer.[81].

Table 2. Summary of miRNA signatures in cervical cancer.

4. Clinical utility of molecular HPV diagnosis

The incidence of cervical cancer in the decades to come might in fact increase in developing
countries due to the aging of the population and the persistent absence of adequate screening
programs [95]. In countries with screening, the target of preventive efforts has shifted from
cervical cancer detection to the diagnosis and treatment of cancer precursor lesions. However,
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the morphologic basis of the screening test cannot be substantially improved, inherently
diminishing the accuracy for precursor lesion diagnosis. In these countries, a false negative
Pap test occurs in 30% of all cervical cancers diagnosed and another 10% is attributable to errors
in following up abnormal cytology reports [95,96].

Despite this limitation, a significant reduction in cervical cancer has been achieved with
cytology-based technology and screening strategies [95]. HR-HPV DNA testing is currently
recommended for triage of cytological diagnoses of ASCUS, as a cotest with the Pap smear in
the general screening of women ≥30 years of age, and for follow-up of women after colono‐
scopy and treatment [97].

Histological examination of colposcopy-guided biopsies is still considered the “gold standard”
in the assessment of cervical lesions; however, the histologic assessment of these lesions is
limited to the interpretation of the morphology, with little to no information regarding the risk
of persistence, progression, or regression. In addition, histologic assessment of cervical lesions
is complicated by interobserver variability. The main interpretive categories include distin‐
guishing normal from dysplasia (CIN) of any grade and low-grade (CIN1) lesions from high-
grade (CIN2/3) lesions. Errors in histologic diagnosis lead to either overtreatment of patients
who will not benefit from intervention or, conversely, undertreatment of patients with
clinically significant high-grade lesions that received false negative diagnoses [98].

Contemporaneous cervical cancer screening guidelines from the American Cancer Society
(ACS) and the American College of Obstetricians and Gynecologists (ACOG) in effect
acknowledged the extremely high sensitivity of FDA-approved Pap and HPV co-testing by
specifically accepting lengthened screening intervals for women who test negative on both
cytology and HPV tests [103]. There is ample evidence that the detection of HPV DNA in
cervical samples has a higher sensitivity for cervical cancer and precancerous lesions than the
Pap test and high-quality HPV tests are routinely used in prevention programs in some
developed countries [99].

Although the recent introduction of a highly effective prophylactic HPV vaccine has great
promise for the prevention of persistent infections and precancerous lesions, cervical cancer
screening will still be required because the current vaccines do not protect against all carcino‐
genic HPV types and do not treat preexisting HPV infections and related disease [97]. Since
persistent infection with HR-HPV is a risk factor for progression to cervical cancer and with
the advent of HPV vaccines, it is increasingly relevant to perform HPV genotyping to identify
oncogenic HPV vaccine types. HPV genotyping is of clinical interest, since the risk of devel‐
oping a precancerous lesion is between 10%, and 15% with HPV types 16 and 18, and below
3% for all other high-risk types combined. Genotyping information could provide more
information regarding risk-stratification as well as persistence of infection [98].

While current guidelines and recommendations consistently advise on vaccinating young girls
before their sexual debut, natural history studies indicate that all sexually active women are
at risk of new oncogenic HPV infections and of development of cervical lesions and cancer
throughout their lives. The reviewed data suggest that most sexually active women have the
potential to benefit from HPV vaccination, with the exception of those with current infections
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with both oncogenic HPV vaccine types. Women of all ages should be able to make a well-
informed decision when considering HPV vaccination [99].

Screening protocols are likely to be modified taking advantage of the higher validity of HPV
tests as compared to the conventional Pap smear. Many clinical trials have compared HPV
DNA testing and cytology in screening scenarios and concluded that HPV test offers a greater
sensitivity (in the range of 30%) and a reduced specificity (in the range of 8%) as compared to
cytology. Moreover HPV tests are less demanding in terms of manpower and quality control
and automated equipments are available for high throughput performance [100]. Other
biomarkers are under evaluation to increase the specificity of screening programs and for the
triage of HPV positive women with normal cytology. These include HPV typing, p16 INK
immunostaining and others [101].

p16INK4a has been successfully deployed for the classification of HPV-related disease for
several reasons: the expression of p16INK4a is directly linked to the HPV oncogenic action,
since continuous expression of E7 is necessary to maintain the malignant phenotype, the
expression of p16INK4a is independent of the HPV type, and therefore, genotyping does not
need to be performed, and the expression of p16INK4a by cycling cells is a specific marker of
HPV-E7 overexpression or other events that inactivate Rb by immunochemistry. Additionally,
improving diagnostic accuracy and reproducibility, the use of p16INK4a immunohistochem‐
istry may help in identifying CIN1 lesions that are associated with HR-HPV types; these lesions
are at an increased risk for progression to high-grade dysplasia or carcinoma [98]. Thus, the
clinical assessment of HPV infection uses a combination of diagnostic cytologies, such as the
Pap test in association with complementary DNA test and hostp16INK4a [101].

The new guideline regarding screening for the early detection of cervical precancerous lesions
and cancer was published by the ACS and American Society for Colposcopy and Cervical
Pathology (ASCC) in American Journal of Clinical Pathology [102]. The new guideline includes
a review of molecular screening tests and strategies, it suggest that perhaps the largest
immediate gain in reducing the burden of cervical cancer incidence and mortality could be
attained by increasing access to screening (regardless of the test used) among women who are
currently unscreened or screened infrequently. Incorporation of HPV testing may offer
advantages over what is already a successful screening strategy if utilized (ie, cytology) [103].
Incorporation of HPV testing into cervical cancer screening strategies has the potential to allow
both increased disease detection and increased length of screening intervals. The recommen‐
dations are described in the Table 3.

Population Screening Method* Management of Screen Results Comments

Aged <21 years (y) No screening HPV testing should not be used for

screening or management of ASC-

US in this age group

Aged 21-29 years

(y)

Cytology alone every

3 y

HPV-positive ASC-US† or cytology of

LSIL or more severe: Refer to ASCCP

guidelines2.

HPV testing should not be used for

screening in this age group
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the morphologic basis of the screening test cannot be substantially improved, inherently
diminishing the accuracy for precursor lesion diagnosis. In these countries, a false negative
Pap test occurs in 30% of all cervical cancers diagnosed and another 10% is attributable to errors
in following up abnormal cytology reports [95,96].

Despite this limitation, a significant reduction in cervical cancer has been achieved with
cytology-based technology and screening strategies [95]. HR-HPV DNA testing is currently
recommended for triage of cytological diagnoses of ASCUS, as a cotest with the Pap smear in
the general screening of women ≥30 years of age, and for follow-up of women after colono‐
scopy and treatment [97].

Histological examination of colposcopy-guided biopsies is still considered the “gold standard”
in the assessment of cervical lesions; however, the histologic assessment of these lesions is
limited to the interpretation of the morphology, with little to no information regarding the risk
of persistence, progression, or regression. In addition, histologic assessment of cervical lesions
is complicated by interobserver variability. The main interpretive categories include distin‐
guishing normal from dysplasia (CIN) of any grade and low-grade (CIN1) lesions from high-
grade (CIN2/3) lesions. Errors in histologic diagnosis lead to either overtreatment of patients
who will not benefit from intervention or, conversely, undertreatment of patients with
clinically significant high-grade lesions that received false negative diagnoses [98].

Contemporaneous cervical cancer screening guidelines from the American Cancer Society
(ACS) and the American College of Obstetricians and Gynecologists (ACOG) in effect
acknowledged the extremely high sensitivity of FDA-approved Pap and HPV co-testing by
specifically accepting lengthened screening intervals for women who test negative on both
cytology and HPV tests [103]. There is ample evidence that the detection of HPV DNA in
cervical samples has a higher sensitivity for cervical cancer and precancerous lesions than the
Pap test and high-quality HPV tests are routinely used in prevention programs in some
developed countries [99].

Although the recent introduction of a highly effective prophylactic HPV vaccine has great
promise for the prevention of persistent infections and precancerous lesions, cervical cancer
screening will still be required because the current vaccines do not protect against all carcino‐
genic HPV types and do not treat preexisting HPV infections and related disease [97]. Since
persistent infection with HR-HPV is a risk factor for progression to cervical cancer and with
the advent of HPV vaccines, it is increasingly relevant to perform HPV genotyping to identify
oncogenic HPV vaccine types. HPV genotyping is of clinical interest, since the risk of devel‐
oping a precancerous lesion is between 10%, and 15% with HPV types 16 and 18, and below
3% for all other high-risk types combined. Genotyping information could provide more
information regarding risk-stratification as well as persistence of infection [98].

While current guidelines and recommendations consistently advise on vaccinating young girls
before their sexual debut, natural history studies indicate that all sexually active women are
at risk of new oncogenic HPV infections and of development of cervical lesions and cancer
throughout their lives. The reviewed data suggest that most sexually active women have the
potential to benefit from HPV vaccination, with the exception of those with current infections
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with both oncogenic HPV vaccine types. Women of all ages should be able to make a well-
informed decision when considering HPV vaccination [99].

Screening protocols are likely to be modified taking advantage of the higher validity of HPV
tests as compared to the conventional Pap smear. Many clinical trials have compared HPV
DNA testing and cytology in screening scenarios and concluded that HPV test offers a greater
sensitivity (in the range of 30%) and a reduced specificity (in the range of 8%) as compared to
cytology. Moreover HPV tests are less demanding in terms of manpower and quality control
and automated equipments are available for high throughput performance [100]. Other
biomarkers are under evaluation to increase the specificity of screening programs and for the
triage of HPV positive women with normal cytology. These include HPV typing, p16 INK
immunostaining and others [101].

p16INK4a has been successfully deployed for the classification of HPV-related disease for
several reasons: the expression of p16INK4a is directly linked to the HPV oncogenic action,
since continuous expression of E7 is necessary to maintain the malignant phenotype, the
expression of p16INK4a is independent of the HPV type, and therefore, genotyping does not
need to be performed, and the expression of p16INK4a by cycling cells is a specific marker of
HPV-E7 overexpression or other events that inactivate Rb by immunochemistry. Additionally,
improving diagnostic accuracy and reproducibility, the use of p16INK4a immunohistochem‐
istry may help in identifying CIN1 lesions that are associated with HR-HPV types; these lesions
are at an increased risk for progression to high-grade dysplasia or carcinoma [98]. Thus, the
clinical assessment of HPV infection uses a combination of diagnostic cytologies, such as the
Pap test in association with complementary DNA test and hostp16INK4a [101].

The new guideline regarding screening for the early detection of cervical precancerous lesions
and cancer was published by the ACS and American Society for Colposcopy and Cervical
Pathology (ASCC) in American Journal of Clinical Pathology [102]. The new guideline includes
a review of molecular screening tests and strategies, it suggest that perhaps the largest
immediate gain in reducing the burden of cervical cancer incidence and mortality could be
attained by increasing access to screening (regardless of the test used) among women who are
currently unscreened or screened infrequently. Incorporation of HPV testing may offer
advantages over what is already a successful screening strategy if utilized (ie, cytology) [103].
Incorporation of HPV testing into cervical cancer screening strategies has the potential to allow
both increased disease detection and increased length of screening intervals. The recommen‐
dations are described in the Table 3.

Population Screening Method* Management of Screen Results Comments

Aged <21 years (y) No screening HPV testing should not be used for

screening or management of ASC-

US in this age group

Aged 21-29 years

(y)

Cytology alone every

3 y

HPV-positive ASC-US† or cytology of

LSIL or more severe: Refer to ASCCP

guidelines2.

HPV testing should not be used for

screening in this age group
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Population Screening Method* Management of Screen Results Comments

Cytology negative or HPV-negative

ASC-US†: Rescreen with cytology in 3 y

Aged 30-65 years

(y)

HPV and cytology

“cotesting” every 5 y

(preferred)

HPV-positive ASC-US or cytology of

LSIL or more severe: Refer to ASCCP

guidelines2

HPV positive, cytology negative:

Option 1: 12-mo follow-up with

contesting

Option 2: Test for HPV16 or HPV16/18

genotypes

• If HPV16 or HPV16/18 positive: refer

to colposcopy

• If HPV16 or HPV16/18 negative: 12-

mo follow-up with cotesting

Cotest negative or HPV-negative ASC-

US: Rescreen with cotesting in 5 y

Screening by HPV testing alone is

not recommended for most clinical

settingst.

Cytology alone every HPV-positive ASC-US† or cytology of

LSIL or more severe: Refer to ASCCP

guidelines2

Cytology negative or HPV-negative

ASC-US†: Rescreen with cytology in 3 y

Aged "/>65 years

(y)

No screening

following adequate

negative

prior screening

Women with a history of CIN2 or a

more severe diagnosis should

continue routine screening for at

least 20 y

After hysterectomy No screening Applies to women without a cervix

and without a history of CIN2 or a

more severe diagnosis in the past 20

y or cervical cancer ever

HPV vaccinated Follow age-specific

recommendations

(same

as unvaccinated

women)

ASCCP, American Society for Colposcopy and Cervical Pathology; ASC-US, atypical squamous cells of undetermined
significance; CIN2, cervical intraepithelial neoplasia grade 2; HPV, human papillomavirus; LSIL, low-grade squamous
intraepithelial lesion.

* Women should not be screened annually at any age by any method.

† ASC-US cytology with secondary HPV testing for management decisions. * Modified from [102].

Table 3. Summary of Recommendations of The American Society for Colposcopy and Cervical Pathology
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On the other hand, educative action to prevent cervical and non cervical cancers, which are
part of basic health actions, should be considered a professional commitment to the popula‐
tion’s quality of life and a care quality commitment, emphasizing patients’ autonomy in self-
care. In the study in Brazil aimed to evaluate the applicability of an educational booklet that
contained information for the general population about promotion and prevention of infec‐
tions and neoplasic process caused by the HPV. The authors enphatized it is necessary to
promote and improve campaigns to the population about the HPV and its relations with the
neoplasic process to preventive strategies [104].

Proper condom use as a primary prevention measure should remain a top priority for health
officials. Campaigns with a primary aim to increase sexually transmitted infection (STI)
knowledge and awareness with the intention of influencing risk perceptions amongst those
sexually active, may not effectively translate into an increase in prevention behaviors. To reach
the public health goal of reducing STI prevalence, barriers to engaging in STI prevention need
to be addressed, including preventive strategies [105].

Education should not only be considered an extra activity, but an action that redirects practices
at health promotion as a whole. Suggests that preventive knowledge about the natural history
of cervical and non cervical cancer and, such as use of HPV vaccination in both sex will decrease
the incidence of HPV associated cancers and has the potential to be of great significance to
high-risk female and male populations, the largest group to suffer from HPV-associated
cancers within this greater population [105].

In addition, molecular tools are a relatively new division of laboratory medicine that detects,
characterizes, and/or quantifies nucleic acids to assist in the diagnosis of human disease.
Molecular assays augment classical areas of laboratory medicine by providing additional
diagnostic data either in a more expeditious manner or by providing results that would not
be obtainable using standard methodologies. These methods are used for detecting infectious
agents have several advantages when compared to classical approaches, because these
methods generally do not require growth in culture media, like HPV, which cannot be grown
in conventional cell cultures [106].

In this context, researchers benefit from having a variety of molecular diagnostic tests at their
fingertips; however, the clinical laboratories in the United States have a more limited selection
of FDA-approved tests for HPV. Many of the HPV diagnostic kits available in regions such as
Europe and Canada have not been approved for clinical use in the United States. Meanwhile,
laboratories may choose to use non-approved tests as analyte specific reagents (ASRs) or home
brews, although more extensive validation is required in these cases [59].

Regardless of the technical method used, careful consideration is necessary in the evaluation
of diagnostic techniques for HPV screening. Most infectious disease tests strive for the highest
possible analytical sensitivity, and PCR is typically the optimal method to achieve that
standard. However, the more important standard for HPV screening is not analytical sensi‐
tivity but clinical sensitivity and specificity. Clinical utility of HPV screening is based on the
prediction of cervical cancer, not simply the presence of the virus. Especially in young adult
populations, detecting the HPV virus has little clinical use because the vast majority of these
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Population Screening Method* Management of Screen Results Comments

Cytology negative or HPV-negative

ASC-US†: Rescreen with cytology in 3 y

Aged 30-65 years

(y)

HPV and cytology

“cotesting” every 5 y

(preferred)

HPV-positive ASC-US or cytology of

LSIL or more severe: Refer to ASCCP

guidelines2

HPV positive, cytology negative:

Option 1: 12-mo follow-up with

contesting

Option 2: Test for HPV16 or HPV16/18

genotypes

• If HPV16 or HPV16/18 positive: refer

to colposcopy

• If HPV16 or HPV16/18 negative: 12-

mo follow-up with cotesting

Cotest negative or HPV-negative ASC-

US: Rescreen with cotesting in 5 y

Screening by HPV testing alone is

not recommended for most clinical

settingst.

Cytology alone every HPV-positive ASC-US† or cytology of

LSIL or more severe: Refer to ASCCP

guidelines2

Cytology negative or HPV-negative

ASC-US†: Rescreen with cytology in 3 y

Aged "/>65 years

(y)

No screening

following adequate

negative

prior screening

Women with a history of CIN2 or a

more severe diagnosis should

continue routine screening for at

least 20 y

After hysterectomy No screening Applies to women without a cervix

and without a history of CIN2 or a

more severe diagnosis in the past 20

y or cervical cancer ever

HPV vaccinated Follow age-specific

recommendations

(same

as unvaccinated

women)

ASCCP, American Society for Colposcopy and Cervical Pathology; ASC-US, atypical squamous cells of undetermined
significance; CIN2, cervical intraepithelial neoplasia grade 2; HPV, human papillomavirus; LSIL, low-grade squamous
intraepithelial lesion.

* Women should not be screened annually at any age by any method.

† ASC-US cytology with secondary HPV testing for management decisions. * Modified from [102].

Table 3. Summary of Recommendations of The American Society for Colposcopy and Cervical Pathology
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On the other hand, educative action to prevent cervical and non cervical cancers, which are
part of basic health actions, should be considered a professional commitment to the popula‐
tion’s quality of life and a care quality commitment, emphasizing patients’ autonomy in self-
care. In the study in Brazil aimed to evaluate the applicability of an educational booklet that
contained information for the general population about promotion and prevention of infec‐
tions and neoplasic process caused by the HPV. The authors enphatized it is necessary to
promote and improve campaigns to the population about the HPV and its relations with the
neoplasic process to preventive strategies [104].

Proper condom use as a primary prevention measure should remain a top priority for health
officials. Campaigns with a primary aim to increase sexually transmitted infection (STI)
knowledge and awareness with the intention of influencing risk perceptions amongst those
sexually active, may not effectively translate into an increase in prevention behaviors. To reach
the public health goal of reducing STI prevalence, barriers to engaging in STI prevention need
to be addressed, including preventive strategies [105].

Education should not only be considered an extra activity, but an action that redirects practices
at health promotion as a whole. Suggests that preventive knowledge about the natural history
of cervical and non cervical cancer and, such as use of HPV vaccination in both sex will decrease
the incidence of HPV associated cancers and has the potential to be of great significance to
high-risk female and male populations, the largest group to suffer from HPV-associated
cancers within this greater population [105].

In addition, molecular tools are a relatively new division of laboratory medicine that detects,
characterizes, and/or quantifies nucleic acids to assist in the diagnosis of human disease.
Molecular assays augment classical areas of laboratory medicine by providing additional
diagnostic data either in a more expeditious manner or by providing results that would not
be obtainable using standard methodologies. These methods are used for detecting infectious
agents have several advantages when compared to classical approaches, because these
methods generally do not require growth in culture media, like HPV, which cannot be grown
in conventional cell cultures [106].

In this context, researchers benefit from having a variety of molecular diagnostic tests at their
fingertips; however, the clinical laboratories in the United States have a more limited selection
of FDA-approved tests for HPV. Many of the HPV diagnostic kits available in regions such as
Europe and Canada have not been approved for clinical use in the United States. Meanwhile,
laboratories may choose to use non-approved tests as analyte specific reagents (ASRs) or home
brews, although more extensive validation is required in these cases [59].

Regardless of the technical method used, careful consideration is necessary in the evaluation
of diagnostic techniques for HPV screening. Most infectious disease tests strive for the highest
possible analytical sensitivity, and PCR is typically the optimal method to achieve that
standard. However, the more important standard for HPV screening is not analytical sensi‐
tivity but clinical sensitivity and specificity. Clinical utility of HPV screening is based on the
prediction of cervical cancer, not simply the presence of the virus. Especially in young adult
populations, detecting the HPV virus has little clinical use because the vast majority of these
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cases will self-resolve and never develop into cancer. The high sensitivity of PCR is thus a
detriment in HPV screening, because PCR can detect even miniscule amounts of virus that
may have no clinical significance [59].

There are many advantages to the PCR technology for such screening applications, including
automation capabilities, turnaround time, multiplexing, sensitivity/specificity, multiple
specimen types, and small-specimen volume. The major concern with the in vitro amplification
technologies is the potential for contamination [107]. PCR require that laboratories determine
a threshold of detection representing a clinically significant result. Likewise, the detection of
non cancer-causing, low-risk strains of HPV has virtually no clinical utility. Knowing that a
low-risk HPV strain is present does not have an impact on the clinical management of a patient
with cutaneous or mucosal warts. In order to prevent superfluous laboratory testing, clinicians
should also heed the ASCCP guidelines for the management of women with or without
cytological abnormalities [59].

The clinical laboratory must evaluate many factors in the adoption of an appropriate HPV test,
including consideration of the population being served. In underprivileged areas, for example,
HPV screening tests with less than optimal clinical sensitivities and specificities may still far
surpass current cervical cancer screening methods. As new data emerge from recently
established HPV screening methods, researchers and clinicians will continue to strive toward
the goal of early and accurate detection of cervical cancer [59].

5. Conclusion

Molecular biology techniques with different sensitivity and specificity have facilitated the
characterization of the entire HPV genome, where different functional regions are identified,
as a profile of their gene expression. Additionally, molecular tools have been recognized as
the most appropriate method to identify and type HPV genomes because of its higher
sensitivity and specificity. Although the cervical cytology for CIN has been used to reduce the
incidence of mortality worldwide, molecular technologies continue to evolve for many
molecular diagnostic applications. Novel strategies for detection and genotyping are impor‐
tant to complement the screening programmes for HPV detection in women at risk of cervical
cancer.

It is also important to mention the WHO Global HPV LabNet as a WHO initiative established
to support the world-wide implementation of HPV vaccines through improved laboratory
standardization and quality assurance of HPV testing and typing methods to promote
international comparability of results. The major methods for achieving progress towards this
goal are developing international biological standards as well as preparing and validating
proficiency panels to qualify methods. And finally, the incorporation of HPV testing into
cervical cancer screening strategies has the potential to allow both increased disease detection
and increased length of screening intervals. The recommendations are described above (Table
3) and follows the so-called “Meyer-criteria” that present scientific evidence for minimal
criteria for an HPV test.
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cases will self-resolve and never develop into cancer. The high sensitivity of PCR is thus a
detriment in HPV screening, because PCR can detect even miniscule amounts of virus that
may have no clinical significance [59].

There are many advantages to the PCR technology for such screening applications, including
automation capabilities, turnaround time, multiplexing, sensitivity/specificity, multiple
specimen types, and small-specimen volume. The major concern with the in vitro amplification
technologies is the potential for contamination [107]. PCR require that laboratories determine
a threshold of detection representing a clinically significant result. Likewise, the detection of
non cancer-causing, low-risk strains of HPV has virtually no clinical utility. Knowing that a
low-risk HPV strain is present does not have an impact on the clinical management of a patient
with cutaneous or mucosal warts. In order to prevent superfluous laboratory testing, clinicians
should also heed the ASCCP guidelines for the management of women with or without
cytological abnormalities [59].

The clinical laboratory must evaluate many factors in the adoption of an appropriate HPV test,
including consideration of the population being served. In underprivileged areas, for example,
HPV screening tests with less than optimal clinical sensitivities and specificities may still far
surpass current cervical cancer screening methods. As new data emerge from recently
established HPV screening methods, researchers and clinicians will continue to strive toward
the goal of early and accurate detection of cervical cancer [59].

5. Conclusion

Molecular biology techniques with different sensitivity and specificity have facilitated the
characterization of the entire HPV genome, where different functional regions are identified,
as a profile of their gene expression. Additionally, molecular tools have been recognized as
the most appropriate method to identify and type HPV genomes because of its higher
sensitivity and specificity. Although the cervical cytology for CIN has been used to reduce the
incidence of mortality worldwide, molecular technologies continue to evolve for many
molecular diagnostic applications. Novel strategies for detection and genotyping are impor‐
tant to complement the screening programmes for HPV detection in women at risk of cervical
cancer.

It is also important to mention the WHO Global HPV LabNet as a WHO initiative established
to support the world-wide implementation of HPV vaccines through improved laboratory
standardization and quality assurance of HPV testing and typing methods to promote
international comparability of results. The major methods for achieving progress towards this
goal are developing international biological standards as well as preparing and validating
proficiency panels to qualify methods. And finally, the incorporation of HPV testing into
cervical cancer screening strategies has the potential to allow both increased disease detection
and increased length of screening intervals. The recommendations are described above (Table
3) and follows the so-called “Meyer-criteria” that present scientific evidence for minimal
criteria for an HPV test.
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1. Introduction

Diagnostic methods for the detection of HPV should increase standardization and reproduci‐
bility due to two significant events in the future: the epidemiological monitoring changes in a
vaccinated population and the involvement of HPV in tumors of other anatomical sites.

It will be necessary to diagnose HPV in processes other than cervical cancer, and we refer not
only to their involvement in tumors with a demonstrated relationship, as in the anal region,
but also to other locations in which their participation is suggested, as in the oropharyngeal
tumors. Standardization in the collection and sample processing will be crucial in order to
achieve accurate results involving an aid in the diagnosis and prognosis of these processes and
their possible prevention.

However, the future challenge will be presented with the changes caused by the vaccination
campaigns and their influence on the prevalence of cytological abnormalities and screening
programs that will need to be designed according to the new status. There are already
published results showing a decrease in the incidence of HPV in young women vaccinated
Australia and confirm the estimates of predictive models [1].

Vaccination impact monitoring requires a multidisciplinary collaboration with technical and
information support adequate to provide significant evidence to justify changes in health
measures. However, screening should remain as an important strategy in cervical cancer
control in both vaccinated and unvaccinated people. The reduction in incidence in young
women after mass vaccination of adolescents together with greater range in controls and
improved sensitivity of HPV testing draws a picture with attractive screening programs more
efficient and cost effective in disease control.
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The availability of sensitive diagnostic assays for HPV, reproducible and cost effectively will
be critical in the monitoring of current vaccines and the design and implementation of
vaccination programs. The HPV vaccine offers a unique opportunity to fight against cancer
and diseases associated with HPV infection.

2. HPV epidemiology: The changes coming

Although the risk of cervical cancer was long known to be associated with risky sexual
behavior in both the woman and her partner, it was not until around 3 decades ago that HPV
was identified the likely culprit by Dr. Zur Hausen, whose work in cervical cancer won him
the Nobel Prize. The development of superior molecular techniques advanced the field rapidly
cementing the association between HPV and cervical cancer. This finding quickly led scientists
to examine HPV's association with other anogenital cancers in women including vulvar,
vaginal and anal cancers and in men, penile and anal cancers [2]. Most recently, oropharyngeal
cancers have joined the list of HPV-associated cancers. Although HPV was found to be
associated with these other anogenital cancers, most of the work continues to focus on cervical
cancers since it remains 20 times more common than any of the other HPV-associated cancers.
This phenomenon is likely due to the vulnerability of the cervix to HPV. Although the
mechanisms are not well understood, the transformation zone (TZ) is likely one of the most
vulnerable epithelia to HPV's carcinogenic powers [3]. The TZ change of columnar epithelium
to stratified epithelium Mullerian urogenital area in the ectocervix. In the puberty columnar
epithelium differentiates into stratified squamous epithelium. Metaplastic tissue is more
vulnerable to HPV because its thickness to the basal layer is smaller and the virus requires
cells in differentiation state for their survival, which is accelerated in metaplastic tissues [4]. It
is likely that this metaplastic tissue supports viral persistence which is essential for cancer
development. Interestingly metaplastic tissue is also found in the anal and tonsillar tissue.

According to a recent meta-analysis that included data from more than 1 million women in 59
countries, the prevalence of genital HPV infection among those with normal cytology ranges
from 1.6% to 41.9% [5]. The estimated average global prevalence of HPV in this particular study
was 11.7%. This study, along with others [6], reported an interesting trend in the female age-
specific distribution of HPV whereby there is a first peak at younger ages (< 25 years) in all
regions; and in the Americas, Africa and Europe, a clear second peak among individuals 45
years or older. The first peak, which comes shortly after sexual debut for most women, is
generally attributed to higher levels of sexual activity with multiple partners and low viral
immunity. After the first peak, a consistent age-related decline in HPV prevalence has been
documented in numerous epidemiological studies. Although the reason for the smaller second
peak at middle age still remains unclear, possible explanations include immunosenescence,
hormonal changes prior to menopause, changes in male/female sexual behavior, cohort effects,
or perhaps higher rates of HPV persistence at older ages [7]. However, new sexual exposures
and latent reactivation are often invoked as explanation for the second peak of HPV prevalence
observed in older women, particularly in Latin America [6]. Studies in humans are unable to
directly demonstrate establishment of latency and induction of reactivation from the latent
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state. However, animal models of papillomavirus infection have provided sufficient experi‐
mental evidence for papillomavirus latency [8]. HPV infects basal epithelial cells at sites of
microtrauma, likely a normal consequence of sexual intercourse. Infected basal cells induced
to differentiate to fill the wound will result in active papillomavirus infection. A few infected
basal stem cells will retain HPV, but do not differentiate, and these infected cells are unlikely
to be sampled using standard exfoliative techniques employed in most epidemiologic studies,
which sample only the surface epithelium. Thus, HPV in a basal stem cell may remain
undetectable until triggered to differentiate by undetermined stimuli such as wound repair
and hormonal regulation [9]. With high cellular turnover in the cervical epithelium, one may
expect relatively constant detection of HPV in this model. However, it is likely that a reacti‐
vated infection subsequent to latently infected stem cell differentiation is immediately
recognized and brought under control by a functional memory immune response resulting in
very short duration of active infection. This model would be consistent with the increase in
new HPV DNA detection immediately following memory T cell depletion in acute HIV and
in sexually abstinent women with chronic HIV infection [10, 11]. The relatively lower rates of
recurrent HPV DNA detection in healthy populations suggests that the normal immune
response is able to retain recurrence, but that background reactivation is common and likely
associated with short duration of detectable viral DNA [12].

Among sexually active males, genital HPV infection is also very common; however, prevalence
varies widely depending on geographic region, risk group, anatomical site, sampling method,
and HPV testing methodology [13, 14]. In a recent systematic review, Smith et al [15] estimated
HPV prevalence to be between 1% and 84% in low-risk sexually active men, and between 2%
and 93% in high risk men. HPV infection declines substantially after about 30 years of age, The
prevalence of HPV infection in males generally remains constant or declines only slightly with
age after peak prevalence. One possible explanation for this is that men experience a higher
rate of reinfection compared to women. Anal cancer is very rare in the general population, but
much more common in well defined, high-risk populations, including women with a previous
cervical precancer, men having sex with men (MSM), and immune-compromised individuals.
Infection with carcinogenic human papillomavirus (HPV) has been increasingly recognised to
cause anal cancer and Machalek et al [16] recorded a prevalence of high-risk anal HPV in HIV-
positive MSM of 73.5%.

In 1995, the International Agency for Research on Cancer (IARC) first classified HPV types 16
and 18 as carcinogenic to humans, but based on more recent evidence, the list of carcinogenic
HPV types has been expanded to include a total of 13 mucosotropic anogenital HPV types as
being definite or probable carcinogens (grade 1 or 2a) based on their frequent association with
invasive cervical cancer (ICC) and cervical intraepithelial neoplasia (CIN) [17]. The oncogenic
types (mostly HPV 16) are also causally implicated in other cancers, including penile, anal,
vulvar and vaginal cancers [18, 19]. The remaining genital types (e.g., HPV types 6, 11, 42, 43,
44 and some rarer types) are considered to be of low or no oncogenic risk [20]. However, these
types may cause subclinical and clinically visible benign lesions known as flat and acuminate
condylomata, respectively.
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The availability of sensitive diagnostic assays for HPV, reproducible and cost effectively will
be critical in the monitoring of current vaccines and the design and implementation of
vaccination programs. The HPV vaccine offers a unique opportunity to fight against cancer
and diseases associated with HPV infection.

2. HPV epidemiology: The changes coming

Although the risk of cervical cancer was long known to be associated with risky sexual
behavior in both the woman and her partner, it was not until around 3 decades ago that HPV
was identified the likely culprit by Dr. Zur Hausen, whose work in cervical cancer won him
the Nobel Prize. The development of superior molecular techniques advanced the field rapidly
cementing the association between HPV and cervical cancer. This finding quickly led scientists
to examine HPV's association with other anogenital cancers in women including vulvar,
vaginal and anal cancers and in men, penile and anal cancers [2]. Most recently, oropharyngeal
cancers have joined the list of HPV-associated cancers. Although HPV was found to be
associated with these other anogenital cancers, most of the work continues to focus on cervical
cancers since it remains 20 times more common than any of the other HPV-associated cancers.
This phenomenon is likely due to the vulnerability of the cervix to HPV. Although the
mechanisms are not well understood, the transformation zone (TZ) is likely one of the most
vulnerable epithelia to HPV's carcinogenic powers [3]. The TZ change of columnar epithelium
to stratified epithelium Mullerian urogenital area in the ectocervix. In the puberty columnar
epithelium differentiates into stratified squamous epithelium. Metaplastic tissue is more
vulnerable to HPV because its thickness to the basal layer is smaller and the virus requires
cells in differentiation state for their survival, which is accelerated in metaplastic tissues [4]. It
is likely that this metaplastic tissue supports viral persistence which is essential for cancer
development. Interestingly metaplastic tissue is also found in the anal and tonsillar tissue.

According to a recent meta-analysis that included data from more than 1 million women in 59
countries, the prevalence of genital HPV infection among those with normal cytology ranges
from 1.6% to 41.9% [5]. The estimated average global prevalence of HPV in this particular study
was 11.7%. This study, along with others [6], reported an interesting trend in the female age-
specific distribution of HPV whereby there is a first peak at younger ages (< 25 years) in all
regions; and in the Americas, Africa and Europe, a clear second peak among individuals 45
years or older. The first peak, which comes shortly after sexual debut for most women, is
generally attributed to higher levels of sexual activity with multiple partners and low viral
immunity. After the first peak, a consistent age-related decline in HPV prevalence has been
documented in numerous epidemiological studies. Although the reason for the smaller second
peak at middle age still remains unclear, possible explanations include immunosenescence,
hormonal changes prior to menopause, changes in male/female sexual behavior, cohort effects,
or perhaps higher rates of HPV persistence at older ages [7]. However, new sexual exposures
and latent reactivation are often invoked as explanation for the second peak of HPV prevalence
observed in older women, particularly in Latin America [6]. Studies in humans are unable to
directly demonstrate establishment of latency and induction of reactivation from the latent
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state. However, animal models of papillomavirus infection have provided sufficient experi‐
mental evidence for papillomavirus latency [8]. HPV infects basal epithelial cells at sites of
microtrauma, likely a normal consequence of sexual intercourse. Infected basal cells induced
to differentiate to fill the wound will result in active papillomavirus infection. A few infected
basal stem cells will retain HPV, but do not differentiate, and these infected cells are unlikely
to be sampled using standard exfoliative techniques employed in most epidemiologic studies,
which sample only the surface epithelium. Thus, HPV in a basal stem cell may remain
undetectable until triggered to differentiate by undetermined stimuli such as wound repair
and hormonal regulation [9]. With high cellular turnover in the cervical epithelium, one may
expect relatively constant detection of HPV in this model. However, it is likely that a reacti‐
vated infection subsequent to latently infected stem cell differentiation is immediately
recognized and brought under control by a functional memory immune response resulting in
very short duration of active infection. This model would be consistent with the increase in
new HPV DNA detection immediately following memory T cell depletion in acute HIV and
in sexually abstinent women with chronic HIV infection [10, 11]. The relatively lower rates of
recurrent HPV DNA detection in healthy populations suggests that the normal immune
response is able to retain recurrence, but that background reactivation is common and likely
associated with short duration of detectable viral DNA [12].

Among sexually active males, genital HPV infection is also very common; however, prevalence
varies widely depending on geographic region, risk group, anatomical site, sampling method,
and HPV testing methodology [13, 14]. In a recent systematic review, Smith et al [15] estimated
HPV prevalence to be between 1% and 84% in low-risk sexually active men, and between 2%
and 93% in high risk men. HPV infection declines substantially after about 30 years of age, The
prevalence of HPV infection in males generally remains constant or declines only slightly with
age after peak prevalence. One possible explanation for this is that men experience a higher
rate of reinfection compared to women. Anal cancer is very rare in the general population, but
much more common in well defined, high-risk populations, including women with a previous
cervical precancer, men having sex with men (MSM), and immune-compromised individuals.
Infection with carcinogenic human papillomavirus (HPV) has been increasingly recognised to
cause anal cancer and Machalek et al [16] recorded a prevalence of high-risk anal HPV in HIV-
positive MSM of 73.5%.

In 1995, the International Agency for Research on Cancer (IARC) first classified HPV types 16
and 18 as carcinogenic to humans, but based on more recent evidence, the list of carcinogenic
HPV types has been expanded to include a total of 13 mucosotropic anogenital HPV types as
being definite or probable carcinogens (grade 1 or 2a) based on their frequent association with
invasive cervical cancer (ICC) and cervical intraepithelial neoplasia (CIN) [17]. The oncogenic
types (mostly HPV 16) are also causally implicated in other cancers, including penile, anal,
vulvar and vaginal cancers [18, 19]. The remaining genital types (e.g., HPV types 6, 11, 42, 43,
44 and some rarer types) are considered to be of low or no oncogenic risk [20]. However, these
types may cause subclinical and clinically visible benign lesions known as flat and acuminate
condylomata, respectively.
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In descending order, the most common HPV types implicated in cervical cancer globally are:
16, 18, 58, 33, 45, 31, 52, 35, 59, 39, 51 and 56 [21]. HPV types 16 and 18 are the most dominant
types implicated in cervical cancer in all continents, being responsible for ~ 70% of ICC cases
globally. In many studies, estimating the fraction of cervical cancer cases attributable to the
different HPV types is difficult due to the high prevalence of multiple type infections. For
example, a recent meta-analysis estimated the prevalence of co-infection (≥ 2 HPV types) in
tumor specimens at 15.7% [21]. Other recent meta-analyses and cross sectional studies
evaluating the worldwide distribution of HPV infections consistently reveal the same HPV
prevalence patterns [5, 22]. This widespread circulation of HR-HPV types strengthens the
potential for a phenomenon known as type-replacement, i.e., an increase in other non-vaccine
genotypes following HPV vaccination. However, based on evidence that HPVs evolve very
slowly and that HPV types do not normally compete with one another during natural infection
[23-25], it is still unlikely that some other HPV type(s) will evolve to fill the niche currently
occupied by vaccine target types. Furthermore, phase III trials evaluating both bivalent and
quadrivalent vaccines indicate partial cross-type protection (cross-immunity) against many
phylogenetically related HPV types [26-28], suggesting that the benefit from vaccination may
be even greater than expected.

Infection of the oral cavity with high risk HPV is also now recognized as an important cause
of oral and oropharyngeal cancers [29]. However, unlike cervical cancer in which 100% of cases
are attributable to infection with HPV, only 25–35% of these cancers are attributable to HPV
[2, 30]; the major risk factors being alcohol and tobacco use. Among cases of oral/oropharyngeal
cancer linked to HPV infection, HPV 16 is by far the most common type detected in tumor
specimens [31, 32]. Based on evaluation of risk factor profiles for cancers of the head and neck,
comparing HPV 16-positive and HPV 16-negative cases, some researchers have decided that
these should actually be considered distinct cancers [33]. In their study, sexual behavior (but
not alcohol or tobacco use) was an important predictor of head and neck cancers among HPV
16-positive subjects, meanwhile the opposite was observed for HPV 16-negative subjects.

HPV 16 is the most common in all the HPV associated anogenital and oropharyngeal cancers
therefore the HPV vaccines currently on the market are likely to make a significant impact on
all these cancers in women and in men. In contrast, the role of HPV in penile cancers is less
understood. Trauma and inflammation appear to be important risks suggesting that tissue
damage and/or repair processes play a role in cancer development [34]. The natural history of
HPV in the penis is also not well described. Although there is a histologic equivalent of the
precancerous CIN 3 found in men, referred to as penile intraepithelial neoplasia (PIN), nothing
is known about the natural history of these lesions and whether they have the same potential
as CIN 3 (~ 12%) to progress to invasive cancer. One intriguing observation is that the penile
cancer has a much lower prevalence than cervical cancer and yet the prevalence of HPV is
much higher in the genitals of men than what is observed in women. Across all ages, HPV is
found 2–4 times more common in the genital area of men than seen in women and the decline
observed with age in women is not seen in men with similar prevalence across all ages. In
contrast, the natural history of HPV in anogenital area in men behaves similar to HPV in
women [35] in that HPV appears to be rapidly cleared so by 6–8 months, most infections are
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undetected. These observations and the fact that antibodies to HPV are less common in men
than in women suggest that most infections in men are relatively superficial and clearance is
likely directed by local innate immune responses, but not by memory immune responses [36].
Since men do not appear to develop adequate HPV specific immune responses, they are not
protected from re-infection. This is another argument for HPV vaccination in men. It may be
that sexually active males would benefit from vaccination. Benefits would include prevention
of penile, anal and oropharyngeal cancers and prevention of infections would, in theory, also
benefit women [37].

After breast and colorectal cancer, cervical cancer is the 3rd leading cancer site worldwide
irrespective of gender and second among women. In 2008, there were an estimated 530,000
cases and 270,000 deaths attributed to cervical cancer, with 86% of cases and 88% of deaths
occurring in developing countries [38]. In these developing countries, the age-standardized
incidence rate (ASIR) and age-standardized mortality rate (ASMR) were 18 and 10 per 100,000
women, respectively; whereas in more developed countries, the ASIR and ASMR were 9 and
3 per 100,000 women, respectively. Globally, incidence of ICC ranges from < 3 to > 50 cases per
100,000 women for low- and high-burden countries, respectively. These differences between
countries are believed to reflect protection from screening, and variance in exposure to HPV
and other cofactors like smoking and oral contraceptive use, and other sexually transmitted
infections such as human immunodeficiency virus [38].

The global burden of other HPV related cancers is also substantial. Worldwide, approximately
97,215 cases of non-cervical cancers for which HPV infection may be an etiologic factor are
diagnosed annually; roughly 50,780 in men (520 penile, 26,775 oropharyngeal and 13,485 anal
cancers) and 46,435 in women (25,600 vaginal/vulvar, 6048 oropharyngeal and 14,787 anal
cancers) [39]. However, it is important to recognize that not all of these cases are attributable
to HPV and that these estimates represent the upper limit for the annual burden of cancers
caused by HPV. only a quarter of oropharyngeal cancers are attributable to HPV; meanwhile
approximately 90% of anal cancers, and 40% of penile, vaginal or vulvar cancers are attribut‐
able to the virus. Although there is some evidence implicating HPV with several other cancers
(e.g., lung, colon, ovary, breast, prostate, urinary bladder, esophageal and nasal/sinonasal
cancers), current molecular and epidemiological data are sparse and do not yet support a
causal role for HPV in the etiology of these cancers [30, 40-42]. The role of HPV in the causation
of esophageal squamous cell carcinoma is unclear.

Globally, HPV accounts for roughly 5.2% of the total cancer burden — the highest among all
infectious agents. However, as may be expected, the distribution varies considerably according
to country development status, where HPV accounts for approximately 7.7% and 2.2% of all
cancer cases in developing and developed countries, respectively [42].

3. Screening methods for detect HPV infection

HPV cannot be cultured in conventional cell cultures. Other classical direct virological
diagnostic techniques, such as immunohistochemistry, lack the sensitivity as well as specificity
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In descending order, the most common HPV types implicated in cervical cancer globally are:
16, 18, 58, 33, 45, 31, 52, 35, 59, 39, 51 and 56 [21]. HPV types 16 and 18 are the most dominant
types implicated in cervical cancer in all continents, being responsible for ~ 70% of ICC cases
globally. In many studies, estimating the fraction of cervical cancer cases attributable to the
different HPV types is difficult due to the high prevalence of multiple type infections. For
example, a recent meta-analysis estimated the prevalence of co-infection (≥ 2 HPV types) in
tumor specimens at 15.7% [21]. Other recent meta-analyses and cross sectional studies
evaluating the worldwide distribution of HPV infections consistently reveal the same HPV
prevalence patterns [5, 22]. This widespread circulation of HR-HPV types strengthens the
potential for a phenomenon known as type-replacement, i.e., an increase in other non-vaccine
genotypes following HPV vaccination. However, based on evidence that HPVs evolve very
slowly and that HPV types do not normally compete with one another during natural infection
[23-25], it is still unlikely that some other HPV type(s) will evolve to fill the niche currently
occupied by vaccine target types. Furthermore, phase III trials evaluating both bivalent and
quadrivalent vaccines indicate partial cross-type protection (cross-immunity) against many
phylogenetically related HPV types [26-28], suggesting that the benefit from vaccination may
be even greater than expected.

Infection of the oral cavity with high risk HPV is also now recognized as an important cause
of oral and oropharyngeal cancers [29]. However, unlike cervical cancer in which 100% of cases
are attributable to infection with HPV, only 25–35% of these cancers are attributable to HPV
[2, 30]; the major risk factors being alcohol and tobacco use. Among cases of oral/oropharyngeal
cancer linked to HPV infection, HPV 16 is by far the most common type detected in tumor
specimens [31, 32]. Based on evaluation of risk factor profiles for cancers of the head and neck,
comparing HPV 16-positive and HPV 16-negative cases, some researchers have decided that
these should actually be considered distinct cancers [33]. In their study, sexual behavior (but
not alcohol or tobacco use) was an important predictor of head and neck cancers among HPV
16-positive subjects, meanwhile the opposite was observed for HPV 16-negative subjects.

HPV 16 is the most common in all the HPV associated anogenital and oropharyngeal cancers
therefore the HPV vaccines currently on the market are likely to make a significant impact on
all these cancers in women and in men. In contrast, the role of HPV in penile cancers is less
understood. Trauma and inflammation appear to be important risks suggesting that tissue
damage and/or repair processes play a role in cancer development [34]. The natural history of
HPV in the penis is also not well described. Although there is a histologic equivalent of the
precancerous CIN 3 found in men, referred to as penile intraepithelial neoplasia (PIN), nothing
is known about the natural history of these lesions and whether they have the same potential
as CIN 3 (~ 12%) to progress to invasive cancer. One intriguing observation is that the penile
cancer has a much lower prevalence than cervical cancer and yet the prevalence of HPV is
much higher in the genitals of men than what is observed in women. Across all ages, HPV is
found 2–4 times more common in the genital area of men than seen in women and the decline
observed with age in women is not seen in men with similar prevalence across all ages. In
contrast, the natural history of HPV in anogenital area in men behaves similar to HPV in
women [35] in that HPV appears to be rapidly cleared so by 6–8 months, most infections are
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undetected. These observations and the fact that antibodies to HPV are less common in men
than in women suggest that most infections in men are relatively superficial and clearance is
likely directed by local innate immune responses, but not by memory immune responses [36].
Since men do not appear to develop adequate HPV specific immune responses, they are not
protected from re-infection. This is another argument for HPV vaccination in men. It may be
that sexually active males would benefit from vaccination. Benefits would include prevention
of penile, anal and oropharyngeal cancers and prevention of infections would, in theory, also
benefit women [37].

After breast and colorectal cancer, cervical cancer is the 3rd leading cancer site worldwide
irrespective of gender and second among women. In 2008, there were an estimated 530,000
cases and 270,000 deaths attributed to cervical cancer, with 86% of cases and 88% of deaths
occurring in developing countries [38]. In these developing countries, the age-standardized
incidence rate (ASIR) and age-standardized mortality rate (ASMR) were 18 and 10 per 100,000
women, respectively; whereas in more developed countries, the ASIR and ASMR were 9 and
3 per 100,000 women, respectively. Globally, incidence of ICC ranges from < 3 to > 50 cases per
100,000 women for low- and high-burden countries, respectively. These differences between
countries are believed to reflect protection from screening, and variance in exposure to HPV
and other cofactors like smoking and oral contraceptive use, and other sexually transmitted
infections such as human immunodeficiency virus [38].

The global burden of other HPV related cancers is also substantial. Worldwide, approximately
97,215 cases of non-cervical cancers for which HPV infection may be an etiologic factor are
diagnosed annually; roughly 50,780 in men (520 penile, 26,775 oropharyngeal and 13,485 anal
cancers) and 46,435 in women (25,600 vaginal/vulvar, 6048 oropharyngeal and 14,787 anal
cancers) [39]. However, it is important to recognize that not all of these cases are attributable
to HPV and that these estimates represent the upper limit for the annual burden of cancers
caused by HPV. only a quarter of oropharyngeal cancers are attributable to HPV; meanwhile
approximately 90% of anal cancers, and 40% of penile, vaginal or vulvar cancers are attribut‐
able to the virus. Although there is some evidence implicating HPV with several other cancers
(e.g., lung, colon, ovary, breast, prostate, urinary bladder, esophageal and nasal/sinonasal
cancers), current molecular and epidemiological data are sparse and do not yet support a
causal role for HPV in the etiology of these cancers [30, 40-42]. The role of HPV in the causation
of esophageal squamous cell carcinoma is unclear.

Globally, HPV accounts for roughly 5.2% of the total cancer burden — the highest among all
infectious agents. However, as may be expected, the distribution varies considerably according
to country development status, where HPV accounts for approximately 7.7% and 2.2% of all
cancer cases in developing and developed countries, respectively [42].

3. Screening methods for detect HPV infection

HPV cannot be cultured in conventional cell cultures. Other classical direct virological
diagnostic techniques, such as immunohistochemistry, lack the sensitivity as well as specificity
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for the routine detection of HPV. Serological assays for the detection of anti-HPV antibodies
have only limited analytical accuracy and their possible clinical utility is currently unresolved.
Consequently, all HPV tests currently in diagnostic use rely, on the detection of HPV nucleic
acids in clinical specimens.

Having relied on cervical cytology effectively for several decades, primary human papillo‐
mavirus (HPV) testing is increasingly and widely recognised as the means to deliver effective
cervical screening and the prevention of cervical cancer. Despite differences in the interven‐
tions amongst the main primary screening studies [43-46], the key message seems to be clear
and consistent: a primary HPV test will increase the sensitivity for detecting cervical intraepi‐
thelial neoplasia, grade 2+ (CIN2+), compared with cytology, and will allow the screening interval
to be extended with fewer life-time tests for women. Conventional cytology-based screening
is very effective in reducing cervical cancer when delivered in well-managed programmes
with high population coverage and robust quality assurance, but is costly in terms of work‐
force, finance and infrastructure. These programmes will be more difficult to sustain with
lower detection rates of abnormalities in HPV-immunised populations. Yet cervical screening
needs to sit alongside HPV immunisation to optimise cancer prevention. Screening pro‐
grammes will differ between different resource settings: e.g. introducing basic screening where
no previous programme has existed in low- or medium-resource settings, or providing more
clinically effective prevention in highly resourced countries with organised or opportunistic
screening. In protocols of prevention and treatment of cervical cancer involved, in addition to
cytology and HPV detection, other diagnostic tools such as colposcopy, histological categori‐
zation and use of new biomarkers, with the correct risk stratification parameter that must be
used to choose the appropriate procedures in the different phases of the clinical process:
screening, triage, diagnosis and treatment [47].

Screening, defined as the preventive activity that can diagnose the disease in healthy popula‐
tion a priori, should have as target detecting cervical intraepithelial neoplasia grade 3 (CIN3),
or being even stricter CIN2, histological stages of the disease are even preventable. Screening
by cervical cytology detects only 50-60% of cases of CIN3, including cytological revisions very
close in time. The analytical sensitivity of the detection of HPV DNA in exfoliated cells is much
higher, above 90%, but the clinical specificity is low because of virological diagnostic predicts
non persistence, necessary to cause the development of cancer. This limitation is accentuated
in young women with a good chance of getting an HPV infection self-limited. However, the
negative predictive value of HPV testing is very high and would, in patients free of viruses
could increase the periods between two revisions in years. Using both techniques simultane‐
ously (cytology + HPV), as has been done in some trial cohort (Northern California Kaiser
Permanent), increases the control intervals to three years with good results. Implementation
of HPV DNA testing in cervical screening leads to earlier detection of clinically relevant CIN
grade 2 or worse, which when adequately treated, improves protection against CIN grade 3
or worse and cervical cancer. Early detection of high-grade cervical legions caused by HPV16
was a major component of this benefit [48].

The costs are reduced in the triage by using a technique followed by another in accordance
with the results of the first. The cytology followed by HPV testing has been used but as already
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discussed the problems of the low sensitivity of cytology and uncertain cytology triage
(ASCUS) or low-risk lesions (LSIL) can lead to positive HPV tests with unknown clinical
significance. However, the benefits of the HPV test result prior cytology have been demon‐
strated [49]. Currently there are proposals to make the detection of HPV followed by cytology,
which has the best results of clinical sensitivity, reducing costs to distance the negative control
women but also may increase if performed in populations with a high incidence of infection,
as in young women [50]. Hence, several protocols established older than 30-35 years for a
suitable cost-effectiveness. It remains to determine the usefulness of combining HPV screening
combined with a new biomarkers triage as detection of HPV mRNA, p16-INK, and other
histological progression markers (Ki-67, MCM2 and TOP2A).

This scenario has increased the range of methods and technologies for the diagnosis of HPV
in clinical samples, whether exfoliated cells or biopsy, even paraffin. Extraction procedures
of nucleic acids, methods of viral genome detection and automation necessary for a determi‐
nation which is becoming routine laboratories have acquired high levels of complexity for
the most suitable choice [51]. The commercially available tests can be systematized in five
groups [52]: 1) screening assays based on the detection of HPV DNA of high risk, which
includes  hybrid  capture  as  the  reference  method  because  of  the  enormous  experience
gathered in previous studies, amplification using probes invader and PCR procedures, 2)
similar screening tests for the detection of DNA of high-risk HPV concurrent determina‐
tions of genotypes or reflex HPV-16 and HPV-18 genotypes whose infection is  a risk of
developing cancer than other genotypes too, 3) genotyping assays based on HPV PCR using
various technologies: reverse hybridization, microarray, array and RFLP suspension, which
joins the pyrosequencing and other methods of mass sequencing, 4) based screening assays
for the quantification of mRNA expression of E6/E7 high-risk HPVs, with the added value of
its  utility  as  a  marker  of  progression,  and  5  )  in  situ  hybridization,  available  but  with
limitations because of lower sensitivity.

4. HPV-DNA screening methods

High-risk HPV-DNA-based screening assays represent a group of qualitative or semi-
quantitative multiplex assays in which the DNA of the targeted HPV types is detected using
mixtures of probes (probe cocktails) for several HPV types with similar clinical characteristics.
None of the assays from this group allow the exact determination of HPV type(s) present in a
clinical specimen, but rather express the results of the tested group of HPV types as positive
or negative. Until recently, such an approach has been widely accepted by the HPV community
as the best way to present the results of hr-HPV testing to clinicians involved in primary
screening for cervical carcinoma and management of patients with cervical intraepithelial
neoplasia (CIN). The Hybrid Capture 2 (HC2) HPV DNA Test, originally developed by Digene
Corporation (Gaithersburg, MD, USA) in 1997 and currently marketed by Qiagen, has been
the most important HPV diagnostic assay for the last decade and is still the most frequently
used diagnostic HPV test worldwide [53]. The main problems of the current version of HC2
are: analytical inaccuracy due to the cross-reactivity of its probe cocktails with untargeted HPV
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for the routine detection of HPV. Serological assays for the detection of anti-HPV antibodies
have only limited analytical accuracy and their possible clinical utility is currently unresolved.
Consequently, all HPV tests currently in diagnostic use rely, on the detection of HPV nucleic
acids in clinical specimens.

Having relied on cervical cytology effectively for several decades, primary human papillo‐
mavirus (HPV) testing is increasingly and widely recognised as the means to deliver effective
cervical screening and the prevention of cervical cancer. Despite differences in the interven‐
tions amongst the main primary screening studies [43-46], the key message seems to be clear
and consistent: a primary HPV test will increase the sensitivity for detecting cervical intraepi‐
thelial neoplasia, grade 2+ (CIN2+), compared with cytology, and will allow the screening interval
to be extended with fewer life-time tests for women. Conventional cytology-based screening
is very effective in reducing cervical cancer when delivered in well-managed programmes
with high population coverage and robust quality assurance, but is costly in terms of work‐
force, finance and infrastructure. These programmes will be more difficult to sustain with
lower detection rates of abnormalities in HPV-immunised populations. Yet cervical screening
needs to sit alongside HPV immunisation to optimise cancer prevention. Screening pro‐
grammes will differ between different resource settings: e.g. introducing basic screening where
no previous programme has existed in low- or medium-resource settings, or providing more
clinically effective prevention in highly resourced countries with organised or opportunistic
screening. In protocols of prevention and treatment of cervical cancer involved, in addition to
cytology and HPV detection, other diagnostic tools such as colposcopy, histological categori‐
zation and use of new biomarkers, with the correct risk stratification parameter that must be
used to choose the appropriate procedures in the different phases of the clinical process:
screening, triage, diagnosis and treatment [47].

Screening, defined as the preventive activity that can diagnose the disease in healthy popula‐
tion a priori, should have as target detecting cervical intraepithelial neoplasia grade 3 (CIN3),
or being even stricter CIN2, histological stages of the disease are even preventable. Screening
by cervical cytology detects only 50-60% of cases of CIN3, including cytological revisions very
close in time. The analytical sensitivity of the detection of HPV DNA in exfoliated cells is much
higher, above 90%, but the clinical specificity is low because of virological diagnostic predicts
non persistence, necessary to cause the development of cancer. This limitation is accentuated
in young women with a good chance of getting an HPV infection self-limited. However, the
negative predictive value of HPV testing is very high and would, in patients free of viruses
could increase the periods between two revisions in years. Using both techniques simultane‐
ously (cytology + HPV), as has been done in some trial cohort (Northern California Kaiser
Permanent), increases the control intervals to three years with good results. Implementation
of HPV DNA testing in cervical screening leads to earlier detection of clinically relevant CIN
grade 2 or worse, which when adequately treated, improves protection against CIN grade 3
or worse and cervical cancer. Early detection of high-grade cervical legions caused by HPV16
was a major component of this benefit [48].

The costs are reduced in the triage by using a technique followed by another in accordance
with the results of the first. The cytology followed by HPV testing has been used but as already
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discussed the problems of the low sensitivity of cytology and uncertain cytology triage
(ASCUS) or low-risk lesions (LSIL) can lead to positive HPV tests with unknown clinical
significance. However, the benefits of the HPV test result prior cytology have been demon‐
strated [49]. Currently there are proposals to make the detection of HPV followed by cytology,
which has the best results of clinical sensitivity, reducing costs to distance the negative control
women but also may increase if performed in populations with a high incidence of infection,
as in young women [50]. Hence, several protocols established older than 30-35 years for a
suitable cost-effectiveness. It remains to determine the usefulness of combining HPV screening
combined with a new biomarkers triage as detection of HPV mRNA, p16-INK, and other
histological progression markers (Ki-67, MCM2 and TOP2A).

This scenario has increased the range of methods and technologies for the diagnosis of HPV
in clinical samples, whether exfoliated cells or biopsy, even paraffin. Extraction procedures
of nucleic acids, methods of viral genome detection and automation necessary for a determi‐
nation which is becoming routine laboratories have acquired high levels of complexity for
the most suitable choice [51]. The commercially available tests can be systematized in five
groups [52]: 1) screening assays based on the detection of HPV DNA of high risk, which
includes  hybrid  capture  as  the  reference  method  because  of  the  enormous  experience
gathered in previous studies, amplification using probes invader and PCR procedures, 2)
similar screening tests for the detection of DNA of high-risk HPV concurrent determina‐
tions of genotypes or reflex HPV-16 and HPV-18 genotypes whose infection is  a risk of
developing cancer than other genotypes too, 3) genotyping assays based on HPV PCR using
various technologies: reverse hybridization, microarray, array and RFLP suspension, which
joins the pyrosequencing and other methods of mass sequencing, 4) based screening assays
for the quantification of mRNA expression of E6/E7 high-risk HPVs, with the added value of
its  utility  as  a  marker  of  progression,  and  5  )  in  situ  hybridization,  available  but  with
limitations because of lower sensitivity.

4. HPV-DNA screening methods

High-risk HPV-DNA-based screening assays represent a group of qualitative or semi-
quantitative multiplex assays in which the DNA of the targeted HPV types is detected using
mixtures of probes (probe cocktails) for several HPV types with similar clinical characteristics.
None of the assays from this group allow the exact determination of HPV type(s) present in a
clinical specimen, but rather express the results of the tested group of HPV types as positive
or negative. Until recently, such an approach has been widely accepted by the HPV community
as the best way to present the results of hr-HPV testing to clinicians involved in primary
screening for cervical carcinoma and management of patients with cervical intraepithelial
neoplasia (CIN). The Hybrid Capture 2 (HC2) HPV DNA Test, originally developed by Digene
Corporation (Gaithersburg, MD, USA) in 1997 and currently marketed by Qiagen, has been
the most important HPV diagnostic assay for the last decade and is still the most frequently
used diagnostic HPV test worldwide [53]. The main problems of the current version of HC2
are: analytical inaccuracy due to the cross-reactivity of its probe cocktails with untargeted HPV
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types; and lack of internal control to evaluate specimen adequacy or the presence of potentially
interfering substances. In order to resolve the current problems of analytical inaccuracy and
to improve HC2 throughput, a next-generation diagnostic system has been developed [54].
Significant improvements have been engineered into the next-generation hybrid-capture
system, which builds on the current advantages of the FDA-approved HPV screening tech‐
nology, HC2. Central to the improved chemistry in the NextGen assay on the QIAensemble
automated system is the new collection medium, DCM [54].

The Amplicor HPV Test (Amplicor; Roche Molecular Systems, Branchburg, NJ, USA), launched
on the European market in 2004, is a qualitative PCR-based test designed to detect the same 13
HPV types as HC2: HPV-16, HPV-18, HPV-31, HPV-33, HPV-35, HPV-39, HPV-45, HPV-51,
HPV-52, HPV-56, HPV-58, HPV-59 and HPV-68. Similarly to HC2, Amplicor expresses the results
of the tested group of hr-HPV types as positive or negative. Amplicor is based on standard PCR
amplification and detection of PCR products on microwell plates [55]. The Cervista HPV HR
Test (Cervista; Hologic) is another FDA-approved signal amplification-based qualitative test
for the routine detection of 14 HPVs. In March 2009, the FDA approved Cervista for two
indications: to screen patients with ASC-US cervical cytology results to determine the need for
referral to colposcopy; and to be used adjunctively with cervical cytology to screen women 30
years of age and older to assess the presence or absence of hr-HPV types [56]. In contrast to HC2,
Cervista is based on the Invader chemistry, a signal amplification method for detecting specific
nucleic acid sequences. With support from the Bill and Melinda Gates Foundation, a careHPV
Test (Qiagen), based on simplified HC2 technology, has been recently developed to detect the
13 HPV types included in the original HC2 plus HPV-66, in approximately 3 h. Such rapid, simple
and affordable HPV tests, whereby results can be given to a patient within the same visit, are
anticipated to have the greatest impact in countries in which cervical cancer screening pro‐
grams do not exist or in countries in which substantial loss to follow-up impairs the effective‐
ness of cervical cancer screening programs [57].

5. HPV-DNA screening methods with concurrent or reflex HPV-16 &
HPV-18 genotyping

Reflex HR HPV DNA testing is now recognized as a cost-effective strategy to refer women
with an ASC-US cytology for colposcopy [58, 59]. High-risk HPV-DNA-based screening assays
with individual or pooled HPV-16 and HPV-18 genotyping are a group of novel HPV assays
in which qualitative detection of 13–14 HPV types is combined with concurrent or reflex
HPV-16 and HPV-18 genotyping. The Abbott RealTime High Risk HPV test (RealTime; Abbott
Molecular, Des Plaines, IL, USA) is a real-time PCR assay based on concurrent individual
genotyping for HPV-16 and HPV-18 and pooled detection of 12 other HPVs: HPV-31, HPV-33,
HPV-35, HPV-39, HPV-45, HPV-51, HPV-52, HPV-56, HPV-58, HPV-59, HPV-66 and HPV-68.
Amplification of human β-globin is used as an internal control. The assay was launched on
the European market in January 2009. RealTime is performed on the m2000rt real-time PCR
instrument (Abbott Molecular) using a modified GP5+/GP6+ primer mix consisting of three
forward and two reverse primers [60]. Analytical sensitivity of RealTime was comparable to

Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective64

that of HC2 (97.6% vs 95.1%), whereas RealTime demonstrated significantly higher analytical
specificity compared with HC2 [61, 62].

The cobas 4800 HPV Test (Roche Molecular Diagnostics, Pleasanton, CA, USA) is a real-time
PCR assay based on concurrent individual genotyping for HPV-16 and HPV-18 and pooled
detection of 12 other HPVs: HPV-31, HPV-33, HPV-35, HPV-39, HPV-45, HPV-51, HPV-52,
HPV-56, HPV-58, HPV-59, HPV-66 and HPV-68 [63-65]. An excellent agreement (>93%) was
obtained between cobas 4800 HPV and HC2 or Linear Array (LA) for the detection of HR HPV
DNA in CIN [66]. The cobas 4800 HPV test will refer fewer women to colposcopy than
automatic referral of all women with ASC-US. It will also distinguish women infected with
HPV16 or HPV18 from those infected with other HR HPV genotypes, although this feature is
not yet included in clinical guidelines for the management of women with ASC-US. When the
cobas 4800 HPV was utilized by a diagnostic laboratory, its performance was equivalent to
that of HC2 and show comparable levels of performance including results for women >30 years
old with ASCUS cytology [67]. Gage et al found agreement between Cobas and LA to be very
good, better than that between Cobas and HC2 [68].

The Cervista HPV 16/18 Test (Hologic) is a signal amplification qualitative test based on the
Invader chemistry specifically designed to detect HPV-16 and HPV-18 [69].

6. HPV-DNA genotyping methods

HPV DNA-based genotyping as says, which allow exact determination of several alpha-HPV
types present in a clinical sample, are the largest group of currently available HPV commercial
assays. In contrast to the previously described two groups of commercial HPV assays, the clinical
value of HPV DNA-based genotyping assays has still not been finally determined [70-72].
Currently, HPV genotyping methods are indispensable as research tools for the study of the
natural history, transmission, pathogenesis and prevention of HPV infection. However, it is
highly likely that genotyping methods will also have a role in clinical management in the near
future [70,  73,  74].  As the use of prophylactic  HPV vaccines becomes more widespread,
surveillance for population-level effectiveness will become an increasingly important activity,
which will require the use of a HPV genotyping method. If HPV genotyping is to be used for
diagnostic applications and not just as a research tool, it will require standardized and validat‐
ed methods for the specific detection and identification of a defined spectrum of HPV types.

Although DNA sequencing is still considered to be the ‘gold standard’ for HPV genotyping,
it is costly, time-consuming and difficult to apply in routine diagnostic settings. Thus, in daily
practice, the majority of laboratories use nonsequencing based methods for HPV genotyping,
However the next generation sequencing can be implemented in the HPV detection [75]. This
methodology also provides a tumor genomic copy number karyogram, and in the samples
analyzed here, a lower level of chromosome instability was detected in HPV-positive tumors
compared to HPV-negative tumors, as observed in previous studies. Thus, the use of next-
generation sequencing for the detection of HPV provides a multiplicity of data with clinical
significance in a single test.
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types; and lack of internal control to evaluate specimen adequacy or the presence of potentially
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system, which builds on the current advantages of the FDA-approved HPV screening tech‐
nology, HC2. Central to the improved chemistry in the NextGen assay on the QIAensemble
automated system is the new collection medium, DCM [54].

The Amplicor HPV Test (Amplicor; Roche Molecular Systems, Branchburg, NJ, USA), launched
on the European market in 2004, is a qualitative PCR-based test designed to detect the same 13
HPV types as HC2: HPV-16, HPV-18, HPV-31, HPV-33, HPV-35, HPV-39, HPV-45, HPV-51,
HPV-52, HPV-56, HPV-58, HPV-59 and HPV-68. Similarly to HC2, Amplicor expresses the results
of the tested group of hr-HPV types as positive or negative. Amplicor is based on standard PCR
amplification and detection of PCR products on microwell plates [55]. The Cervista HPV HR
Test (Cervista; Hologic) is another FDA-approved signal amplification-based qualitative test
for the routine detection of 14 HPVs. In March 2009, the FDA approved Cervista for two
indications: to screen patients with ASC-US cervical cytology results to determine the need for
referral to colposcopy; and to be used adjunctively with cervical cytology to screen women 30
years of age and older to assess the presence or absence of hr-HPV types [56]. In contrast to HC2,
Cervista is based on the Invader chemistry, a signal amplification method for detecting specific
nucleic acid sequences. With support from the Bill and Melinda Gates Foundation, a careHPV
Test (Qiagen), based on simplified HC2 technology, has been recently developed to detect the
13 HPV types included in the original HC2 plus HPV-66, in approximately 3 h. Such rapid, simple
and affordable HPV tests, whereby results can be given to a patient within the same visit, are
anticipated to have the greatest impact in countries in which cervical cancer screening pro‐
grams do not exist or in countries in which substantial loss to follow-up impairs the effective‐
ness of cervical cancer screening programs [57].

5. HPV-DNA screening methods with concurrent or reflex HPV-16 &
HPV-18 genotyping

Reflex HR HPV DNA testing is now recognized as a cost-effective strategy to refer women
with an ASC-US cytology for colposcopy [58, 59]. High-risk HPV-DNA-based screening assays
with individual or pooled HPV-16 and HPV-18 genotyping are a group of novel HPV assays
in which qualitative detection of 13–14 HPV types is combined with concurrent or reflex
HPV-16 and HPV-18 genotyping. The Abbott RealTime High Risk HPV test (RealTime; Abbott
Molecular, Des Plaines, IL, USA) is a real-time PCR assay based on concurrent individual
genotyping for HPV-16 and HPV-18 and pooled detection of 12 other HPVs: HPV-31, HPV-33,
HPV-35, HPV-39, HPV-45, HPV-51, HPV-52, HPV-56, HPV-58, HPV-59, HPV-66 and HPV-68.
Amplification of human β-globin is used as an internal control. The assay was launched on
the European market in January 2009. RealTime is performed on the m2000rt real-time PCR
instrument (Abbott Molecular) using a modified GP5+/GP6+ primer mix consisting of three
forward and two reverse primers [60]. Analytical sensitivity of RealTime was comparable to
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that of HC2 (97.6% vs 95.1%), whereas RealTime demonstrated significantly higher analytical
specificity compared with HC2 [61, 62].

The cobas 4800 HPV Test (Roche Molecular Diagnostics, Pleasanton, CA, USA) is a real-time
PCR assay based on concurrent individual genotyping for HPV-16 and HPV-18 and pooled
detection of 12 other HPVs: HPV-31, HPV-33, HPV-35, HPV-39, HPV-45, HPV-51, HPV-52,
HPV-56, HPV-58, HPV-59, HPV-66 and HPV-68 [63-65]. An excellent agreement (>93%) was
obtained between cobas 4800 HPV and HC2 or Linear Array (LA) for the detection of HR HPV
DNA in CIN [66]. The cobas 4800 HPV test will refer fewer women to colposcopy than
automatic referral of all women with ASC-US. It will also distinguish women infected with
HPV16 or HPV18 from those infected with other HR HPV genotypes, although this feature is
not yet included in clinical guidelines for the management of women with ASC-US. When the
cobas 4800 HPV was utilized by a diagnostic laboratory, its performance was equivalent to
that of HC2 and show comparable levels of performance including results for women >30 years
old with ASCUS cytology [67]. Gage et al found agreement between Cobas and LA to be very
good, better than that between Cobas and HC2 [68].

The Cervista HPV 16/18 Test (Hologic) is a signal amplification qualitative test based on the
Invader chemistry specifically designed to detect HPV-16 and HPV-18 [69].

6. HPV-DNA genotyping methods

HPV DNA-based genotyping as says, which allow exact determination of several alpha-HPV
types present in a clinical sample, are the largest group of currently available HPV commercial
assays. In contrast to the previously described two groups of commercial HPV assays, the clinical
value of HPV DNA-based genotyping assays has still not been finally determined [70-72].
Currently, HPV genotyping methods are indispensable as research tools for the study of the
natural history, transmission, pathogenesis and prevention of HPV infection. However, it is
highly likely that genotyping methods will also have a role in clinical management in the near
future [70,  73,  74].  As the use of prophylactic  HPV vaccines becomes more widespread,
surveillance for population-level effectiveness will become an increasingly important activity,
which will require the use of a HPV genotyping method. If HPV genotyping is to be used for
diagnostic applications and not just as a research tool, it will require standardized and validat‐
ed methods for the specific detection and identification of a defined spectrum of HPV types.

Although DNA sequencing is still considered to be the ‘gold standard’ for HPV genotyping,
it is costly, time-consuming and difficult to apply in routine diagnostic settings. Thus, in daily
practice, the majority of laboratories use nonsequencing based methods for HPV genotyping,
However the next generation sequencing can be implemented in the HPV detection [75]. This
methodology also provides a tumor genomic copy number karyogram, and in the samples
analyzed here, a lower level of chromosome instability was detected in HPV-positive tumors
compared to HPV-negative tumors, as observed in previous studies. Thus, the use of next-
generation sequencing for the detection of HPV provides a multiplicity of data with clinical
significance in a single test.
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The most frequently used HPV genotyping assays today utilize the principle of reverse line-
blot (RLB) hybridization. In these assays a fragment of the HPV genome is first PCR-amplified
using biotinylated HPV-specific primers and the resulting amplicons are then denatured and
hybridized with HPV-specific oligonucleotide probes immobilized as parallel lines on nylon or
a nitrocellulose membrane strip. After hybridization, streptavidin-conjugated alkaline phospha‐
tase or horseradish peroxidase is added, which binds to any biotinylated hybrid previously
formed. Incubation with chromogenic substrates (e.g., BCIP/NBT for alkaline phosphatase)
yields a colored precipitate at the probe positions where hybridization occurs. The genotyping
strip is then read and interpreted visually by comparing the pattern of HPV-positive probes to
the test reference guide for each of the targeted HPV types. In addition to the in-house GP5+/
GP6+ RLB Genotyping Assay which has been used in several important HPV trials [76, 77].
INNO-LiPA HPV Genotyping is one of the most widely used HPV genotyping tests. Several
versions of this assay have been developed. In all versions, amplification of a 65 bp region of the
HPV L1 gene using biotinylated SPF10 primers is followed by hybridization of the resulting
amplicons with 17–28 (depending on the assay version) HPV-specific oligonucleotide probes
immobilized on a nitrocellulose strip [78]. An evaluation of INNO-LiPA Extra, performed on 70
HC2-positive samples, showed comparable genotyping results to the digene HPV Genotyping
RH Test RUO (digene RH Test; Qiagen) and a significantly higher sensitivity of INNO-LiPA Extra
for the detection of multiple infections [79]. Recently is described this method with realtime PCR
[80]. The Linear Array HPV Genotyping Test (Linear Array) is one of the most commonly used
HPV genotyping assays, which combines PCR amplification and reverse line-blot hybridiza‐
tion for the identification of 36 alpha-HPV types. Linear Array is based on the co-amplification
of a 450 bp region of the HPV L1 gene and a 268 bp region of the human β-globin gene, using
biotinylated primer sets PGM09/PGMY11 and PC04/GH20 [81]. Steinau et al [82] compared the
performance of three line blot assays (LBAs), the Linear Array HPV genotyping assay (LA)
(Roche Diagnostics), INNO-LiPA HPV Genotyping Extra (LiPA) (Innogenetics), and the reverse
hybridization assay (RH) (Qiagen). Although the assays had good concordance in the clinical
samples, the greater accuracy and specificity in the plasmid panel suggest that LA has an
advantage for internationally comparable genotyping studies.

Similar to reverse line-blot assays, microarray-based HPV genotyping assays also employ the
principle of reverse hybridization. Following PCR amplification of a fragment of a viral genome
with HPV-specific primers, the resulting amplicons are denatured and hybridized with a number
of HPV-specific oligonucleotide probes attached on the surface of an insoluble supporter or DNA
chip (also known as microchip, biochip and gene chip). DNA chips can consist of one to several
DNA microarrays, thus enabling simultaneous analysis of multiple samples in a single experi‐
ment. After hybridization, fluorescence light from the bound PCR amplicon is detected by
excitation with monochromatic light. Currently, laser scanners are used for the highly sensi‐
tive  fluorescence  microarray  readout  systems.  The  fluorescence  label  of  the  hybridizing
amplicons can be introduced during PCR and/or during the hybridization step. Some of the
microarray-based HPV genotyping tests utilize the principle of chromogenic precipitation
instead of fluorescence detection. The PapilloCheck HPV-Screening Test (PapilloCheck; Greiner
Bio-One GmbH, Frickenhausen, Germany) is currently one of the two most frequently used PCR-
microarray-based assays. The assay allows identification of 24 alpha-HPV types. [83]. Clart HPV
2 – papillomavirus clinical arrays (Clart HPV 2; Genomica, Coslada, Spain) combine PCR
amplification and an oligonucleotide microarray-based detection system for the identification
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of 35 alpha-HPVs. The assay consists of pre-aliquoted, ready to use amplification mix tubes and
allows amplification of a 450 bp region of the HPV L1 gene together with an internal control
template and the human CFTR gene using three different sets of biotinylated primers [84].

The suspension array that uses bead-based xMAP or Luminex technology is based on the use
of polystyrene beads with a diameter of 5.6 µm, which are internally dyed with various ratios
of two spectrally distinct fluorophores (red and infrared). Different bead sets with specific
absorption spectra can be mixed and used for the multiplexed detection of different analytes;
currently, an array of 100 bead sets (bead mix) can be generated. For HPV genotyping purposes,
each bead set in the bead mix is usually coupled to a single oligonucleotide probe specific for
one HPV type. HPV genotyping is done by reverse hybridization technique using biotinylated
PCR amplicons. After denaturation and hybridization of target HPV sequences to the bead-
bound probes, labeling of the hybridized biotinylated amplicons is done using R-phycoery‐
thrin-labeled streptavidin, serving as a reporter fluorophore. The bead sets are then read and
analyzed on a Luminex analyzer; the HPV types are discerned according to the unique bead
signature, whereas the presence of specific PCR amplicons is determined by R-phycoerythrin
fluorescence. The Luminex readouts are expressed as the median fluorescent intensity of the
reporter fluorescence for each HPV type. Positivity for the relevant types is calculated from
the median fluorescent intensity over a defined threshold level, and can provide a semi-
quantitative numerical output. Several in-house genotyping protocols based on xMAP
technology have been developed in the last 5 years [85-91]; some of them are considered to be
the most sensitive HPV detection methods currently available [85]. In addition, at least two
commercial assays based on this technology are available at present.

Gel electrophoresis-based HPV genotyping assays utilize general primer-mediated PCR, type-
specific or group-specific PCR, to screen for a broad spectrum of HPVs, followed by agarose
gel electrophoresis. Restriction fragment length polymorphism (RFLP) is consequently applied
to identify HPV type-specific restriction patterns. In addition to several in-house genotyping
protocols based on RFLP, one commercial assay based on this technology is currently available.

Yi et al [92] report the development of a highly sensitive, highly automated assay based on the
MALDI-TOF-MS platform for the detection and individual genotyping of 14 different HR-HPV
types. The use of the MassARRAY technique and combination of automated DNA extraction/
PCR pipetting procedures increased the detection throughput, which consequently decreased
the cost per case of the assay. Now we can deal with 3,000 samples within 2 working days, and
the current total cost per sample is about $2 (US). The MS HPV genotyping assay is potentially
suitable for routine HPV detection, especially in large-scale cervical cancer screening programs
owing to its high throughput and low cost per case. Proper population-based clinical validation
is needed to establish the clinical relevance of this highly analytically sensitive assay.

7. HPV E6/E7 mRNA screening methods

Several recent studies have clearly shown that testing for HPV mRNA instead of HPV DNA can
be clinically useful [70, 93, 94]. The most relevant transcripts for diagnostic purposes are those
encoding viral oncoproteins E6 and E7. The detection of viral mRNA can be done by reverse
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The most frequently used HPV genotyping assays today utilize the principle of reverse line-
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using biotinylated HPV-specific primers and the resulting amplicons are then denatured and
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a nitrocellulose membrane strip. After hybridization, streptavidin-conjugated alkaline phospha‐
tase or horseradish peroxidase is added, which binds to any biotinylated hybrid previously
formed. Incubation with chromogenic substrates (e.g., BCIP/NBT for alkaline phosphatase)
yields a colored precipitate at the probe positions where hybridization occurs. The genotyping
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the test reference guide for each of the targeted HPV types. In addition to the in-house GP5+/
GP6+ RLB Genotyping Assay which has been used in several important HPV trials [76, 77].
INNO-LiPA HPV Genotyping is one of the most widely used HPV genotyping tests. Several
versions of this assay have been developed. In all versions, amplification of a 65 bp region of the
HPV L1 gene using biotinylated SPF10 primers is followed by hybridization of the resulting
amplicons with 17–28 (depending on the assay version) HPV-specific oligonucleotide probes
immobilized on a nitrocellulose strip [78]. An evaluation of INNO-LiPA Extra, performed on 70
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for the detection of multiple infections [79]. Recently is described this method with realtime PCR
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biotinylated primer sets PGM09/PGMY11 and PC04/GH20 [81]. Steinau et al [82] compared the
performance of three line blot assays (LBAs), the Linear Array HPV genotyping assay (LA)
(Roche Diagnostics), INNO-LiPA HPV Genotyping Extra (LiPA) (Innogenetics), and the reverse
hybridization assay (RH) (Qiagen). Although the assays had good concordance in the clinical
samples, the greater accuracy and specificity in the plasmid panel suggest that LA has an
advantage for internationally comparable genotyping studies.

Similar to reverse line-blot assays, microarray-based HPV genotyping assays also employ the
principle of reverse hybridization. Following PCR amplification of a fragment of a viral genome
with HPV-specific primers, the resulting amplicons are denatured and hybridized with a number
of HPV-specific oligonucleotide probes attached on the surface of an insoluble supporter or DNA
chip (also known as microchip, biochip and gene chip). DNA chips can consist of one to several
DNA microarrays, thus enabling simultaneous analysis of multiple samples in a single experi‐
ment. After hybridization, fluorescence light from the bound PCR amplicon is detected by
excitation with monochromatic light. Currently, laser scanners are used for the highly sensi‐
tive  fluorescence  microarray  readout  systems.  The  fluorescence  label  of  the  hybridizing
amplicons can be introduced during PCR and/or during the hybridization step. Some of the
microarray-based HPV genotyping tests utilize the principle of chromogenic precipitation
instead of fluorescence detection. The PapilloCheck HPV-Screening Test (PapilloCheck; Greiner
Bio-One GmbH, Frickenhausen, Germany) is currently one of the two most frequently used PCR-
microarray-based assays. The assay allows identification of 24 alpha-HPV types. [83]. Clart HPV
2 – papillomavirus clinical arrays (Clart HPV 2; Genomica, Coslada, Spain) combine PCR
amplification and an oligonucleotide microarray-based detection system for the identification

Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective66

of 35 alpha-HPVs. The assay consists of pre-aliquoted, ready to use amplification mix tubes and
allows amplification of a 450 bp region of the HPV L1 gene together with an internal control
template and the human CFTR gene using three different sets of biotinylated primers [84].

The suspension array that uses bead-based xMAP or Luminex technology is based on the use
of polystyrene beads with a diameter of 5.6 µm, which are internally dyed with various ratios
of two spectrally distinct fluorophores (red and infrared). Different bead sets with specific
absorption spectra can be mixed and used for the multiplexed detection of different analytes;
currently, an array of 100 bead sets (bead mix) can be generated. For HPV genotyping purposes,
each bead set in the bead mix is usually coupled to a single oligonucleotide probe specific for
one HPV type. HPV genotyping is done by reverse hybridization technique using biotinylated
PCR amplicons. After denaturation and hybridization of target HPV sequences to the bead-
bound probes, labeling of the hybridized biotinylated amplicons is done using R-phycoery‐
thrin-labeled streptavidin, serving as a reporter fluorophore. The bead sets are then read and
analyzed on a Luminex analyzer; the HPV types are discerned according to the unique bead
signature, whereas the presence of specific PCR amplicons is determined by R-phycoerythrin
fluorescence. The Luminex readouts are expressed as the median fluorescent intensity of the
reporter fluorescence for each HPV type. Positivity for the relevant types is calculated from
the median fluorescent intensity over a defined threshold level, and can provide a semi-
quantitative numerical output. Several in-house genotyping protocols based on xMAP
technology have been developed in the last 5 years [85-91]; some of them are considered to be
the most sensitive HPV detection methods currently available [85]. In addition, at least two
commercial assays based on this technology are available at present.

Gel electrophoresis-based HPV genotyping assays utilize general primer-mediated PCR, type-
specific or group-specific PCR, to screen for a broad spectrum of HPVs, followed by agarose
gel electrophoresis. Restriction fragment length polymorphism (RFLP) is consequently applied
to identify HPV type-specific restriction patterns. In addition to several in-house genotyping
protocols based on RFLP, one commercial assay based on this technology is currently available.

Yi et al [92] report the development of a highly sensitive, highly automated assay based on the
MALDI-TOF-MS platform for the detection and individual genotyping of 14 different HR-HPV
types. The use of the MassARRAY technique and combination of automated DNA extraction/
PCR pipetting procedures increased the detection throughput, which consequently decreased
the cost per case of the assay. Now we can deal with 3,000 samples within 2 working days, and
the current total cost per sample is about $2 (US). The MS HPV genotyping assay is potentially
suitable for routine HPV detection, especially in large-scale cervical cancer screening programs
owing to its high throughput and low cost per case. Proper population-based clinical validation
is needed to establish the clinical relevance of this highly analytically sensitive assay.

7. HPV E6/E7 mRNA screening methods

Several recent studies have clearly shown that testing for HPV mRNA instead of HPV DNA can
be clinically useful [70, 93, 94]. The most relevant transcripts for diagnostic purposes are those
encoding viral oncoproteins E6 and E7. The detection of viral mRNA can be done by reverse
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transcriptase real time PCR [95] or by nucleic acid sequence-based amplification (NASBA). For
the latter,  three commercially available assays that detect E6/E7 transcripts are currently
available. PreTect HPV-Proofer (HPV-Proofer; NorChip, Klokkarstua, Norway) is an assay
based on NASBA technology, which allows qualitative determination of E6/E7 mRNA tran‐
scripts of the five most frequently identified hr-HPV types in cervical cancer worldwide: HPV-16,
HPV-18, HPV-31, HPV-33 and HPV-45 [96]. The NucliSENS EasyQ HPV V1 assay (NucliS‐
ENS; bioMérieux) was launched in 2007 and is based on the original HPV-Proofer assay, except
for the proprietary hardware platform and the software for NASBA measurements and data
analysis [97]. APTIMA HPV Assay (APTIMA; Gen-Probe, San Diego, CA, USA) is a transcription-
mediated amplification-based assay, which allows the detection of E6/E7 mRNA transcripts of
14 HPV types: HPV-16, HPV-18, HPV-31, HPV-33, HPV-35, HPV-39, HPV-45, HPV-51, HPV-52,
HPV-56, HPV-58, HPV-59, HPV-66 and HPV-68. The assay generates a qualitative result for the
presence/absence of 14 targeted HPVs and does not allow the exact determination of HPV type(s)
present in a clinical specimen [98]. APTIMA yielded similar sensitivity for CIN2+ compared with
hc2, Amplicor and Linear Array (95.2 vs 99.6%, 98.9% and 98.2%, respectively), but a significant‐
ly higher specificity (42.2 vs 28.4%, 21.7% and 32.8%, respectively) [55]. In a comparative
evaluation of APTIMA and hc2 on PreservCyt specimens collected from 800 women referred to
colposcopy, APTIMA showed comparable sensitivity to hc2 for the detection of CIN2+ (91 vs
95%), as well as CIN3+ (98 vs 99%), but had higher clinical specificity (>55 vs 47% for CIN2+; 53
vs 44% for CIN3+) [99]. APTIMA had the best sensitivity/specificity balance measured by AUC
(area under ROC curve) comparison test (significant for CIN2+), and the colposcopy referral rate
(9.2%) comparable to that of liquid citology (8.7%) [100].

8. In situ hybridization metods

In situ hybridization (ISH) is the only molecular method allowing reliable detection and
identification of HPVs in topographical relation to their pathological lesions. Unlike other
molecular methods, in ISH the whole HPV detection procedure occurs within the nuclei of
infected cells and not on solid supports or in solutions. The result of the hybridization reaction
is evaluated microscopically and the appearance of an appropriate precipitate within the nuclei
of epithelial cells is indicative of the presence of HPVs in the specimen being tested. In addition,
the physical state of the virus can be evaluated by the presence of punctuate signals for
integrated virus and diffuse signals for episomal virus. Although commercially available HPV
assays based on ISH have been validated technically, they are insufficiently clinically validat‐
ed. In addition, current ISH-based assays are considered by many experts in the field to be too
laborious and to have insufficient clinical sensitivity to be used in routine screening [52].

9. Progression markers

9.1. HPV viral load

HPV viral load is a product of the number of cells infected and number of viruses per infected
cell and is therefore influenced by two main factors: (i) the extent of an HPV infection on the
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cervical surface and (ii) the level of viral production in the area of infection. Viral load has been
suggested to be a potential biomarker for cervical intraepithelial neoplasia grade 2 (CIN2) or
greater, but currently there is no consistent evidence that a one-time measurement of viral load
is a useful marker of prevalent disease or disease progression [101]. A widespread productive
infection might be associated with high viral load, while a small incipient CIN3 with low-level
virus production might be associated with low viral load. Furthermore, viral load in a
cytological sample is subject to sampling variation in which there are varying proportions of
lesional cells, normal epithelial cells, inflammatory exudate, and blood. A further complication
in using viral load to predict neoplasia of CIN2 or greater is the high prevalence of multiple
carcinogenic HPV infections detected in cervical samples. The current paradigm is that cervical
lesions clonally expand following infection with one specific genotype (one virus-one lesion
concept). On the cervical surface, multiple independent infections or lesions may occur that
are caused by different genotypes. Without specific genotyping conducted in situ, assigning a
causal HPV genotype to a specific lesion can only be based on assumptions [102]. HPV16 is
the only genotype for which there is some indication that viral load may predict viral persis‐
tence and progression to precancer [103-105].

Quantitating HPV viral load seems to be a rational strategy of identifying women at risk for
persistent HPV infection and progression to high-grade dysplasia. Accordingly, a high viral
load could represent many cells with few virions each or a few cells containing many virions.
An inaccurate description of the viral biology and the possible implications for the host could
result from this discrepancy. Recently, studies have focused on longitudinal observations of
viral load to predict viral clearance or lesion progression [106, 107]. Initial data indicate that
repeated measurements can improve prediction of persistence or clearance, but these data are,
so far, limited to HPV16 only. Although signal intensities from HC2 or various endpoint PCR-
based assays have been proposed and partly used as surrogates for viral load, these approaches
have limitations [108, 109]. HC2 only gives aggregate signal strength for a pool of 13 carcino‐
genic types, and commercial genotyping assays, such as the Roche Linear Array (LA) or
Innogenetics InnoLiPA (line probe assay), do not formally report quantitative results. Over‐
estimation of the presence of oncogenic HPV may result. Despite these caveats, the develop‐
ment of HPV viral load assays that may reliably be used as an adjunct screening tool to identify
women at increased risk of progression to CIN 2+ and cervical cancer remains a promising tool
in cervical cancer screening. Recently, Wentzensen et al [110] measuring signal intensities on
LA HPV genotyping strips provides quantitative information comparable to viral load
measurements based on Q-PCR. This approach offers the potential for viral load assessment
for 37 types in parallel, simplifying conducting repeated measurements of viral load in
epidemiologic studies and addressing the problems of multiple HPV genotype infections in
studies of HPV load.

Screening for HPV integration into the host genome is a subcategory of HPV diagnostics. HPV
integration is a key molecular event in the transition from an innocuous HPV infection to one
that has oncogenic potential. Human papilloma virus integration results in increased expres‐
sion of the viral E6 and E7 proteins. Increased expression of these proteins ultimately results
in the disruption of host cell proteins, p53 and retinoblastoma protein [111]. Tests that detect
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transcriptase real time PCR [95] or by nucleic acid sequence-based amplification (NASBA). For
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based on NASBA technology, which allows qualitative determination of E6/E7 mRNA tran‐
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ENS; bioMérieux) was launched in 2007 and is based on the original HPV-Proofer assay, except
for the proprietary hardware platform and the software for NASBA measurements and data
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mediated amplification-based assay, which allows the detection of E6/E7 mRNA transcripts of
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HPV-56, HPV-58, HPV-59, HPV-66 and HPV-68. The assay generates a qualitative result for the
presence/absence of 14 targeted HPVs and does not allow the exact determination of HPV type(s)
present in a clinical specimen [98]. APTIMA yielded similar sensitivity for CIN2+ compared with
hc2, Amplicor and Linear Array (95.2 vs 99.6%, 98.9% and 98.2%, respectively), but a significant‐
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vs 44% for CIN3+) [99]. APTIMA had the best sensitivity/specificity balance measured by AUC
(area under ROC curve) comparison test (significant for CIN2+), and the colposcopy referral rate
(9.2%) comparable to that of liquid citology (8.7%) [100].

8. In situ hybridization metods

In situ hybridization (ISH) is the only molecular method allowing reliable detection and
identification of HPVs in topographical relation to their pathological lesions. Unlike other
molecular methods, in ISH the whole HPV detection procedure occurs within the nuclei of
infected cells and not on solid supports or in solutions. The result of the hybridization reaction
is evaluated microscopically and the appearance of an appropriate precipitate within the nuclei
of epithelial cells is indicative of the presence of HPVs in the specimen being tested. In addition,
the physical state of the virus can be evaluated by the presence of punctuate signals for
integrated virus and diffuse signals for episomal virus. Although commercially available HPV
assays based on ISH have been validated technically, they are insufficiently clinically validat‐
ed. In addition, current ISH-based assays are considered by many experts in the field to be too
laborious and to have insufficient clinical sensitivity to be used in routine screening [52].

9. Progression markers

9.1. HPV viral load

HPV viral load is a product of the number of cells infected and number of viruses per infected
cell and is therefore influenced by two main factors: (i) the extent of an HPV infection on the
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cervical surface and (ii) the level of viral production in the area of infection. Viral load has been
suggested to be a potential biomarker for cervical intraepithelial neoplasia grade 2 (CIN2) or
greater, but currently there is no consistent evidence that a one-time measurement of viral load
is a useful marker of prevalent disease or disease progression [101]. A widespread productive
infection might be associated with high viral load, while a small incipient CIN3 with low-level
virus production might be associated with low viral load. Furthermore, viral load in a
cytological sample is subject to sampling variation in which there are varying proportions of
lesional cells, normal epithelial cells, inflammatory exudate, and blood. A further complication
in using viral load to predict neoplasia of CIN2 or greater is the high prevalence of multiple
carcinogenic HPV infections detected in cervical samples. The current paradigm is that cervical
lesions clonally expand following infection with one specific genotype (one virus-one lesion
concept). On the cervical surface, multiple independent infections or lesions may occur that
are caused by different genotypes. Without specific genotyping conducted in situ, assigning a
causal HPV genotype to a specific lesion can only be based on assumptions [102]. HPV16 is
the only genotype for which there is some indication that viral load may predict viral persis‐
tence and progression to precancer [103-105].

Quantitating HPV viral load seems to be a rational strategy of identifying women at risk for
persistent HPV infection and progression to high-grade dysplasia. Accordingly, a high viral
load could represent many cells with few virions each or a few cells containing many virions.
An inaccurate description of the viral biology and the possible implications for the host could
result from this discrepancy. Recently, studies have focused on longitudinal observations of
viral load to predict viral clearance or lesion progression [106, 107]. Initial data indicate that
repeated measurements can improve prediction of persistence or clearance, but these data are,
so far, limited to HPV16 only. Although signal intensities from HC2 or various endpoint PCR-
based assays have been proposed and partly used as surrogates for viral load, these approaches
have limitations [108, 109]. HC2 only gives aggregate signal strength for a pool of 13 carcino‐
genic types, and commercial genotyping assays, such as the Roche Linear Array (LA) or
Innogenetics InnoLiPA (line probe assay), do not formally report quantitative results. Over‐
estimation of the presence of oncogenic HPV may result. Despite these caveats, the develop‐
ment of HPV viral load assays that may reliably be used as an adjunct screening tool to identify
women at increased risk of progression to CIN 2+ and cervical cancer remains a promising tool
in cervical cancer screening. Recently, Wentzensen et al [110] measuring signal intensities on
LA HPV genotyping strips provides quantitative information comparable to viral load
measurements based on Q-PCR. This approach offers the potential for viral load assessment
for 37 types in parallel, simplifying conducting repeated measurements of viral load in
epidemiologic studies and addressing the problems of multiple HPV genotype infections in
studies of HPV load.

Screening for HPV integration into the host genome is a subcategory of HPV diagnostics. HPV
integration is a key molecular event in the transition from an innocuous HPV infection to one
that has oncogenic potential. Human papilloma virus integration results in increased expres‐
sion of the viral E6 and E7 proteins. Increased expression of these proteins ultimately results
in the disruption of host cell proteins, p53 and retinoblastoma protein [111]. Tests that detect
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the integration of HPV into the host cell and corresponding risk of CIN 2+ or cancer are in
development, and may provide a useful way of screening women at risk for cervical cancer.
Studies have shown that viral integrants are detected in 100% of HPV-18-positive and 70–80%
of HPV-16-positive cases of cervical carcinoma [112, 113]. A smaller subset of HSIL (15%) and
0% of LSIL contain transcriptionally active viral integrants [111].

Detection of p16(INK4a) correlates tightly with viral integration. In a normal cell, p16 blocks
cyclindependent kinases (CDK) 4/6. Increased expression of the E6 and E7 oncogenes disrupt
cell–cycle regulation, resulting in cell–cycle progression. In the normal cell, cell–cycle pro‐
gression is activated by CDK 4/6 and in part regulated by p16. Because in HPV-transformed
cells, cell–cycle activation is caused by E7 and not by CDK 4/6, p16 has no effect on the cell–
cycle activation. Increased expression of p16 in cells driven by viral oncogene-mediated cell-
cycle dysregulation can be detected through cellular immunostaining [114].

Because the correlation between HPV mRNA and high-grade dysplasia is a biologically
plausible biomarker of risk, HPV mRNA detection may improve the specificity in the evalu‐
ation of women with ASCUS and LSIL Pap smears [115]. Many women have lesions that will
not progress to CIN3 or invasive cancer, and these women currently present a treatment
dilemma. No reliable methods can identify those lesions that are likely to regress. As a result,
these women are monitored with serial colposcopic examinations at great expense to patients
and the healthcare community. Detection and quantification of mRNA transcripts in these
women may further refine current broad-spectrum, high-risk HPV DNA typing by allowing
clinicians to know whether or not the virus is actively replicating E6 and E7 oncogenes.
Messenger RNA transcript assays show great promise for being able to stratify the risk of
progression to high-grade dysplasia in women with abnormal cytology.

The E6 strip test is also a biomarker that indicates viral integration. Schweizer et al. [116]
evaluated the correlation of the HPV E6 test (Arbor Vita Corporation, Fremont, CA), which
takes an hour to carry out and detects the HPV-E6 oncoprotein of HPV types 16,18 and 45,
with detection of oncogenic HPV DNA in cytologic samples.

9.2. Screening methods identifying epigenetic changes

Many genes are currently being evaluated as potential methylation biomarkers for cervical
cancer, but assay reliability for these methylation markers is highly variable. Within the human
genome, methylation of cytosines in the CpG dinucleotides (also known as CpG sites) clustered
into islands associated with transcriptional promoters is an important cellular mechanism to
regulate gene expression. Methylation of HPV DNA by infected cells may alter the expression
patterns of viral genes that are relevant for infection and transformation [117]. Increased
methylation of CpG sites within the HPV16 genome before diagnosis and at the time of
diagnosis was associated with cervical precancer [118]. Some promising candidate genes
include DAPK1, CADM1, and RARB [119].

Another area of biomarker research is in the use of telomerase RNA component (TERC)
identification by fluorescence in-situ hybridisation. Most cervical cancers have an extra copy
of the long arm of chromosome 3, and consequently show amplification of TERC (present on
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chromosome band 3q26), which seems to play a key role in progression from low-grade
dysplasia to cancer [120]. Many studies indicate that TERC identification may become a useful
screening tool for cervical cancer. A prospective study by Andersson et al. [121] found a
correlation between increasing TERC detection in cytology specimens and higher grade of
dysplasia. They showed that progression to cervical cancer is never seen without TERC
amplification and that, conversely, specimens without extra copies of TERC were likely to
undergo spontaneous regression of HPV infection.

Other biomarkers under early evaluation for cervical cancer screening include CDC6 and
MCM5. These proteins are present in normal cells only during the activation of the cell cycle
and help form prereplicative DNA complexes during the G1 phase. They are absent from the
cell during quiescence and differentiation. Dysplastic cells have unregulated cell cycles and,
as a result, CDC6 and MCM5 reflect cell proliferation [122]. Studies indicate that CDC6 may
be a biomarker of high-grade and invasive lesions of the cervix, with limited use in low-grade
dysplasia. MCM5 seems to be a biomarker that is expressed independent of high-risk HPV
infection, and may in the future serve as a useful marker for both HPV dependent and HPV-
independent cervical dysplasia [122].

General markers of cell proliferation like MIB-1, MCMs or ProEx C, and surrogate markers of
high risk HPV infection like p16 INK4A have shown promising results. Other potential
candidates need to be tested until we find an ideal combination. Following the example of the
p16 INK4A /MIB-1 dual staining combination and the MCM2/TOP2A combination (ProEx C),
combinations are often superior to any single marker and should be tested. A critical deter‐
minant for the success of future investigations will be the standardization of sample prepara‐
tion and interpretation. Furthermore, before reaching the point of routine application, this
ideal ‘biomolecular’ or ‘immune-enhanced Papanicolaou test’ needs to be evaluated in large
prospective clinical trials with appropriate colposcopic, histological, and clinical endpoints as
well as adequate follow-up [123].

9.3. Screening methods for detect HPV infection

In order to facilitate the acceptance of novel HPV assays, mainly for cervical screening
purposes, several recommendations have recently been published [70, 124, 125]. Meijer et al.
proposed that before a new HPV assay can be used for cervical screening purposes, it should
demonstrate at least similar if not better clinical characteristics (sensitivity, specificity,
reproducibility, and so on) for the detection of CIN2+ as hc2 [125]. Other experts believe that
large-scale clinical trials, with an assessment of prospective disease outcomes, are required to
validate any proposed HPV screening test and that cross-sectional comparisons of new HPV
assay to HC2 using several hundred specimens are not an acceptable form of assay validation
[70]. Stoler et al. recently proposed that any novel HPV assay aiming to be used for cervical
screening should have a clinical sensitivity of 92% ± 3% for CIN3+ to render a high NPV or the
capacity to predict the future detection of a CIN3+ outcome that might occur during a
recommended screening interval [124]. The HPV assay aiming to be used for cervical screening
should also have a clinical specificity of at least 85% to achieve an adequate PPV for CIN3. The
common idea behind all proposed recommendations is that a clinically useful HPV assay
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cycle activation. Increased expression of p16 in cells driven by viral oncogene-mediated cell-
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and the healthcare community. Detection and quantification of mRNA transcripts in these
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evaluated the correlation of the HPV E6 test (Arbor Vita Corporation, Fremont, CA), which
takes an hour to carry out and detects the HPV-E6 oncoprotein of HPV types 16,18 and 45,
with detection of oncogenic HPV DNA in cytologic samples.

9.2. Screening methods identifying epigenetic changes

Many genes are currently being evaluated as potential methylation biomarkers for cervical
cancer, but assay reliability for these methylation markers is highly variable. Within the human
genome, methylation of cytosines in the CpG dinucleotides (also known as CpG sites) clustered
into islands associated with transcriptional promoters is an important cellular mechanism to
regulate gene expression. Methylation of HPV DNA by infected cells may alter the expression
patterns of viral genes that are relevant for infection and transformation [117]. Increased
methylation of CpG sites within the HPV16 genome before diagnosis and at the time of
diagnosis was associated with cervical precancer [118]. Some promising candidate genes
include DAPK1, CADM1, and RARB [119].

Another area of biomarker research is in the use of telomerase RNA component (TERC)
identification by fluorescence in-situ hybridisation. Most cervical cancers have an extra copy
of the long arm of chromosome 3, and consequently show amplification of TERC (present on
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MCM5. These proteins are present in normal cells only during the activation of the cell cycle
and help form prereplicative DNA complexes during the G1 phase. They are absent from the
cell during quiescence and differentiation. Dysplastic cells have unregulated cell cycles and,
as a result, CDC6 and MCM5 reflect cell proliferation [122]. Studies indicate that CDC6 may
be a biomarker of high-grade and invasive lesions of the cervix, with limited use in low-grade
dysplasia. MCM5 seems to be a biomarker that is expressed independent of high-risk HPV
infection, and may in the future serve as a useful marker for both HPV dependent and HPV-
independent cervical dysplasia [122].

General markers of cell proliferation like MIB-1, MCMs or ProEx C, and surrogate markers of
high risk HPV infection like p16 INK4A have shown promising results. Other potential
candidates need to be tested until we find an ideal combination. Following the example of the
p16 INK4A /MIB-1 dual staining combination and the MCM2/TOP2A combination (ProEx C),
combinations are often superior to any single marker and should be tested. A critical deter‐
minant for the success of future investigations will be the standardization of sample prepara‐
tion and interpretation. Furthermore, before reaching the point of routine application, this
ideal ‘biomolecular’ or ‘immune-enhanced Papanicolaou test’ needs to be evaluated in large
prospective clinical trials with appropriate colposcopic, histological, and clinical endpoints as
well as adequate follow-up [123].

9.3. Screening methods for detect HPV infection

In order to facilitate the acceptance of novel HPV assays, mainly for cervical screening
purposes, several recommendations have recently been published [70, 124, 125]. Meijer et al.
proposed that before a new HPV assay can be used for cervical screening purposes, it should
demonstrate at least similar if not better clinical characteristics (sensitivity, specificity,
reproducibility, and so on) for the detection of CIN2+ as hc2 [125]. Other experts believe that
large-scale clinical trials, with an assessment of prospective disease outcomes, are required to
validate any proposed HPV screening test and that cross-sectional comparisons of new HPV
assay to HC2 using several hundred specimens are not an acceptable form of assay validation
[70]. Stoler et al. recently proposed that any novel HPV assay aiming to be used for cervical
screening should have a clinical sensitivity of 92% ± 3% for CIN3+ to render a high NPV or the
capacity to predict the future detection of a CIN3+ outcome that might occur during a
recommended screening interval [124]. The HPV assay aiming to be used for cervical screening
should also have a clinical specificity of at least 85% to achieve an adequate PPV for CIN3. The
common idea behind all proposed recommendations is that a clinically useful HPV assay
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should achieve an optimal balance between clinical sensitivity and clinical specificity for
detection of CIN2+/CIN3+ in order to minimize redundant or excessive follow-up procedures
for hr-HPV-positive women with transient hr-HPV infections and/or without cervical lesions.
Thus, as an example, a HPV assay with very high analytical sensitivity can yield a large number
of clinically insignificant positive results, which will cause unnecessary clinical follow-up,
unnecessary diagnostic procedures and unnecessary treatment of healthy women [126].

In forthcoming years, self-sampling may become increasingly important in cervical screening
since self-collection for HPV testing (HPV self-sampling) has shown to persuade a subset of
non-attendees to participate [127-129]. Targeting non-attendees is important, because they are
at higher risk of developing cervical cancer. Additionally, self-sampling may make cervical
screening accessible to women in developing regions [130].

An accurate and internationally comparable HPV DNA detection and genotyping methodol‐
ogy is an essential component both in the evaluation of HPV vaccines and in the effective
implementation and monitoring of HPV vaccination programs. Genotyping assays used today
differ in their analytical performance with regard to type-specific sensitivity and specificity
[131]. The evaluation of assay performance needs to be performed in a standardized manner,
where different assay performances can be evaluated and results can be compared against a
known and accepted standard over time.

In 2008, the WHO HPV LabNet conducted a proficiency study based on HPV DNA plasmids
containing the genomes from 14 oncogenic HPV types and 2 benign HPV types and open for
participation to laboratories worldwide [132]. This study demonstrated that it is possible to
perform global proficiency studies with unitage traceable to ISs based on plasmid DNA and
that such studies can provide an overview of the status of the HPV detection and typing
methodology worldwide. More recently, based on a proficiency panel composed of the same
HPV DNA plasmid material used in 2008, with the amount of DNA titrated in amounts
traceable to the IS. The use of the same panel material allowed a reproducible, standardized
evaluation of assay sensitivity over time. Specificity was defined as absence of incorrect typing.
The sample preprocessing was evaluated with extraction controls of cervical cancer cell lines.
The panel was distributed to 105 laboratories worldwide and analyzed using a range of HPV
DNA typing assays in a blinded manner [133]. Among laboratories that used the same assay
in both years, 27% were proficient in 2008, whereas 30% were proficient in 2010. They also saw
a strong trend toward increased sensitivity of assays. For example, among the laboratories
using the same assay in 2008 and 2010, 50 IU of HPV-16 could be detected by all (100%)
laboratories in 2010, whereas 86% of laboratories could detect 50 IU of HPV-16 in 2008.
However, for several laboratories, the increased sensitivity was accompanied by increased
amounts of false-positive results, resulting in nonproficiency, suggesting that recommenda‐
tions for HPV laboratory testing include an increased emphasis on the use of negative controls
in the assays.

The demands on sensitivity of HPV typing assays vary depending on the purpose of the
testing. The WHO HPV LabNet proficiency panels are designed to evaluate the performance
of HPV typing tests used in HPV vaccinology and HPV surveillance. In vaccinology, high
analytical sensitivity is needed, as failure to detect prevalent infections at trial entry may result
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in false vaccine failures in vaccination trials. It should be noted that the HPV tests used in
cervical cancer screening programs have different requirements for evaluation, since for that
purpose, only HPV infections associated with high-grade cervical intraepithelial neoplasia or
cancer and not those transient HPV infections that do not give rise to clinically meaningful
disease are relevant. Since the latter are characterized by low viral loads, HPV screening assays
do not have demands on analytical sensitivity that are as high [125].

10. Measuring the immune response to vaccine

HPV serology is an essential technology for both HPV vaccinology and HPV epidemiology.
Definitions of HPV-naïve subjects eligible for HPV vaccination trials include seronegativity
for HPV. Immunogenicity of HPV vaccines has been used to bridge results from efficacy trials
in adolescents to children and to evaluate different batches of HPV vaccines. Antibody
measurements are also important in vaccinology research, e.g. for characterizing the immune
response with respect to studies of seroconversion and antibody increases, cross-reactions,
immune memory and immune persistence as well as kinetics of antibody responses and
establishment of correlates of protection. Finally, HPV seroepidemiology is also useful for
understanding the epidemiology of HPV infections in populations to be targeted by HPV
vaccination programs. The lack of a standardized assay to measure HPV antibody levels has
hindered both epidemiological studies of HPV infection and comparison of results from
different HPV vaccine trials [134]. WHO Guidelines for HPV vaccines suggest that “initial
assessment of immune responses to HPV VLP vaccines should be based on measurement of
neutralizing antibodies in serum”. The available data [134-136] suggest that neutralizing and
ELISA antibody titres are usually highly correlated when the ELISA antigen target is confor‐
mationally intact VLPs. Due to the complexity and labour-intensiveness of neutralization
assays, VLP-based ELISAs have been preferred in large epidemiological studies. E.g., a study
of HPV seroprevalences was conducted by measuring HPV 16 antibodies with an HPV16 L1
VLP-based ELISA to estimate the public-health impact of HPV vaccination strategies [137].

WHO has been coordinating work to develop standard assays that will help in assessing
vaccine quality and monitoring impact after vaccination [138]. In 2006, WHO established a
global HPV laboratory network (LabNet) with a main focus being the harmonization and
standardization of laboratory testing procedures to support consistent laboratory evaluation
of regional disease burden and monitoring of the performance of HPV vaccines. At a WHO
consultation in January 2008, a group of experts recommended that the HPV LabNet should
develop or identify standardized assays for general use and that efforts towards standardiza‐
tion on VLP-ELISA should be a high priority of the WHO HPV LabNet [139]. Following the
recommendation, the WHO HPV LabNet launched a serology standardization program
encompassing: (i) an international collaborative study to evaluate and refine a direct HPV 16
VLP-ELISA suggested Standard Operating Procedure (SOP), (ii) an international request for
donations of VLPs to be used as international reference reagents for serology, followed by
characterization and selection of optimal reagents, and (iii) an international collaborative

HPV Diagnosis in Vaccination Era
http://dx.doi.org/10.5772/55818

73



should achieve an optimal balance between clinical sensitivity and clinical specificity for
detection of CIN2+/CIN3+ in order to minimize redundant or excessive follow-up procedures
for hr-HPV-positive women with transient hr-HPV infections and/or without cervical lesions.
Thus, as an example, a HPV assay with very high analytical sensitivity can yield a large number
of clinically insignificant positive results, which will cause unnecessary clinical follow-up,
unnecessary diagnostic procedures and unnecessary treatment of healthy women [126].

In forthcoming years, self-sampling may become increasingly important in cervical screening
since self-collection for HPV testing (HPV self-sampling) has shown to persuade a subset of
non-attendees to participate [127-129]. Targeting non-attendees is important, because they are
at higher risk of developing cervical cancer. Additionally, self-sampling may make cervical
screening accessible to women in developing regions [130].

An accurate and internationally comparable HPV DNA detection and genotyping methodol‐
ogy is an essential component both in the evaluation of HPV vaccines and in the effective
implementation and monitoring of HPV vaccination programs. Genotyping assays used today
differ in their analytical performance with regard to type-specific sensitivity and specificity
[131]. The evaluation of assay performance needs to be performed in a standardized manner,
where different assay performances can be evaluated and results can be compared against a
known and accepted standard over time.

In 2008, the WHO HPV LabNet conducted a proficiency study based on HPV DNA plasmids
containing the genomes from 14 oncogenic HPV types and 2 benign HPV types and open for
participation to laboratories worldwide [132]. This study demonstrated that it is possible to
perform global proficiency studies with unitage traceable to ISs based on plasmid DNA and
that such studies can provide an overview of the status of the HPV detection and typing
methodology worldwide. More recently, based on a proficiency panel composed of the same
HPV DNA plasmid material used in 2008, with the amount of DNA titrated in amounts
traceable to the IS. The use of the same panel material allowed a reproducible, standardized
evaluation of assay sensitivity over time. Specificity was defined as absence of incorrect typing.
The sample preprocessing was evaluated with extraction controls of cervical cancer cell lines.
The panel was distributed to 105 laboratories worldwide and analyzed using a range of HPV
DNA typing assays in a blinded manner [133]. Among laboratories that used the same assay
in both years, 27% were proficient in 2008, whereas 30% were proficient in 2010. They also saw
a strong trend toward increased sensitivity of assays. For example, among the laboratories
using the same assay in 2008 and 2010, 50 IU of HPV-16 could be detected by all (100%)
laboratories in 2010, whereas 86% of laboratories could detect 50 IU of HPV-16 in 2008.
However, for several laboratories, the increased sensitivity was accompanied by increased
amounts of false-positive results, resulting in nonproficiency, suggesting that recommenda‐
tions for HPV laboratory testing include an increased emphasis on the use of negative controls
in the assays.

The demands on sensitivity of HPV typing assays vary depending on the purpose of the
testing. The WHO HPV LabNet proficiency panels are designed to evaluate the performance
of HPV typing tests used in HPV vaccinology and HPV surveillance. In vaccinology, high
analytical sensitivity is needed, as failure to detect prevalent infections at trial entry may result

Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective72

in false vaccine failures in vaccination trials. It should be noted that the HPV tests used in
cervical cancer screening programs have different requirements for evaluation, since for that
purpose, only HPV infections associated with high-grade cervical intraepithelial neoplasia or
cancer and not those transient HPV infections that do not give rise to clinically meaningful
disease are relevant. Since the latter are characterized by low viral loads, HPV screening assays
do not have demands on analytical sensitivity that are as high [125].

10. Measuring the immune response to vaccine

HPV serology is an essential technology for both HPV vaccinology and HPV epidemiology.
Definitions of HPV-naïve subjects eligible for HPV vaccination trials include seronegativity
for HPV. Immunogenicity of HPV vaccines has been used to bridge results from efficacy trials
in adolescents to children and to evaluate different batches of HPV vaccines. Antibody
measurements are also important in vaccinology research, e.g. for characterizing the immune
response with respect to studies of seroconversion and antibody increases, cross-reactions,
immune memory and immune persistence as well as kinetics of antibody responses and
establishment of correlates of protection. Finally, HPV seroepidemiology is also useful for
understanding the epidemiology of HPV infections in populations to be targeted by HPV
vaccination programs. The lack of a standardized assay to measure HPV antibody levels has
hindered both epidemiological studies of HPV infection and comparison of results from
different HPV vaccine trials [134]. WHO Guidelines for HPV vaccines suggest that “initial
assessment of immune responses to HPV VLP vaccines should be based on measurement of
neutralizing antibodies in serum”. The available data [134-136] suggest that neutralizing and
ELISA antibody titres are usually highly correlated when the ELISA antigen target is confor‐
mationally intact VLPs. Due to the complexity and labour-intensiveness of neutralization
assays, VLP-based ELISAs have been preferred in large epidemiological studies. E.g., a study
of HPV seroprevalences was conducted by measuring HPV 16 antibodies with an HPV16 L1
VLP-based ELISA to estimate the public-health impact of HPV vaccination strategies [137].

WHO has been coordinating work to develop standard assays that will help in assessing
vaccine quality and monitoring impact after vaccination [138]. In 2006, WHO established a
global HPV laboratory network (LabNet) with a main focus being the harmonization and
standardization of laboratory testing procedures to support consistent laboratory evaluation
of regional disease burden and monitoring of the performance of HPV vaccines. At a WHO
consultation in January 2008, a group of experts recommended that the HPV LabNet should
develop or identify standardized assays for general use and that efforts towards standardiza‐
tion on VLP-ELISA should be a high priority of the WHO HPV LabNet [139]. Following the
recommendation, the WHO HPV LabNet launched a serology standardization program
encompassing: (i) an international collaborative study to evaluate and refine a direct HPV 16
VLP-ELISA suggested Standard Operating Procedure (SOP), (ii) an international request for
donations of VLPs to be used as international reference reagents for serology, followed by
characterization and selection of optimal reagents, and (iii) an international collaborative

HPV Diagnosis in Vaccination Era
http://dx.doi.org/10.5772/55818

73



proficiency study on HPV 16 serology, where participating laboratories used the same
standardized SOP and the same VLP reference reagent [140].

Serologic assays for the evaluation of HPV vaccine responses are currently limited to an
enzyme-linked immunosorbent assay (ELISA) [141], three multiplex assay systems [142-144],
and a pseudovirus neutralization assay [145], and emerging data suggest that each system has
some utility for characterizing HPV vaccine antibody specificity [136, 146]. Protection against
vaccine types is thought to be mediated by neutralizing antibodies [147], and while the
mechanism of vaccine-induced cross-protection is uncertain, the measurement of antibodies
against nonvaccine types may be useful as a potential correlate or surrogate of cross-protection
[148, 149]. Recently, Bissett et al [150] obtain a sera panel. These plasma pools could be useful
as reference reagents. They are currently available as 250-µl aliquots of liquid plasma archived
at −80°C and can be obtained from the National Institute for Biological Standards and Control.

Type-specific L1 VLP-antibodies reach maximum titres at month 7, i.e. 1 month after administra‐
tion of the third dose. Titres decline until month 24 and remain rather stable thereafter [151, 152].
At 3 years, antibody titres remain two- to 20-fold higher than in placebo controls [152]. Com‐
plete protection against HPV16 associated CIN lesions was observed over the whole follow-
up duration of two Phase IIb trials: 6 years for the monovalent HPV16 vaccine, 5 5 years for the
bivalent HPV16/18 vaccine [153, 154] and 4 years for the quadrivalent vaccine. Follow-up is
continuing, and continued protection against HPV 16/18-associated disease end-points has been
shown for the entire available observation time, even when specific antibody titres fall.

HPV infection is the most prevalent soon after sexual debut of a girl [155]. The current HPV
vaccines, being prophylactic in nature, should be used before exposure of girls to HPV
infection. National mass vaccination programs targeting adolescent girls between 12 and 17
years of age are available in most of the developed countries. The vaccine coverage varies
greatly between countries, but school-based schemes have thus far demonstrated the highest
coverage rate of 80% or higher [1, 156-158]. Australia is the first country to implement a school-
based mass vaccination program with Gardasil in April 2007 and, within 3 years, has already
witnessed a reduced incidence of high-grade abnormalities (HGAs) among women below 18
years of age [1].

High coverage rates of adolescent vaccination with rubella and hepatitis B suggest that, with
appropriate parental and public education, adequate HPV vaccine uptake rate of 50% or more
is achievable. This coverage rate is critical for mass vaccination to attain cost-effectiveness as
a public measure in controlling cervical cancer burden [159]. It will also remove the imbalance
in accessing screening and effectively diminish the unequal distribution of cervical cancer
burden among women in the metropolitan and rural areas, among women of different ethnic
groups, and among women of various socio-economic status in developed countries. Adoles‐
cent HPV infection protects women from the first exposure to HPV infection at sexual debut
and abolishes the opportunity for latent infection to occur with a resultant reduction of cervical
cancer in old age. The current HPV vaccines induce very high levels of anti-HPV-16 and anti-
HPV-18 antibody levels to sustain protection from infection by these aggressive oncogenic
HPV subtypes for at least 20 years to cover the average age period of sexual debut [160].
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A measure to address the concern of vaccination efficacy for older women is to consider
vaccinating women at middle ages. Undoubtedly, vaccinating mid-adult women misses the
most at-risk period of a woman's life for contracting HPV infection at sexual debut. It is,
however, shown that one must not dismiss lightly a mid-adult woman who wants to take the
vaccination to prevent new or repeat HPV infection [161]. The vaccines have been shown to
be immunogenic in adult women and significant prevention of persistent HPV-16 and HPV-18
infection has been demonstrated in a randomized control trial [162]. The effectiveness of the
vaccines among these women in reducing the incidence of HGAs is being awaited with great
interest. The shifting burden of cervical cancer to the young and the old in the screened
population should disappear in the HPV vaccination era [163].

Immunization of boys with VLPs elicits a serum immune response similar to that in girls.
Because genital HPV infection is sexually transmitted, immunization of men may help to
prevent infection of women. Modeling studies on herd immunity, i.e. indirect protection of
those who remain susceptible, owing to a reduced prevalence of infections in the risk group
for disease, have been published [164]. The utility of immunization of males depends upon
the assumed population coverage of vaccination, with successively smaller additional benefits
seen in scenarios with high population coverage [165]. Modeling of programs with high
population coverage (90%) have found that addition of male vaccination gives a more rapid
infection control and have suggested that both sex vaccination programs may be required to
achieve an ultimate eradication of the infection [137].

Limitations of the current HPV vaccines include the need for multiple parenteral doses, the
lack of protection against some HPV types that cause cervical cancer, and a relatively high cost.
The opportunity to overcome 1 or more of these limitations provides a rationale for developing
candidate second-generation vaccines. Low-cost second-generation vaccines that could induce
long-term protective immunity with fewer doses would be especially attractive for the
developing world. Vaccines with activity against a broader range of the HPV types that cause
cervical cancer could increase their effectiveness throughout the world, and Merck has
indicated that a nonavalent (9 HPV targets) VLP vaccine is currently in clinical trials [166]. If
successful, such a vaccine might reduce the frequency of potentially oncogenic infections to a
degree that would permit a drastic reduction in cervical cancer screening, which accounts for
most of the cost of HPV-associated disease in developed countries [167].

11. Future prospects and conclusions

HPV differs from most other vaccine-preventable diseases in that the major diseases to be
prevented occur many decades after infection. Whereas clinical trials have documented
prevention of infection and intermediate disease end-points (condylomas and precancers),
surveillance following vaccine implementation will be required to document the expected
gains in cancer prevention if there is appropriate population coverage. Surveillance will also
provide data to indicate if type replacement or escape mutants occur. Other important tasks
for the HPV surveillance include monitoring of the duration of protection, long-term safety
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and actual effects on health-care cost consumption. Monitoring the impact of vaccination on
type-specific infection could be important as it is the earliest change that could be anticipated,
and failure to detect protection from infection will indicate failure to impact cancer in the
decades that follow and allow appropriate changes in strategy to be introduced. As countries
differ in their health-care priorities and infrastructure as well as in their incidence and
prevalence of various HPV infections, their HPV vaccination strategies are also likely to differ
[168]. As has been mentioned, the waning in the levels of HPV antibodies post-vaccination
appears to plateau after 5 years. It is not known whether waning of HPV antibody levels in
the longer term will require a vaccine booster. In addition, antibody correlates of protection
have not been defined because there have so far been almost no cases of vaccination failure. If
a reliable immunological correlate of protection can be identified, this will help in assessing
the requirement for booster vaccinations and greatly facilitate the evaluation of second-
generation vaccines.

As the type-specific prevalence of HPV infection is very high in young sexually active
populations, the effect of a successful HPV vaccination programme should be detected quite
rapidly by sentinel surveillance in these populations. The specific design of these sentinel
studies will vary, but selecting clinics offering sexual counselling may be more efficient than
school-based sampling. Reduction in the prevalence of types targeted by the vaccines as well
as no increase in the prevalence of non-vaccine types are important end-points. Baseline data
are needed to establish prevaccine prevalence as well as to determine the sample size required
to observe impact beyond confidence intervals of sampling and testing errors. It is imperative
that all HPV DNA prevalence surveys are performed using testing methodology that has been
subjected to an international quality assurance, as comparability of data between countries or
even before versus after will otherwise not be possible.

Screening remains an important strategy in cervical cancer control in the HPV vaccination era.
Women who have received HPV vaccination should continue regular screening, as cases of
HGAs and invasive cervical cancer among vaccinated women have been reported [169]. There
is also a concern whether the protective effect of adolescent vaccination has an impact on the
incidence of cervical cancer when the vaccinated cohort reaches older age. It is reassuring to
see evidence that, in well informed communities, there appears to be no change in women's
attitude toward continual screening [170]. Furthermore, screening remains the only effective
method for cervical cancer prevention for women who opt out of vaccination. However,
reduction in the incidence of HGAs in young women following adolescent mass HPV
vaccination supports a strategy to delay screening to a later age than the current practice of
starting screening once the girl becomes sexually active.

Evidence from meta-analysis has overwhelmingly demonstrated the superiority in sensitivity
of HPV DNA test over cytology in cervical cancer screening. Indeed, retrospective analysis of
invasive cervical cancer tissues in well screened populations showed that more than 80% of
cases were related to HPV-16 or HPV-18 [171]. With elimination of HPV-16 and HPV-18 with
mass vaccination, the remaining oncogenic subtypes of HPV, which have low neoplastic
transformation rates, should significantly lower the incidence of HGAs. The sensitivity and
positive predictive value of cytologic screening will be further compromised [172]. The
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recently available HPV-16-specific and HPV-18-specific screening technology further enhan‐
ces the technical advances that makes the HPV DNA screening test even more attractive in the
vaccination era than before. The high sensitivity of the HPV DNA test should allow the
screening interval to be increased to a longer period [173].

The reduction in background risk of cervical cancer by elimination of the most important HPV
types will affect cost-effectiveness of screening programs and may, in the long term, allow
increasing screening intervals. Co-ordinated quality assurance/monitoring of HPV vaccination
and cervical screening is advisable for finding the most efficient strategies for cervical cancer
control. Data on vaccination coverage will be essential for every country performing HPV
vaccinations. HPV vaccination registries are preferable, but sales statistics and serosurveys
may be alternatives.

For rapid assessment of vaccine program efficacy, the continuous monitoring of which HPV
types are spreading in the population will become necessary for early monitoring of ‘type
replacement’ phenomena, inappropriate vaccination strategies or other reasons for vaccination
failure. Surveys in sexually active teenagers and/or in younger participants of cervical
screening programs should be contemplated.
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HPV L1 Detection as a Prognostic
Marker for Management of HPV
High Risk Positive Abnormal Pap Smears
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Additional information is available at the end of the chapter
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1. Introduction

1.1. Cervical cancer and HPV

Cervical cancer is still the 2nd most common cancer in women worldwide, and especially
women in developing countries are suffering from the disease [1].

If detected at an early stage Cervical Cancer is preventable. In almost all places around the
world the traditional Pap smear is used as primary screening tool and even from being far
away to be a perfect test, the benefits of Papanicolaou based cervical cancer screening programs
in reducing morbidity and mortality are well accepted.

About 50 years after Papanicolaou has started his initial work, Meisels & Fortin published in
1976 a report in which they showed that the “halo cell” in pap smears, was a koilocyte - the
pathognomic cell of an HPV infection [2] and that low grade or mild dysplasia of the cervix
had the histological features of a papillomavirus infection [3].

Shortly thereafter Lutz Gissmann in the zur Hausen laboratory in Erlangen cloned from genital
warts ‘condyloma acuminata’, a novel HPV DNA classified as HPV6 [4].

The idea that Cervical Cancer and cancers at other sides could be caused by a viral infection
developed afterwards step by step.

In the meantime both concepts are merged and it is accepted that a persisting infection caused
by the sexual transmitted human papillomavirus (HPV), is almost always the trigger for the
occurrence of cervical cancer and the main agent for cervical epithelial dysplasias.
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Of the more than 120 HPV subtypes known today, the anogenital ones are further divided into
low risk (LR-HPV) and currently at least 15 high risk types (HR-HPV; HPV 16, 18, 45, 31, 33,
52, 58 are most frequent). While the former are only in rare cases cancerogenic, HR-HPV are
detected virtually regularly in high-grade intraepithelial neoplasias and invasive cervical
cancers, of which more than 70% are HPV 16 and HPV 18 [5].

The negative predictive value of the highly sensitive DNA determination of HR-HPV in the
cervical smear cell material is with more than 99% very high, i.e. women not infected with
these HPV subtypes very probably have no high-grade intraepithelial lesion and no cervical
cancer.

On the other hand the use as primary screening tool for cervical cancer is limited because the
positive predictive value of a HPV DNA test is low.

The majority of HR-HPV infections remain morphologically undetected and even in mild
dysplasias with persisting infections the probability for the development of high grade
intraepithelial lesions is only about 20% focusing on young women.

Therefore even if thinking about the possibility to replace cytology as primary screening tool,
the Pap-test will remain to verify a positive HPV DNA test, to confirm the presence of abnormal
cells and most important to determine the severity or grade of disease, a unique feature of the
morphological methods.

2. Cervical cancer screening

Since the early days of cervical cytology it is known that the morphologically identified lesions
of different grades are mixtures of distinct biological stages resulting in different clinical
outcomes, remission or progression [6].

Today with the knowledge that HPV is a necessary but not sufficient cause for the development
of most cervical cancers, transient HPV infection and precancer are often used synonymous
for these biologically different conditions.

Traditionally cervical cancer prevention programs rely on the repeated application of a 3-step
strategy:

1. Screening by cervical cytology with the Pap - Test;

2. Follow up of the cytology positive women with HPV DNA testing colposcopic evaluation
and directed biopsy of abnormal-looking cervical tissue for diagnosis; and if necessary

3. Excisional or ablative treatment of the cervical tissue in women diagnosed with CIN2+ or
precancer.

For Pap smear diagnosis different reporting systems are in use worldwide. Besides the original
WHO classification [7], The Bethesda System (TBS) [8] is internationally accepted, while the
Munich Nomenclature II is being recommended in Germany [9].

Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective94

Based on Ostors meta-analysis  it’s  common sense that  treatment isn’t  warranted for  early
dysplastic  lesions  as  for  atypical  squamous  cells  of  undetermined significance  (ASCUS)
and mild dysplasia  (LSIL)  since only 10% of  the mild dysplastic  lesions will  progress  to
CIN3+ [10].

A cytological follow up with colposcopic evaluation is recommended for these women and if
necessary directed biopsies of abnormal-looking cervical tissue for diagnosis are taken.

The cervical histopathologic diagnoses of these samples are graded according to the cervical
intraepithelial neoplasia (CIN) system as normal, CIN1, CIN2, CIN3, and cervical cancer [11].

So far diagnosis of CIN2 or worse is the clinical threshold leading to ablative or excisional
therapy in the United States and Europe.

In the meantime a discussion started if moderate dysplasias, the cytological CIN2 equivalent,
should be called low grade or high grade lesion. Ostor reported that only 20% of the moderate
dysplasitic lesions progressed to CIN3+, typically a threshhold that should not warrant
invasive procedures.

As a consequence of the current situation conisations are being performed frequently, with
potentially negative impact on reproductive outcomes for fertile women, including preterm
delivery and low-birth-weight infants [12] with possible life long fatal disabilities.

Despite the conservative recommendation in the Munich Nomenclature II, not to treat CIN2,
conisation was one of the most common surgical procedures performed in women of fertile
age in Germany during 2010, accounting for more than 50.000 cases [13].

The dilemma is that neither cytological follow up, colposcopy nor HPV DNA testing could
indicate whether a remission or progression of the precursor lesion to invasive cancer will
occur. Therefore more specific tools like prognostic markers would be of great value, allowing
an individualized management of cervical lesions depending on their risk profil.

3. HPV L1 detection as prognostic marker for early dysplastic lesions

Over the last couples of years cytological samples as well as colposcopically guided punch
biospsies, have been used to determine if Cytoactiv HPV L1 detection is able to predict the
clinical outcome of HPV high risk positive early dysplastic lesions.

Moderate dysplastic lesions, being part of HSIL, have been investigated as well since the
Munich nomenclature II, in contrast to TBS, groups moderate dysplastic lesions, together with
mild dysplasias, in the category IIID, with recommendation for cytological follow up and
colposcopy.

This different risk assesement offered the unique possibility to follow up these women with
moderate dysplasias as well.
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4. The HPV L1 capsid protein and the viral life cycle

L1 or the major capsid protein is one of eight known HPV specific proteins (E1, E2, E4, E5, E6,
E7, L1 and L2).

It is produced within the cytoplasm and translocated into the nucleus, clearly visible by strong
nuclear immunochemical staining reaction in intermediate and superficial squamous epithe‐
lial cells.

The L1 protein forms an icosahedral capsid with a T=7 symmetry and a 50 nm diameter. The
capsid is composed of 72 L1 pentamers, linked to each other by disulfide bonds, and associated
with the minor capsid protein L2, which encapsulates the viral DNA to build new infectious
viral particles that are released in the upper epithelial layer. [14]

At the same time, L1 is a ligand for a still not reliably identified surface receptor, a heparan
sulfate proteoglycan, on the basal cell layer of the epithelium to provide initial virion attach‐
ment to target cells. As a general rule, the HPV gains access to the basal epithelial layers as a
result of epithelial erosions or mucosal ulcerations in the transformation zone susceptible to
inflammation at the cervical/endocervical junction.

Once attached, the virion enters the host cell via a L2 dependant, clathrin-mediated endocy‐
tosis, the capsid becomes decraded, the virus DNA is released and routed into the nucleus of
the cell [15].

The virus genome then separately lies outside the chromosomal DNA of the host cell as a ring-
shaped, episomal DNA molecule.

These initial steps are not associated with cellular changes that can be detected by morpho‐
logical methods. This individually variably long so called latent or silent virus infection can
only be detected with molecular biological methods.

The signals to leave the latent virus infection and to initiate the productive or permissive phase
of the viral life cycle, leading to a L1 synthesis, are not identified yet. Once differentiation of
the immature squamous epithelial host cells begins, the viral DNA starts to replicate to high
copy numbers. In the further course and dependent on the host cell differentiation the late
proteins are synthesized, and encapsidates the viral DNA. Thus, mature, infectious viruses
emerge, which are released from the perishing superficial squamous epithelia [16].

Within the scope of this productive phase, morphological epithelial changes mostly occur after
several weeks or months post infection, which allow the cytological diagnosis of dysplasia in
the smear. The typical morphological changes like nuclear enlargement, multinucleosis,
changes in the chromatin structure and cytoplasm composition as well as koilocytes or ´halo
cells´ have already been described by Papanicolaou.

Upon termination of the productive phase, the viral life cycle from primary infection to the
release of the virus is completed without any malignant neoplasia having occurred (Figure
1). The L1 capsid protein is detectable at that stage of the life cycle, only.
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Figure 1 : HPV life cycle
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Figure 1. HPV life cycle, as described in the text.

5. Study results

A particular methodical advantage of the L1 capsid protein detection is that the protein is
synthesized in the cells of the superficial layer of the epithelium that are easy to obtain by
taking a smear (see Figure 2).

The typical L1 staining is a strong, homogenous nuclear stain (Figure 3-7), in contrast to other
markers, leading to a very good interobserver reproducibility. Using histological sections
Galgano et al. [17] reported for Cytoactiv a raw agreement and k of 96.9% and 0.88, respectively.
With 98% raw agreement and 0.96 for kappa Mehlhorn et al. [26] reported similar results for
the use of Cytoactiv in cytological samples.
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Figure 7 : L1+ HSIL

Figure 7. L1+ HSIL, Mehlhorn et al. [26]

Initial L1 studies faced the problem that the sensitivity of randomly choosen L1 antibodies was
unacceptable low. One major problem was the well known high frequency of point mutations
leading to a loss of the relevant epitopes, and false negative results as a viral strategy to escape
immune recognition. This high variability is in clear contrast to the stability of epitopes
recognized by antibodies detecting cellular proteins, like p16 or ki67.

During the product development of Cytoactiv it was possible to increase the sensitivity
significantly by extensive selection processes generating an optimized antibody detecting a
specific epitope.

Nevertheless there were a small number of cases where it was impossible to detect the L1
capsid protein. The reason for this finding was not clear in the beginning.

5.1. L1 and cytological samples

In 2003 Melsheimer et al. [18] have published that most of the HPV high risk associated LSIL
expressed HPV L1 capsid protein, but in most of the HSIL cases the HPV L1 capsid protein
was not synthesized (see Figure 3-6).

They suggested that a loss of viral L1 capsid protein, as a major target of the immune response
in HPV infected SIL, could function as a prognostic marker for the development of CIN lesions.

Later on Griesser et al. [19] were able to confirm this suggestion in a retrospective study with
84 routinely performed conventional Pap smears. During a follow up time of 23 month they
showed that the HPV high risk associated mild to moderate dysplastic squamous lesions
without immunochemically detectable HPV L1 capsid protein progressed significantly more
likely to CIN3+ (76,4%) than the L1 positive cases (23,6%).

Similar results were reported by Rauber et al. [20] in 2008 in a retrospective study of 279 HPV
High risk positive conventional Pap smears with mild and moderate severe morphological
changes. The progression rate to CIN3+ of L1 capsid protein positive cases was found to be
only 12,3% (p-value <0,001).
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In the same year Scheidemantel et al. [21] tested the Cytoactiv – Kit on 111 HPV High risk
positive ThinPrep – slides. They reported that none of the L1 positive patients showed a
progression towards cervical cancer and on the other hand all progredient cases were found
to be L1 negative.

An additional advantage of choosing the ThinPrep system emerged in the meantime. The
ThinPrep Imager allows the automated evaluation of the L1 stained slides, to speed up the
reading process [22]. The benefit of computer based automatisation can be extended to
conventional Pap smears and SurePath slides as well if choosing BD´s focal point system.

The  first  prospective  randomized  study  was  published  in  2009  by  Griesser  and  collea‐
gues [23]. The study included 211 HPV High risk-positive mild and moderate dysplasias
(LSIL and HSIL) with a follow-up of the patients up to 48 months. The results of all former
retrospective studies were confirmed and strengthened. Depending on patients age (<30 /
>30) and the classification of the precancerous lesion (LSIL or HSIL) only 20 % of all L1
positive cases showed a progression to CIN3+. In contrast to this finding up to 97% of the
L1 negative cases showed a progression.

In this study the mean duration from the initial L1 positively / negatively stained smears to
the recognition of disease progression or remission were reported as well.

For L1 negative cases the time interval until progression was 6 months (range, 1-29) and 6.4
months (range 2-12) for clinical remission, whereas for the L1 positive cases it took 8.5 months
(range, 1-13) until progression, and 7 months (range, 3-35) for clinical remission respectively.

L1- L1- LSIL L1- HSIL L1+ L1+ LSIL L1+ HSIL

Remission 6.4 (2-12) 7.5 (3-12) 2 7 (3-35) 6.5 (3-18) 9 (3-35)

Progression 6 (1-29) 6 (1-29) 6 (1-20) 8.5 (1-13) 9 (6-13) 8 (1-13)

Table 1. Griesser et al., AJCP 2009: Time interval until clinical remission or progression to CIN3 in month (range)

Stemberger – Papic et al. [24] reported similar results for Croatian women and concluded that
immunostaining for HPV L1 capsid protein could offer prognostic information about mild and
moderate intraepithelial cervical squamous lesions.

In 2010 and 2011 two Korean studies reported that the prognostic significance of the L1
detection with Cytoactiv for the clinical outcome of early dysplastic lesions can be confirmed
for East Asian women as well.

Lee et al [25] confirmed 2011 in a prospective trial of 318 women the benefit for Cytoactiv for
the management of HPV high risk positive LSIL women. The positive predictive value of HPV
L1-positive cases for no progression was 91.7%, and the negative predictive value of HPV L1-
negative cases for progression to high-grade lesions was 27.7.

The results of the largest study so far, a prospective international multicenter study of 809 HPV
High risk positive LSIL and HSIL was performed by Mehlhorn et al. [26].
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changes. The progression rate to CIN3+ of L1 capsid protein positive cases was found to be
only 12,3% (p-value <0,001).

Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective100

In the same year Scheidemantel et al. [21] tested the Cytoactiv – Kit on 111 HPV High risk
positive ThinPrep – slides. They reported that none of the L1 positive patients showed a
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L1- L1- LSIL L1- HSIL L1+ L1+ LSIL L1+ HSIL

Remission 6.4 (2-12) 7.5 (3-12) 2 7 (3-35) 6.5 (3-18) 9 (3-35)

Progression 6 (1-29) 6 (1-29) 6 (1-20) 8.5 (1-13) 9 (6-13) 8 (1-13)

Table 1. Griesser et al., AJCP 2009: Time interval until clinical remission or progression to CIN3 in month (range)

Stemberger – Papic et al. [24] reported similar results for Croatian women and concluded that
immunostaining for HPV L1 capsid protein could offer prognostic information about mild and
moderate intraepithelial cervical squamous lesions.

In 2010 and 2011 two Korean studies reported that the prognostic significance of the L1
detection with Cytoactiv for the clinical outcome of early dysplastic lesions can be confirmed
for East Asian women as well.

Lee et al [25] confirmed 2011 in a prospective trial of 318 women the benefit for Cytoactiv for
the management of HPV high risk positive LSIL women. The positive predictive value of HPV
L1-positive cases for no progression was 91.7%, and the negative predictive value of HPV L1-
negative cases for progression to high-grade lesions was 27.7.

The results of the largest study so far, a prospective international multicenter study of 809 HPV
High risk positive LSIL and HSIL was performed by Mehlhorn et al. [26].
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During the follow up of 54 month 83,5% of the HPV-L1 negative progressed to CIN3+, as
compared to only 19,8% of the HPV-L1 positive cases. The difference of the clinical outcome
of HPV-L1 negative and HPV-L1 positive cases was statistically highly significant (p-value
<0.0001) and independent of the classification as mild dysplasia (LSIL) and moderate dysplasia
(HSIL).

The authors concluded that HPV-L1 detection allows identifying transient HPV infections and
precancerous lesions within the group of HPV high-risk positive early dysplastic lesions.

The high progression rate of HPV-L1 negative mild and moderate dysplasia emphasizes the
precancerous nature of these lesions.

As a clinical recommendation they suggested that a close follow-up with colposcopy and
histological evaluation and removal of these lesions should be considered.

The low malignant potential of HPV-L1 positive cases, however, indicates transient HPV
infection, justifying a watch and wait strategy with cytological follow-up thus preventing
overtreatment especially for women in their reproductive age.

Author classification No.cases L1 negative L1 positive Mean age Follow up

Mehlhorn LSIL 479 72,9 11,8 33,6 54 month

Griesser LSIL 68 84 25 33,6 48 month

in total 547 75 13,1 33,6

Table 2. Risk profil LSIL - Progression to CIN3+ for L1+ and L1- cases

Author classification No.cases L1 negative L1 positive Mean age Follow up

Mehlhorn HSIL 322 92,7 37,4 33,6 54 month

Griesser HSIL 119 96,9 33 33,6 48 month

in total 441 94,2 34,6 33,6

Table 3. Risk profil HSIL - Progression to CIN3+ for L1+ and L1- cases

5.2. L1 and histological sections

As already mentioned earlier colposcopically guided punch biopsies are taken during the
follow up of women with abnormal Pap smears as step 2 of the 3 step strategy of cervical cancer
prevention.

Negri and colleagues [27] pointed out in their study that the possibility of predicting the
behavior of low-grade cervical lesions could be of high value in clinical practice, potential‐
ly allowing an individualized management of cervical lesions depending on their progres‐
sion risk.
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Hilfrich and Hariri [28] have discribed first, the prognostic relevance of HPV L1 capsid protein
detection on paraffin embedded histological sections, initially reported on routinely per‐
formed Papanicolaou stained cervical smears and on liquid based cytology (LBC) [18], [19]
(see Figure 9).

In contrast to these cytology reports, the association of the cervical intraepithelial lesions with
HPV high risk types was not confirmed by highly sophistic DNA methods like PCR [18] or
Hybrid capture II [19], but the use of a second biomarker, p16, which together with L1, can be
easily integrated in any histopathology lab.

Overall only 16.1% of the 87 L1 negative, p16 positive CIN lesions showed a remission of the
lesion, compared to 72.4% of the double positive cases. None of the L1/p16 double negative
CIN lesions progressed. Hariri found similar results for the combination of ProExC and
Cytoactiv.

Negri and colleagues [27] included in their approach 38 conization specimens with coexisting
cervical intraepithelial neoplasia grade 1 (CIN1) and 3 (CIN3) (group A) and 28 punch biopsies
from women with CIN1 and proven spontaneous regression in the follow-up (group B). In
group A, all CIN3 were p16 positive (p16+) and L1 negative (L1-). The CIN1 of this group were
p16+ L1- and p16+ L1+ in 68.42% and 31.57%, respectively. No other expression pattern was
found in this group. In group B, the p16+ L1-, p16+ L1+, p16- L1+, and p16- L1- patterns were
found in 3.57%, 25%, 14.29%, and 57.14%, respectively. Overall, 96.29% p16+ L1- CIN1 were
found in group A, whereas all the p16- L1+ and p16- L1- CIN1 were found in group B.

They found that no cases with both L1 and p16 negativity were found in group A, and proposed
that this pattern might be classified as ‘‘low risk’’ or, unless the original section shows obvious
dysplastic features, as ‘‘no evidence of CIN.’

The results of the study showed that p16 and L1 immunohistochemistry can be helpful for
estimating the biologic potentiality of low-grade squamous cervical lesions. Particularly in
cases in which the grade of the lesion is morphologically difficult to assess, the p16/L1
expression pattern could be useful for planning the clinical management of these women.

Staining pattern Risk profile

Negri et al.

Risk profile

Hilfrich / Hariri

P16+ / L1 - ‘‘high-risk’’,

3,6% remission

High risk

16.1% remission

P16+ / L1+ indeterminate’’ risk 72,4% remission

not distinguished in p16+/-

P16- / L1+ ‘‘low-risk’’

P16- / L1- ‘‘low risk’’, or

‘‘no evidence of CIN.’

No potential to progress

Table 4. Risk profils according to Negri et al./ Hilfrich, Hariri
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Using 101 HPV High risk positive CIN1 Choi et al [29] published 2010 that the HPV L1 protein
expression is closely related to spontaneous disease regression. Not using p16, but a type-
specific HPV-DNA Chip, it was possible for the first time to correlate the HPV type with the
regression of the L1 positive CIN1 lesions. 50% of the HPV16 positive CIN1, 72,7% of the
HPV58, 76.9% of the HPV18, 77.8% of the HPV33, 83,3% of the HPV53 and 100% of the HPV31
positive cases regressed during the follow up period of 1 year (see Figure 8).

HPV 16 HPV 58 HPV 18 HPV 33 HPV 53 HPV 31

50% 72,7% 76,9% 77,8% 83,3% 100%

Table 5. Choi et al, Remission of Cytoactiv L1 positive cases within 1 year in relation to the HPV type

Figure 8 : HPV16 / L1+ CIN1 
– according to Choi et al. 50% regress within 12 month

Figure 8. HPV16 / L1+CIN1 – according to Choi et al. regress in 50% of the cases within 12 month.

In contrast to all other studies Galgano et al. [17] asked if HPV L1 detection, as a stand alone
marker, could be a useful diagnostic, but not prognostic, tool.

As HPV specific protein L1 is only detectable in HPV positive lesions. HPV negative CIN
lesions have to be L1 negative, because the virus is absent.

According to Hilfrich/Hariri and Negri et al L1 negativ cases are mixtures of HPV associated
and non HPV associated CIN lesions, especially analysing CIN1.

HPV positive (p16 positive) but L1 negative lesions are high risk lesions whereas on the other
hand HPV negative (p16 negative) and L1 negative lesions are ´no risk´ lesion or as Negri
mentioned could be classified as ´no evidence of CIN´.
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Figure 9 : L1+ CIN2
Figure 9. L1+ CIN2

Not surprisingly mixing and not differentiating the L1 negative ́ high risk´ and the L1 negative
´no risk´ entities have to result in ´disappointing´ results because remission and progression
of the lesions are observed equally.

5.3. The combination of L1 / p16 in cytological samples

In the meantime the combination of L1 and p16 has been investigated on cytological samples
by Ungureanu and colleagues [30] as well. As expressed in different phases of cervical
carcinogenesis, the authors expected that p16 and L1 are potentially promising markers of
progression risk of LSIL. The combination of p16 and L1 capsid protein immunostaining in
LBC appears to be useful for an early diagnosis of precancerous lesions and for an appropriate
clinical attitude.

Consistent with the previous data they found that expression of L1 capsid protein could be
observed in 33.33% of ASC-US cases, 50% of LSILs, 18.51% of HSILs. No positive cases were
found in the group of SCC, thus indicating that L1 capsid protein expression tends to decline
with increasing severity of the lesions.

6. Discussion

6.1. L1 negative dysplastic lesions as proof of a non-productive, but deregulated life cycle

As already described a tight communication between the virus and the host cell is of critical
importance for the viral life cycle. On the one hand it is strictly linked to the epithelial cell
differentiation, on the other hand HPV need to modulate the proliferation / differentiation
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status of the host cells to allow replication in ´non dividing cells´ and the maturation of new
infectious virus particles.

As long as the L1 capsid protein can be detected within the nucleus of dysplastic cells the virus
was successful in this ´walk on the edge´. Despite of all viral activities the cells are still in the
condition to allow the normal, productive life cycle of the Human Papilloma Viruses.

L1 capsid protein negative dysplasias, however, are due to this virally induced cellular
deregulation processes no longer capable to produce virions.

A shift from a productive HPV infection towards a non-productive or precancerous lesion has
occurred.

The reasons for this event are multifarious since the differentiation dependent expression of
L1 is controlled at multiple levels. A block at any of the following steps, such as transcription
(integration and / or methylation of the DNA), post-transcriptional processing and translation,
could be responsible for the loss of L1 capsid protein.

6.2. Transcriptional control

6.2.1. Loss of L1 due to integration of the HPV genome

Integration of the viral DNA is considered to be of critical importance for the progression from
CIN to cancer, since the frequency of HPV-16 viral integration increase in parallel with the
severity of cervical lesions.

During the integration process of the HPV genome into the host chromosome a linearization
of the ring – shaped, episomal viral DNA is required. It’s easy to imagine, that this non directed
event is regularly associated with a deregulation of the strictly controlled episomal DNA. As
a consequence of the integration process alterations of the control region and loss or disruption
of HPV specific proteins like the early and late proteins can be observed [31].

Even if the L1 gene is not affected directly, the integration of the virus with loss of transcrip‐
tional control by E2 results in over expression of E6 and E7 leading to immortalization and
transformation of the cells [32].

As a result, the epithelial host cell remains in the cell cycle and increasingly becomes genetically
instable without being able to run its differentiating program.

L1 genes can functionally be inactivated afterwards too, as a result of mutation, gene deletion
and insertion as well as DNA methylation so that no capsid protein will be produced anymore
(discussed later).

A dysmaturational autonomous tumor emerges in the host epithelium; a ´point of no return´
is crossed.

But for the background that many of the HPV-associated cancers do not even carry any
integrated viral genome [31], [33] additional mechanisms have to exist to block L1 expression.
In the meantime a discussion started if integration is the initial step towards cervical cancer,
or maybe only the consequence of the E6/E7 induced genetic instability of the host cells.
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6.2.2. Loss of L1 in precancerous lesions with an episomal HPV genome

Control of gene expression by epigenetic modification of distinct DNA sequences is a funda‐
mental biological process, which affects for example embryonic development, cellular
differentiation and others.

One important mechanism, affecting the chromatin conformation, is the methylation of DNA,
specifically at cystidine-guanidine (CpG) dinucleotides. Methylated CpG dinucleotides bind
repressors, which alter the conformation of nucleosomes through their interaction with histone
deacetylases in a manner unfavourable to transcription [34].

In the meantime it’s known that epigenetic mechanisms play a major role in the transcription
of the HPV genome as well [35], [36].

Several reports showed that the HPV genome is differentially methylated during progression
from simple infected to transformed cells.

Alterations were observed particularly in the control region, and the L1 and L2 gene in high
grade precancer and invasive cancer. These observations lead to the suggestion that the lack
of expression of these genes may be attributed at least in part to increasing methylation of the
respective parts of the viral genomes.

Kalantari et al. for example reported that methylation exceeds 50% in the case of some CpG
dinucleotides within the L1 gene [37].

In addition E2 expression seems to be strictly linked to the differentiation process from
normal to malignant cells, indirectly affecting L1 expression as well. Vinokurova showed
that  E2 binding sites  are highly methylated in undifferentiated cells,  inhibiting E2-bind‐
ing, and demethylation at the E2 binding sites occurs in association with the cell differen‐
tiation only [38].

That means different mechanisms are existing to prevent L1 mRNA transcription.

6.3. Post transcriptional control

Once the transcription of the late mRNA was successful, additional mechanisms have been
reported that are able to control or block the L1 capsid protein expression.

6.3.1. Control of the stability of late mRNA

Mori et al. [39] showed that RNA instability elements are within the L1 and L2 coding mRNAs
of HPV16, which function in undifferentiated cells. Although the mechanism for RNA
destabilization are still subject of further investigations this mechanism could be important for
L1 expression.

6.3.2. Nuclear export of late mRNAs,

Koffa et al. [40] reported that the L1 mRNA of HPV16 was retained in the nucleus in undif‐
ferentiated W12 epithelial cells, suggesting that the nuclear export of late mRNAs was
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inhibited in the dividing cells, thus preventing translation of the L1 protein in the cytoplasm.
The factor(s) mediating the nuclear export of late mRNAs has not been identified yet [41].

6.4. Translational control of late mRNA

Last but not least the rare codon usages found in L1 and L2 might also contribute to the
inhibition of late gene translation [42]. In terminally differentiated cells, the altered expression
ratios of tRNA species could compensate for the inhibitory effect of the rare codon usages [43].

All these steps could be of critical importance for L1 capsid protein expression. As indicated
a lot of questions are still remaining and need to be answered in the future. Most probably not
only a single control mechanism is responsible for the oberserved loss of L1 capsid proteins.

7. Immune response against L1 capsid proteins

7.1. L1 positivity and clinical remission

The immune system developed special innate and adaptive immune mechanisms to recognize
and fight against foreign agents that invade our body.

Sometimes these methods are ineffective especially when the agent uses mechanisms to evade
the immune system, like HPV is doing.

Since the HPV infection remains located in the epithelium, mucosal ulceration is a prerequisite
for antigen contact with the immune cells in the stroma and in addition to a sufficiently high
antigen dose, an efficient immune response, against HPV, also requires supporting mediators.

However, HPV itself has own characteristics also due to its route of infection that protect it
from access of the immune system.

The HPV infection does not cause a systemic spreading of the infection by means of a viraemia
and the infected epithelia are not destroyed. Thus, any inflammatory tissue reaction support‐
ing the immune response is suppressed, and the virus material is only released on the epithelial
surface which is poor in immune defence cells and distant from immune centers.

Finally, the virus itself express only very low levels of viral protein, suppresses the release of
cytokines from epithelia and intraepithelial antigen-presenting Langerhans' cells and can
suppress the expression of histocompatibility antigens required for the interaction of epithelial
cells and immune cells. The E7 and E6 proteins are involved in this inhibition [44], [45].

Consequently, one could envision that in this setting an efficient transfer of antigen from HPV
infected keratinocytes to the antigen presenting cells (APC) is not triggered.

Nevertheless a successful immune response to genital HPV infection is established in almost
all cases. But the time required for clearance of high risk types, particulary HPV16, averages
8-14 month, which is considerably longer than 5-6 months needed for clearance of low risk
types [44].
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7.2. The role of the L1 capsid protein in immune recognition

The only fully accessible antigen sources in the earlier stage of virally induced SIL to promote
an activation of the immune system are free viral particles consisting of 360 L1 capsid proteins.

Therefore it seems not to be surprising, that a clinical remission of the lesion is observed
regularly if the L1 capsid protein is detectable in the dysplastic cells.

To generate an effective virus specific immune response the virus particles have to be detected
by the antigen presenting cells (APC) of squamous epithelium, the Langerhans cells (LC) or
Dendritic cells (DC), and armed effector cells, has to migrate back to the infected site, and
destroy the infected keratinocytes leading to a spontaneous clinical remission of the lesion.

If such immunologic activation mechanisms are functional, they are quite effective since with
about 20% the malignant potential for these L1-positive lesions, irrespective of the dysplasia
being cytologically mild or moderate, is low.

On the other hand it is still not clear how L1 specific cytotoxic T-cells could be able to destroy
the HPV reservoir in the basal cell layer to cause clinical remission, since the L1 capsid protein
is only detectable in terminally differentiated cells.

In analogy to the basal cells it was shown for the L1 capsid protein negative C3 cell line, that
these cells are sensitive to L1 specific cytotoxic T-cells [46]. The only explanation seems to be
a L1 expression level in these cells (as well as the basal cells), lower than the detection limit
used for analysis. As described earlier L1 mRNA is detectable in the nucleus of undifferentiated
cells.

A second explanation for the clinical remission of L1 capsid protein positive dysplasias could
be, that the viral capsids work as a kind of abjuvance, only triggering the cell mediated response
to the early proteins, principally E2 and E6, which are thought to be important for lesion
regression [47].

Nevertheless it was shown recently by Mehlhorn et al. [48] that the detection of antibodies
against HPV16 L1 in the serum is always associated with clinical remission, if the L1 capsid
protein is detectable in the smear of HPV high risk positive mild and moderate dysplasias.
These L1 specific serum antibodies shouldn’t be able to fight against the HPV infected cells,
but it shows that a L1 specific activation of the immune system is of critical importance for the
clearance of the HPV infection.

7.3. Progression of L1 capsid protein positive cases

An ineffective immune response maybe promoted by HLA incompatibilities, factors contri‐
buting to cervical cancer like tobacco smoking or the coexistence of dysplasias of different
grade in the transformation zone, possibly reflecting a mixture of L1-positive and L1-negative
lesions with different progressive potentials may be the reasons for a progression of some L1-
positive intraepithelial lesions.

In addition Yang et al [49] identified several mutant HPV16 L1 isolates carrying genes encoding
proteins that neither assemble nor activate VLP-dependent innate and adaptive immune
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responses. They concluded that this may represent an additional mechanism of the evasion of
innate immune recognition during cervical carcinogenesis.

7.4. L1 negative dysplasias and progression to CIN3+

Absence of L1 capsid protein, as the only fully accessible antigen sources in the earlier stage
of virally induced SIL, leads to the situation that the viral immune escape mechanisms are
maintained and the dysplastic cells, unnoticed by the immune system, proceed in the process
of malignant transformation.

With more than 80% in cytology and more than 90% for CIN1/2 the malignant potential of the
L1-negative dysplasias is exceedingly high, similar to what is expected for a true precancerous
lesion.

The differentiation dependent loss of the L1 stimulus may lead to a local ´lack of immunity´
further supporting the virally induced alterations.

These may lead to additional disorders of cell cycle regulation at transcriptional, transla‐
tional and genomic levels thus resulting in a progression of the early precursor lesions to
CIN3+. [49]- [51].

7.5. L1 negative dysplasias and clinical remission

Reasons for the extremely rare cases of clinical remission of L1-negative cases (~5-10%) are
most likely due to sampling errors with absence of L1 expressing cells in the sample or
expression levels below the detection limit of the highly sensitive immunochemical assay, as
reported for the C3 cell line [46].

8. Summary

To treat or not to treat that remains the last question, that has to be answered for women with
abnormal Pap smears at the end of the cervical cancer prevention program.

As step 3 of the traditional programs it is common sense that excisional or ablative treatment
of the cervical tissue is needed in women diagnosed with precancer.

A statement that is easy to agree on, but difficult to follow since mild, moderate and severe
dysplasias or the histological equivalents CIN1, CIN2, CIN3 are mixtures of distinct biological
stages resulting in different clinical outcomes and neither cytological follow up, colposcopy
nor HPV DNA testing could indicate whether a remission or progression of the precursor
lesion to invasive cancer will occur.

The good news is that the ratio of remission or transient HPV infection of the one hand, and
progression or precancer on the other hand is moving to precancer with the severity of the
lesion.
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But even CIN3 is not uniform in being precancer. Ostor reported that 30% of these cases
will show a spontaneous remission if untreated. Nevertheless we agree that a treatment is
warranted.

Accepting CIN2 as the clinical threshold for treatment moves us towards a higher degree
of overtreatment, increasing in parallel the potential harms on reproductive outcomes for
fertile women, including preterm delivery and low-birth-weight infants with life long fatal
disabilities.

As shown HPV L1 detection with Cytoactiv is an objective standard to optimize the clinical
management of women with abnormal Pap smears.

The data published over the last decade shows uniform that HPV-L1 detection allows
identifying transient HPV infections and precancerous lesions within the group of HPV high-
risk positive early dysplastic lesions (mild and moderate dysplasia) see Figure 10.Figure 10 : Histologically, CIN grading is based upon the proportion of the surface epithelium composed of undifferentiated 

cells characteristic of the basal layer. Increasing grade is associated with a progressive loss of epithelial maturation. 
L1 detection allows to identify the different progressive potentials of transient HPV infection (red) and precancer (yellow).

L1 positive
Low malignant potential

L1 negative
High malignant potential

Figure 10. Histologically, CIN grading is based upon the proportion of the surface epithelium composed of undiffer‐
entiated cells characteristic of the basal layer. Increasing grade is associated with a progressive loss of epithelial matu‐
ration. L1 detection allows to identify the different progressive potentials of transient HPV infection (red) and
precancer (yellow).

As summarized in Tables 2-4, 75% of the L1 negative LSIL and 94,2% of the L1 negative
HSIL progressed to CIN3. Using CIN1 and CIN2 lesions with 83,9 – 96,4% the results are
compareable.

These high progression rates of HPV-L1 negative mild and moderate dysplasia emphasizes
the precancerous nature of these lesions. Only 5-25% of these lesions regress spontaneously a
rate even better than what is accepted for treatment of CIN3, but years before the severe
dysplasia arise.
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As stated by different authors a close follow-up with colposcopy and histological evaluation
is advisable and removal of these lesions should be considered.

On the other hand the low malignant potential of HPV-L1 positive cases indicates transient
HPV infection, or true ´low grade lesions´.

Only 13,1% of the L1 positive LSIL, and 34,6% of the L1 positive HSIL progressed to CIN3,
typically thresholds justifying ´a watch and wait strategy´ with cytological follow-up.

Integrating the promising serological HPV L1 antibody rapid test into this procedure seems
to be able to improve this data further, thus preventing overtreatment especially for women
in their reproductive age.

Only in case of persistence of the L1 positive lesion a colposcopy should be performed.

At the end of the day a combination of cytology, colposcopy, HPV DNA determination and
HPV L1 detection offers a unique possibility to increase the benfits of cervical cancer screening
programs, by reducing the potentials harms.
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1. Introduction

Squamous cell carcinoma, adenocarcinoma and adenosquamous carcinoma comprise the most
common cancers of the uterine cervix. Cervical cancer is one of the common cancers in women,
especially in certain parts of the world, as Sub-Saharan Africa, Central America, South Central
Asia and Melanesia [1]. In several countries the incidence of cervical cancer was reduced after
the introduction of effective screening methods and prevention programs, initially based on
the Papanicolaou smear (Pap test), and it is expected to diminish much further with the
introduction of vaccination against human papilloma virus (HPV) [2-4].

In recent years papilloma virus has been linked to these cancers through a significant amount
of scientific data, derived from epidemiologic, clinical, experimental and molecular studies
[5-10]. A. large number of scientific reports during the last three decades led to an explosion
of information regarding the role of HPV in lower genital tract carcinogenesis, thus paving the
way for the introduction of effective vaccines against the virus, expected to diminish the
incidence of both HPV-related carcinomas and precursor lesions in forthcoming years [2,3,5].
This has affected in several ways the histopathologic diagnostic approach to cervical carcino‐
mas and their precursor lesions, including the classification and terminology of the latter.
Although several important questions remain, we are now able to examine HPV-related
morphologic alterations from a different perspective that encompasses parts -although
limited- of this new information, in an effort to achieve more efficient and precise recognition
of precancerous lesions.

In the field of cervical squamous precursor lesions the basic concept underlying the Cervical
Intraepithelial Neoplasia (CIN) terminology, which refers to a single disease spectrum, has
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common cancers of the uterine cervix. Cervical cancer is one of the common cancers in women,
especially in certain parts of the world, as Sub-Saharan Africa, Central America, South Central
Asia and Melanesia [1]. In several countries the incidence of cervical cancer was reduced after
the introduction of effective screening methods and prevention programs, initially based on
the Papanicolaou smear (Pap test), and it is expected to diminish much further with the
introduction of vaccination against human papilloma virus (HPV) [2-4].

In recent years papilloma virus has been linked to these cancers through a significant amount
of scientific data, derived from epidemiologic, clinical, experimental and molecular studies
[5-10]. A. large number of scientific reports during the last three decades led to an explosion
of information regarding the role of HPV in lower genital tract carcinogenesis, thus paving the
way for the introduction of effective vaccines against the virus, expected to diminish the
incidence of both HPV-related carcinomas and precursor lesions in forthcoming years [2,3,5].
This has affected in several ways the histopathologic diagnostic approach to cervical carcino‐
mas and their precursor lesions, including the classification and terminology of the latter.
Although several important questions remain, we are now able to examine HPV-related
morphologic alterations from a different perspective that encompasses parts -although
limited- of this new information, in an effort to achieve more efficient and precise recognition
of precancerous lesions.

In the field of cervical squamous precursor lesions the basic concept underlying the Cervical
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been questioned and gradually replaced by various approaches trying to face the whole group
of HPV-related histopathologic abnormalities. In the field of glandular precursor lesions
adenocarcinoma in situ is considered the precursor to most invasive cervical adenocarcinomas,
while the concept of glandular “dysplasia” is being evaluated [11-15].

Morphology represents a gold standard for lesion diagnosis, since histologic and/or cytologic
examination allows in most cases the recognition of viral cytopathic effects and precancerous
epithelial alterations; however it can be hampered by inter- and intra-observer variability. In
this context, several biomarkers have been investigated for their potential utility in assisting
the histopathologic classification of preinvasive lesions and facilitating their distinction from
non-HPV induced alterations [16-21]. Human papillomavirus-related intracellular interac‐
tions formed the basis for the identification of markers that may assist in this distinction,
including cellular proteins targeted directly by viral oncoproteins, and markers related to the
cell cycle, which is disturbed by multiple actions of the virus. Additionally, it is expected that
the correlation of slight cellular alterations with new sensitive methods of HPV-detection
might lead to the identification of different groups of lesions of clinical significance, as well as
to the correct application of current morphologic criteria [21-23].

The application of immunohistochemistry and in situ hybridization techniques in the histo‐
pathologic diagnosis of cervical intraepithelial alterations of both squamous and glandular
epithelium will be presented in this chapter. The immunohistochemical markers that are
currently in use in several laboratories worldwide, as well as some new promising biomarkers
will be included. Scientific background for each of these markers and special indications for
their application will be summarized. A synoptic review of the pertinent literature will be
presented, in an effort to summarize the existing data and the remaining questions at both the
practical and the theoretical level.

2. Precursor lesions of cervical carcinoma

Precursor lesions of both squamous cell carcinoma and adenocarcinoma are well defined,
according to our current understanding of cervical neoplasia. However, years of scientific
observations and research preceded the recognition of these lesions. Observations concerning
spatial and/or temporal relationship between invasive carcinomas and non-invasive, intrae‐
pithelial alterations of the uterine cervix had been repeatedly reported in the past, as early as
the end of the 19th century [24-27]. These observations resulted in the recognition of precan‐
cerous alterations of cervical epithelium, for which different terms and definitions have been
used in the following years.

The terms carcinoma in situ and dysplasia have been in use for several decades, in order to
describe non-invasive, intraepithelial lesions showing cytologic abnormalities akin to those of
invasive carcinoma. In the late 1960’s the concept of one disease spectrum was introduced,
based on observed similarities between groups of lesions, which were considered as different
grades of the same disease process, termed cervical intraepithelial neoplasia / CIN [28,29]. This
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terminology became the most widely used for the next decades and is currently in use in many
laboratories worldwide.

The recognition of the important role[s] of human papillomavirus in cervical carcinogenesis
gradually led to different approaches, concerning the whole group of HPV-related lesions and
their classification, based on more recent biologic and molecular data [11,13,30,31]. Among
them the distinction between two basic biological entities was included: specifically, between
a productive viral infection and an intraepithelial neoplastic process. Several questions remain
to be answered; however, on a practical level, patient management remains an important basis
that influences and often guides choices of terminology.

In the last decades a binary system of classification based on The Bethesda System [TBS] has
been mainly in use by cytopathologists; however, several histopathology laboratories world‐
wide have also adopted similar terminology. A binary system is more consistent with the
current knowledge concerning HPV-related disease and is considered to form a basis for
improved communication between gynaecologists and pathologists [31]. Moreover, the
intermediate group (IN2) has not been shown to comprise a reproducible diagnostic category
among pathologists.

2.1. Precursor lesions of squamous cell carcinoma

The terms squamous intraepithelial lesion (SIL) of the uterine cervix or cervical intraepithelial
neoplasia (CIN) encompass a group of alterations of squamous epithelium that usually occur
in or close to the transformation zone and are related to HPV.

Abnormal proliferation and maturation of squamous cells and nuclear atypia, including
enlargement, pleomorphism, irregular nuclear borders, and change in chromatin texture, are
the characteristics of these intraepithelial lesions. In one group of lesions the observed cellular
alterations reflect mainly viral cytopathic effect, corresponding to koilocytic atypia. This is
characterized by an abnormal appearing nucleus surrounded by an irregularly shaped
cytoplasmic halo with a sharp edge. In these lesions atypia is more conspicuous in the maturing
squamous cells, with mild alterations of the basal-parabasal cell morphology. In other groups
of lesions cellular atypia is conspicuous in all cell layers: both middle/upper and lower
epithelial layers (Fig.1)

Low-grade squamous intraepithelial lesions (LSILs) exhibit differences in density, size and
staining of the maturing squamous cells, often accompanied by binucleated cells, cytoplasmic
halos, and/or changes in epithelial thickness (Fig.1a) [14]. High-grade squamous intraepithelial
lesions (HSILs) exhibit conspicuous nuclear atypia in all epithelial layers, with nuclear
crowding, high nuclear:cytoplasmic ratio, loss of normal polarity, irregular nuclear mem‐
branes, and increased mitoses, which can be atypical [32]. In these lesions koilocytosis may be
identified or not. There is significant basal/parabasal atypia, with little or no cytoplasmic
maturation in the middle-upper layers of the epithelium, and mitotic activity extends to these
epithelial layers (Fig.1c).

The differential diagnosis includes mainly: (a) reactive epithelial changes, (b) immature
metaplastic changes, and (c) postmenopausal/atrophic epithelia, which may all mimic
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pathologic diagnosis of cervical intraepithelial alterations of both squamous and glandular
epithelium will be presented in this chapter. The immunohistochemical markers that are
currently in use in several laboratories worldwide, as well as some new promising biomarkers
will be included. Scientific background for each of these markers and special indications for
their application will be summarized. A synoptic review of the pertinent literature will be
presented, in an effort to summarize the existing data and the remaining questions at both the
practical and the theoretical level.
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pithelial alterations of the uterine cervix had been repeatedly reported in the past, as early as
the end of the 19th century [24-27]. These observations resulted in the recognition of precan‐
cerous alterations of cervical epithelium, for which different terms and definitions have been
used in the following years.

The terms carcinoma in situ and dysplasia have been in use for several decades, in order to
describe non-invasive, intraepithelial lesions showing cytologic abnormalities akin to those of
invasive carcinoma. In the late 1960’s the concept of one disease spectrum was introduced,
based on observed similarities between groups of lesions, which were considered as different
grades of the same disease process, termed cervical intraepithelial neoplasia / CIN [28,29]. This
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to be answered; however, on a practical level, patient management remains an important basis
that influences and often guides choices of terminology.

In the last decades a binary system of classification based on The Bethesda System [TBS] has
been mainly in use by cytopathologists; however, several histopathology laboratories world‐
wide have also adopted similar terminology. A binary system is more consistent with the
current knowledge concerning HPV-related disease and is considered to form a basis for
improved communication between gynaecologists and pathologists [31]. Moreover, the
intermediate group (IN2) has not been shown to comprise a reproducible diagnostic category
among pathologists.
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The terms squamous intraepithelial lesion (SIL) of the uterine cervix or cervical intraepithelial
neoplasia (CIN) encompass a group of alterations of squamous epithelium that usually occur
in or close to the transformation zone and are related to HPV.
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of lesions cellular atypia is conspicuous in all cell layers: both middle/upper and lower
epithelial layers (Fig.1)

Low-grade squamous intraepithelial lesions (LSILs) exhibit differences in density, size and
staining of the maturing squamous cells, often accompanied by binucleated cells, cytoplasmic
halos, and/or changes in epithelial thickness (Fig.1a) [14]. High-grade squamous intraepithelial
lesions (HSILs) exhibit conspicuous nuclear atypia in all epithelial layers, with nuclear
crowding, high nuclear:cytoplasmic ratio, loss of normal polarity, irregular nuclear mem‐
branes, and increased mitoses, which can be atypical [32]. In these lesions koilocytosis may be
identified or not. There is significant basal/parabasal atypia, with little or no cytoplasmic
maturation in the middle-upper layers of the epithelium, and mitotic activity extends to these
epithelial layers (Fig.1c).

The differential diagnosis includes mainly: (a) reactive epithelial changes, (b) immature
metaplastic changes, and (c) postmenopausal/atrophic epithelia, which may all mimic
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squamous intraepithelial lesions. The distinction of these alterations from HPV-related lesions
is based on well-defined morphologic criteria; however, in certain lesions the distinction is less
straightforward, and ancillary techniques can be of help, leading to a more precise diagnosis
and increased diagnostic reproducibility. Regressing LSILs may also cause a diagnostic
problem [33]. On the other hand, ruling out invasion can be difficult in certain high-grade
lesions. The next parts of the present chapter are going to describe the ancillary techniques,
which allow for a more precise diagnosis in some of the problematic cases.

(a) (b) (c) 

Figure 1. a-c). The above lesions represent a spectrum of alterations in cervical biopsies, ranging from low-grade to
high-grade lesions.

2.2. Precursor lesions of cervical adenocarcinoma

The precursor lesion of cervical adenocarcinoma, that is adenocarcinoma in situ (AIS), was
introduced as a concept in 1953 and is now acknowledged to be the precursor to most invasive
cervical adenocarcinomas [34]. AIS is less common than SIL, with a ratio of AIS/HSIL ranging
in most series between 1:26 and 1:237 [33].

Adenocarcinoma in situ is characterized by glands with nuclear hyperchromasia and atypia,
increased nuclear:cytoplasmic ratio, pseudostratification or stratification, mitoses and apop‐
totic bodies (Fig.2). It may coexist with SIL and can also be multifocal. It may show a variety
of cellular differentiation, and several subtypes have been described, including endocervical,
endometrioid, intestinal, tubal, and stratified [34].

The diagnosis of glandular dysplasia has been used for intraepithelial alterations of glandular
epithelium less pronounced than AIS. However, it has low reproducibility, and it has been
suggested that this term should no longer be used in the clinical setting [35], especially since
glandular epithelium does not support a productive infection by HPV [33]. It has been
suggested that problematic endocervical glandular atypias should be evaluated with special
studies [34,35]. The term cervical glandular intraepithelial neoplasia (CGIN), with high grade
CGIN equating to AIS, is being used in several laboratories [20].

Cervical endometriosis, tubal and endometrioid metaplasia, and reparative changes have to
be distinguished from AIS. Arias-Stella reaction, atypia due to irradiation, atypical forms of
microglandular hyperplasia, as well as other viral infections, specifically Cytomegalovirus and
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Herpesvirus, may occasionally pose problems of differential diagnosis. Ancillary techniques
can be of help in these cases, as described in the next parts of the present chapter.

(a) (b) 

Figure 2. a-b). AIS. Continuity with benign cervical epthelium is obvious in [b].

3. HPV in carcinogenesis

Human papillomavirus is estimated to comprise a causal agent in 5% of human cancers and
is associated with more human cancers than any other virus [36]. Among them, it is associated
with the vast majority of cervical cancer cases. In contrast to several other infectious agents,
which act as indirect carcinogens by inducing immunosuppression or by preventing apoptosis,
high-risk HPVs (HR-HPVs) act mainly as direct carcinogenic factors [3]. Persistent infection
by HR-HPVs correlates with increased risk of cervical cancer. However, infection by low-risk
HPV types (LR-HPVs), carries a negligible risk of malignant progression. Additionally, other
factors, related to the host or the environment, contribute to the development of neoplasia.

Several studies have revealed the complex intracellular interactions, which take place among
oncoproteins encoded by human papillomaviruses and their cellular target proteins [3,37-39].
Their complexity is reflected in the long interval between infection and invasive carcinoma
detection, often spanning a period of 15 to 25 years [3]. These interactions have offered to
investigators the opportunity to study important cellular pathways related to the carcinogenic
process, while several participating proteins have been studied for their possible use as
markers of HPV infection in biopsy or cytology specimens. These biomarkers are presented in
the next part of the present chapter.

3.1. HPV in carcinomas of the anogenital tract

Cervical cancer represents today a relatively well-studied prototype of a human tumor related
to a viral infection, as well as a model for multi-step carcinogenesis. The revealed strong
association led to the suggestion that human papillomavirus is not only the main cause of
cervical cancer, but also a necessary cause [6].
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totic bodies (Fig.2). It may coexist with SIL and can also be multifocal. It may show a variety
of cellular differentiation, and several subtypes have been described, including endocervical,
endometrioid, intestinal, tubal, and stratified [34].

The diagnosis of glandular dysplasia has been used for intraepithelial alterations of glandular
epithelium less pronounced than AIS. However, it has low reproducibility, and it has been
suggested that this term should no longer be used in the clinical setting [35], especially since
glandular epithelium does not support a productive infection by HPV [33]. It has been
suggested that problematic endocervical glandular atypias should be evaluated with special
studies [34,35]. The term cervical glandular intraepithelial neoplasia (CGIN), with high grade
CGIN equating to AIS, is being used in several laboratories [20].
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microglandular hyperplasia, as well as other viral infections, specifically Cytomegalovirus and

Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective120

Herpesvirus, may occasionally pose problems of differential diagnosis. Ancillary techniques
can be of help in these cases, as described in the next parts of the present chapter.
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Figure 2. a-b). AIS. Continuity with benign cervical epthelium is obvious in [b].

3. HPV in carcinogenesis

Human papillomavirus is estimated to comprise a causal agent in 5% of human cancers and
is associated with more human cancers than any other virus [36]. Among them, it is associated
with the vast majority of cervical cancer cases. In contrast to several other infectious agents,
which act as indirect carcinogens by inducing immunosuppression or by preventing apoptosis,
high-risk HPVs (HR-HPVs) act mainly as direct carcinogenic factors [3]. Persistent infection
by HR-HPVs correlates with increased risk of cervical cancer. However, infection by low-risk
HPV types (LR-HPVs), carries a negligible risk of malignant progression. Additionally, other
factors, related to the host or the environment, contribute to the development of neoplasia.

Several studies have revealed the complex intracellular interactions, which take place among
oncoproteins encoded by human papillomaviruses and their cellular target proteins [3,37-39].
Their complexity is reflected in the long interval between infection and invasive carcinoma
detection, often spanning a period of 15 to 25 years [3]. These interactions have offered to
investigators the opportunity to study important cellular pathways related to the carcinogenic
process, while several participating proteins have been studied for their possible use as
markers of HPV infection in biopsy or cytology specimens. These biomarkers are presented in
the next part of the present chapter.

3.1. HPV in carcinomas of the anogenital tract

Cervical cancer represents today a relatively well-studied prototype of a human tumor related
to a viral infection, as well as a model for multi-step carcinogenesis. The revealed strong
association led to the suggestion that human papillomavirus is not only the main cause of
cervical cancer, but also a necessary cause [6].
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In addition to cervical cancers, a significant percentage of vaginal, vulvar, penile, anal and
perianal carcinomas are HPV-positive [7,40-42], while a fraction of carcinomas in other sites
of the human body has also been linked to high-risk [HR] HPV infections. Percentages of HPV
positivity observed in carcinomas of the anogenital area are presented in Table 1.

Vaginal carcinomas 60-91%

Vulvar carcinomas 50%

Penile carcinomas 30-50%

Anal and perianal carcinomas 60-94%

Table 1. Percentage of HPV detection in carcinomas of the anogenital region other than cervical carcinoma [4,7].

The distinction of HPV types into low- and high-risk is based on their association with
carcinomas, and this distinction is sometimes challenging, especially in the case of rare/weakly
carcinogenic viral types. The most common HPV types detected in cervical carcinomas include
HPV 16, 18, 45, 31, 33, 52, 58, and 35, belonging to the high-risk group [43-45]. Low-risk viral
types may confer risk reflecting an “at risk behavior” [14].

The fraction of cervical squamous cell carcinomas attributable to HPV16 and HPV18, which
comprise the two most common high-risk viral types, is estimated at about 70%, while the
respective fraction of cervical adenocarcinomas is 86%. As expected, in low-grade squamous
intraepithelial alterations the respective percentages differ, since a significant number of these
lesions contain HPVs which do not belong to the most common high-risk types.

3.2. Human papillomavirus oncoproteins and their main interactions with cellular pathways

HPVs are epitheliotropic double-stranded DNA viruses, whose replication is dependent on
the terminally differentiating epithelial tissue. Their circular genome includes several open
reading frames (ORFs) encoding for proteins which control early (E) and late (L) viral functions
(E1, E2, E4, E5, E6, E7, L1, and L2) [46].

High-risk mucosal HPVs encode three transforming proteins: E5, E6 and E7, which exhibit
multiple biological activities. These have been extensively studied in the last few decades;
however, several aspects remain to be elucidated [47-48].

HPV E5 is able to transform mouse fibroblasts and keratinocytes in culture [49]. It is believed
to contribute to early stages of carcinogenesis and works in concert with E6 and E7 [50-51].
These latter proteins, which often act synergistically, are necessary for the induction and
maintenance of the transformed phenotype. They inhibit the function of tumor suppressors
p53 and pRb, respectively, whereas their expression enables cells to bypass normal cell cycle
checkpoints.

E6 and E7 are required for both the development of precursor lesions of cervical carcinoma,
and for maintaining the malignant phenotype of cervical cancer cells [3]. E6 and E7 proteins
play critical roles, being able to immortalize human keratinocytes and induce cell proliferation
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and transformation. High-risk HPV E6 proteins target p53 for proteasomal degradation
through association with the cellular ubiquitin ligase E6AP [48,52]. Low-risk HPV E6 proteins
can also associate with E6AP; however, high-risk HPV proteins target p53 for ubiquitination.
Activation of telomerase is another important facet of E6 functions, which is augmented by
E7-induced interactions.

HPV E7 proteins interact with the retinoblastoma tumor suppressor protein, pRB, which
controls S-phase entry through association with E2F transcription factor family members. They
also interact with the related pocket proteins, p107 and p130. High-risk HPV E7 targets pRB
for proteasomal degradation, while low-risk HPV E7 binds pRB with lower efficiency (ap‐
proximately 10-fold lower) than the former [47,53]. E7 proteins cause aberrant activation of
cdk2 (cyclin-dependent kinase 2), which is associated with cyclins E and A, as well as cdk
inhibitors, mainly p21CIP1 and p27KIP1. E7 expression results in dysregulated expression of
cyclins E and A [48,54]. Through its multiple interactions, E7 can uncouple keratinocyte
differentiation from cell cycle progression and retain differentiating keratinocytes in a DNA
synthesis competent state.

The above interactions form the basis for the application of some important biomarkers used
nowadays in many laboratories worldwide. These include p16, a cyclin-dependent kinase
inhibitor, often exhibiting increased expression in HPV-related intraepithelial lesions, as well
as cyclin E, as will be discussed in the following. Furthermore, proliferation markers, like Ki67,
show increased/altered expression, in comparison to non-HPV-infected epithelium of the
uterine cervix.

In addition, HR-HPV E6 and E7 proteins cooperate to generate mitotic defects and aneuploidy
through induction of supernumerary centrosomes and multipolar mitoses in epithelial cells
[55], while genomic instability results in the addition of molecular alterations. The detection
of abnormal mitoses is a useful morphologic indicator of high-risk HPV-associated lesions [32].

Finally, integration of HPV genome into host chromosomes is an important event in cervical
carcinogenesis [56,57]. Integration occurs frequently during malignant progression and may
result in dysregulation of E6/E7 expression due to disruption of E2, with associated loss of the
inhibitory E2 action.

Except for the above interactions, several other factors contribute to the development of
neoplasia, and these are related to the host or the environment. Smoking, the use of oral
contraceptives, high parity and Chlamydia are associated with a relative risk of 2 to 4
[7,9,58-60]. Immunity plays an important role, and this is reflected in data concerning cervical
lesions in HIV-infected individuals and in transplant-recipients.

4. Immunohistochemical stains in the diagnosis of cervical intraepithelial
lesions

The role of the pathologist examining a cervical biopsy suspicious for an intraepithelial lesion
consists of: a) confirming or excluding the presence of a lesion, b) excluding other entities
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Table 1. Percentage of HPV detection in carcinomas of the anogenital region other than cervical carcinoma [4,7].
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types may confer risk reflecting an “at risk behavior” [14].
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comprise the two most common high-risk viral types, is estimated at about 70%, while the
respective fraction of cervical adenocarcinomas is 86%. As expected, in low-grade squamous
intraepithelial alterations the respective percentages differ, since a significant number of these
lesions contain HPVs which do not belong to the most common high-risk types.

3.2. Human papillomavirus oncoproteins and their main interactions with cellular pathways

HPVs are epitheliotropic double-stranded DNA viruses, whose replication is dependent on
the terminally differentiating epithelial tissue. Their circular genome includes several open
reading frames (ORFs) encoding for proteins which control early (E) and late (L) viral functions
(E1, E2, E4, E5, E6, E7, L1, and L2) [46].

High-risk mucosal HPVs encode three transforming proteins: E5, E6 and E7, which exhibit
multiple biological activities. These have been extensively studied in the last few decades;
however, several aspects remain to be elucidated [47-48].

HPV E5 is able to transform mouse fibroblasts and keratinocytes in culture [49]. It is believed
to contribute to early stages of carcinogenesis and works in concert with E6 and E7 [50-51].
These latter proteins, which often act synergistically, are necessary for the induction and
maintenance of the transformed phenotype. They inhibit the function of tumor suppressors
p53 and pRb, respectively, whereas their expression enables cells to bypass normal cell cycle
checkpoints.

E6 and E7 are required for both the development of precursor lesions of cervical carcinoma,
and for maintaining the malignant phenotype of cervical cancer cells [3]. E6 and E7 proteins
play critical roles, being able to immortalize human keratinocytes and induce cell proliferation
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and transformation. High-risk HPV E6 proteins target p53 for proteasomal degradation
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cdk2 (cyclin-dependent kinase 2), which is associated with cyclins E and A, as well as cdk
inhibitors, mainly p21CIP1 and p27KIP1. E7 expression results in dysregulated expression of
cyclins E and A [48,54]. Through its multiple interactions, E7 can uncouple keratinocyte
differentiation from cell cycle progression and retain differentiating keratinocytes in a DNA
synthesis competent state.

The above interactions form the basis for the application of some important biomarkers used
nowadays in many laboratories worldwide. These include p16, a cyclin-dependent kinase
inhibitor, often exhibiting increased expression in HPV-related intraepithelial lesions, as well
as cyclin E, as will be discussed in the following. Furthermore, proliferation markers, like Ki67,
show increased/altered expression, in comparison to non-HPV-infected epithelium of the
uterine cervix.

In addition, HR-HPV E6 and E7 proteins cooperate to generate mitotic defects and aneuploidy
through induction of supernumerary centrosomes and multipolar mitoses in epithelial cells
[55], while genomic instability results in the addition of molecular alterations. The detection
of abnormal mitoses is a useful morphologic indicator of high-risk HPV-associated lesions [32].

Finally, integration of HPV genome into host chromosomes is an important event in cervical
carcinogenesis [56,57]. Integration occurs frequently during malignant progression and may
result in dysregulation of E6/E7 expression due to disruption of E2, with associated loss of the
inhibitory E2 action.

Except for the above interactions, several other factors contribute to the development of
neoplasia, and these are related to the host or the environment. Smoking, the use of oral
contraceptives, high parity and Chlamydia are associated with a relative risk of 2 to 4
[7,9,58-60]. Immunity plays an important role, and this is reflected in data concerning cervical
lesions in HIV-infected individuals and in transplant-recipients.

4. Immunohistochemical stains in the diagnosis of cervical intraepithelial
lesions

The role of the pathologist examining a cervical biopsy suspicious for an intraepithelial lesion
consists of: a) confirming or excluding the presence of a lesion, b) excluding other entities
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entering the differential diagnosis, and, c) if the diagnosis of an intraepithelial lesion is
confirmed, distinguishing a low-grade from a high-grade alteration. Histopathological
diagnosis of intraepithelial lesions is based on well-defined criteria, as discussed above.
However, in certain cases distinguishing both low- and high-grade lesions from their mimics
may pose problems [14,61], even to experienced gynecologic pathologists. Florid reactive
changes and metaplastic patterns may present histopathologic features, which may cause
difficulties in the distinction from HPV-induced alterations. Attempts have been made to
redefine the traditional criteria for lesion diagnosis, while other efforts aimed at the adoption
of new, more objective methods, which might support the former [22,23,62-64]. However,
studies attempting to correlate HPV presence and replication to certain cytohistologic altera‐
tions are becoming less frequent and/or fruitful.

In recent years immunohistochemistry (IHC) is an important adjunct in many diagnoses of
surgical pathology, since it may reveal certain characteristics of cells and tissues, which cannot
be evaluated by morphology alone. Cervical biopsies are not an exception. Molecular studies
have revealed markers that might be of utility in the diagnosis of squamous and glandular
intraepithelial alterations, including cellular proteins targeted directly by viral oncoproteins,
and markers related to the cell cycle, which is disturbed by multiple actions of the virus, as
summarized in the above paragraphs.

4.1. Immunohistochemical stains in the diagnosis of squamous intraepithelial lesions (SILs)

The immunohistochemical stains that are currently in use in several laboratories worldwide,
as well as some new promising markers are presented in the following paragraphs. The terms
low grade squamous intraepithelial lesion (LSIL) and high grade squamous intraepithelial
lesion (HSIL) will be used interchangeably with CIN1 and CIN2/3, respectively.

4.1.1. p16

One extensively studied marker is p16 INK4A (hereafter referred to as p16), a cyclin-dependent
kinase inhibitor, which decelerates the cell cycle and functions as a tumor suppressor, while
having a role in cellular senescence. p16 affects pRb-mediated regulation of the G1/S transition
[65-68]. The expression of p16 is altered in several human tumors by deletions, mutations, or
methylation. Germ-line mutation carriers are predisposed to a high risk of pancreatic and
breast cancers [69].

Increased expression of p16 is often observed in HPV-related intraepithelial lesions and this
is mainly attributed to the presence of a feedback loop, which depends on the status of
retinoblastoma protein (pRb) and the potential of high-risk HPV E7 protein to inactivate the
latter [48,65,70]. Thus, it could be regarded as a marker of E7 activity. Despite the presence of
high levels of p16 in SILs, its suppressor function is not normally exerted.

Several groups of investigators have examined immunohistochemically the expression of p16
in cervical squamous intraepithelial lesions and its possible correlations with lesion grade,
HPV types and/or lesion “progression” (reviewed by Kostopoulou et al. [17]). Indeed, p16 is
one of the best studied markers in gynaecologic pathology. However, percentages of immu‐
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nohistochemical positivity vary among different studies, as presented in Table 2. In the latter,
studies published in the last ten years and including more than 100 cases of squamous
intraepithelial lesions in histopathologic specimens are summarized [71-85], and the reported
percentages of p16 immunopositivity are presented, together with the criteria and the
antibodies used by the authors. As shown in the Table, different criteria have been used for
p16 immunoreactivity evaluation, with some authors focusing only on diffuse immunoposi‐
tivity, some reporting any type of immunostaining, and others reporting nuclear and cyto‐
plasmic staining separately. Importantly, some authors interpret focal positivity as a false-
positive reaction. Positivity in the studies presented below varied from 5.6% to 100% for LSIL
and from 45.2% to 100% for HSIL (Table 2). The percentage of immunopositivity observed in
negative for SIL (NS) epithelia also varied between 0% and 32.7%.

In one recent study [17] the two basic patterns of immunoreactivity, that is focal and diffuse,
were further subdivided into groups as following: Focal positivity was subdivided into cases
with occasional positive cells, dispersed or in small groups, observed either (a) mainly in the
lower epithelial layers, or (b) above the basal/parabasal layer. Diffuse positivity in the
horizontal plane involved either (a) all epithelial layers, or (b) only the basal, parabasal and
intermediate layers, without extending to the upper third of the epithelium. In HSIL only
diffuse positivity was encountered, observed in 24/25 cases (96%) (Figure 3a). In LSIL 41/55
cases (74.5%) showed some type of positivity, most commonly focal/sporadic (Figure 3b).
Interestingly, a difference in HPV type distribution was observed between the two patterns of
sporadic/focal positivity, involving lower vs intermediate/upper epithelial layers, and
probably reflecting an earlier sporadic expression of E7 in certain lesions [17]. LSILs associated
with high-risk or probable high-risk HPV types showed positivity for p16 in 25/35 cases
(71.4%). Study of the pertinent literature revealed that a percentage of LSILs testing positive
for HR-HPV by PCR or HC2 does not exhibit any p16 immunopositivity. Indeed, the percent‐
age of p16 positivity reported for HR-HPV positive LSILs varied from 32.4% to 94.4%
[17,78,86]. Furthermore, strong p16 positivity in LSIL cases appeared to be independent of
HPV punctate signal pattern by ISH, in a study by Kalof et al [86].

Additionally, as shown in the Table, in several studies often appears a small group of HSILs
that do not show any p16 immunoreactivity. The above observations lead to the conclusion
that a negative or equivocal p16 immunostain should be carefully evaluated in conjunction
with the histopathologic findings and should not be used as the main criterion for diagnosis.

In three large series of the literature reporting more than 200 cases (SILs and controls) each
[71,79,81], as summarized in [17], sensitivity of p16 for the detection of SIL varied from 76.6%
to 94.8%, with a value of 83.7% calculated in the total number of their cases, while specific‐
ity varied from 77.1% to 92.1%, with a value of 84.6% calculated for the total number of cases.
In the same studies the positive predictive value varied from 75.7% to 94.1%. In the study
by Kostopoulou et al. [17] sensitivity of p16 immunopositivity for the detection of SIL was
81.2% and specificity 85%, while the positive predictive value was 95.6%. In the study by
van Niekerk et  al.  sensitivity  and specificity  for  HSIL were  estimated at  90% and 85%,
respectively.

Ancillary Techniques in the Histopathologic Diagnosis of Squamous and Glandular Intraepithelial Lesions…
http://dx.doi.org/10.5772/55897

125



entering the differential diagnosis, and, c) if the diagnosis of an intraepithelial lesion is
confirmed, distinguishing a low-grade from a high-grade alteration. Histopathological
diagnosis of intraepithelial lesions is based on well-defined criteria, as discussed above.
However, in certain cases distinguishing both low- and high-grade lesions from their mimics
may pose problems [14,61], even to experienced gynecologic pathologists. Florid reactive
changes and metaplastic patterns may present histopathologic features, which may cause
difficulties in the distinction from HPV-induced alterations. Attempts have been made to
redefine the traditional criteria for lesion diagnosis, while other efforts aimed at the adoption
of new, more objective methods, which might support the former [22,23,62-64]. However,
studies attempting to correlate HPV presence and replication to certain cytohistologic altera‐
tions are becoming less frequent and/or fruitful.

In recent years immunohistochemistry (IHC) is an important adjunct in many diagnoses of
surgical pathology, since it may reveal certain characteristics of cells and tissues, which cannot
be evaluated by morphology alone. Cervical biopsies are not an exception. Molecular studies
have revealed markers that might be of utility in the diagnosis of squamous and glandular
intraepithelial alterations, including cellular proteins targeted directly by viral oncoproteins,
and markers related to the cell cycle, which is disturbed by multiple actions of the virus, as
summarized in the above paragraphs.

4.1. Immunohistochemical stains in the diagnosis of squamous intraepithelial lesions (SILs)

The immunohistochemical stains that are currently in use in several laboratories worldwide,
as well as some new promising markers are presented in the following paragraphs. The terms
low grade squamous intraepithelial lesion (LSIL) and high grade squamous intraepithelial
lesion (HSIL) will be used interchangeably with CIN1 and CIN2/3, respectively.

4.1.1. p16

One extensively studied marker is p16 INK4A (hereafter referred to as p16), a cyclin-dependent
kinase inhibitor, which decelerates the cell cycle and functions as a tumor suppressor, while
having a role in cellular senescence. p16 affects pRb-mediated regulation of the G1/S transition
[65-68]. The expression of p16 is altered in several human tumors by deletions, mutations, or
methylation. Germ-line mutation carriers are predisposed to a high risk of pancreatic and
breast cancers [69].

Increased expression of p16 is often observed in HPV-related intraepithelial lesions and this
is mainly attributed to the presence of a feedback loop, which depends on the status of
retinoblastoma protein (pRb) and the potential of high-risk HPV E7 protein to inactivate the
latter [48,65,70]. Thus, it could be regarded as a marker of E7 activity. Despite the presence of
high levels of p16 in SILs, its suppressor function is not normally exerted.

Several groups of investigators have examined immunohistochemically the expression of p16
in cervical squamous intraepithelial lesions and its possible correlations with lesion grade,
HPV types and/or lesion “progression” (reviewed by Kostopoulou et al. [17]). Indeed, p16 is
one of the best studied markers in gynaecologic pathology. However, percentages of immu‐
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nohistochemical positivity vary among different studies, as presented in Table 2. In the latter,
studies published in the last ten years and including more than 100 cases of squamous
intraepithelial lesions in histopathologic specimens are summarized [71-85], and the reported
percentages of p16 immunopositivity are presented, together with the criteria and the
antibodies used by the authors. As shown in the Table, different criteria have been used for
p16 immunoreactivity evaluation, with some authors focusing only on diffuse immunoposi‐
tivity, some reporting any type of immunostaining, and others reporting nuclear and cyto‐
plasmic staining separately. Importantly, some authors interpret focal positivity as a false-
positive reaction. Positivity in the studies presented below varied from 5.6% to 100% for LSIL
and from 45.2% to 100% for HSIL (Table 2). The percentage of immunopositivity observed in
negative for SIL (NS) epithelia also varied between 0% and 32.7%.

In one recent study [17] the two basic patterns of immunoreactivity, that is focal and diffuse,
were further subdivided into groups as following: Focal positivity was subdivided into cases
with occasional positive cells, dispersed or in small groups, observed either (a) mainly in the
lower epithelial layers, or (b) above the basal/parabasal layer. Diffuse positivity in the
horizontal plane involved either (a) all epithelial layers, or (b) only the basal, parabasal and
intermediate layers, without extending to the upper third of the epithelium. In HSIL only
diffuse positivity was encountered, observed in 24/25 cases (96%) (Figure 3a). In LSIL 41/55
cases (74.5%) showed some type of positivity, most commonly focal/sporadic (Figure 3b).
Interestingly, a difference in HPV type distribution was observed between the two patterns of
sporadic/focal positivity, involving lower vs intermediate/upper epithelial layers, and
probably reflecting an earlier sporadic expression of E7 in certain lesions [17]. LSILs associated
with high-risk or probable high-risk HPV types showed positivity for p16 in 25/35 cases
(71.4%). Study of the pertinent literature revealed that a percentage of LSILs testing positive
for HR-HPV by PCR or HC2 does not exhibit any p16 immunopositivity. Indeed, the percent‐
age of p16 positivity reported for HR-HPV positive LSILs varied from 32.4% to 94.4%
[17,78,86]. Furthermore, strong p16 positivity in LSIL cases appeared to be independent of
HPV punctate signal pattern by ISH, in a study by Kalof et al [86].

Additionally, as shown in the Table, in several studies often appears a small group of HSILs
that do not show any p16 immunoreactivity. The above observations lead to the conclusion
that a negative or equivocal p16 immunostain should be carefully evaluated in conjunction
with the histopathologic findings and should not be used as the main criterion for diagnosis.

In three large series of the literature reporting more than 200 cases (SILs and controls) each
[71,79,81], as summarized in [17], sensitivity of p16 for the detection of SIL varied from 76.6%
to 94.8%, with a value of 83.7% calculated in the total number of their cases, while specific‐
ity varied from 77.1% to 92.1%, with a value of 84.6% calculated for the total number of cases.
In the same studies the positive predictive value varied from 75.7% to 94.1%. In the study
by Kostopoulou et al. [17] sensitivity of p16 immunopositivity for the detection of SIL was
81.2% and specificity 85%, while the positive predictive value was 95.6%. In the study by
van Niekerk et  al.  sensitivity  and specificity  for  HSIL were  estimated at  90% and 85%,
respectively.
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Reference LSIL HSIL NS Evaluation Antibody

[71] 56.6% 84.5% 11.5% N and C

≥5% cells

E6H4

(MTM)

[72] 35% 81.2% 0% N and/or C Polyclonal

(Abcam)

[73] 74.7 100% ND N and C

≥5% cells in

lower third

CINtec p16 Kit

(DakoCytomation)

[74] 37.2% 45.2% 3.2% N and/or C E6H4

(MTM)

[75] 72% 94.7% 32.7% Any

reactivity

E6H4

(MTM)

[76] 74.1% 96.1% 7.0% N and/or C JC8

(Biocare Medical)

[77] 100% 98.7% 0% N or C p16

(Pharmingen)

[78] 24.5% 87.5% 0% Moderate and

strong

E6H4

(MTM)

[79] 90.9% 100% 7.9% C and N

≥5% cells

Ab7 16PO7

(Neomarkers)

[80] 71.4% 100% 6% Continuous basal and

parabasal

p16 Histology Kit

(Dako)

[81] 57.1% 96.9% 22.9% N and C

≥5% cells in

each layer

E6H4

(DakoCytomation)

[82] 50% 96.2% 0% C and N CINtec p16 Kit

(Dako)

[83] 5.6% 96.7% ND Diffuse, >1/3

of epithelium

Ab-4, 16P04

(Lab Vision)

[84] 26.7% 79.7% 0% N and C

≥5% cells

p16

(NeoMarkers)

[85] 44% 99% 11% Lower ¼ of epithelium E6H4

(DakoCytomation)

LSIL: low-grade squamous intraepithelial lesion; HSIL: high-grade squamous intraepithelial lesion; NS: negative for SIL;
N: nuclear; C: cytoplasmic; ND: no data
a Only studies including more than 100 cases of squamous intraepithelial lesions in histopathologic specimens are
presented.

Table 2. Percentages of immunopositivity for p16 in studies reported in the last ten yearsa
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In  conclusion,  the results  of  the above mentioned studies  point  towards the use of  p16
immunostain in conjunction with histopathologic evaluation, since the latter remains the
“gold  standard”  in  lesion  diagnosis.  Addition  of  a  consecutive  p16-stained  slide  to  the
hematoxylin-eosin (HE) stained slides has been shown to improve significantly interobserv‐
er agreement for both punch and cone biopsies [18,83,87]. It is of note that a high level of
agreement  has  been observed among pathologists  in  calling a  staining pattern diffusely
positive [18]. Moreover, p16 immunostaining may help in the identification of occult lesions
[88] and of unusual high-grade lesions not easily recognized in hematoxylin-eosin stained
slides  [89].  The  differential  diagnosis  from  non-neoplastic  alterations  can  be  facilitated,
especially in conjunction with other immunostains, as presented below. Lesion grading can
be more accurate, especially concerning aggressive-appearing low-grade lesions, which could
easily be upgraded [83]. p16 IHC may also be of use in evaluating cauterized cervical resection
margins, since the positive staining pattern of HGSIL is not affected by diathermy in LLETZ
biopsies [76]. Awareness of the different patterns of immunoreactivity and its limitations
might allow for a most proper use in certain clinicopathological settings. However, signifi‐
cant variability remains in the reported percentage of cases that stain positively for p16, and
the  need for  standardization  of  sample  preparation  and evaluation  protocols  cannot  be
overemphasized [90].

(a) (b) 

Figure 3. a – b). Diffuse p16 positivity in a HSIL (a) and focal positivity in a LSIL (b).

In the recent consensus recommendations of the College of American Pathologists and the
American Society for Colposcopy and Cervical Pathology [31], p16 was considered as the only
biomarker with sufficient evidence on which to make recommendations regarding use in
squamous lesions of the lower anogenital tract in the context of HPV biology. p16 immuno‐
histochemical evaluation was recommended for the distinction of high grade lesions from their
mimics, as well as for diagnosis clarification of a lesion falling in the CIN2 group. However,
p16 IHC is not indicated for the distinction of low grade lesions from non-HPV induced
alterations or as a routine adjunct to histologic assessment of biopsy specimens with HSIL/
CIN3 or LSIL morphology. An exception to the latter concerns cases interpreted as ≤LSIL that
are at high risk for missed high-grade disease, in relation to previous cytology results or HPV-
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Reference LSIL HSIL NS Evaluation Antibody
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of epithelium

Ab-4, 16P04
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p16
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(DakoCytomation)

LSIL: low-grade squamous intraepithelial lesion; HSIL: high-grade squamous intraepithelial lesion; NS: negative for SIL;
N: nuclear; C: cytoplasmic; ND: no data
a Only studies including more than 100 cases of squamous intraepithelial lesions in histopathologic specimens are
presented.
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In  conclusion,  the results  of  the above mentioned studies  point  towards the use of  p16
immunostain in conjunction with histopathologic evaluation, since the latter remains the
“gold  standard”  in  lesion  diagnosis.  Addition  of  a  consecutive  p16-stained  slide  to  the
hematoxylin-eosin (HE) stained slides has been shown to improve significantly interobserv‐
er agreement for both punch and cone biopsies [18,83,87]. It is of note that a high level of
agreement  has  been observed among pathologists  in  calling a  staining pattern diffusely
positive [18]. Moreover, p16 immunostaining may help in the identification of occult lesions
[88] and of unusual high-grade lesions not easily recognized in hematoxylin-eosin stained
slides  [89].  The  differential  diagnosis  from  non-neoplastic  alterations  can  be  facilitated,
especially in conjunction with other immunostains, as presented below. Lesion grading can
be more accurate, especially concerning aggressive-appearing low-grade lesions, which could
easily be upgraded [83]. p16 IHC may also be of use in evaluating cauterized cervical resection
margins, since the positive staining pattern of HGSIL is not affected by diathermy in LLETZ
biopsies [76]. Awareness of the different patterns of immunoreactivity and its limitations
might allow for a most proper use in certain clinicopathological settings. However, signifi‐
cant variability remains in the reported percentage of cases that stain positively for p16, and
the  need for  standardization  of  sample  preparation  and evaluation  protocols  cannot  be
overemphasized [90].
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Figure 3. a – b). Diffuse p16 positivity in a HSIL (a) and focal positivity in a LSIL (b).

In the recent consensus recommendations of the College of American Pathologists and the
American Society for Colposcopy and Cervical Pathology [31], p16 was considered as the only
biomarker with sufficient evidence on which to make recommendations regarding use in
squamous lesions of the lower anogenital tract in the context of HPV biology. p16 immuno‐
histochemical evaluation was recommended for the distinction of high grade lesions from their
mimics, as well as for diagnosis clarification of a lesion falling in the CIN2 group. However,
p16 IHC is not indicated for the distinction of low grade lesions from non-HPV induced
alterations or as a routine adjunct to histologic assessment of biopsy specimens with HSIL/
CIN3 or LSIL morphology. An exception to the latter concerns cases interpreted as ≤LSIL that
are at high risk for missed high-grade disease, in relation to previous cytology results or HPV-
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test [31]. The estimated magnitude of p16 IHC utilization, according to these recommenda‐
tions, is for <25% of cervical biopsy specimens.

Finally, another aspect of p16 immunostaining is the possibility of correlation with lesion
“progression”. It has been suggested that certain phases of a given HR-HPV-associated
neoplastic process may have different indices of p16 expression [16]. Although the detailed
examination of this subject is not included in the aim of the present text, it should be mentioned
that, in an interesting study by Hariri and Oster, 25/26 low-grade lesions with negative p16
staining (concerning diffuse staining) and a minimum follow-up period of five years had a
benign or normal outcome, revealing a negative predictive value of p16 in predicting the
outcome of CIN 1 cases as high as 96% [80]. In a study including conization specimens with
coexisting CIN1 and CIN3 areas, all CIN1 were p16 positive [91], while p16 staining did not
predict persistence or clearance of HR-HPV after treatment for CIN in a study by Branca et al.
[72]. In a recent report by Ozaki et al. [85] including 99 patients with CIN1 and follow-up data,
26/76 cases in the regression group showed p16 immunopositivity vs 17/23 in the persistence/
progression groups.

4.1.2. Cyclins

Cyclins along with cyclin-dependent kinases and their inhibitors are important molecules for
the orderly progression of cells through phases of the cell cycle. Their immunohistochemical
evaluation has been reported to be of help in the diagnosis of SIL in cervical specimens. Cyclin
E is uncommonly expressed in epithelia not infected by HPV and its conspicuous immuno‐
positivity may facilitate the recognition of SIL [16]. In addition, cyclin B1 immunoreactivity
above the basal/parabasal cells correlates significantly with HPV detection and could be a
marker of HPV presence [21]. Cyclins D and A have been also studied as possible markers of
HPV-related lesions.

Cyclin B1. It has been reported that E6/E7 oncoproteins of HPV type 18 induced changes in
the expression of cell cycle regulatory proteins before immortalization [92]. Significantly
increased expression was noted for cyclin B and its transcriptional activation was documented.
In 2000, Southern et al. demonstrated increased cyclin B1 expression in HGSILs [93]. In their
study cyclin B protein was up-regulated and persisted into the upper epithelial layers in
parallel with cyclin A expression in high-grade squamous intraepithelial lesions.

In a study performed in our laboratory, cyclin B1 immunopositivity above the basal/parabasal
cells correlated significantly with HPV detection (p<0.001) (Figure 4). In all cases of HSIL
immunopositivity for cyclin B1 extended above the basal/parabasal layers, most often
involving the superficial layers as well [21]. Furthermore, increased cyclin B1 immunoreac‐
tivity was observed in 51/52 low-grade lesions (98.07%), and in seven of 15 biopsies (46.6%)
characterized as atypia of unknown significance (AUS). Six of these seven cases tested HPV-
positive by PCR.

The main staining pattern observed in low-grade lesions and non-diagnostic atypias in the
above study consisted of sporadic cyclin B1 staining in mature squamous polygonal cells often
just above the basal layers, with slight differences between flat and elevated lesions. Immu‐
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nopositivity was seen in 52 of 55 cases with HPV infection detected by PCR, whereas it was
seen in only 5 cases without PCR-proven HPV infection. In 4 of the latter cases, however, p16
immunoreactivity was observed, suggesting that HPV could be present though not detected
by PCR.

The pattern of immunoreactivity observed in low-grade lesions and AUS cases could be
perceived as cytoplasmic accumulation or retention of cyclin B1 in suprabasal squamous cells,
which might reflect early events in the inhibition of G2-to-M transition, a well-known phe‐
nomenon during HPV infection in vitro. The possibility was suggested that these cyclin B1-
positive cells could be viewed as a type of ‘‘prekoilocytes”, whose eventual progression to
koilocytes would depend on several parameters related to the intricacies of HPV infection.

In conclusion, cyclin B1 positivity above the basal/parabasal layers correlates significantly with
HPV detection and could be a marker of HPV presence. Thus, it might constitute a helpful
finding in difficult to diagnose cases. Immunopositivity in a specimen showing non-diagnostic
atypia should prompt reevaluation and/or HPV testing, as it is likely that the case could
represent a genuine low-grade intraepithelial lesion. Thus, a search for “pre-koilocytes” with
B1 immunostaining might be useful in certain cases.

Figure 4. Cyclin B1 immunopositivity above the basal/parabasal cells correlates significantly with HPV detection.

Cyclin E. Cyclin E is another important cell cycle regulator, promoting G1 transition, which
has been reported to exhibit increased expression in squamous intraepithelial lesions and
invasive cervical carcinomas, although the exact mechanisms are not clear [16].

Moderate to strong immunopositivity for cyclin E was observed in 92.6% and in 91.6% of LSIL
and HSIL, respectively, in a study by Keating et al., being positive in 38/41 HR-HPV positive
cases. In a group of nondiagnostic squamous atypias cyclin E positivity was associated with
HPV positivity [16]. In a study by Bahnassy et al. cyclin E staining increased from CIN1 to invasive
carcinoma (from 16.7% to 88.4%, respectively), while gene amplification was detected in 11.1%
of CIN1 cases, in 45.5% of CINII, in 55.3% of CINIII, and in 88.4% of carcinoma cases [94].
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test [31]. The estimated magnitude of p16 IHC utilization, according to these recommenda‐
tions, is for <25% of cervical biopsy specimens.

Finally, another aspect of p16 immunostaining is the possibility of correlation with lesion
“progression”. It has been suggested that certain phases of a given HR-HPV-associated
neoplastic process may have different indices of p16 expression [16]. Although the detailed
examination of this subject is not included in the aim of the present text, it should be mentioned
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26/76 cases in the regression group showed p16 immunopositivity vs 17/23 in the persistence/
progression groups.
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Cyclins along with cyclin-dependent kinases and their inhibitors are important molecules for
the orderly progression of cells through phases of the cell cycle. Their immunohistochemical
evaluation has been reported to be of help in the diagnosis of SIL in cervical specimens. Cyclin
E is uncommonly expressed in epithelia not infected by HPV and its conspicuous immuno‐
positivity may facilitate the recognition of SIL [16]. In addition, cyclin B1 immunoreactivity
above the basal/parabasal cells correlates significantly with HPV detection and could be a
marker of HPV presence [21]. Cyclins D and A have been also studied as possible markers of
HPV-related lesions.

Cyclin B1. It has been reported that E6/E7 oncoproteins of HPV type 18 induced changes in
the expression of cell cycle regulatory proteins before immortalization [92]. Significantly
increased expression was noted for cyclin B and its transcriptional activation was documented.
In 2000, Southern et al. demonstrated increased cyclin B1 expression in HGSILs [93]. In their
study cyclin B protein was up-regulated and persisted into the upper epithelial layers in
parallel with cyclin A expression in high-grade squamous intraepithelial lesions.

In a study performed in our laboratory, cyclin B1 immunopositivity above the basal/parabasal
cells correlated significantly with HPV detection (p<0.001) (Figure 4). In all cases of HSIL
immunopositivity for cyclin B1 extended above the basal/parabasal layers, most often
involving the superficial layers as well [21]. Furthermore, increased cyclin B1 immunoreac‐
tivity was observed in 51/52 low-grade lesions (98.07%), and in seven of 15 biopsies (46.6%)
characterized as atypia of unknown significance (AUS). Six of these seven cases tested HPV-
positive by PCR.

The main staining pattern observed in low-grade lesions and non-diagnostic atypias in the
above study consisted of sporadic cyclin B1 staining in mature squamous polygonal cells often
just above the basal layers, with slight differences between flat and elevated lesions. Immu‐
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nopositivity was seen in 52 of 55 cases with HPV infection detected by PCR, whereas it was
seen in only 5 cases without PCR-proven HPV infection. In 4 of the latter cases, however, p16
immunoreactivity was observed, suggesting that HPV could be present though not detected
by PCR.

The pattern of immunoreactivity observed in low-grade lesions and AUS cases could be
perceived as cytoplasmic accumulation or retention of cyclin B1 in suprabasal squamous cells,
which might reflect early events in the inhibition of G2-to-M transition, a well-known phe‐
nomenon during HPV infection in vitro. The possibility was suggested that these cyclin B1-
positive cells could be viewed as a type of ‘‘prekoilocytes”, whose eventual progression to
koilocytes would depend on several parameters related to the intricacies of HPV infection.

In conclusion, cyclin B1 positivity above the basal/parabasal layers correlates significantly with
HPV detection and could be a marker of HPV presence. Thus, it might constitute a helpful
finding in difficult to diagnose cases. Immunopositivity in a specimen showing non-diagnostic
atypia should prompt reevaluation and/or HPV testing, as it is likely that the case could
represent a genuine low-grade intraepithelial lesion. Thus, a search for “pre-koilocytes” with
B1 immunostaining might be useful in certain cases.
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Cyclin E. Cyclin E is another important cell cycle regulator, promoting G1 transition, which
has been reported to exhibit increased expression in squamous intraepithelial lesions and
invasive cervical carcinomas, although the exact mechanisms are not clear [16].

Moderate to strong immunopositivity for cyclin E was observed in 92.6% and in 91.6% of LSIL
and HSIL, respectively, in a study by Keating et al., being positive in 38/41 HR-HPV positive
cases. In a group of nondiagnostic squamous atypias cyclin E positivity was associated with
HPV positivity [16]. In a study by Bahnassy et al. cyclin E staining increased from CIN1 to invasive
carcinoma (from 16.7% to 88.4%, respectively), while gene amplification was detected in 11.1%
of CIN1 cases, in 45.5% of CINII, in 55.3% of CINIII, and in 88.4% of carcinoma cases [94].
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In conclusion, cyclin E immunostaining could be used to discriminate reactive from neoplastic
epithelium [14] especially in conjunction with other markers, discussed in other parts of the
present text. However, it is not useful in the distinction of low-grade from high-grade lesions.

4.1.3. Ki67

Ki-67 is an antigen expressed in the nuclei of proliferating cells during the whole cell cycle,
except for the G0 and G1 early phases. MIB-1 is a monoclonal antibody that detects this antigen
in paraffin tissue sections. Although positivity is observed under normal conditions in the
lower compartments of the multilayered squamous epithelium, staining of the middle and
upper layers is indicative of an intraepithelial lesion (Figure -5).

Immunopositivity for Ki-67 increases as a function of increasing lesion grade [16,19,95-98].
HSIL/CIN3 lesions usually show nuclear positivity scattered throughout all epithelial layers,
while lower grade lesions show less diffuse immunoreaction. However, immunostains should
be interpreted with caution. It is well-known to pathologists that reactive and reparative
changes may pose a problem in the examination of cell proliferation, and, in the case of Ki-67,
immunostaining may extend through the upper layers of the epithelium. In addition, tangen‐
tial sectioning may sometimes result in the false impression that positive parabasal cells are
more superficially placed, thus leading to a SIL diagnosis [99].

It should be noted that Ki-67 immunohistochemical stain may be especially helpful in differ‐
entiating atrophic epithelial changes from high-grade lesions [14]. It can also be used in the
evaluation of cauterized margins, which often pose diagnostic problems [20]. In addition, Ki-67
immunostaining can be used as an adjunct to other markers. In one study of metaplastic
cervical epithelia, addition of Ki67 positivity in >50% of lesional cells to p16 “band” positivity
increased specificity (from 92.5 to 96%) and positive predictive value (from 85.7 to 91.7%) for
the diagnosis of high-grade CIN [100]. Dual IHC stain with evaluation of colocalization of
antibodies represents an interesting approach to this theme [101].

(a) (b) 

Figure 5. Ki-67 positivity in a low-grade SIL.
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4.1.4. ProEx C

ProEx C is a recently developed biomarker reagent that targets two proteins having a signifi‐
cant role in the regulation of DNA replication during S-phase: the minichromosome mainte‐
nance protein 2 (MCM2) and DNA topoisomerase IIa (TOP2A). TOP2A is a nuclear enzyme
that regulates the enzymatic unlinking of DNA strands during chromosome replication.
MCM2 functions also during DNA replication by loading the pre-replication complex onto
DNA and unwinding the latter through helicase activity to permit synthesis. These proteins
are overexpressed in aberrant S-phase induction and have been shown to be overexpressed in
CINs and cervical carcinomas [98,99,102,103]. ProEx C appears to be efficient in distinguishing
reactive epithelial changes from squamous lesions. The stain can be used alone or in conjunc‐
tion with p16.

The staining pattern of ProEx C in histologic sections is evaluated in a way reminiscent of
MIB-1, since only nuclear positivity above the basal one-third layer is considered positive [99].
ProEx C has been reported to stain reactive epithelial cell nuclei less and LSIL nuclei more than
MIB-1 [99]. Strong positive staining for ProEx C involving the lower and upper halves of the
epithelium was observed in 92% of high-grade squamous intraepithelial lesions in a study by
Badr et al. [102]. Condylomas and CIN I showed greater variability in patterns of staining, with
immunopositivity extending into the upper half of the epithelium in 48% of cases. According
to the authors, the stain can be applied to confirm the diagnosis of HSIL and to triage cases of
atypical squamous metaplasia. According to Shi et al. [103], ProEx C is a better marker than
p16 for the detection of LSILs, showing positivity in 94% of the cases in a series of 34 LSILs.

One study by Pinto et al. [98] examined cases with the differential diagnosis of HSIL vs reactive
epithelial changes. ProEx C showed 87% sensitivity and 71% specificity for SIL in biopsy
material. The authors reported a larger number of cells stained by ProEx C in comparison to
MIB-1 in both HSIL and LSIL cases. In addition, the combination of p16 and ProEx C predicted
more NoSIL (including normal, reactive, and/or atrophic epithelia) than p16 and MiB-1 (61%
vs 43%). These observations suggested that ProEx C could be more useful in the distinction of
reactive epithelial changes from SILs than MiB-1.

Sanati et al. reported a sensitivity and specificity of 89% and 100%, respectively, for ProExC
immunostain in distinguishing high-grade squamous intraepithelial lesions from squamous
metaplasia, while positive and negative predictive values were 100% and 82%, respectively
[104]. In a recent study by Guo et al., diffuse positivity for ProExC significantly increased from
benign cervix/CIN 1 to CIN 2 or 3/carcinoma, while the highest specificity for CIN 2+ and
CIN3+ (100% and 93%, respectively) was achieved when immunostaining was positive for
both ProExC and p16, suggesting that it is advantageous to use these two markers together in
order to distinguish high-grade lesions from their mimics [105]. The use of the same two
markers, p16 and ProExC, as a first step, followed by Ki-67 immunostaining in discordant
cases, has been suggested as cost saving strategy by Walts and Bose [106]. According to these
authors, performing the two above stains initially and adding Ki-67 only when p16 and ProExC
yield discordant results provided the same diagnostic accuracy while reducing the cost, since
only one third of the cases required performance of the third stain.
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In conclusion, cyclin E immunostaining could be used to discriminate reactive from neoplastic
epithelium [14] especially in conjunction with other markers, discussed in other parts of the
present text. However, it is not useful in the distinction of low-grade from high-grade lesions.
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except for the G0 and G1 early phases. MIB-1 is a monoclonal antibody that detects this antigen
in paraffin tissue sections. Although positivity is observed under normal conditions in the
lower compartments of the multilayered squamous epithelium, staining of the middle and
upper layers is indicative of an intraepithelial lesion (Figure -5).
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be interpreted with caution. It is well-known to pathologists that reactive and reparative
changes may pose a problem in the examination of cell proliferation, and, in the case of Ki-67,
immunostaining may extend through the upper layers of the epithelium. In addition, tangen‐
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(a) (b) 

Figure 5. Ki-67 positivity in a low-grade SIL.
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4.1.4. ProEx C

ProEx C is a recently developed biomarker reagent that targets two proteins having a signifi‐
cant role in the regulation of DNA replication during S-phase: the minichromosome mainte‐
nance protein 2 (MCM2) and DNA topoisomerase IIa (TOP2A). TOP2A is a nuclear enzyme
that regulates the enzymatic unlinking of DNA strands during chromosome replication.
MCM2 functions also during DNA replication by loading the pre-replication complex onto
DNA and unwinding the latter through helicase activity to permit synthesis. These proteins
are overexpressed in aberrant S-phase induction and have been shown to be overexpressed in
CINs and cervical carcinomas [98,99,102,103]. ProEx C appears to be efficient in distinguishing
reactive epithelial changes from squamous lesions. The stain can be used alone or in conjunc‐
tion with p16.

The staining pattern of ProEx C in histologic sections is evaluated in a way reminiscent of
MIB-1, since only nuclear positivity above the basal one-third layer is considered positive [99].
ProEx C has been reported to stain reactive epithelial cell nuclei less and LSIL nuclei more than
MIB-1 [99]. Strong positive staining for ProEx C involving the lower and upper halves of the
epithelium was observed in 92% of high-grade squamous intraepithelial lesions in a study by
Badr et al. [102]. Condylomas and CIN I showed greater variability in patterns of staining, with
immunopositivity extending into the upper half of the epithelium in 48% of cases. According
to the authors, the stain can be applied to confirm the diagnosis of HSIL and to triage cases of
atypical squamous metaplasia. According to Shi et al. [103], ProEx C is a better marker than
p16 for the detection of LSILs, showing positivity in 94% of the cases in a series of 34 LSILs.

One study by Pinto et al. [98] examined cases with the differential diagnosis of HSIL vs reactive
epithelial changes. ProEx C showed 87% sensitivity and 71% specificity for SIL in biopsy
material. The authors reported a larger number of cells stained by ProEx C in comparison to
MIB-1 in both HSIL and LSIL cases. In addition, the combination of p16 and ProEx C predicted
more NoSIL (including normal, reactive, and/or atrophic epithelia) than p16 and MiB-1 (61%
vs 43%). These observations suggested that ProEx C could be more useful in the distinction of
reactive epithelial changes from SILs than MiB-1.

Sanati et al. reported a sensitivity and specificity of 89% and 100%, respectively, for ProExC
immunostain in distinguishing high-grade squamous intraepithelial lesions from squamous
metaplasia, while positive and negative predictive values were 100% and 82%, respectively
[104]. In a recent study by Guo et al., diffuse positivity for ProExC significantly increased from
benign cervix/CIN 1 to CIN 2 or 3/carcinoma, while the highest specificity for CIN 2+ and
CIN3+ (100% and 93%, respectively) was achieved when immunostaining was positive for
both ProExC and p16, suggesting that it is advantageous to use these two markers together in
order to distinguish high-grade lesions from their mimics [105]. The use of the same two
markers, p16 and ProExC, as a first step, followed by Ki-67 immunostaining in discordant
cases, has been suggested as cost saving strategy by Walts and Bose [106]. According to these
authors, performing the two above stains initially and adding Ki-67 only when p16 and ProExC
yield discordant results provided the same diagnostic accuracy while reducing the cost, since
only one third of the cases required performance of the third stain.
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4.1.5. L1 capsid protein

HPV L1 capsid protein is the major structural protein of human papillomavirus. In the last few
years L1 immunoreactivity has been examined repeatedly in cytologic material. Nuclear
positivity is mainly observed in productive lesions and is gradually lost in high grade lesions
and carcinomas.

It has been suggested that combined L1/p16 IHC may be helpful for clinical management,
especially in cases in which the grade of the lesion is difficult to assess [91]. In a study by Negri
et al. L1 was expressed in 34.85% of CIN1 cases, including 12/38 (31.56%) cases with coexisting
CIN3 in conization specimens and 11 of 28 (39.29%) biopsy specimens from women with
cytologically proven regression [91]. In the latter group a high staining score was often
observed. The authors suggested that combining p16 and L1 immunostaining might allow for
a distinction between different risk patterns of LSIL.

In a study by Galgano et al. immunohistochemical staining of HPV L1 was negatively
associated with the increasing severity of their consensus diagnosis (ptrend<0.001) and decreased
with increasing intensity of p16INK4a (ptrend<0.001) and Ki-67 (ptrend<0.001) [107]. Positivity for
L1 was observed in 32%, 32.2%, and 16.5% of CIN1, CIN2, and CIN3/AIS, respectively, and
was also observed in 3.3% of negative specimens. It was negatively associated with having a
CIN2+ or CIN3+ diagnosis (OR=0.62, and 0.18, respectively). The authors reported that L1 IHC
detection was neither sensitive nor specific for any group of cervical neoplasia in biopsy
material and this was attributed to the complexity of the temporal evolution of the HPV virion
production which may be quite transient. It is interesting that L1 positive cases with a negative
consensus diagnosis in this study commonly had at least 1 reviewer diagnosis of CIN1,
revealing once again the difficulties in the distinction of SIL vs negative for SIL.

In a recent study by Gatta et al. L1 was expressed in the nuclei of superficial cells of dysplastic
epithelia, often with characteristics of koilocytes [108]. L1 positivity was observed in 8/32 CIN1
biopsies (25%) and in 1/10 CIN2 cases (10%), but it was not observed in CIN3 and carcinoma
cases examined. Their only case which showed a punctate signal with catalyzed signal-
amplified colorimetric DNA in situ hybridization, suggestive of viral integration, belonged to
the L1-negative/p16-positive group.

4.1.6. Other markers

In the above paragraphs some of the most important markers used in the histopathologic
diagnosis of SIL have been presented. Ki67 and p16 have been used for several years in many
laboratories worldwide, while ProEx C and L1 have only been in use for the last few years.
However, several other markers have been tested in cervical biopsies for their potential utility
in diagnosis. It should be noted that in recent years development of high-throughput technol‐
ogies, as gene expression profiling, has increased the potential for biomarker discovery.
However, although some of these markers showed promising results, in most cases they did
not present any specific advantages in comparison to the already existing biomarkers from a
diagnostic point of view.
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4.2. Immunohistochemical stains in the diagnosis of glandular intraepithelial lesions

Several entities have to be distinguished from AIS, including cervical endometriosis, tubal
metaplasia, reparative changes, Arias-Stella reaction, atypia due to irradiation, atypical forms
of microglandular hyperplasia, as well as other viral infections, specifically Cytomegalovirus
and Herpesvirus. Biomarkers can be of help in these cases.

4.2.1. p16

Already discussed in the paragraphs concerning squamous intraepithelial lesions, p16 has also
emerged as a potentially useful marker in the evaluation of glandular cervical alterations [20,
109-111]. Most AIS lesions show diffuse nuclear and/or cytoplasmic immunopositivity (Figure
6). Microglandular hyperplasia and reactive lesions are usually negative for p16. Positivity can
be observed in tubal metaplasia; however, it is commonly focal/weak.

p16 was diffusely and strongly expressed (3+) in 29/29 AIS in a study by Negri et al [110], while
patchy positivity was observed in tubal metaplasias, endometriosis and endometrial samples.
Likewise, all 19 AIS cases showed diffuse nuclear and cytoplasmic reactivity in a study by
Little and Stewart [111], while rare single cells were positive in normal endocervical epitheli‐
um. Staining was focal in most cases of tubo-endometrioid metaplasia in this study; however,
eight of these latter cases included glands that were diffusely p16 positive and/or showed Ki-67
labeling in >25% of cells.

These results emphasize the importance of using panels of antibodies in some of these
problematic cases in conjunction with careful morphologic examination.

Figure 6. p16 immunopositivity in AIS. Compare with adjacent normal glands. Abrupt transition is focally observed
between normal and neoplastic epithelium.

4.2.2. Ki-67

Nuclear positivity for Ki-67 is usually observed in >30% of cells in adenocarcinoma in situ, and
often in the majority of the cells. In the contrary, only a small percentage of cells (<10%) stain
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4.2.2. Ki-67

Nuclear positivity for Ki-67 is usually observed in >30% of cells in adenocarcinoma in situ, and
often in the majority of the cells. In the contrary, only a small percentage of cells (<10%) stain
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positively in tubal metaplasia. In practice, it is not usually necessary to undertake a count of
positive cells, as there are typically only scattered positive nuclei in tubal metaplasia, while
the majority of nuclei are positive in AIS [20].

All cases of adenocarcinoma in situ showed markedly increased Ki-67 labeling together with
diffuse nuclear and cytoplasmic reactivity for p16 in the study by Little and Stewart [111], and
typically the positive cells were sharply demarcated from the adjacent normal, unstained
endocervical epithelium.

However, AIS may occasionally exhibit a low proliferation index [110]. Additionally, some
benign lesions, like endometriosis, may show a high proliferation index. Thus, a combination
of different markers is more useful than isolated stains in the evaluation of glandular intrae‐
pithelial alterations.

4.2.3. bcl-2

Bcl-2 is a member of a large family of proteins, some inhibiting and others favoring apoptosis.

Lesions of adenocarcinoma in situ with significant apoptosis show negative or focally positive
bcl-2 immunostains [109]. In the contrary, tubal metaplasia and endometriosis typically exhibit
diffuse cytoplasmic positivity, reminiscent of normal fallopian tube epithelium and prolifer‐
ative endometrium [20]. However, normal endocervical glands are also negative. Consequent‐
ly, immunostaining for bcl-2 can comprise part of a panel of antibodies, including p16 and
Ki-67 [20,112]. It can also be used in the evaluation of cauterized margins [20], as already
discussed for p16 and Ki-67 in squamous lesions.

4.2.4. Other markers

Except for the above discussed markers, several other immunostains have been reported to be
of help in the diagnosis of glandular lesions. Vimentin can be useful in distinguishing AIS from
endometriosis and tuboendometrial metaplasia, since the latter two entities exhibit cytoplas‐
mic positivity. They also show positivity for estrogen receptor, while AIS is negative or focally
positive [20]. One additional marker is carcinoembryonic antigen (CEA), which is observed
cytoplasmically in a significant percentage of AIS cases, whereas normal endocervical
epithelium shows only luminal or no staining.

Interestingly, complete negativity for cyclin D1 was commonly observed in AIS in a study by
Little and Stewart [111], in contrast to tuboendometrial metaplasia and normal endocervical
epithelia, although staining was typically focal in the latter. Microglandular hyperplasia and
mesonephric duct elements were also cyclin D1 positive although relatively few cases were
examined in that study.

It should be also noted that the intestinal type of AIS has been reported to show CK7 positivity
and CK20 negativity or extremely focal positivity, in spite of the presence of morphological
intestinal differentiation in a few cases examined, as reported by McCluggage [20].

Finally, immunohistochemical stains for cytomegalovirus and herpesvirus can be of use for
confirmation of these infections, although they are not usually likely to be confused with AIS [34].
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5. In Situ Hybridization (ISH)

Detection of HPV nucleic acids is performed by methods that can be broadly subdivided
into: a) methods based on target amplification, and b) those based on signal amplification
[113].  In addition to several existing liquid phase techniques,  in situ hybridization (ISH)
methods have been developed for the detection of nucleic acids in cytological and histolog‐
ical  specimens.  Efforts  at  improving ISH performance have focused both on amplifying
nucleic acid targets before hybridization or on amplifying signals afterwards (e.g. by using
in  situ  PCR,  or  tyramide  signal  amplification).  Both  fluorescent  detection  and  coloured
substrate  deposition followed by bright-field  microscopy can be  used,  and can be  com‐
bined with tyramide signal amplification. In addition, ISH assays can be automated along
the same lines as immunohistochemistry.

Issues concerning sensitivity of ISH techniques in comparison to PCR have been repeatedly
raised. However, these techniques are becoming increasingly sensitive [114,115]. One main
contribution of ISH to HPV research is the fact that it permits concurrent morphological
evaluation of the cells examined, especially in the case of histological specimens, which is a
significant advantage in comparison to liquid phase techniques. In addition, the signal patterns
observed in HPV in situ hybridization have been reported to be associated with the physical
status of viral DNA in the cell,that is episomal or integrated. Specifically, the punctate pattern
of positivity has been linked to viral forms integrated in the host genome [86,116-118].

In a study by Kalof et al. punctate signals were detected in 17/17 (100%) CIN 2/3 lesions, but
in only 13.6% of high-risk HPV-positive CIN 1 lesions [86]. In cytology material Ho et al.
reported a punctate pattern in 8.7% of CIN1 lesions vs 34.0% of CIN3 lesions [119].

ISH and PCR had fair to good agreement in detecting HPV DNA across CIN categories in a
study by Guo et al.; however, ISH detected significantly fewer HPV-positive cases in carcino‐
mas than PCR did, probably as a result of lower copy numbers of episomal HPV DNA in the
latter [120]. In addition, although the pure punctate pattern of HPV indicated a high level of
viral integration, in cases with mixed signal patterns the level of HPV integration could not be
accurately determined, probably due to a variation in the percentage of the two patterns in
these cases.

According to Kong et al., in cases of atypical squamous metaplasia, p16 reactivity (focal strong
and diffuse strong) was significantly more sensitive than ISH in correlating with the presence
of human papillomavirus as detected by PCR [121]. Voss et al. compared a fluorescence in situ
hybridization (FISH) HR-HPV assay to Hybrid Capture 2 (HC2) and PCR for the detection of
HR-HPV subtypes in cervical cytology specimens [122]. FISH was concordant with HC2 and
PCR in 85% and 82% of the specimens, respectively, while HC2 and PCR were concordant in
84% of the specimens. In a more recent study by Kelesidis et al., ISH exhibited a sensitivity of
89.5% for the detection of CIN2+ lesions, while PCR showed sensitivity of 94.7% for these
lesions. Importantly, a percentage of ISH-positive cases was not detected by polymerase chain
reaction (performed on liquid-based sample media), emphasizing the technical problems and
limitations of the techniques [114].
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As is apparent from the above results, the applications of HPV DNA ISH are partly dependent
on the sensitivity of the assay and its sufficiency to carry a high negative predictive value [14].
This is especially important if clinical decisions are based on a negative result. However, ISH
represents a useful tool for ancillary molecular HPV testing when concurrent morphological
evaluation of the area examined is necessary.

Except for HPV nucleic acids, there are also other applications of in situ hybridization
techniques in cervical specimens, including the detection of amplification of the gene coding
for the telomerase RNA component (TERC) at 3q26 [56,123,124]. TERC amplification has been
reported to increase with severity of dysplasia and it has been suggested that this might serve
as a marker in the distinction between low- and high-grade lesions.

Except for DNA ISH, in situ RNA detection shows promising results in certain applications.
RNA markers have emerged as an important group of biomarkers after the widespread use of
genome-wide gene expression profiling techniques. New sensitive RNA in situ hybridization
methods can detect more than one target simultaneously, can be applied on formalin-fixed
paraffin-embedded tissue, and they allow for simultaneous evaluation of morphology [125].
As expected, preanalytical variables related to fixation can affect biomarker measurements
and should be considered in the application of these techniques.

Both cellular and viral proteins related to lesion prognosis, previously examined at the mRNA
level with PCR techniques, might prove to be important markers for RNA ISH applications.
Recently, transcriptional analysis of HPV16 genes by in situ hybridization in histological
sections of cervical dysplasia revealed transcription patterns that bring into question some of
the current beliefs on the mechanism of HPV-16 infection in the progression to cervical cancer
[126]. The detection of HPV E6/E7 mRNA expression appears also promising in the case of
multiple infections [127].

In addition, the polymerase chain reaction has been used for target amplification before
hybridization, with promising results. In situ PCR combines increased sensitivity with the
anatomical localization provided by in-situ hybridization, and allows the examination of the
specific genetic material at a specific cellular level. Although the method is subject to both false
positive and negative outcomes, it allows correlation of viral DNA localization with relevant
target proteins, thus providing important information concerning the development of cervical
neoplasia [128,129], which cannot be obtained by polymerase chain reaction-based methods
alone.

6. Other techniques

Finally, it should be noted that new techniques continue to emerge in the field of cervical lesion
detection. Of particular interest in the context of biopsy processing is the development of a
water-soluble protein-saving biopsy processing method, which is followed by analysis of
proteins of the supernatant samples. This method resulted in the identification of proteins that
discriminate between grades of cervical neoplasia, while preserving the tissue for conventional
microscopic analysis [130,131].
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7. Conclusions

In the above text important ancillary techniques currently in use in several laboratories
worldwide for the evaluation of cervical biopsies have been presented, along with their main
applications in diagnosis. Suggested panels of antibodies for specific diagnostic dilemmas
have been discussed. Furthermore, the significance of certain negative stains has been
presented. It should be noted that histopathologic examination remains the ‘‘gold standard’’
for the diagnosis of low- and high-grade SIL and AIS; however, certain biomarkers have
emerged as helpful adjuncts, assisting in a more precise diagnosis of cervical precursor lesions.

It is obvious from the above presented data that the diagnosis of a lesion in a diagnostically
challenging case cannot at present be based solely on any particular marker, but rather on a
combination of markers with careful morphologic evaluation. Important requirements for the
proper use of the presented markers include standardization of protocols and familiarity with
the patterns of immunostaining. Finally, an important issue, not specifically analyzed, which
may emerge in the next few years and merits further study, is the exact performance of these
markers in the detection of lesions related to uncommon HPV types, other than those ad‐
dressed by the current vaccines.
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As is apparent from the above results, the applications of HPV DNA ISH are partly dependent
on the sensitivity of the assay and its sufficiency to carry a high negative predictive value [14].
This is especially important if clinical decisions are based on a negative result. However, ISH
represents a useful tool for ancillary molecular HPV testing when concurrent morphological
evaluation of the area examined is necessary.

Except for HPV nucleic acids, there are also other applications of in situ hybridization
techniques in cervical specimens, including the detection of amplification of the gene coding
for the telomerase RNA component (TERC) at 3q26 [56,123,124]. TERC amplification has been
reported to increase with severity of dysplasia and it has been suggested that this might serve
as a marker in the distinction between low- and high-grade lesions.

Except for DNA ISH, in situ RNA detection shows promising results in certain applications.
RNA markers have emerged as an important group of biomarkers after the widespread use of
genome-wide gene expression profiling techniques. New sensitive RNA in situ hybridization
methods can detect more than one target simultaneously, can be applied on formalin-fixed
paraffin-embedded tissue, and they allow for simultaneous evaluation of morphology [125].
As expected, preanalytical variables related to fixation can affect biomarker measurements
and should be considered in the application of these techniques.

Both cellular and viral proteins related to lesion prognosis, previously examined at the mRNA
level with PCR techniques, might prove to be important markers for RNA ISH applications.
Recently, transcriptional analysis of HPV16 genes by in situ hybridization in histological
sections of cervical dysplasia revealed transcription patterns that bring into question some of
the current beliefs on the mechanism of HPV-16 infection in the progression to cervical cancer
[126]. The detection of HPV E6/E7 mRNA expression appears also promising in the case of
multiple infections [127].

In addition, the polymerase chain reaction has been used for target amplification before
hybridization, with promising results. In situ PCR combines increased sensitivity with the
anatomical localization provided by in-situ hybridization, and allows the examination of the
specific genetic material at a specific cellular level. Although the method is subject to both false
positive and negative outcomes, it allows correlation of viral DNA localization with relevant
target proteins, thus providing important information concerning the development of cervical
neoplasia [128,129], which cannot be obtained by polymerase chain reaction-based methods
alone.

6. Other techniques

Finally, it should be noted that new techniques continue to emerge in the field of cervical lesion
detection. Of particular interest in the context of biopsy processing is the development of a
water-soluble protein-saving biopsy processing method, which is followed by analysis of
proteins of the supernatant samples. This method resulted in the identification of proteins that
discriminate between grades of cervical neoplasia, while preserving the tissue for conventional
microscopic analysis [130,131].

Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective136

7. Conclusions

In the above text important ancillary techniques currently in use in several laboratories
worldwide for the evaluation of cervical biopsies have been presented, along with their main
applications in diagnosis. Suggested panels of antibodies for specific diagnostic dilemmas
have been discussed. Furthermore, the significance of certain negative stains has been
presented. It should be noted that histopathologic examination remains the ‘‘gold standard’’
for the diagnosis of low- and high-grade SIL and AIS; however, certain biomarkers have
emerged as helpful adjuncts, assisting in a more precise diagnosis of cervical precursor lesions.

It is obvious from the above presented data that the diagnosis of a lesion in a diagnostically
challenging case cannot at present be based solely on any particular marker, but rather on a
combination of markers with careful morphologic evaluation. Important requirements for the
proper use of the presented markers include standardization of protocols and familiarity with
the patterns of immunostaining. Finally, an important issue, not specifically analyzed, which
may emerge in the next few years and merits further study, is the exact performance of these
markers in the detection of lesions related to uncommon HPV types, other than those ad‐
dressed by the current vaccines.
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1. Introduction

First evidence that transmissible agents are involved in the development of cervical cancer
dates  back to  the  mid 19th century and is  based on investigations  of  the  Italian physi‐
cian  Demonico  Rigoni-Stern  who  recognized  that  cancer  of  the  womb  is  found  most
frequently among women in their fourth and fifth decade and that factors such as age of
sexual  debut  and  promiscuity  attribute  to  the  risk  of  acquiring  this  type  of  cancer  [1].
However, only with the advent of molecular biology in the early 1970s, and after ruling
out  Herpes  Simplex  Viruses,  a  link  was  established  between  cervical  cancer  and  infec‐
tions by certain types of human papillomaviruses (HPV). After isolation of HPV 6 from a
condyloma and subsequently of HPV 11 from a laryngeal papilloma the genomic DNA of
these two types allowed tracing of other, novel HPVs in biopsies of cervical tumors [2, 3].
The detection of HPV DNA in tumor cells, including the HeLa cell line, was initially met
with  much  doubt  and  disbelief  in  the  scientific  community  but  could  subsequently  be
confirmed. In fact, the initial observation by Dürst et al. [4] that 11 out of 18 cervical cancer
biopsies  from  German  patients  were  positive  for  HPV  16  is  consistent  with  today’s
knowledge of HPV 16 being present in more than 50% of malignant tumors from the cervix.
In  the  following  years  the  findings  by  Harald  zur  Hausen  and  his  colleagues  were
confirmed  by  numerous  laboratories  worldwide  and  a  causative  link  between  HPV
infections  and  cervical  cancer  in  humans  was  established  due  to  the  vast  amount  of
epidemiological studies and an overwhelming body of data obtained in different in vivo
and in vitro models. In 2008 Prof. Harald zur Hausen was awarded the Nobel Prize which
recognizes his pioneering findings and fundamental role in HPV research.
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2. HPV vaccines — Early studies in animal models

The  first  observations  in  respect  to  therapeutic  or  prophylactic  vaccination  against
papillomaviruses  (PV)  were  made  using  models  of  experimental  induction  of  warts  in
rabbits  and humans.  In heroic  and bold self-experimentation Findlay inoculated himself
with wart extracts and noted that he became ‘immune’ to wart induction. Similarly, Grigg
and  Wilhelm  noted  patterns  for  the  appearance  of  skin  warts  in  school  children  and
attributed their findings to a possible ‘resistance’ of some individuals [5]. In the first half
of the last century a number of efforts were undertaken to treat skin and genital warts by
the injection of autologous and heterologous wart extracts;  some of these attempts were
seemingly met with success [6].

A systematic development of prophylactic papillomavirus vaccines proved difficult without
a virus that can be replicated in culture, suitable animal models, and markers for protection.
Still, a number of prophylactic vaccine approaches were performed either by the use of
formalin-fixed wart extracts or by inactivated purified viruses e.g. in dogs, rabbits, cattle and
horses (for review see: [7]). By passive transfer Chambers et al. demonstrated that antibodies
confer protection against induction of oral papillomas [8]. One of the first in vitro assays that
allowed detection of virus-neutralizing antibodies, the so-called focus-formation assay, was
based on transformation of mouse fibroblasts [9]. Initially, this assay was limited to the use of
BPV but was later extended to HPV types, by encapsidating the BPV genome in an HPV capsid.
Inhibition of virion induced agglutination (HI assay) of mouse erythrocytes by capsid-specific
antibodies was employed as a simple surrogate assay before the development of functional
reporter-based neutralization assays [10]. The HI assay has intrinsic limitations as it, first, only
detects L1-specific antibodies that prevent binding of particles to the cell surface and, second,
the nature of the interaction of PV virions with mouse erythrocytes is not well defined. On a
different note, it should be mentioned that Kreider and colleagues were the first to develop a
functional neutralization assay for HPV 11 by implanting human tissue under the renal capsule
of nude mice and subsequently monitoring HPV induced lesions [11]. Because of the complex
technique this assay was established only in very few laboratories.

In recent years, the so called pseudovirion-based neutralization assays (PBNAs) have been
regarded as the gold standard for the detection of neutralizing antibodies against PVs [12].
These assays have in common that a plasmid encoding a reporter gene (such as secreted
alkaline phosphatase, luciferases, fluorescent proteins) is encapsidated in mammalian cells by
expression of codon-optimized L1 and L2 genes (Fig. 1). These pseudoviruses can be purified
e.g. by gradient centrifugation and used to infect cells in vitro and in vivo. Presence of neutral‐
izing antibodies will prevent infection and thus reporter gene expression. The assay is tedious
and does not readily allow for screening of large serum sample collections e.g. for the moni‐
toring of clinical vaccine trials. Recently, we have developed a modified, high-throughput
PBNA that allows automated and reproducible detection of neutralizing antibodies (Sehr et
al. in preparation).
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Figure 1. Pseudovirion-based neutralization assay (PBNA). Gaussia = Gaussia luciferase; GFP: green fluorescent pro‐
tein; SV40 ORI = SV40 origin for replication. Pseudovirions (PSV) encapsidating a Gaussia luciferase reporter gene were
produced in mammalian cells and used for infection of HeLa cells. The levels of secreted Gaussia (light blue arrows)
can be quantified by a luminescence assay. The presence of neutralizing antibodies (dark blue) abrogates PSV infec‐
tion and the subsequent secretion of Gaussia.

PV pseudovirions have also been used in a cervicovaginal mouse model for the detection of
neutralizing antibodies. In this model, the female mouse genital epithelium is infected with
pseudovirions carrying a firefly luciferase gene and luciferase activity is monitored by in
vivo imaging. Compared to the in vitro PBNA, the mouse model shows increased sensitivity
for the detection of L1 but moreover, of L2 antibodies [13].

3. Current HPV vaccines

3.1. The two commercial HPV vaccines — Similarities and differences

Many years of research showing that anti-L1 antibodies protect against HPV infection and L1
can assemble into particles called virus-like particles culminated and [14] triggered the
development of the current HPV vaccines [15].

Two commercially available prophylactic HPV vaccines, Cervarix® (GSK) and Gardasil®
(Merck) have been licensed in over 100 countries. Both are composed of the L1 major capsid
protein assembled into non-infectious and highly immunogenic virus-like-particles (VLPs) [16].
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regarded as the gold standard for the detection of neutralizing antibodies against PVs [12].
These assays have in common that a plasmid encoding a reporter gene (such as secreted
alkaline phosphatase, luciferases, fluorescent proteins) is encapsidated in mammalian cells by
expression of codon-optimized L1 and L2 genes (Fig. 1). These pseudoviruses can be purified
e.g. by gradient centrifugation and used to infect cells in vitro and in vivo. Presence of neutral‐
izing antibodies will prevent infection and thus reporter gene expression. The assay is tedious
and does not readily allow for screening of large serum sample collections e.g. for the moni‐
toring of clinical vaccine trials. Recently, we have developed a modified, high-throughput
PBNA that allows automated and reproducible detection of neutralizing antibodies (Sehr et
al. in preparation).
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Figure 1. Pseudovirion-based neutralization assay (PBNA). Gaussia = Gaussia luciferase; GFP: green fluorescent pro‐
tein; SV40 ORI = SV40 origin for replication. Pseudovirions (PSV) encapsidating a Gaussia luciferase reporter gene were
produced in mammalian cells and used for infection of HeLa cells. The levels of secreted Gaussia (light blue arrows)
can be quantified by a luminescence assay. The presence of neutralizing antibodies (dark blue) abrogates PSV infec‐
tion and the subsequent secretion of Gaussia.

PV pseudovirions have also been used in a cervicovaginal mouse model for the detection of
neutralizing antibodies. In this model, the female mouse genital epithelium is infected with
pseudovirions carrying a firefly luciferase gene and luciferase activity is monitored by in
vivo imaging. Compared to the in vitro PBNA, the mouse model shows increased sensitivity
for the detection of L1 but moreover, of L2 antibodies [13].

3. Current HPV vaccines

3.1. The two commercial HPV vaccines — Similarities and differences

Many years of research showing that anti-L1 antibodies protect against HPV infection and L1
can assemble into particles called virus-like particles culminated and [14] triggered the
development of the current HPV vaccines [15].

Two commercially available prophylactic HPV vaccines, Cervarix® (GSK) and Gardasil®
(Merck) have been licensed in over 100 countries. Both are composed of the L1 major capsid
protein assembled into non-infectious and highly immunogenic virus-like-particles (VLPs) [16].
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Cervarix® is a bivalent vaccine containing VLPs from the two most prevalent high-risk HPV
types 16 and 18. The VLPs are produced in insect cells and formulated with the adjuvant system
AS04 (composed of aluminium hydroxyphosphate sulfate combined with MPL- 3-O-deacyl-4’-
monophosphoryl lipid A) [17]. Gardasil® is a quadrivalent vaccine that in addition to HPV16
and HPV18 VLPs also contains HPV6 and HPV11 VLPs. These two low-risk types are respon‐
sible for nearly 90% of the genital warts. The VLPs in Gardasil® are produced in a yeast system
and adjuvanted with aluminium hydroxiphosphate sulfate salt [18] (Table 1).

Vaccine Gardasil® Cervarix®

Manufacturer Merck & Co., Inc. GlaxoSmithKline

Producer cells Yeast

Saccharomyces cerevisiae

CANADE 3C-5 (Stamm 1895)

Insect cells

Spodoptera frugiperda Sf-9,

Trichoplusia ni Hi-5

Antigen 20 µg HPV6 L1 VLP

40 µg HPV11 L1 VLP

40 µg HPV16 L1 VLP

20 µg HPV 18 L1VLP

20 µg HPV16 L1 VLP

20 µg HPV 18 L1VLP

Vaccination schedule Months 0, 2, 6 Months 0, 1, 6

Package Ready-to-use syringe

Ampules

0.5 mL

Ampules

0.5 mL

Vaccine recommendation

(ACIP)

Vaccination of female at age 11 or 12 years

(catch-up: 13-26 years old).

Vaccination of male aged 9 through 26

years.

Vaccination of female aged 11

or 12 years old (can be started

at 9 years ).

Modified from [19] and [20]

Table 1. Comparison of the two prophylactic HPV vaccines, Gardasil® and Cervarix®.

4. Safety

Since the main target groups for the HPV vaccines are children and young women that have
not initiated sexual activity, safety was the highest priority for the two vaccine producers.

Over the past years many studies have been conducted to ensure safety and tolerability of
Cervarix® and Gardasil® [21, 22]. Independent of age, sex or ethnicity, the HPV vaccines are
highly safe and well tolerated with very little adverse effects and no significant differences
between Gardasil® and Cervarix®. However, in a direct comparison study between the two
vaccines, Cervarix® was associated with higher rates of local injection site reactions than
Gardasil® [23] (Table 2). This effect might be associated with the differences in adjuvant
formulation between the two vaccines.
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The most common adverse effects for both vaccines are pain, reddening and swelling at the
site of the injection as well as syncope, fatigue, nausea, dizziness and migraine. No severe side
effects including auto-immune response abortion or abnormal pregnancy were observed with
increased frequency after vaccination with Cervarix® or Gardasil® when compared to the
control groups [24-26]

Symptom Cervarix® Gardasil®

Pain 92.9 [90.4, 95.0] 71.6 [67.5, 75.4]

Redness 44.3 [40.0, 48.6] 25.6 [21.9, 29.5]

Swelling 36.5 [32.3, 40.7] 21.8 [18.3, 25.5]

Fatigue 49.8 [45.5, 54.2] 39.8 [35.6, 44.1]

Headache 47.5 [43.2, 51.9] 41.9 [37.6, 46.3]

Fever ≥ 39.0 °C 0.4 [0.0, 1.4] 0.0 [0.0, 0.7]

Modified from [23]

Table 2. Percentage of women reporting symptoms at least once within seven days after any vaccine dose (total
vaccinated cohort) – Einstein et al., 2009 study [23]

5. Immunity

5.1. Immunity of natural HPV infection

As HPV infection is limited to basal epithelial cells, the virus is normally “hiding” from
circulating immune cells during initial stages of infection, limiting the host’s immune respons‐
es. Additionally, to evade the host’s immune system and achieve persistent infection, HPV has
developed several mechanisms to down-regulate host immunity [27, 28]. The virus’s success
in evading the immune system is corroborated by the finding that of the women infected with
HPV, only 50% develop anti-HPV antibodies (mainly anti-L1). Whether these antibodies can
protect against re-incident infection remains unclear.

5.2. Vaccine induced immunity and duration of protection

The mechanisms of immunity induced by the HPV vaccines are not fully understood but it
seems that humoral immunity (virus-specific neutralizing immunoglobulin G antibodies)
plays an important role. Passive transfer of immune serum in pre-clinical animal models, for
example, have demonstrated that L1 virus-specific antibodies are sufficient to prevent
papillomavirus infection [14, 29, 30].

Cervarix® and Gardasil® induce production of high levels of anti-L1 antibodies that reach
their peak seven months after the administration of the third dose. The level of antibodies
gradually decreases over time but even after several years the titers remain higher than in
naturally infected women.
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Cervarix® is a bivalent vaccine containing VLPs from the two most prevalent high-risk HPV
types 16 and 18. The VLPs are produced in insect cells and formulated with the adjuvant system
AS04 (composed of aluminium hydroxyphosphate sulfate combined with MPL- 3-O-deacyl-4’-
monophosphoryl lipid A) [17]. Gardasil® is a quadrivalent vaccine that in addition to HPV16
and HPV18 VLPs also contains HPV6 and HPV11 VLPs. These two low-risk types are respon‐
sible for nearly 90% of the genital warts. The VLPs in Gardasil® are produced in a yeast system
and adjuvanted with aluminium hydroxiphosphate sulfate salt [18] (Table 1).
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Vaccination of male aged 9 through 26
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Modified from [19] and [20]

Table 1. Comparison of the two prophylactic HPV vaccines, Gardasil® and Cervarix®.

4. Safety

Since the main target groups for the HPV vaccines are children and young women that have
not initiated sexual activity, safety was the highest priority for the two vaccine producers.

Over the past years many studies have been conducted to ensure safety and tolerability of
Cervarix® and Gardasil® [21, 22]. Independent of age, sex or ethnicity, the HPV vaccines are
highly safe and well tolerated with very little adverse effects and no significant differences
between Gardasil® and Cervarix®. However, in a direct comparison study between the two
vaccines, Cervarix® was associated with higher rates of local injection site reactions than
Gardasil® [23] (Table 2). This effect might be associated with the differences in adjuvant
formulation between the two vaccines.
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The most common adverse effects for both vaccines are pain, reddening and swelling at the
site of the injection as well as syncope, fatigue, nausea, dizziness and migraine. No severe side
effects including auto-immune response abortion or abnormal pregnancy were observed with
increased frequency after vaccination with Cervarix® or Gardasil® when compared to the
control groups [24-26]

Symptom Cervarix® Gardasil®

Pain 92.9 [90.4, 95.0] 71.6 [67.5, 75.4]

Redness 44.3 [40.0, 48.6] 25.6 [21.9, 29.5]

Swelling 36.5 [32.3, 40.7] 21.8 [18.3, 25.5]

Fatigue 49.8 [45.5, 54.2] 39.8 [35.6, 44.1]

Headache 47.5 [43.2, 51.9] 41.9 [37.6, 46.3]

Fever ≥ 39.0 °C 0.4 [0.0, 1.4] 0.0 [0.0, 0.7]

Modified from [23]

Table 2. Percentage of women reporting symptoms at least once within seven days after any vaccine dose (total
vaccinated cohort) – Einstein et al., 2009 study [23]

5. Immunity

5.1. Immunity of natural HPV infection

As HPV infection is limited to basal epithelial cells, the virus is normally “hiding” from
circulating immune cells during initial stages of infection, limiting the host’s immune respons‐
es. Additionally, to evade the host’s immune system and achieve persistent infection, HPV has
developed several mechanisms to down-regulate host immunity [27, 28]. The virus’s success
in evading the immune system is corroborated by the finding that of the women infected with
HPV, only 50% develop anti-HPV antibodies (mainly anti-L1). Whether these antibodies can
protect against re-incident infection remains unclear.

5.2. Vaccine induced immunity and duration of protection

The mechanisms of immunity induced by the HPV vaccines are not fully understood but it
seems that humoral immunity (virus-specific neutralizing immunoglobulin G antibodies)
plays an important role. Passive transfer of immune serum in pre-clinical animal models, for
example, have demonstrated that L1 virus-specific antibodies are sufficient to prevent
papillomavirus infection [14, 29, 30].

Cervarix® and Gardasil® induce production of high levels of anti-L1 antibodies that reach
their peak seven months after the administration of the third dose. The level of antibodies
gradually decreases over time but even after several years the titers remain higher than in
naturally infected women.
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Both vaccines lead to seroconversion of nearly 100% of the immunized subjects. Cervarix®
was shown to sustain relatively stable immunity against HPV16/18 for more than eight years
[31]. Subjects immunized with Gardasil® were shown to be consistently seropositive for more
than four years for HPV11, HPV6 and HPV16 but a decline in antibody titers was recorded for
HPV18 (from 100% to approximately 47%) [32]. However, it cannot be excluded that this
observed decline is a result of assay insensitivity. Nevertheless, the protection against HPV18
induced lesions did not decrease suggesting that low levels of anti-HPV18 antibodies are
sufficient to confer protection. The Table 3 shows the efficacy of Cervarix® and Gardasil® for
different clinical trials followed up for different periods of time.

Vaccine efficacy % (95% CI)

Vaccine

Years

(approximate)

after vaccination

Cohort

HPV16

persistent*

infection

HPV 18

persistent*

infection

CIN2 lesions -

HPV16/18

CIN3 lesions -

HPV16/18
Reference

Cervarix®

1.5
According

-to -protocol
100% N/A − − [33]

3
According

-to -protocol
− − 98.1% 100% [34]

4.5
According

-to -protocol
100% 100% 100% − [35]

5.5
According

-to -protocol
100% 100% 100% − [36]

7.3
According

-to -protocol
100% 100% 100% − [37]

8.4
According

-to -protocol
100% 100% 100% − [38]

Gardasil®

3

Per protocol

susceptible

population

− − 100% 97% [39]

3

Per protocol

susceptible

population

− − 100% 100% [40]

5

Per protocol

susceptible

population

96.6% 90.6% 100% 100% [41]

HPV = Human papillomavirus. According to protocol population = women HPV16 or HPV18 DNA negative during the
vaccination schedule, that received 3 doses of the vaccine; Per protocol population = participants received 3 doses of
vaccine or placebo within 12 months and were seronegative on PCR analysis for HPV6-, HPV-11, HPV-16, or HPV18 at
day 1 through 1 month after the third dose.* Persistent infection correspond to infection detected for ≥6 months. N/A:
not available.

Table 3. Cervarix® and Gardasil® efficacy
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6. Efficacy in clinical trials

Six major clinical trials enrolling around 44.000 females were conducted to evaluate the efficacy
of Cervarix® (2 trials) and Gardasil® (4 trials). Most of the trials included subjects from the
age of 15 to 26 years (except for Muñoz et al, 24-45 years) with a limited lifetime number of
sexual partners (≤4-6, except for Muñoz et al., with no restriction). The sole exclusion criteria
were pregnancy and abnormal Pap smears [21, 42-46].

Since cervical cancer is an unethical endpoint for the HPV prophylactic vaccines efficacy
evaluation, the clinical trials concentrated on prevention of pre-cancerous high-grade cervical
intraepithelial neoplasias (CIN 2 and 3). Results from these trials have shown the high efficacy
of the prophylactic vaccines in preventing persistent infection and CIN 2/3 lesions and genital
warts for Gardasil® and Cervarix®.

6.1. Cervarix®

The double-blind randomized controlled PATRICIA (PApilloma TRIal against Cancer In
young Adults) is the largest Cervarix® vaccine trial performed to date and it was conducted
in more than 14 countries from Asia-Pacific, Europe, North America and Latin America. It
included over 18.000 healthy women between 15 and 25 years of age with no more than six
lifetime sexual partners; these women were enrolled irrespective of their HPV DNA status,
HPV serostatus or cytology baseline.

Cervical cytologies and biopsies for 14 oncogenic HPV types were assessed by PCR. The
primary endpoint for the vaccine efficacy was the development of CIN 2+ associated with
HPV16 or HPV18 and as well non-vaccinated oncogenic HPV types (for cross-protection
assessment) [34, 47].

Data from three different cohorts (ATP-E: according to protocol cohort for efficacy vaccinated:
n=8093; control: n=8069; TVC: total vaccinated cohort = women receiving at least one dose of
the Cervarix®: n=9319; control: n=9325; and TVC-naïve = no evidence of oncogenic HPV
infection at baseline vaccinated: n=5822; control: n=5819) over a mean of 34.9 months was
analyzed. The efficacy of the vaccine against CIN2/3 lesions associated with HPV16/18 was
similarly high (around 98% for CIN2+ and 100% for CIN3+) in the ATP-E and TVC- naïve
cohorts. For the TVC group the efficacy of the vaccine against CIN3+ lesions, irrespective of
HPV DNA in lesions, was 30%.

6.2. Gardasil®

The randomized, double-blind, placebo-controlled trials FUTURE I and FUTURE II included
18.174 women between 16-26 years of age from 24 different countries from Asia-Pacific, North
America, Latin America and Europe. The primary endpoints for the Gardasil® efficacy clinical
trial were a) incidence of genital warts, vulvar or vaginal intraepithelial neoplasia or cancer
and b) the incidence of cervical intraepithelial neoplasia CIN2/3 and adenocarcinoma in situ
(AIS) lesions [48, 49]
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Both vaccines lead to seroconversion of nearly 100% of the immunized subjects. Cervarix®
was shown to sustain relatively stable immunity against HPV16/18 for more than eight years
[31]. Subjects immunized with Gardasil® were shown to be consistently seropositive for more
than four years for HPV11, HPV6 and HPV16 but a decline in antibody titers was recorded for
HPV18 (from 100% to approximately 47%) [32]. However, it cannot be excluded that this
observed decline is a result of assay insensitivity. Nevertheless, the protection against HPV18
induced lesions did not decrease suggesting that low levels of anti-HPV18 antibodies are
sufficient to confer protection. The Table 3 shows the efficacy of Cervarix® and Gardasil® for
different clinical trials followed up for different periods of time.
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Six major clinical trials enrolling around 44.000 females were conducted to evaluate the efficacy
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age of 15 to 26 years (except for Muñoz et al, 24-45 years) with a limited lifetime number of
sexual partners (≤4-6, except for Muñoz et al., with no restriction). The sole exclusion criteria
were pregnancy and abnormal Pap smears [21, 42-46].

Since cervical cancer is an unethical endpoint for the HPV prophylactic vaccines efficacy
evaluation, the clinical trials concentrated on prevention of pre-cancerous high-grade cervical
intraepithelial neoplasias (CIN 2 and 3). Results from these trials have shown the high efficacy
of the prophylactic vaccines in preventing persistent infection and CIN 2/3 lesions and genital
warts for Gardasil® and Cervarix®.

6.1. Cervarix®

The double-blind randomized controlled PATRICIA (PApilloma TRIal against Cancer In
young Adults) is the largest Cervarix® vaccine trial performed to date and it was conducted
in more than 14 countries from Asia-Pacific, Europe, North America and Latin America. It
included over 18.000 healthy women between 15 and 25 years of age with no more than six
lifetime sexual partners; these women were enrolled irrespective of their HPV DNA status,
HPV serostatus or cytology baseline.

Cervical cytologies and biopsies for 14 oncogenic HPV types were assessed by PCR. The
primary endpoint for the vaccine efficacy was the development of CIN 2+ associated with
HPV16 or HPV18 and as well non-vaccinated oncogenic HPV types (for cross-protection
assessment) [34, 47].

Data from three different cohorts (ATP-E: according to protocol cohort for efficacy vaccinated:
n=8093; control: n=8069; TVC: total vaccinated cohort = women receiving at least one dose of
the Cervarix®: n=9319; control: n=9325; and TVC-naïve = no evidence of oncogenic HPV
infection at baseline vaccinated: n=5822; control: n=5819) over a mean of 34.9 months was
analyzed. The efficacy of the vaccine against CIN2/3 lesions associated with HPV16/18 was
similarly high (around 98% for CIN2+ and 100% for CIN3+) in the ATP-E and TVC- naïve
cohorts. For the TVC group the efficacy of the vaccine against CIN3+ lesions, irrespective of
HPV DNA in lesions, was 30%.

6.2. Gardasil®

The randomized, double-blind, placebo-controlled trials FUTURE I and FUTURE II included
18.174 women between 16-26 years of age from 24 different countries from Asia-Pacific, North
America, Latin America and Europe. The primary endpoints for the Gardasil® efficacy clinical
trial were a) incidence of genital warts, vulvar or vaginal intraepithelial neoplasia or cancer
and b) the incidence of cervical intraepithelial neoplasia CIN2/3 and adenocarcinoma in situ
(AIS) lesions [48, 49]
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For the FUTURE II study, which enrolled 12,167 women that were followed for an average of
3 years, Gardasil® efficacy for prevention of HPV-16/18 related CIN3 lesions was 97% in the
per-protocol cohort (population negative for 14 HPV types and receiving all the three doses
of the vaccine), 95% in the unrestricted susceptible population (population receiving one or
more vaccination doses) and 45% in the intention-to-treat cohort (population with or without
previous HPV infection). HPV16/11/16/18 related high grade vulvar and vaginal lesions could
be prevented with 100% efficacy by vaccination with Gardasil® in the per-protocol, with 95%
in the unrestricted susceptible, and with 73% in the intention-to-treat populations. Gardasil®
efficacy for prevention of adenocarcinoma in situ was 100% in the per-protocol susceptible and
unrestricted susceptible population and 28% in the intention-to-treat population. However,
one subject in the per-protocol susceptible placebo population developed adenocarcinoma in
situ, affecting the reliability of the vaccine efficacy in this group [50].

6.3. Cervarix® versus Gardasil®

After the data from several clinical trials ensuring safety, tolerability and efficacy of the HPV
vaccines was published, discussions began about which vaccine should be implemented in
public vaccination programs. To make this decision, the cost-effectiveness of the vaccines,
potentially influenced by duration of protection, number of doses required for protection and
the extend of cross-protection, needed to be evaluated.

It is a difficult and daunting task to directly compare results from the Cervarix® and Gardasil®
clinical trials because of a) differences in the study population and cohorts for testing the
vaccine efficacy, b) differences in the HPV typing and immunological assays and c) differences
in the studies’ endpoints.

For this reason, an observer-blind study was designed to directly compare the immunogenicity
and safety of both vaccines [23]. In this study, a total of 1106 women aged 18 to 45 years were
enrolled and vaccinated either with Gardasil® or Cervarix®. One month after the third
vaccination, sera from all the subjects were collected and the presence of neutralizing anti‐
bodies was measured by pseudovirions-based neutralization assay (PBNA). The PBNA
showed that all women in both vaccine groups were HPV16 and HPV18 seropositive with the
exception of two HPV18 seronegative subjects in the Gardasil® group.

The titers of anti-HPV16 and HPV18 neutralizing antibodies from serum and cervicovaginal
secretions induced by Cervarix® were significantly higher than those induced by Gardasil®
in all the tested age strata. The frequency of antigen-specific (HPV16 and HPV18) and memory
B-cells were also higher in the Cervarix® than in the Gardasil® group [23].

6.4. Dose

Although both vaccines were licensed as 3-dose administrations over six months, this regime
has been questioned and re-evaluated either for cost-effectiveness or for difficulties with
administering all the doses within the stipulated time frame.

Recently a comparative analysis between the Costa Rica Vaccine Trial cohort was published
where it was suggested that two and maybe even one dose of Cervarix® might be as effective
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against persistent HPV16 and HPV18 infections as the three doses [51]. What remains unclear
is the duration of protection for the vaccination with fewer doses.

6.5. Cross-protection

One surprising finding of the phase II and phase III clinical trials is that both vaccines induce
cross-protection against non-vaccine HPV types.

A recent end-of-study analysis of the Cervarix® PATRICIA clinical trial, performed after 48
months of follow-up, evaluated the cross-protection against non-vaccine HPV types in
persistent infection and high grade CIN2+ and CIN3+ lesions. In summary, this analysis reports
consistent vaccine efficacy against HPV31, HPV33 and HPV45 for all the end-points [52]

The analysis of combined data from the Gardasil® FUTURE I and FUTURE II clinical trials
reveals that vaccination reduced the rate of HPV-31/33/45/52/58 infection, CIN1-3 and AIS.
However the reduction of HPV-31/33/45/52/58 related CIN2 lesions was not significant [53]

A meta-analysis study suggests that cross-protection efficacy against persistent HPV infection
and CIN2 lesions is higher for Cervarix® than for Gardasil®. While Gardasil® can confer
protection against the non-vaccine type HPV31, Cervarix® can efficiently protect against HPV
31, HPV 33 and HPV45. This study evaluated comparable populations in different clinical trials
that used different methods to identify efficacy endpoints (e.g. genotyping of HPV to deter‐
mine HPV persistent infection). The sensitivity of the methods used in clinical trials and
population differences can influence the comparison between Cervarix® and Gardasil®[54].

A sub-analysis of an observer-blind study, performed to allow a direct comparison between
Cervarix® and Gardasil®, evaluated cross-protection against non-vaccine HPV types for both
vaccines. This study confirmed that both vaccines induce cross-reactive responses against
HPV31 and HPV45 but that the responses were initially much lower for the Gardasil®
vaccinated group. However, after 24 months the level of humoral responses for HPV31/45 was
equally low for both vaccines. The only considerable difference between the vaccines shown
in this study is the higher levels of T-cell response with the Cervarix® vaccine. Whether or not
the T cell response is necessary for cross-protection remains unclear [55].

All the studies show lower levels of non-vaccine HPV antibody titers compared to the type-
specific titers. One possibility to be considered is that the cross-protective responses will wane
with time. There are on-going efforts in current phase IV surveillance studies addressing the
degree and durability of cross-protective responses.

7. Age for HPV vaccination

7.1. Preadolescent girls and young women

Vaccination with Gardasil® or Cervarix® does not lead to clearance of pre-existing HPV
infections [56]. Considering the decreasing age of sexual debut in many countries, both
vaccines target preadolescent girls and young women. The Advisory Committee on Immuni‐
zation Practices (ACIP) recommend vaccination of females aged 13 to 26 years for Cervarix®
and vaccination of 9 to 26 year old males and females for Gardasil® [57, 58].
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For the FUTURE II study, which enrolled 12,167 women that were followed for an average of
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clinical trials because of a) differences in the study population and cohorts for testing the
vaccine efficacy, b) differences in the HPV typing and immunological assays and c) differences
in the studies’ endpoints.

For this reason, an observer-blind study was designed to directly compare the immunogenicity
and safety of both vaccines [23]. In this study, a total of 1106 women aged 18 to 45 years were
enrolled and vaccinated either with Gardasil® or Cervarix®. One month after the third
vaccination, sera from all the subjects were collected and the presence of neutralizing anti‐
bodies was measured by pseudovirions-based neutralization assay (PBNA). The PBNA
showed that all women in both vaccine groups were HPV16 and HPV18 seropositive with the
exception of two HPV18 seronegative subjects in the Gardasil® group.

The titers of anti-HPV16 and HPV18 neutralizing antibodies from serum and cervicovaginal
secretions induced by Cervarix® were significantly higher than those induced by Gardasil®
in all the tested age strata. The frequency of antigen-specific (HPV16 and HPV18) and memory
B-cells were also higher in the Cervarix® than in the Gardasil® group [23].

6.4. Dose

Although both vaccines were licensed as 3-dose administrations over six months, this regime
has been questioned and re-evaluated either for cost-effectiveness or for difficulties with
administering all the doses within the stipulated time frame.

Recently a comparative analysis between the Costa Rica Vaccine Trial cohort was published
where it was suggested that two and maybe even one dose of Cervarix® might be as effective
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against persistent HPV16 and HPV18 infections as the three doses [51]. What remains unclear
is the duration of protection for the vaccination with fewer doses.

6.5. Cross-protection

One surprising finding of the phase II and phase III clinical trials is that both vaccines induce
cross-protection against non-vaccine HPV types.

A recent end-of-study analysis of the Cervarix® PATRICIA clinical trial, performed after 48
months of follow-up, evaluated the cross-protection against non-vaccine HPV types in
persistent infection and high grade CIN2+ and CIN3+ lesions. In summary, this analysis reports
consistent vaccine efficacy against HPV31, HPV33 and HPV45 for all the end-points [52]

The analysis of combined data from the Gardasil® FUTURE I and FUTURE II clinical trials
reveals that vaccination reduced the rate of HPV-31/33/45/52/58 infection, CIN1-3 and AIS.
However the reduction of HPV-31/33/45/52/58 related CIN2 lesions was not significant [53]

A meta-analysis study suggests that cross-protection efficacy against persistent HPV infection
and CIN2 lesions is higher for Cervarix® than for Gardasil®. While Gardasil® can confer
protection against the non-vaccine type HPV31, Cervarix® can efficiently protect against HPV
31, HPV 33 and HPV45. This study evaluated comparable populations in different clinical trials
that used different methods to identify efficacy endpoints (e.g. genotyping of HPV to deter‐
mine HPV persistent infection). The sensitivity of the methods used in clinical trials and
population differences can influence the comparison between Cervarix® and Gardasil®[54].

A sub-analysis of an observer-blind study, performed to allow a direct comparison between
Cervarix® and Gardasil®, evaluated cross-protection against non-vaccine HPV types for both
vaccines. This study confirmed that both vaccines induce cross-reactive responses against
HPV31 and HPV45 but that the responses were initially much lower for the Gardasil®
vaccinated group. However, after 24 months the level of humoral responses for HPV31/45 was
equally low for both vaccines. The only considerable difference between the vaccines shown
in this study is the higher levels of T-cell response with the Cervarix® vaccine. Whether or not
the T cell response is necessary for cross-protection remains unclear [55].

All the studies show lower levels of non-vaccine HPV antibody titers compared to the type-
specific titers. One possibility to be considered is that the cross-protective responses will wane
with time. There are on-going efforts in current phase IV surveillance studies addressing the
degree and durability of cross-protective responses.

7. Age for HPV vaccination

7.1. Preadolescent girls and young women

Vaccination with Gardasil® or Cervarix® does not lead to clearance of pre-existing HPV
infections [56]. Considering the decreasing age of sexual debut in many countries, both
vaccines target preadolescent girls and young women. The Advisory Committee on Immuni‐
zation Practices (ACIP) recommend vaccination of females aged 13 to 26 years for Cervarix®
and vaccination of 9 to 26 year old males and females for Gardasil® [57, 58].
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Most of the clinical trials performed to evaluate efficacy of the prophylactic vaccines included
subjects older than the primary target population. This is explained by a) the need of a
population where the HPV infection happens at higher frequency for efficacy proof-of-
principle purposes and b) legal and ethical limitations regarding the evaluation of sexual
activity in the preadolescent population.

A Cervarix® clinical trial, performed in Denmark, Estonia, Finland, Greece, Netherlands and
Russia, with an extension study (4 years follow-up) conducted in Denmark, Estonia and
Finland, was designed to evaluate safety and immunogenicity of the bivalent vaccine in two
age groups (10-14 and 15-25 years). According to the follow-up study, Cervarix® induced
higher systemic and mucosal immune responses, which sustained for more than four years,
in the 10-14 years group compared to the 15-25 years group [59].

7.2. Older women

Women can acquire HPV infections at any age. However, epidemiological data report that the
highest prevalence of HPV infections occur in sexually active women under 25 years of age
and decline with age progression [60].

Recent meta-analysis studies have been showing a second peak of HPV prevalence in women
over 44 years [61]. There are several hypotheses explaining this phenomenon but the most
plausible one is associated with changes in sexual behavior of women and their partners at
this age.

Humoral responses to HPV vaccines are known to decrease gradually with age progression
but the antibody levels remain several fold higher for years in vaccinated (46-55 years) than in
non-vaccinated subjects who developed natural immunity in response to infection [62]. A
recent analysis of the FUTURE I and FUTURE II clinical trials evaluated the efficacy of
Gardasil® in HPV DNA positive women who were treated for cervical, vulvar, or vaginal
disease. This study showed that vaccination with Gardasil® decreases by more than 40% the
incidence of subsequent HPV-related diseases including genital warts and CIN1/2 lesions,
irrespective of the HPV type in the lesion [63]. This finding suggests that including women
older than 26 years in the vaccination program might prevent HPV persistent infection in naïve
women and reduce re-infection for those that were already infected.

7.3. Vaccination of males

HPV infection of males is associated with genital warts, anogenital cancer, oral cancer, and
recurrent respiratory papillomatosis. The overall incidence of HPV infection is very similar for
men and women, although, in contrast to the situation in women, HPV infection in males does
not seem to be age related [64].

Currently, Gardasil® is the only HPV prophylactic vaccine licensed for use in males. Their
target population is boys and men aged 9 to 26 years. Its high immunogenicity, safety and
efficacy against anogenital warts and perianal/perineal intraephitelial neoplasia in males has
been reported in several clinical trial studies [65, 66].
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Even though several mathematical models suggest that the inclusion of males in vaccination
programs will not be a cost-effective strategy [67], the potential reduction of the health burden
associated with HPV infection in males (e.g.: anal cancer and anogenital warts) and the
possibility to reduce the risk of HPV transmission to women argue in favor of extending HPV
vaccination programs to males.

One of the arguments against the vaccination of males is that immunization of females might
already lead to enhanced herd immunity and thereby reduce male lesions as well. One factor
not considered with this argument is the scenario of men who have sex with men (MSM) who
cannot benefit from female vaccination.

The MSM population is one of the most affected by HPV warts and anal cancer. It is clear that
this population will not benefit from female vaccination. Recently, a clinical trial enrolling 602
healthy men who have sex with men (16 to 26 years of age) showed efficacy and safety of
Gardasil® against high-grade anal intraepithelial neoplasia (AIN2/3) [68].

Based on data of Gardasil® safety, efficacy against AIN2/3, estimates of disease and cancer
resulting from HPV and cost-effectiveness, the Advisory Committee on Immunization
Practices (ACIP) recommended routine use of the quadrivalent HPV vaccine in males aged 11
or 12 years [58].

7.4. Vaccination of immunocompromised

Immunocompromised women and men are known to have higher incidences of HPV infection
and HPV-related diseases including cervical and anal cancer. However, little is known about
the efficacy and safety of the prophylactic vaccine in this population.

Few HPV clinical trials have been studying HIV positive populations. Among those, a clinical
trial evaluated Gardasil® safety and immunogenicity in HIV infected children from 7 to 12
years, separated into three different groups according to their CD4+ T cells count. The vaccine
was considered highly safe, with no CIN3 lesions being observed in the vaccinated group when
compared to the control. Vaccination led to seroconversion of 99% of the immunized subjects;
however, antibody titers for HPV16 and HPV18 were much lower (30-50%) than for the
historical control (HIV uninfected children – Gardasil® vaccinated) [69], indicating a reduced
response in this target population.

As levels of HPV16 and HPV18 antibodies were still comparable to HIV-uninfected women
(16-26 years old) in whom the vaccine efficacy was confirmed, long-term studies with more
subjects are necessary to determine vaccine efficacy in the HIV infected population.

8. Is there room and need for second generation vaccines?

As outlined above, the two commercial vaccines induce long lasting high titer, protective
antibody responses against the HPV types included in the vaccines. The efficacy of preventing
vaccine type induced lesions can reach up to 100%. This success is based on the exceptional
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target population is boys and men aged 9 to 26 years. Its high immunogenicity, safety and
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immunogenicity of HPV virus-like-particles and the current vaccination programs will surely
have significant impact on reducing the HPV associated cancer burden in the near future. Still,
there are several shortcomings of the commercial vaccines which include costly production,
need for invasive administration, low stability requiring intact cold chains in vaccine delivery
and a narrow range of protection limited mainly to vaccine type papillomaviruses. Further,
studies have shown that vaccination with the commercial vaccines has no impact on the
progression of pre-existing lesions, i.e. neither Gardasil® nor Cervarix® seem to have a
therapeutic effect [56]. Although basically all vaccines used in routine medicine are of pro‐
phylactic nature, this was not necessarily expected to be the case for the HPV VLP vaccines.
In a number of preclinical studies it was demonstrated that vaccination of mice with VLPs
induces strong cytotoxic T-cell responses against the L1 antigen and in case of L1-E7 chimeric
particles also against the E7 portion [70-73]. The response had strong anti-tumorigenic
properties in different tumor challenge models. Therefore, there was reason to hope for a
vaccination benefit for humans already infected with the corresponding HPV type. Unfortu‐
nately, however, this benefit was not observed in clinical trials to date.

To overcome at least some of the limitations of the commercial vaccines a number of different
approaches to develop a second generation PV vaccine are followed, some of which will be
addressed in more detail below.

9. Second generation vaccines targeting L1

Both current commercial vaccines show excellent safety and efficacy profiles and there seems
to be little room for improvement in either aspect when addressing the HPV type-specific
protection. Some countries are considering or are in the process of implementing a two dose
regiment, driven by the intention to minimize costs [74, 75]. Such deliberations would benefit
from higher immunogenicity of the VLP vaccine, which could possibly be achieved by using
stronger adjuvant systems. But naturally, it seems unlikely that Merck or GSK would find a
sufficient economical motivation to move along this road. What’s more, there is only a limited
repertoire of adjuvants that can be used in prophylaxis for a young target population.

Both Merck and GSK are probably not highly motivated in developing second generation HPV
vaccines that would compete with their blockbusters. An exception is the nonavalent HPV
VLP vaccine that is currently evaluated by Merck in clinical trials. A number of pre-clinical
studies focused on the development of L1-based vaccines that overcome one or more of the
limitations discussed above. These second generation approaches addressed delivery (e.g.
oral), production systems (plant, E. coli), stability (e.g. capsomeres) and extension to thera‐
peutic applications (chimeric L1 proteins) [76-78]. In light of the fact that the current VLP
vaccines are inducing a limited degree of cross-protection, for which the nature is not yet
known, one could envision modifying the L1 protein so as to extend the breadth of protection,
but to our knowledge, this strategy is currently not pursued.

As indicated above, the protective range of Cervarix® and Gardasil® is mainly limited to the
vaccine type papillomaviruses. In their clinical trial GSK could show that immunization with
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Cervarix® induces cross-protection against additional types such as HPV 31, 33 and 45 and
Gardasil® induces protection against HPV 31, albeit at lower efficacy. As a consequence, in
2010 the European Medicines Agency has approved the amendment of the license of Cervarix®
in prevention of HPV 31, 33 and 45 induced lesions. The molecular mechanisms for the
enhanced cross-protection of Cervarix® in comparison to Gardasil® is not fully understood.
One explanation could be the fact that Cervarix® is inducing higher titers against HPV 16 and
HPV 18, possibly due to the stronger adjuvants used in the formulation of Cervarix®. Another
explanation could be structural differences of the VLPs contained in the two vaccines.

However, despite this extended cross-protection observed for Cervarix® about 20% of cervical
cancer cases remain uncovered by the vaccine. To breach this gap, Merck MSD is currently
evaluating a nonavalent HPV VLP vaccine in phase III clinical trials. In addition to the non-
oncogenic HPVs 6 and 11, this vaccine includes VLPs of HPV types 16, 18, 31, 33, 45, 52 and
58 and theoretically would reach close to 88% efficacy. It remains to be determined whether
this cocktail of nine different VLPs is able to induce prolonged protective responses against
the corresponding HPV types or if due to interference this may not be possible. Further,
because of increasing vaccine complexity this strategy will be limited due to rising costs in
production. Also, it will be difficult to prove vaccine efficacy in preventing cervical dysplasia
induced by rather rare HPV types, such as HPV 52 and HPV 58, if neutralizing antibodies or
at least prevention of infection by these types are not accepted as surrogate markers by the
licensing agencies.

10. Examples for second generation L1-based vaccines

10.1. Genetic vaccination

There are more than 200 different papillomaviruses infecting vertebrates. Among them are
roughly 50 types for which there is a theoretical interest of implementing prophylaxis and
these include oncogenic HPVs, skin type HPVs relevant in immune compromised patients,
bovine PV infecting cattle [79] and horses and PV viruses infecting pets. It has been shown in
a number of studies that genetic vaccination with codon-adapted L1 genes leads to the
induction of high titer neutralizing antibodies. Vaccination has been performed by intramus‐
cular needle injection or by the use of a gene gun [80-90]. We observed particularly strong
neutralizing antibody responses when administering codon-modified L1 genes using a
tattooing device [84, 91]. In addition to delivering the expression constructs to muscle and/or
antigen presenting cells, tattooing induces a certain degree of local tissue damage which might
serve as a danger signal [92, 93]. The great advantage of immunization with naked DNA is the
ease of constructing and producing the vaccine vectors for many different L1 antigens since
standardized procedures can be applied. Also, DNA is a very stable molecule making the need
for intact cold chains in vaccine distribution obsolete. In addition, it has been shown that
cocktails of different L1 expression constructs can be applied to mount a broad range of
protection, although some kind of interference between different L1s has been observed [94].
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Currently, no clinical testing involving human subjects is being performed with naked DNA
or with a genetic vector. For one, DNA immunization has not found its way to human immune
prophylaxis to date. The main reason is the much lower efficacy of DNA vaccines in primates
compared to the murine system. Further, there are concerns about the safety of DNA vaccines
in general. Although these concerns are of theoretical nature only, they still pose a major hurdle
for application in routine vaccine prophylaxis.

The ease of targeting multiple L1 antigens has also been a motivation to evaluate viral vector
based genetic approaches. Different viral vectors have been used and these include vaccinia
virus, vesicular stomatitis virus, and adenoviruses [95-98]. High titer neutralizing antibody
responses were induced in vaccinated mice. Additionally, in some of the studies strong cellular
immune responses against the L1 antigen could be demonstrated. Using the cottontail rabbit
papillomavirus model, it was shown that single intranasal administration of recombinant
vaccinia virus [99] or vesicular stomatitis virus (VSV) [96, 97] induces anti-L1 antibodies and
protections against CRPV challenge, although the latter could also have been a consequence
of the induction of cellular immune responses against L1.

Berg et al. ([98] [100] produced correctly folded canine oral PV VLPs using recombinant
adenoviruses. Immunization of mice led to high titer neutralizing antibody responses, but the
recombinant adenoviruses have not yet been tested in the COPV challenge model.

When considering administration, the use of complex virus systems including vaccinia virus,
VSV and adenoviruses faces significant safety issues. Moreover, most vaccinations will likely
be limited to single administration due to the strong responses against the vectors. In this light
it might not be possible to generate responses against L1 proteins of multiple PVs.

Adeno-associated virus (AAV) vectors combine the simplicity of naked DNA with the efficacy
of viral vector gene delivery. AAV vectors are extremely stable and can be lyophilized without
compromising their transduction activity. Also, these viral vectors do not encode for viral gene
products. We have used AAV vectors for intranasal and systemic delivery of the L1 gene. Single
doses of AAV-L1 induce long lasting (>1 yr) neutralizing antibody responses in mice. The
intranasal application also induced mucosal antibodies and cellular immunity. Non-adjuvant‐
ed intranasal application in macaques with recombinant AAV9 vectors also induced immunity
against the encoded L1 antigen [101-104]. Liu and colleagues reported on the co-administration
of AAV-L1 vectors together with a recombinant adenoviruses encoding for granulocyte
macrophage colony-stimulating factor [105]. This strategy yielded higher neutralizing titers
compared to VLP immunization but might prove difficult in translating into application in
humans.

In addition to viral vectors, L1 has also been delivered by live prokaryotic vectors such as
Salmonella enterica Typhii [106-109] and recombinant Bacille Calmette-Guerin (rBCG) [110,
111]. Nardelli-Haefliger was the first to demonstrate that live L1-recombinant bacteria (S.
typhii) induced mucosal and systemic antibody responses in mice. In another study, Govan et
al. showed that rabbits vaccinated with rBCG encoding the CRPV L1 protein are protected
against viral challenge [110]. This protection might, however, in part be due to cellular immune
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responses against the L1 antigen, although the authors could demonstrate in vitro neutraliza‐
tion activity of the rabbit sera.

11. Alternative production systems

The current HPV vaccines are produced either in yeast (Gardasil®) or insect cells infected with
recombinant baculoviruses (Cervarix®). It is not disclosed by the vaccine manufacturers what
the production costs per dose really are, but insect cells present a rather complex platform and
yeast cells provide challenges in the extraction procedures. In the early phases of HPV VLP
technology, several labs worked on expressing L1 in E. coli but only recently has it been possible
to produce properly folded L1 in this system. It was Chen et al. who showed in 2001 that N-
terminally modified L1 protein of HPV 11 and 16 can be expressed in E. coli and purified in
the form of native pentamers (capsomers) [112]. Yuan and colleagues reported that two doses
of 400 ng of a GST-L1 fusion protein, assembled in capsomere-like structures protected dogs
from a challenge with COPV. HPV 16 L1 pentamers share essential conformational epitopes
with VLPs [113, 114]. L1 pentamers are less immunogenic compared to VLPs but use of
appropriate adjuvant systems (e.g. ASO4) can largely compensate for this [113]. In addition to
being produced cost-effectively in E. coli, L1 pentamers are also more stable than VLPs making
an intact cold-chain in vaccine distribution obsolete. Although clinical trials are in preparation,
efficacy of L1 pentamers has not yet been assessed in human subjects. However, Stahl-Hennig
could show capsomeres adjuvanted with synthetic double stranded RNA, either poly ICLC or
poly IC induced strong anti-L1 antibody and T-helper responses in rhesus macaques [115].

In a number of studies the production of L1 antigens in transgenic plants has been evaluated.
Earlier studies showed that the surface antigen of hepatitis B virus can be expressed and
assembled in transgenic plants [116]. Importantly, oral delivery of unprocessed plant material
induced HBsAg specific immunity in mice and healthy volunteers [117]. This report ignited
the idea that vaccine antigens can be produced with the aid of transgenic plant technology.
The great advantage of plants is the simplicity by which vast quantities of biomass can be
produced with all required technology already in place. Bypassing the requirement for antigen
extraction and purification would allow to meet the worlds growing, yet unmet, demand for
cheap vaccines. In this light, production of L1 in plants was initiated, [118-128], and immuno‐
genicity after either oral or systemic delivery was confirmed. Yield of L1, which initially posed
a major problem, improved significantly to more than 10% of the total soluble protein [125].

Today’s consensus on antigen production in plants stresses standardized extraction and
purification to ensure antigens with defined properties and limited inter-batch variability will
be an essential criteria. Also, much of the L1 antigen in the plant tissue is incorrectly folded
and hence has only little immunogenicity. Overall, there are strong resentments by regulatory
agencies and vaccine manufacturers on introducing poorly standardize-able oral vaccines
originating from partially processed plant material.

In summary, there are tremendous hurdles that novel second generation vaccines based on
the L1 antigen must be overcome starting with facing and competing with the two existing
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Currently, no clinical testing involving human subjects is being performed with naked DNA
or with a genetic vector. For one, DNA immunization has not found its way to human immune
prophylaxis to date. The main reason is the much lower efficacy of DNA vaccines in primates
compared to the murine system. Further, there are concerns about the safety of DNA vaccines
in general. Although these concerns are of theoretical nature only, they still pose a major hurdle
for application in routine vaccine prophylaxis.
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virus, vesicular stomatitis virus, and adenoviruses [95-98]. High titer neutralizing antibody
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vaccinia virus [99] or vesicular stomatitis virus (VSV) [96, 97] induces anti-L1 antibodies and
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of viral vector gene delivery. AAV vectors are extremely stable and can be lyophilized without
compromising their transduction activity. Also, these viral vectors do not encode for viral gene
products. We have used AAV vectors for intranasal and systemic delivery of the L1 gene. Single
doses of AAV-L1 induce long lasting (>1 yr) neutralizing antibody responses in mice. The
intranasal application also induced mucosal antibodies and cellular immunity. Non-adjuvant‐
ed intranasal application in macaques with recombinant AAV9 vectors also induced immunity
against the encoded L1 antigen [101-104]. Liu and colleagues reported on the co-administration
of AAV-L1 vectors together with a recombinant adenoviruses encoding for granulocyte
macrophage colony-stimulating factor [105]. This strategy yielded higher neutralizing titers
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humans.

In addition to viral vectors, L1 has also been delivered by live prokaryotic vectors such as
Salmonella enterica Typhii [106-109] and recombinant Bacille Calmette-Guerin (rBCG) [110,
111]. Nardelli-Haefliger was the first to demonstrate that live L1-recombinant bacteria (S.
typhii) induced mucosal and systemic antibody responses in mice. In another study, Govan et
al. showed that rabbits vaccinated with rBCG encoding the CRPV L1 protein are protected
against viral challenge [110]. This protection might, however, in part be due to cellular immune
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the production costs per dose really are, but insect cells present a rather complex platform and
yeast cells provide challenges in the extraction procedures. In the early phases of HPV VLP
technology, several labs worked on expressing L1 in E. coli but only recently has it been possible
to produce properly folded L1 in this system. It was Chen et al. who showed in 2001 that N-
terminally modified L1 protein of HPV 11 and 16 can be expressed in E. coli and purified in
the form of native pentamers (capsomers) [112]. Yuan and colleagues reported that two doses
of 400 ng of a GST-L1 fusion protein, assembled in capsomere-like structures protected dogs
from a challenge with COPV. HPV 16 L1 pentamers share essential conformational epitopes
with VLPs [113, 114]. L1 pentamers are less immunogenic compared to VLPs but use of
appropriate adjuvant systems (e.g. ASO4) can largely compensate for this [113]. In addition to
being produced cost-effectively in E. coli, L1 pentamers are also more stable than VLPs making
an intact cold-chain in vaccine distribution obsolete. Although clinical trials are in preparation,
efficacy of L1 pentamers has not yet been assessed in human subjects. However, Stahl-Hennig
could show capsomeres adjuvanted with synthetic double stranded RNA, either poly ICLC or
poly IC induced strong anti-L1 antibody and T-helper responses in rhesus macaques [115].

In a number of studies the production of L1 antigens in transgenic plants has been evaluated.
Earlier studies showed that the surface antigen of hepatitis B virus can be expressed and
assembled in transgenic plants [116]. Importantly, oral delivery of unprocessed plant material
induced HBsAg specific immunity in mice and healthy volunteers [117]. This report ignited
the idea that vaccine antigens can be produced with the aid of transgenic plant technology.
The great advantage of plants is the simplicity by which vast quantities of biomass can be
produced with all required technology already in place. Bypassing the requirement for antigen
extraction and purification would allow to meet the worlds growing, yet unmet, demand for
cheap vaccines. In this light, production of L1 in plants was initiated, [118-128], and immuno‐
genicity after either oral or systemic delivery was confirmed. Yield of L1, which initially posed
a major problem, improved significantly to more than 10% of the total soluble protein [125].

Today’s consensus on antigen production in plants stresses standardized extraction and
purification to ensure antigens with defined properties and limited inter-batch variability will
be an essential criteria. Also, much of the L1 antigen in the plant tissue is incorrectly folded
and hence has only little immunogenicity. Overall, there are strong resentments by regulatory
agencies and vaccine manufacturers on introducing poorly standardize-able oral vaccines
originating from partially processed plant material.

In summary, there are tremendous hurdles that novel second generation vaccines based on
the L1 antigen must be overcome starting with facing and competing with the two existing
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commercial vaccines. The main challenge seems to be the need for demonstrating non-
inferiority. Licensing of Gardasil® and Cervarix® has been a mammoth task, involving tens
of thousands participants in clinical trials. It is very unlikely that such evaluation can be
reproduced with a vaccine approach that presents only an incremental improvement in one
of the other shortcomings of Gardasil® and Cervarix®. Other equally important issues are
safety and simplicity of second generation vaccines, especially in light of the target popula‐
tion’s young age. Lastly, intellectual property is an important factor in vaccine development.
While the tight patent situation on L1 VLP technology might eventually be less stringent in
the coming years, this will also leave novel developments without sufficient protection,
making major investments for manufacturers less attractive.

12. L2: Candidate for a potential pan HPV vaccine?

At the time when PV VLP technology started to have its major impact on papillomavirus
research and vaccine development, the group of Saveria Campo in Glasgow reported that
vaccination of cattle with a bacterially produced minor capsid protein L2 induced protection
against challenge with infectious BPV 4 virus [129]. The authors identified epitopes located in
a region of L2 encompassing amino acids 131-151 of BPV 4. Although the report describes these
epitopes as B-cell epitopes, no neutralization assay could be performed at the time and hence
an involvement of cellular immunity could not be ruled out. Also, the antigens that were either
GST-L2 fusion proteins or conjugated peptides were of rather poor immunogenicity. As the
field was moving towards VLP vaccines that induce very strong protective effects, L2 was not
given further thought as a vaccine antigen at the time.

Later, Richard Roden and his colleagues investigated in detail the suitability of L2 as a vaccine
antigen. They observed that L2 antigens purified from E. coli induced cross-neutralizing
antibodies as assessed by the focus formation assay developed by the investigators [130].
Subsequently, they mapped a cross-neutralizing epitope to a region spanning amino acids
1-88, which was later pin-pointed to amino acids 17-36 [131-133]. Interestingly, human sera
from a therapeutic vaccine study using a L2-E6-E7 fusion protein produced in E. coli (TA-CIN;
[134]) came back positive for neutralizing activity [132].

The presence of neutralizing and cross-neutralizing epitopes in the N-terminus of L2 was
reported and confirmed by others. Kondo and colleagues mapped several regions in the L2
protein between amino acids 1-140 [135]. Some of the neutralizing epitopes were later con‐
firmed by others, however it seems clear today that only one epitope, comprising amino acids
17-36, consistently elicited cross-protection [136-138].

After identifying the target region in the L2 protein, the major challenge in developing L2 as
a vaccine antigen was posed by L2’s low immunogenicity compared to L1. No or very little
neutralizing activity is induced when fragments or peptides of L2 are used as antigens [129,
137]. Further, VLPs composed of L1 and L2 do not induce measurable anti-L2 responses.
Because of this, a number of strategies were pursued with the goal of increasing immunoge‐
nicity of the L2 cross-neutralizing epitope.
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Alphs et al. observed a strong increase in immunogenicity of the 17-36 epitope when conju‐
gating the L2 peptide to a synthetic lipopeptide (TLR2 agonist) and a broadly acting T-helper
epitope [139]. This antigen induced rather high neutralizing titers against HPV 16 while
responses against other high-risk HPVs including HPV 18 or HPV 45 were 1-2 orders of
magnitude lower. Still, this fully synthetic L2 vaccine provided an elegant basis for the
development of a L2 vaccine. Jagu et al. reported that a concatenated L2 fusion protein,
consisting of the amino acids 11-88 of five different HPV types induced strong neutralization
and cross-neutralization and was superior compared to monotypic HPV 16 L2 antigen. This
approach is expected to enter a clinical phase in 2013.

Displaying the 17-36 epitope on bacteriophage PP7 capsids was shown to be an attractive
alternative approach in generating a functional L2-based vaccine [140, 141]. VLPs of bacterio‐
phage PP7 can be produced in large quantities and are tolerant for the insertion of heterologous
peptides. Immunization of mice leads to high titers of ELISA reactive L2-specific antibodies.
Cross-protective neutralization of HPV pseudovirions was shown in an in vivo challenge
model. The authors did not titrate the sera in an in vitro neutralization assay and thus it is not
clear how robust the anti-L2 responses were.

A ‘natural’ scaffold for the presentation of L2 epitopes would be to insert the cross-neutralizing
epitope into L1 loops located on the VLP surface. This would provide for a highly repetitive
presentation of the L2 region. Schellenbacher et al. pursued this approach and tested various
peptide insertions into the BPV1 and HPV 16 L1 protein [142]. Such insertions often interfere
with proper assembly of the L1 into higher ordered structures but the authors were able to
produce and purify a number of L1-L2 chimeric particles. They demonstrated that the CVLPs
still induced L1-specific neutralization, indicating mostly correct conformation of the L1
protein. More importantly, chimeric particles carrying the 17-36 epitope of HPV 16 L2 induced
neutralizing antibody responses in rabbits against HPV 5, 11, 16, 18, 45, 52, 58 pseudovirions
with titers ranging from 1:100 to 1:10,000.

Recently, we have developed a strategy to boost the immunogenicity of the L2 cross-neutral‐
izing epitope by using bacterial thioredoxin (Trx) as a carrier [137]. Due to its rigid structure,
this small, 109 amino acid long protein can constrain rather large multi-peptide insertions of
heterologous antigens without compromising carrier structure. Previously, presenting an
amyloid-ß peptide in context of an E. coli Trx scaffold allowed induction of Aß immune
responses in a mouse model for Alzheimer [143]. When we inserted the HPV 16 L2 cross-
neutralizing epitope (aa 20-38 corresponding to 17-36 described by Roden et al.) we achieved
a boost in immunogenicity by several orders of magnitude, compared to the peptide linked to
keyhole limpet hemocyanin. Further, multimerization of the L2 epitope in the Trx led to further
increase in induction of neutralizing antibodies. While we also confirmed the existence of other
regions in the L2 N-terminus as targets for neutralizing antibodies, we only found cross-
neutralization for the 20-38 epitope [136]. We also found that a subset of antibodies reactive
against the different L2 epitopes fail to neutralize HPV pseudovirions in vitro and this might
be due to steric hindrance of L2 epitope recognition in the context of virus capsids.

Ultimately, there is convincing evidence that the L2 protein of HPV contains a number of
neutralizing epitopes and importantly one major cross-neutralizing epitope. It is also clear that
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commercial vaccines. The main challenge seems to be the need for demonstrating non-
inferiority. Licensing of Gardasil® and Cervarix® has been a mammoth task, involving tens
of thousands participants in clinical trials. It is very unlikely that such evaluation can be
reproduced with a vaccine approach that presents only an incremental improvement in one
of the other shortcomings of Gardasil® and Cervarix®. Other equally important issues are
safety and simplicity of second generation vaccines, especially in light of the target popula‐
tion’s young age. Lastly, intellectual property is an important factor in vaccine development.
While the tight patent situation on L1 VLP technology might eventually be less stringent in
the coming years, this will also leave novel developments without sufficient protection,
making major investments for manufacturers less attractive.

12. L2: Candidate for a potential pan HPV vaccine?

At the time when PV VLP technology started to have its major impact on papillomavirus
research and vaccine development, the group of Saveria Campo in Glasgow reported that
vaccination of cattle with a bacterially produced minor capsid protein L2 induced protection
against challenge with infectious BPV 4 virus [129]. The authors identified epitopes located in
a region of L2 encompassing amino acids 131-151 of BPV 4. Although the report describes these
epitopes as B-cell epitopes, no neutralization assay could be performed at the time and hence
an involvement of cellular immunity could not be ruled out. Also, the antigens that were either
GST-L2 fusion proteins or conjugated peptides were of rather poor immunogenicity. As the
field was moving towards VLP vaccines that induce very strong protective effects, L2 was not
given further thought as a vaccine antigen at the time.

Later, Richard Roden and his colleagues investigated in detail the suitability of L2 as a vaccine
antigen. They observed that L2 antigens purified from E. coli induced cross-neutralizing
antibodies as assessed by the focus formation assay developed by the investigators [130].
Subsequently, they mapped a cross-neutralizing epitope to a region spanning amino acids
1-88, which was later pin-pointed to amino acids 17-36 [131-133]. Interestingly, human sera
from a therapeutic vaccine study using a L2-E6-E7 fusion protein produced in E. coli (TA-CIN;
[134]) came back positive for neutralizing activity [132].

The presence of neutralizing and cross-neutralizing epitopes in the N-terminus of L2 was
reported and confirmed by others. Kondo and colleagues mapped several regions in the L2
protein between amino acids 1-140 [135]. Some of the neutralizing epitopes were later con‐
firmed by others, however it seems clear today that only one epitope, comprising amino acids
17-36, consistently elicited cross-protection [136-138].

After identifying the target region in the L2 protein, the major challenge in developing L2 as
a vaccine antigen was posed by L2’s low immunogenicity compared to L1. No or very little
neutralizing activity is induced when fragments or peptides of L2 are used as antigens [129,
137]. Further, VLPs composed of L1 and L2 do not induce measurable anti-L2 responses.
Because of this, a number of strategies were pursued with the goal of increasing immunoge‐
nicity of the L2 cross-neutralizing epitope.
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epitope [139]. This antigen induced rather high neutralizing titers against HPV 16 while
responses against other high-risk HPVs including HPV 18 or HPV 45 were 1-2 orders of
magnitude lower. Still, this fully synthetic L2 vaccine provided an elegant basis for the
development of a L2 vaccine. Jagu et al. reported that a concatenated L2 fusion protein,
consisting of the amino acids 11-88 of five different HPV types induced strong neutralization
and cross-neutralization and was superior compared to monotypic HPV 16 L2 antigen. This
approach is expected to enter a clinical phase in 2013.

Displaying the 17-36 epitope on bacteriophage PP7 capsids was shown to be an attractive
alternative approach in generating a functional L2-based vaccine [140, 141]. VLPs of bacterio‐
phage PP7 can be produced in large quantities and are tolerant for the insertion of heterologous
peptides. Immunization of mice leads to high titers of ELISA reactive L2-specific antibodies.
Cross-protective neutralization of HPV pseudovirions was shown in an in vivo challenge
model. The authors did not titrate the sera in an in vitro neutralization assay and thus it is not
clear how robust the anti-L2 responses were.

A ‘natural’ scaffold for the presentation of L2 epitopes would be to insert the cross-neutralizing
epitope into L1 loops located on the VLP surface. This would provide for a highly repetitive
presentation of the L2 region. Schellenbacher et al. pursued this approach and tested various
peptide insertions into the BPV1 and HPV 16 L1 protein [142]. Such insertions often interfere
with proper assembly of the L1 into higher ordered structures but the authors were able to
produce and purify a number of L1-L2 chimeric particles. They demonstrated that the CVLPs
still induced L1-specific neutralization, indicating mostly correct conformation of the L1
protein. More importantly, chimeric particles carrying the 17-36 epitope of HPV 16 L2 induced
neutralizing antibody responses in rabbits against HPV 5, 11, 16, 18, 45, 52, 58 pseudovirions
with titers ranging from 1:100 to 1:10,000.

Recently, we have developed a strategy to boost the immunogenicity of the L2 cross-neutral‐
izing epitope by using bacterial thioredoxin (Trx) as a carrier [137]. Due to its rigid structure,
this small, 109 amino acid long protein can constrain rather large multi-peptide insertions of
heterologous antigens without compromising carrier structure. Previously, presenting an
amyloid-ß peptide in context of an E. coli Trx scaffold allowed induction of Aß immune
responses in a mouse model for Alzheimer [143]. When we inserted the HPV 16 L2 cross-
neutralizing epitope (aa 20-38 corresponding to 17-36 described by Roden et al.) we achieved
a boost in immunogenicity by several orders of magnitude, compared to the peptide linked to
keyhole limpet hemocyanin. Further, multimerization of the L2 epitope in the Trx led to further
increase in induction of neutralizing antibodies. While we also confirmed the existence of other
regions in the L2 N-terminus as targets for neutralizing antibodies, we only found cross-
neutralization for the 20-38 epitope [136]. We also found that a subset of antibodies reactive
against the different L2 epitopes fail to neutralize HPV pseudovirions in vitro and this might
be due to steric hindrance of L2 epitope recognition in the context of virus capsids.

Ultimately, there is convincing evidence that the L2 protein of HPV contains a number of
neutralizing epitopes and importantly one major cross-neutralizing epitope. It is also clear that

Human Papillomavirus Prophylactic Vaccines and Alternative Strategies for Prevention
http://dx.doi.org/10.5772/55852

165



due to the low immunogenicity of L2 an appropriate scaffold and/or adjuvant system is
required. Still, there are several issues to be addressed. First, no systematic comparison of the
different strategies of L2 epitope presentation has been carried out. No consensus has been
reached as to which parameters for L2 vaccination would be an indicator for vaccine efficacy
or would present a correlate for protection in vivo. Currently, there are a number of different
assays to determine L2-directed humoral immune responses. Although anti-L2 antibodies can
be readily measured by ELISA assays, this does not provide a meaningful result, as many
antibodies recognizing the neutralizing epitopes seem to be non-functional. Typically, ELISA
titers are orders of magnitude higher compared to titers obtained in functional neutralization
assays.

13. Approaches to measure induction of neutralizing antibodies

A nowadays routine assay is the pseudovirion-based neutralization (PBNA) assay developed
by Buck et al. that measures transduction efficiency of PV capsids encapsidating a reporter gene.
In the presence of L1 or L2 neutralizing antibodies or compounds that interfere with virus
infection such as carrageenan (see below), transduction of cells is inhibited. This assay is
considered the gold-standard for in vitro assays and (theoretically) measures any antibody that
prevents binding, uptake, uncoating and trafficking of viruses. Although the PBNA has been
routinely used for the detection of L2-directed neutralization, recently, Day et al. described a
modified in vitro  neutralization assay with increased sensitivity for L2- (and L1-) specific
neutralizing antibodies [144]. In this assay, the virus is treated with exogenous furin conver‐
tase after inducing a conformational change. Furin has been shown to be essential for PV infection
and the L2 proteins have a conserved cleavage site at their N-terminus. Cleavage of L2 is a
prerequisite for the binding of antibodies to the major cross-neutralizing epitope 17-36. Typically,
the L2-specific titers in the L2-PBNA are at 10-100 fold higher compared to the standard PBNA.

As described above, early vaccination experiments have been carried out in rabbits and cows,
followed by challenge with the corresponding virus, CRPV or BPV. Readout was induction of
papillomas. The CPRV model was extended for the use of HPV by ‘pseudotyping’, i.e.
encapsidating CRPV genomes into HPV 16 capsids. By this, rabbits can serve as an in vivo
model for testing HPV vaccine antigens. Protection against oral papillomas in dogs infected
with the canine oral papillomavirus was an essential milestone to demonstrate that VLPs can
induce sterilizing immunity against PV infection. Also, by passive transfer it could be shown
that antibodies are sufficient for protection.

However, despite the highly valuable contribution of BPV, CRPV, and COPV models, only a
few laboratories around the world had the available means and resources to establish them
for routine use.

The laboratory of John Schiller developed a mouse model for PV infection that can find
widespread routine application more easily [13]. In this model, the genital mucosa is infected
with pseudovirions encapsidating a luciferase reporter gene. Infection can be quantified by in
vivo imaging. For efficient infection, microtraumata are induced into the mucosal epithelium,
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either mechanically or chemically. Vaccine antigens can be analyzed directly, i.e. by immu‐
nizing the mice before performing the challenge or indirectly by a passive transfer of antibodies
from immunized animals or even humans. This model has later been translated to macaques.
In one interesting study it was demonstrated that cytology specimen collection carried out in
the macaques, as performed in routine pap screening in women, increases the likelihood of
infection by papillomaviruses [145], which, in return, can be prevented by the use of carra‐
geenan in the lubricant which is used in the pelvic exam.

Interestingly and similar to the L2-PBNA, the in vivo challenge model shows increased
sensitivity compared to the standard PBNA. In fact, we have learned from these assays that
extremely low amounts of L2-specific antibodies, which were not detected by the standard
PBNA, are sufficient for protection in vivo in mice. It is not clear, whether this is due to the
same mechanisms, e.g. better access of the L2 neutralizing epitopes. Further, it should be noted
that it is not certain whether the increased sensitive of the L2-PBNA or the in vivo challenge
model correlate with protection in vivo in humans.

The existing animal models are unlikely to make functional in vitro assays obsolete. First, they
are not suited for analyzing large sets of samples and also, it is difficult to produce quantitative
estimates of protection as they allow only very limited titration of sera.

14. Alternative strategies for HPV prevention

Concerns about the limitation of the HPV vaccines (e.g.: type specificity and costs) stimulate
constant research on alternative strategies for HPV prevention.

Condoms, spermicides, microbicides, circumcision and contraceptives are included in the
extensive list of preventive measures that have been shown to curb HPV infection and
persistence.

Condoms are known to be protective against many sexual transmitted diseases such as HIV,
gonorrhea, chlamydia and tricomoniasis. However, a cross- sectional analysis conducted in
men (18-70 years old) from Brazil, Mexico and United States, showed that HPV infection can
be reduced but not completely prevented by the use of condoms. Several factors can be
attributed to the low efficacy of condoms in preventing HPV infection, including inappropriate
usage leading to condom breakage and slippage and the fact that condoms cannot cover all
the HPV infected genital areas [146].

Circumcision has been reported to play a role in preventing sexual transmission of HIV, herpes
simplex and HPV [147-149]. A recent trial reported that circumcised males have a reduced
prevalence of oncogenic HPV types by 32% to 35% and that this effect might be transferred to
the partners of circumcised men [150]. Even though the positive effect of the circumcision
against HPV persistence has been confirmed by several studies [151-153], ethical issues and
complications make circumcision a procedure that most likely will not be routinely adopted.

Different microbicides have been studied for their properties to protect against sexual
transmitted infections (STIs). Among those, the spermicide the nonoxynol-9 (N-9) was the most
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due to the low immunogenicity of L2 an appropriate scaffold and/or adjuvant system is
required. Still, there are several issues to be addressed. First, no systematic comparison of the
different strategies of L2 epitope presentation has been carried out. No consensus has been
reached as to which parameters for L2 vaccination would be an indicator for vaccine efficacy
or would present a correlate for protection in vivo. Currently, there are a number of different
assays to determine L2-directed humoral immune responses. Although anti-L2 antibodies can
be readily measured by ELISA assays, this does not provide a meaningful result, as many
antibodies recognizing the neutralizing epitopes seem to be non-functional. Typically, ELISA
titers are orders of magnitude higher compared to titers obtained in functional neutralization
assays.

13. Approaches to measure induction of neutralizing antibodies

A nowadays routine assay is the pseudovirion-based neutralization (PBNA) assay developed
by Buck et al. that measures transduction efficiency of PV capsids encapsidating a reporter gene.
In the presence of L1 or L2 neutralizing antibodies or compounds that interfere with virus
infection such as carrageenan (see below), transduction of cells is inhibited. This assay is
considered the gold-standard for in vitro assays and (theoretically) measures any antibody that
prevents binding, uptake, uncoating and trafficking of viruses. Although the PBNA has been
routinely used for the detection of L2-directed neutralization, recently, Day et al. described a
modified in vitro  neutralization assay with increased sensitivity for L2- (and L1-) specific
neutralizing antibodies [144]. In this assay, the virus is treated with exogenous furin conver‐
tase after inducing a conformational change. Furin has been shown to be essential for PV infection
and the L2 proteins have a conserved cleavage site at their N-terminus. Cleavage of L2 is a
prerequisite for the binding of antibodies to the major cross-neutralizing epitope 17-36. Typically,
the L2-specific titers in the L2-PBNA are at 10-100 fold higher compared to the standard PBNA.

As described above, early vaccination experiments have been carried out in rabbits and cows,
followed by challenge with the corresponding virus, CRPV or BPV. Readout was induction of
papillomas. The CPRV model was extended for the use of HPV by ‘pseudotyping’, i.e.
encapsidating CRPV genomes into HPV 16 capsids. By this, rabbits can serve as an in vivo
model for testing HPV vaccine antigens. Protection against oral papillomas in dogs infected
with the canine oral papillomavirus was an essential milestone to demonstrate that VLPs can
induce sterilizing immunity against PV infection. Also, by passive transfer it could be shown
that antibodies are sufficient for protection.

However, despite the highly valuable contribution of BPV, CRPV, and COPV models, only a
few laboratories around the world had the available means and resources to establish them
for routine use.

The laboratory of John Schiller developed a mouse model for PV infection that can find
widespread routine application more easily [13]. In this model, the genital mucosa is infected
with pseudovirions encapsidating a luciferase reporter gene. Infection can be quantified by in
vivo imaging. For efficient infection, microtraumata are induced into the mucosal epithelium,
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either mechanically or chemically. Vaccine antigens can be analyzed directly, i.e. by immu‐
nizing the mice before performing the challenge or indirectly by a passive transfer of antibodies
from immunized animals or even humans. This model has later been translated to macaques.
In one interesting study it was demonstrated that cytology specimen collection carried out in
the macaques, as performed in routine pap screening in women, increases the likelihood of
infection by papillomaviruses [145], which, in return, can be prevented by the use of carra‐
geenan in the lubricant which is used in the pelvic exam.

Interestingly and similar to the L2-PBNA, the in vivo challenge model shows increased
sensitivity compared to the standard PBNA. In fact, we have learned from these assays that
extremely low amounts of L2-specific antibodies, which were not detected by the standard
PBNA, are sufficient for protection in vivo in mice. It is not clear, whether this is due to the
same mechanisms, e.g. better access of the L2 neutralizing epitopes. Further, it should be noted
that it is not certain whether the increased sensitive of the L2-PBNA or the in vivo challenge
model correlate with protection in vivo in humans.

The existing animal models are unlikely to make functional in vitro assays obsolete. First, they
are not suited for analyzing large sets of samples and also, it is difficult to produce quantitative
estimates of protection as they allow only very limited titration of sera.

14. Alternative strategies for HPV prevention

Concerns about the limitation of the HPV vaccines (e.g.: type specificity and costs) stimulate
constant research on alternative strategies for HPV prevention.

Condoms, spermicides, microbicides, circumcision and contraceptives are included in the
extensive list of preventive measures that have been shown to curb HPV infection and
persistence.

Condoms are known to be protective against many sexual transmitted diseases such as HIV,
gonorrhea, chlamydia and tricomoniasis. However, a cross- sectional analysis conducted in
men (18-70 years old) from Brazil, Mexico and United States, showed that HPV infection can
be reduced but not completely prevented by the use of condoms. Several factors can be
attributed to the low efficacy of condoms in preventing HPV infection, including inappropriate
usage leading to condom breakage and slippage and the fact that condoms cannot cover all
the HPV infected genital areas [146].

Circumcision has been reported to play a role in preventing sexual transmission of HIV, herpes
simplex and HPV [147-149]. A recent trial reported that circumcised males have a reduced
prevalence of oncogenic HPV types by 32% to 35% and that this effect might be transferred to
the partners of circumcised men [150]. Even though the positive effect of the circumcision
against HPV persistence has been confirmed by several studies [151-153], ethical issues and
complications make circumcision a procedure that most likely will not be routinely adopted.

Different microbicides have been studied for their properties to protect against sexual
transmitted infections (STIs). Among those, the spermicide the nonoxynol-9 (N-9) was the most
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promising. This spermicide, largely available in the market during the 90s, has shown to be
protective in vitro against several STDs as gonorrhea, candidiasis, herpes simplex and HIV
[154-157] However, clinical trials showed that in vivo N-9 was not protective against HIV and
HPV and could even promote higher infection ratio due to inflammatory and toxicity effects
[13, 158].

Carrageenan is a sulfated polysaccharide compound routinely used as thickening ingredient in
food products as well as in sexual lubricants and therefore has an excellent safety record. It is
derived from seaweed and studies have shown that it confers protection against HIV and HPV in
vitro [159, 160]. In a phase III clinical trial, carrageenan did not show any effect against HIV but it
was tolerable and safe [161]. However, carrageenan was shown to confer HPV protection in a
murine animal challenge model [162] and to minimize the increased susceptibility to HPV
infection during or after cytology screening in rhesus monkeys [163].

Recently, a dendrimeric gel microbicide (VivaGel – SPL7013) was developed by Starpharma
for prevention of infections by HIV and HSV-2. The efficacy and safety of the gel have been
demonstrated in vitro and in in vivo in animal models [164]. Several clinical trials to evaluate
the gel safety, tolerance and efficacy are ongoing. In 2008 Starpharma announced that their
product can inhibit HPV infection in in vitro assays [165].
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1. Introduction

1.1. Skin injuries

1.1.1. Benign skin lesions

The global prevalence of papillomavirus in the 4- to 18-year-old population has been estimated
to be 24% (12% for those aged 4 to 6 years and 24% for those aged 16 to 18 years) [1]. The
prevalence is significantly reduced in adults (3.5%) [2]. There are no significant differences
related to gender. There is, however, a higher prevalence in rural versus urban schools. While
plantar and common warts generally number 1 or 2, flat warts frequently appear as multiple
lesions [1].

HPV transmission requires the inoculation of the virus into the basal epithelia cells, which
occurs on sites that are particularly predisposed to microtraumas. Therefore, it is not surprising
to frequently find common warts on the hands and fingers (Figure 1). Lesion regression is
frequently spontaneous, and the immune system plays an important role, as is reflected in
practice by the increased HPV susceptibility of immunosuppressed patients. In these cases,
the lesions are clinically more exuberant and recalcitrant to treatment [3]. It is important to
highlight a particular collective group composed of butchers and slaughterhouse workers
who, without immunosuppression, have a higher risk compared to the general population [4,
5]. This group has an increased incidence of the HPV7 subtype, and it is thought that some
component of meat favors the replication of this viral subtype [6, 7].
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1.1.1.1. Common warts

This infection is fundamentally produced by HPV subtypes 1, 2, 4, and 7 [8]. The lesions are
usually asymptomatic, although they can be painful when located in pressure zones. Clinically,
they are easily diagnosable; thus, the patient frequently brings up the presence of lesions
during a consultation. Common warts can manifest as a single lesion; however, because of the
virus’s infectious nature, multiple lesions can be found in the same patient [1]. The lesions
present progressive growth such that they are initially about the size of the head of a pin, and
they are smooth and shiny. Over the course of weeks, they acquire their typical characteristics.
On inspection, they present as papules with well-defined borders and with the same color as
the skin. The surface is flattened; it may be whiter than the surrounding skin as an expression
of hyperkeratosis of the lesion itself, and it may have a multilobulated aspect (Figures 1 and
2). The hyperkeratosis and multilobulate aspect confer a rough surface upon palpation.
Occasionally, the exuberant development of hyperkeratosis can produce the formation of a
cutaneous horn. Depending on the characteristics of the host and the anatomical location of
the cutaneous horn, a histological study of the lesion may be necessary for a differential
diagnosis with malignant lesions, such as epidermoid carcinoma. When the lesions are
multiple, they can present as distinct isolated lesions, as close-by lesions and even as confluent
lesions (“mosaic”). Lesions can be numerous in immunosuppressed patients (i.e., those who
are transplanted or HIV-positive or have Hodgkin’s lymphoma or leukemia) [3, 8-11].
Characteristically, lesions may be located on the nail fold. This location is particularly associ‐
ated with the habit of nail biting [12]. Thus, breaking this habit can prevent new lesions in
adjacent nails that have not yet been affected.

Figure 1. Erythematous hyperkeratotic papule on the arm: common wart.

Although the clinic is generally sufficient for diagnosis, dermatoscopy is a useful tool that
provides complementary information for cases involving clinical doubts. Dermatoscopically,
common warts are characterized by the presence of dense papillae, each centered around a
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central red dot or a loop surrounded by a whitish halo. This combination of characteristics
creates a “frog spawn” appearance [13].

Because of their frequency and similarity from a clinical point of view, the main differential
diagnoses are nonpigmented seborrheic keratosis, fibrous papule of the nose (angiofibroma),
intradermic nevus and warty epidermal nevus.

The histology is characterized by marked hyperkeratosis, acanthosis and papillomatosis.
Nevertheless, these features are not specific to this type of lesion. As a characteristic sign of
HPV’s cytopathic effect, koilocytes (cells with a pyknotic nucleus surrounded by a clear halo)
are observed [14].

1.1.1.2. Filiform warts

These are considered a special variant of common warts. They are predominantly localized in
the palpebral and perioral regions and in the neck. Their distinctive characteristic is the special
filiform or elongated morphology, with a narrow pedicle and pronounced digital projections
on the surface (because of this, they are also called “digitiform papilloma”) (Figure 3). The main
differential diagnosis is with acrochordons, which can have a similar morphology but are
differentiated by their smooth surface (they lack digital projections). The histological peculiari‐
ty of filiform warts is that the papillae are more elongated than those of common warts.

1.1.1.3. Plantar warts

HPV 1 frequently causes these lesions, and it occasionally causes Type 4 lesions [14]. They can
manifest as single or multiple (“mosaic”) lesions (Figure 4). Trauma plays an important role
in the inoculation of the warts, as the most commonly affected sites are the heel and the heads
of the metatarsi.

Figure 2. Papule with well-defined borders and with the same color as the skin on the finger compatible with com‐
mon wart.
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The  main  differential  diagnosis  between  plantar  warts  and  plantar  callus  is  important
because the two disorders are frequently confused in clinical practice. Although the most
frequent locations for the emergence of warts are pressure zones, warts can also appear in
areas that experience less pressure, such as the arch of the foot. This location, however, is
not common for calluses, which are produced as a consequence of pressure on the skin. A
clinical maneuver for distinguishing warts from calluses is tangential scraping: in callus‐
es,  the  detachment  of  multiple  hyperkeratosic  layers  with  a  clean  central  fundus  is
observed, whereas warts present a multilobulated aspect above the superficial hyperkera‐
tosic  layer,  accompanied by multiple  black dots  that  correspond to  thrombosed capilla‐
ries. In contrast, warts are indicated by certain dermatoscopic signs, such as black to red
dots,  globules  corresponding  to  dilated  and  thrombosed  capillaries  of  the  papillae  and
interrupted dermatoglyphics in the lesion. Calluses present a translucent central corn or a
homogeneous opacity [15].

The use of the dermatoscope has been described as useful for monitoring the need for new
treatment sessions for warts because dermatoscopes are more sensitive than the naked eye [15].

1.1.1.4. Flat warts

HPV 3 and 10 commonly produce this lesion. [14] This type of wart is typical in childhood. It
is very rare in male adults and has been described in the context of HIV infection [16]. The
most commonly affected area is the face, followed by the back of the hands and the shins. [14]
The aspect is that of a papule or slightly elevated flat plaques (2-3 mm) and low desquamation
(smooth surface). Coloration ranges from light brown to the color of the individual’s skin, thus
making flat warts hard to detect with simple inspection. Histologically, flat warts are charac‐
terized by less acanthosis than common or plantar warts, and papillomatosis is minimal or
absent.

Figure 3. Filiform papule on the upper lip with pronounced digital projections on the surface compatible with filiform
wart.
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For differential diagnosis in the face, the syringomas, seborrheic keratosis, and papulosis nigra
standout. Warty epidermal nevus, present from early childhood and following the Blaschko
lines, is another diagnosis to consider.

1.1.1.5. Pigmented warts

Subtypes 65, 4 and 60 are the main causes of pigmented warts [17]. Egawa was the first to
describe these subtypes in 1988 [18]. Although common warts and molluscum contagiosum
can transform to a black color [19, 20] in their involutionary phases, pigmented warts are
pigmented from the initial phases. They are fundamentally located on the hands and feet. The
lesions are morphologically similar to common warts when they are located in the lateral side
of the hands and feet and on the fingers and toes (Figure 5); when they are located on the sole,
they can have the aspect of flat, pigmented warts with light hyperkeratosis on the surface [17],
but with the particularity of their brown-black coloration. Although the clinical diagnosis is
not difficult, lesions on the sole can be proposed for a differential diagnosis with acral
melanoma. Surface hyperkeratosis usually guides diagnosis. However, when in doubt,
histological analysis can be used for diagnosis.

One histological peculiarity of pigmented warts is the presence of intracytoplasmic inclusion
bodies consisting of a homogeneous eosinophilic substance together with swollen nuclei, very
similar to cases associated with Types 65 and 4. In the case of HPV 60, the inclusion bodies are
similar but have a much rounder shape and no edema in the nucleus [17]. In contrast, not all
of the other HPV subtypes are associated with inclusion bodies; when present, inclusion bodies
are characterized by eosinophilic bodies and not by a homogeneous substance [21].

Figure 4. Plantar wart: Multiple hyperkeratotic lesion on the sole of the foot with thrombosed capillaries (black dots).
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1.1.1.6. Epidermodysplasia verruciformis

This is a rare genodermatosis that is generally autosomal recessive hereditary, although X-
associated heritage has also been described. It has been classified as a primary immunodefi‐
ciency [22] in which there is a curious and particular susceptibility to infection by HPV-β
subtypes [23]. The types most frequently implicated are HPV 5 and 8, although many others
have also been associated. Most of the cases are associated with mutations in one of the genes
located in the long arm of chromosome 17 (EVER1 or TMC6, and EVER2 or TMC8) [24]. These
genes code for transmembrane proteins that are fundamentally found in the endoplasmic
reticulum and interact with the zinc transporter (ZT1) [23]. It is believed that a selective
inhibition of T lymphocyte immune responses against HPV exists, most likely because of
defective viral antigen presentation on keratinocyte surfaces [25].

Clinically, this infection is characterized by the appearance at an early age of multiple flat
warts, pityriasis versicolor-type lesions, and other lesions similar to seborrheic keratosis
(Figure 6) [14]. However, the major interest is in the high risk of developing squamous cell
carcinoma, especially in photoexposed zones (30 to 50% of patients) between the third and
fourth decades of life [14, 23]. Based on the risk of developing malignant lesions, two pheno‐
types have been distinguished. One phenotype is indicated by more benign lesions that are
flat, desquamous and hypo- or hyperpigmented in a manner similar to that of tinea versicolor;
these lesions are distributed on the neck, torso and extremities. The other phenotype is
characterized by seborrheic keratosis-type warty lesions that have a higher malignant poten‐
tial. These lesions are distributed primarily on photoexposed zones, such as the face and hands,
and on the feet. The development of these malignant lesions is usually associated with Types
5 and 8. However, unlike the pathogenesis of other oncogenic HPV, these types do not seem
to require integration into the host genome [23].

Recently, epidermodysplasia verruciformis (EV)-like clinical appearances have been described
in immunosuppressed patients, such as HIV and transplantation patients [26, 27] This
phenomenon has been called “acquired EV form” [26]. It has been hypothesized that these

Figure 5. Pigmented hyperkeratotic papule on the finger: pigmented wart
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forms can create minor defects in patients with predisposing genes, and these defects manifest
clinically upon immunosuppression [24].

From a histology perspective, EV is characterized by the presentation of hyperkeratosis,
hypergranulosis, and acanthosis. However, the characteristic feature is the presence of large
keratinocytes with a blue-grey granular cytoplasm in the superior portions of the squamous
stratum and in the granulose. As has been noted, the lesions can present a progressive atypia
until the development of invasive squamous cell carcinoma [14].

Figure 6. Multiple flat warts and pityriasis versicolor-type lesions in a patient with epidermodysplasia verruciformis

1.2. Malignant skin lesions

1.2.1. Squamous cell carcinoma of the skin

Squamous cell carcinoma (SCC) is the second commonest malignant skin tumor (the first one
is basal cell carcinoma). Ultraviolet (UV) radiation is the main risk factor for skin cancer and
this tumor usually appears in sun-exposed areas specially the face, neck, arms and hands.
Changes in lifestyle over recent decades have led to greater exposure to ultraviolet radiation;
this phenomenon increases the risk of developing skin cancer. In the last 25 years there have
been an increased in the incidence of this tumor due to sun exposure and increased life
expectancy [28]. SCC can complicate other lesions as burn scar, lichen planus, discoid lupus,
epidermoid cyst or venous ulcers. Other risk factors include older age, fair skin and immuno‐
supression. Emerging evidence suggests that cutaneous human papillomavirus (HPV)
infection may also be a risk factor for SCC.

Despite the role of HPV in sunlight induced malignancies is uncertain as in squamous cell
carcinoma there have been some evidence of the association between some subtypes of HPV
and squamous cell carcinoma of the genital area. HPV 16 has been detected in squamous cell
carcinoma of the vulva, penis and perianal region. [29] The inactivation of tumor suppressor
genes by HPV has been implicated in the development of SCC. In HPV infection, the onco‐
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protein E7 inactivates the tumor suppressor Rb, leading to p16 upregulation. Recently new
studies have shown that Genus-beta HPV (seropositivity) infections were associated with SCC
in any locations [30]. Patients with HPV related squamous cell carcinoma are characterized by
a higher rate of recurrences but not more metastases compared to ordinary SCC and also many
patients present genital lesions containing the same HPV type [31]. Moreover patients with
SCC of penis, scrotum an anus are associated with higher risk of metastases. Also immuno‐
suppressed patients for renal transplantation or with epidermodysplasia verruciformis (HPV
5) develop SCC associated with VPH. UV radiation and HPV may play a synergic role in the
development of squamous cell carcinoma and a recent study has shown that seropositivity for
HPV types in genera alpha or beta increased the risk of SCC associated with poor tanning
ability [32].

Clinically SCC presents as shallow ulcers, papules or plaques often with keratinous crust and
elevated surrounds commonly in photo-exposed areas (Figure 7). It is not uncommon to find
an in situ SCC under a cutaneous horn. Patients rarely complain about pain or pruritus. SCC
usually bleeds with minor trauma. The adjacent skin usually shows features of actinic damage
(actinic keratosis). Pigmented variants are rare. SCC should be suspected in patients with
permanent or bleeding recurrent ulcer. Prognosis depends on the risk of recurrence and
metastasis. The overall recurrence rate varies from 3 to 11% and the overall metastatasis rate
is around 5%. Tumor thickness and desmoplasia are multivariate factors associated with local
recurrence and tumor thickness, immunosuppression, ear location and tumor diameter with
the risk of metastasis.

Figure 7. Infiltrated and erosive tumor of the helix compatible with squamous cell carcinoma of the skin

Actinic keratosis is a well-established precancerous skin lesion that has the potential to
progress to squamous cell carcinoma. Clinically it is presented as a circumscribed scaly
erythematous lesions, usually less than 1cm in diameter on the sun-exposed (face, ears, scalp,
hands) skin of older individuals. They may remit or remain unchanged for a long time but
between 8-20% gradually transform into a SCC. Several clinical variant of actinic keratosis has
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been described: hypertrophic, acantholytic, pigmented and lichenoid. Intermittent sun
exposure and sunburns during the childhood are strongly associated with the prevalence of
actinic keratosis. Recently HPV infection has been associated also with the risk of developing
these lesions [33].

A clinical  well-differentiated variant of  SCC is  verrucous SCC which is  named different
according to the localization, in oral mucosa florid oral papillomatosis, in the genital area
giant condyloma of Buschke-Lowenstein and in the soles caniculatum carcinoma. Differen‐
tial  diagnosis  includes  verrucous  hyperplasia,  pseudoepitheliomatous  hyperplasia  and
giant  condylomas.  These  tumors  present  a  low rate  of  metastases  but  tend to  infiltrate
easily.  Radiotherapy is not indicated as usually recur in a more aggressive manner.  The
role  of  human papillomavirus  infections  in  the  development  of  verrucous  carcinoma is
controversial  in  the  literature,  and  although  some  clinical  cases  have  shown  and  HPV
positivity (type 6,  11,  16,  18) a recent study do not support a causal role of HPV in the
development of verrucous carcinoma. [34]

SCC of the oral or anogenital mucosa tends to metastasize and be more aggressive than the
one originated in sun-exposed skin. Oral carcinoma usually affects lower lips but also in the
tongue and inside the oral cavity (palate). Special risk factors for this location are smoking and
alcoholism. SCC in oral mucosa begins as an eritroplasia plaque that evolves into a nodular
and granulomatous plaque. A recent study which included 172 patients with advanced oral
cavity squamous cell carcinoma detected a prevalence of HPV infection in 22% of the tumors
[HPV-16 (9%) and HPV-18 (7%)]. A comparison with the group of patients with HPV-16
negative infection revealed that those with a single HPV-16 infection are at higher risk of
distant metastases and poor survival despite undergoing radiation-based adjuvant therapy
and require a more aggressive adjuvant treatment and a more thorough follow-up whereas
HPV-18 infection had no impact on 5-year prognosis [35].

Keratoacanthoma is a rapidly growing skin tumor arising predominantly on the exposed
surfaces of the body that should be considered as a variant of SCC rather than a benign or
pseudomalignant neoplasm. Clinically they present as a smooth, hemispherical papule that
rapidly enlarges over the course of a few weeks with a central keratin-filled crater. Usually
involution occurs with tumor resorption and loss of the keratin plug. The role of HPV in
keratoacanthoma remains thus elusive but a study showed that 51% of keratoacanthoma
presented DNA of HPV. [36]

1.2.2. Bowen´S disease

Bowen´s disease (BD) is considered a squamous cell carcinoma in situ that predominantly
affects sun-exposed areas in middle-aged or elderly patients. It presents as an asymptomatic
well-defined erythematous scaly plaque which grows centrifugally resembling psoriasis or
dermatitis (Figure 8). It is not uncommon the presentation of Bowen´s disease as non-steroid-
responsive dermatitis. The clinical differential diagnosis of Bowen´s disease includes psoriasis,
eczema, superficial basal cell carcinoma or cutaneous Paget´s disease. It may affect any part
of the integument, mucous membranes or nail bed, but it commonly presents on the trunk,
head, extremities or genitalia. Some clinical variants of Bowen´s disease include a verrucous,
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nodular, eroded or pigmented variant that may be confused with melanoma. Invasive
carcinoma develops in nearly 5-10% of untreated cases with a metastatic potential of 13-30%
of cases. This complication should be suspected when a rapidly growing tumor is present in
a previous scaly lesion. Complete or partial regression has been described in Bowen´s disease
[37] but this is not a common phenomenon. Some authors proposed that Bowen´s disease was
considered a marker of an internal malignancy; however a later meta-analysis showed that
this association was inconsistent [38].

Figure 8. Well-defined erythematous scaly plaque on the limb clinically and histopathologically compatible with Bo‐
wen´s disease.

Bowen´s disease of the penis is regarded as erythroplasia of Queyrat and this disease is
characterized by slightly, erythematous, velvety, bleeding macules or plaques. Perianal lesions
present the same clinical characteristics, but they are more common in females than males.

The etiology of Bowen´s disease is mainly multifactorial and different factors have been
associated as UV light or arsenic. Also HPV have been associated with Bowen´s disease,
initially periungueal and anogenital lesions, but later studies have shown an association in
other locations. Many types of HPV have been associated with BD: HPV
2,16,18,27,31,33,34,39,52,56,58,59,67,76,82… and the implication in the prognosis of the disease
remains elusive.[39]

1.2.3. Basal cell carcinoma of the skin

Basal cell carcinoma (BCC) is the most common malignant cutaneous neoplasm and the
incidence is rising in the last decades [28]. They usually arise from the lowermost layer of the
epidermis, although a small percentage may originate from the outer root sheath of the
pilosebaceous unit. It is slightly more common in men than in women and although these
tumors metastasize exceptionally rarely they have a tissue destruction potential particularly
lesions on the face. This tumor is mainly found on areas of skin exposed to the sun. Up to 70%
of all lesions are found on the head and neck and 30% on the shoulders, back, chest and lower
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extremities. This tumor has been described in nearly every location of the body, but lesions on
the scrotum are of particular importance because of a high rate of metastasis associated. The
most common sites of metastasis (less than 0.5% of the cases) include lymph nodes, lung, bone
and skin. In sunny climates the clinical presentation is in much younger patients but in less
sunny climates it usually happens during the sixth decade [40].

Basal cell carcinoma may develop in some benign lesion as organoid nevi, pore of Winer,
rhinophyma, epidermal nevi, “port wine” stain, epidermal cysts, multiple trichoepiteliomas,
solar lentigos… The presence of multiples BCC in young people is associated with different
syndromes as Gorlin syndrome, Bazex syndrome, cartilage hair hypoplasia syndrome or
ROMBO syndrome that should be discarded.

BCC is characterized by a papulonodular lesion with pearly translucent edge and it is usually
ulcerated (Figure 9). The lesion is usually indurated and telangiectasias on the surface of the
lesion are easily visible. Five main clinical variants have been described: nodular/ulcerative,
superficial, pigmented, infiltrative or morpheaform and fibroepithelioma of Pinkus. Nodular
variant resembles a cutaneous cyst with telangiectasias on the surface, the sizes varies from 1
to various centimeters. The ulcerative variant usually starts as a small translucent papule with
a pearly appearance with a central erosion or ulceration with a rolled margin (ulcus rodens).
The superficial variant is usually located on the trunk as a slowly enlarging, scaly red patch
for a long time. Lesions may be confused with psoriasis, dermatits or eczema.. These lesions
are usually treated with topical corticosteroids but a careful examination of the edges of the
lesions shows a rolled translucent border and dermatoscopy may be useful for the diagnosis
of these tumors. Infiltrative or morpheaform BCC presents a poorly demarcated and cicatricial
lesion which enlarges over several years. BCC may contain pigment on it and in some cases it
is necessary to differentiate from melanocytic lesions. BCC tends to enlarge progressively and
to be destructive, also atypical forms simulating cervical adenopathies have been described
[41-42]. Fibroepithelioma of Pinkus is an uncommon erythematous tumor usually located on
the trunk or extremities with typical histopathologic features.

Figure 9. Basal cell carcinoma: papulonodular lesion with pearly translucent edge on the upper back.
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UV radiation and sunburns correlates properly with BCC of the head and neck. The history of
sunburns during the childhood and recreational exposure during the first two decades of live
are associated with higher risk of this tumor. Low phototype is also a risk factor (fair skin and
red hair). Primary prevention is very important and recently a study has demonstrated that a
programme entirely conducted via Internet significantly reduces by half self-reported sunburn
risk (main risk factor of melanoma and BCC) in an adolescent population achieving very high
satisfaction rates [43]. BCC can be a complication of PUVA therapy, irradiation, burns,
immunosuppression, renal transplant recipients, HIV infection, or leukemia. Mutation in
PTCH1 has been found in sporadic and syndromes associated wih BCC. The pathogenic role
of beta-HPVs in non melanoma skin cancer (NMSC), is not still completely understood, and
literature data indicate that they might be at least cofactors in the development of certain
cutaneous squamous cell carcinomas. However, only few reports contain data on basal cell
carcinoma (BCC). Some studies have shown an overexpression of some protein associated with
beta-HPV species [44] but other authors conclude that HPV does not seem to play a funda‐
mental role in the aetiopathogenesis of either nodular or superficial BCC. The presence of HPV
appears to be more related to actinic damage and possibly to an alteration of the barrier
function associated with ageing [45].

2. Mucosal lesions

2.1. Benign mucosal lesions

Human papillomavirus (HPV) produces a wide variety of lesions in all the mucosae that
are  in  contact  with  the  environment  outside  the  organism.  In  addition to  genitourinary
lesions, benign lesions associated with HPV have been described in the oral cavity, nasal
mucosa, and ocular conjunctiva [46]. Some serotypes are frequently associated with specific
lesions:  focal  epithelial  hyperplasia  (13,  32),  buccal  papilloma  (2,  6,  11,  57),  condyloma
acuminata (6,  11),  laryngeal  papilloma (11),  squamous conjunctival  papilloma (6,  11,  16)
and nasosinal papilloma (6, 11).

The diagnosis can be made clinically, but some cases require the use of DNA techniques or
microscopy techniques to establish the presence of koilocytes (elongated cells with eccentric
and pyknotic nuclei that are frequently surrounded by a perinuclear halo).

2.1.1. Focal epithelial hyperplasia or Heck’s disease

Although several etiopathogenic factors have been considered, this disease is associated with
HPV, particularly Types 13 and 32. However, other factors play a role, as the zones where the
disease is most frequently observed (the oral mucosa) are contact areas with dental prostheses
[47]. There are also family and ethnic associations (the disease was first described in Inuits and
is not common in Caucasians), thus supporting a possible genetic component associated with
HLA-DR4 [48]. Sexual transmission is not considered common, as the disease is most common
in patients before the second decade of life.
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The basic lesion consists of a rounded or oval papule with a soft consistency that is usually
multiple (figure 10). Its surface is smooth, not keratinized, and the same color as the mucosa
or slightly lighter. Its maximum diameter is usually 5 mm, although it can be confluent;
therefore, the sizes reported in the literature vary between 1 and 10 mm, and the lesion may
even have a cobbled aspect. It is asymptomatic [47, 48]

Heck’s disease lesions have been described almost exclusively in the oral mucosa. The most
common location is the lower lip, followed by the jugal mucosa, the upper lip and the tongue.
Lesions are also associated with contact zones. Much more rarely, lesions occur on the palate,
the floor of the mouth, or the oropharynx.

Histologically, epithelial hyperplasia is observed with elongation and horizontal anastamosis
between the interpapillary crests. Also described are hyperkeratosis, parakeratosis, focal
acanthosis, koilocytosis and mitosoid figures (cells that present degenerative nuclear changes
that simulate mitosis) in superficial keratinocytes [3,4]. When HPV DNA is detected, either by
PCR or in situ hybridization, Genotypes 12 and 32 are appreciated in more than 90% of cases
and in Types 1 and 11. To date, no malignant potential has been demonstrated [49].

Differential diagnosis is made against other benign lesions produced by HPV, such as the
common wart, squamous papilloma and condyloma acuminata, all of which are associated
with sexual transmission and with possible abuse, in the case of a minor. It is necessary to
differentiate against fibroma and bite papilloma, as lesions occur in a friction zone. Mucosal
neuroma, white sponge nevus, florid oral papillomatosis and diffuse epithelial hyperplasia in
tobacco chewers are considered in the differential diagnosis. Neurofibromas on the mucosal
affectation of the neurofibromatosis and the papule or labial papillomas of Cowden’s syn‐
drome are usually located in similar zones, thus indicating these systemic diseases [47, 48].

Figure 10. Heck´s disease: rounded papule with a soft consistency on the upper lip.

Treatment deserves a brief mention. Because the lesions usually remit spontaneously in
months or years, no specific treatment is suggested. However, if treatment is needed in the
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absence of remission or because of aesthetics or friction-related nuisance, surgery (cryosurgery,
electrosurgery, CO2 laser) or pharmacological therapy similar to any other HPV lesion can be
considered (imiquimod, salicylic acid, podophyllin or trichloroacetic acid)

2.1.2. Condyloma acuminata

The prevalence of this entity, which is associated with human papillomavirus, has progres‐
sively increased in the developed world, affecting an estimated 6% of the population with an
incidence close to 2% [50]. The most common viral types are 6 and 11. These types have a low
carcinogenic potential, although others types with a higher carcinogenic potential are also
associated with these lesions.

The most frequent mode of transmission is sexual contact, although it is not exclusive. The
disease can also be transmitted vertically in the birth canal or by direct contact via the hands.
Consequently, its presence in children does not necessarily imply sexual abuse.

In addition to infection by papilloma viruses Types 6 and 11 (HR of 12.42), the risk factors
associated with condyloma age (HR of 0.43; if we compare 45-70 years against 18-30 years),
high number of female sexual partners (HR of 5.69) and number of male partners (HR 4.53)
[51]. Classically, it has been considered that there is an inverse association between circumci‐
sion and HPV prevalence in men, although meta-analyses are inconclusive [52].

The incubation period is variable, lasting from 3 weeks to 8 months (2 to 3 months on average)
[50]. In addition, the infection can be present and contagious in the absence of lesions (sub‐
clinical infection). Consequently establishing the source of infection is practically impossible,
and it should be assumed that both members of a couple are infected at the time of diagnosis.

In the beginning, the lesion is asymptomatic because it initially affects the basal epidermal
cells. With time, a papule lesion appears, and new lesions develop from there. The evolution
of the disease depends on viral (type, virulence), host (e.g., age, sex, promiscuity, immune
system, toxic abuse) and other factors (location, friction). After infection, evident lesions may
appear, or the lesions may be difficult to appreciate, even with the help of 3 to 5% acetic acid
(inapparent subclinical forms). In other cases, it is impossible to diagnose the lesion even after
histopathological study, and only in situ hybridization (latent forms) can provide a diagnosis.
The evolution of the disease allows the coexistence of the three types of lesions.

Clinically, several forms have been described:

• Classical form: These lesions are defined as a fleshy mass, exophytic and vegetating,
pedunculated, with digitations, classically described as having the shape of a cauliflower
(Figure 11). They are keratinized, and the color is variable but generally clear. They are
located in humid areas exposed to friction, such as the balanopreputial sulcus, the frenulum
and the introitus or meatus of the genitals. When they are located in the oral cavity, the
nodules and digitations are frequently softer, but the cauliflower shape is more pronounced
[53]. Their most frequent location is on the superior lip, the lingual frenulum, the back of
the tongue, the inferior lip and the corner of the mouth. The size is also variable, from 1-2
cm to 15 or 20 cm.
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• Spicule  form:  These  lesions  are  more  hyperkeratosic,  rough  and  digitiform  than  the
classical form. They are usually isolated on the preputial mucosa or plate-clustered in
the perianal zone.

• Papule form: These lesions are 1-mm papules that are well delimited, non-confluent,
cupuliform and disseminated. When located in the penis, they require differential diagnosis
from hypertrophic sebaceous glands; heterotypic, pearly papules or hirsutoid papillomas;
and Tyson’s glands.

• Flat condyloma or leukoplakia: These lesions present a confluence of viral papules. They
react poorly to acetic acid and do not respond to treatment.

• Macular form: These lesions take the form of erythematous spots with a vascular or
granulomatous aspect, with or without a hypopigmented halo. They have a moist surface
with a velvety aspect. They must be differentiated from bacterial or candida chronic
balanoposthitis in immunosuppressed patients and from with Queyrat’s erythroplasia.

• Micropapillar form: These lesions are small fibroepithelial projection with central capillaries.

• Inverse punctuated form: These lesions present as erythematous spots.

Figure 11. Multiple condyloma acuminata in penis in an HIV patient

All of these forms are usually asymptomatic, although they can produce pruritus, stinging or
discrete hemorrhages from trauma. If they are large, they can produce a bad odor or pain.
Dysuria, pollakiuria or hematuria can appear if the location is intraurethral, and a ureteroscopy
will be necessary. If the lesions are located in the anus, they can produce constipation and
dyschezia. An anuscopy with exfolliative cytology is recommended, particularly in passive
homosexuals with lesions, as the risk of affecting the rectum is near 50%.

Other forms are much more striking and have benign tumor characteristics but are locally
aggressive. These forms are the giant penile condyloma (Buschke-Lowenstein tumor) and the
florid oral papillomatosis.
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The diagnosis of acuminate condylomas is clinical, requiring a biopsy for confirmation because
of atypical lesions, a malignant aspect, no improvement with therapy or immunological
problems.

In addition to typical koilocytes, the histopathological study of the epidermis will show strong
acanthosis with diverse degrees of papillomatosis, hyperkeratosis and parakeratosis and a
total obliteration of the granule cell layer. The crests tend to be elongated and point towards
the center of the lesion, and the dermis presents increased vascularization with the presence
of capillary thrombosis. In unclear lesions, immunohistochemical staining with peroxidase-
antiperoxidase or MIB1 antibody (against the protein Ki-67) allows the direct visualization of
a viral presence [50].

Treatment will depend on the size and location of the lesion, and surgery is preferable when
lesions are large or are located in the urethral meatus.

2.1.3. Bowenoid papulosis

This disease is fundamentally associated with HPV Type 16, although it is also related to Types
18 and 33 (along with Type 16, these are the most oncogenic types), 32 (in oral mucosa lesions) and,
in a small percentage of cases, to Types 31, 34, 35, 39, 42, 48, 51 and 54 [54]. Bowenoid papulosis is
most frequent in the second and third decades of life (earlier than for Bowen’s disease). It is located
in the prepuce and less frequently in the glans. In women, it appears in the labia majora and minora,
the clitoris, the groin and around the anus. It is less common in the oral area and is generally
associated with HIV, thus possibly posing a differential diagnosis problem [55].

The lesions are defined as macular lesions (less frequent), papular or multiple verruciform.
They are less than 1 cm in size and are usually confluent. They are usually hyperpigmented,
pink to red-violet or brown (Figure 12). The surface is regular with scales or velvety with a soft
consistency. The disease is asymptomatic, and the lesions rarely ulcerate or bleed (unlike in
Bowen’s disease).

Figure 12. Violaceous papular lesions on the back of foreskin support Bowenoid papulosis
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The pathological anatomy has similar characteristics to Bowen’s disease and few differences
from in situ squamous cell carcinoma. At times, Bowenoid papulosis is considered a low-
degree in situ carcinoma [54, 56]. We find hyperkeratosis with parakeratosis foci and hyper‐
granulosis, irregular acanthosis, occasional papillomatosis and vacuolated keratinocytes with
mitosis in the same phase. Such findings distinguish these lesions from those of Bowen’s
disease, in which maturation is disorderly and appears as dysplasia. The basement membrane
is intact [9]. However, nuclear alterations can also appear, along with dyskeratosis, atypical
mitosis and multinucleated keratinocytes [11]. In fact, some authors propose that there is a risk
of neoplastic transformation in 2.6% of the cases, and the frequency is higher if there is some
type of immunodeficiency [57].

The main differential diagnosis is made with Bowen’s disease but may also involve condyloma
acuminata, Queyrat’s erythroplasia, lichen planus, psoriasis, seborrheic keratosis, anular
granuloma and molluscum contagiousum [54, 57].

Treatment should be conservative because of the high percentage of spontaneous regression,
although the terms are variable and the lesions can persist for 2-3 weeks to 2-3 years or longer.
Simple partial or total excision has been used, as have ablative treatments and local or systemic
pharmacological approaches [54, 56]. A wait-and-see approach with clinical management and/
or repeated biopsies is also a good option [54].

2.2. Malignant mucosal lesions

2.2.1. Queyrat’s erythroplasia

Queyrat’s erythroplasia is an in situ squamous carcinoma (intraepidermic) that can evolve into
invasive squamous carcinoma in 3 to 5% of cases. Aside from human papillomavirus (princi‐
pally Serotypes 16 and 18), the risk factors that influence the development of erythroplasia
include sun exposure, light skin, radiation, PUVA therapy, immunosuppression, smegma and
poor hygiene [58].

Clinically, Queyrat’s erythroplasia presents as an erythematous-squamous plate of slow
growth and irregular borders (Figure 13), with a smooth surface, hyperkeratosic or warty
appearance and pigmentation in less than 2% of the cases. It is usually present in the multiple
form, although it can also appear as a single lesion. It is frequently located in the penis, although
it can also be found in the urethra, vulva, oral mucosa, tongue and conjunctiva. The diagnosis
must be made by a biopsy or the exeresis of the lesion, and cellular atypia with an intact basal
membrane is typically observed. Differential diagnosis is required against psoriasis, seborrheic
dermatosis, actinic keratosis, invasive squamous cell carcinoma, surface basocellular carcino‐
ma and Paget’s disease [59].

2.2.2. Vulvar cancer

The vulva is the only visible and external part of the female genital system, and its pathology
should be well-known and quickly diagnosed. However, vulvar pathology has been under‐
valued because it is not very symptomatic or very frequent. Vulvar cancer has a biological and
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social impact and requires early diagnosis. It represents 3 to 4% of gynecologic cancers;
epidermoid carcinoma is the most frequent, representing 90% of malignant vulvar tumors.

Vulvar exploration must be meticulous and exhaustive, especially in women with referred
symptomatology. Subclinical lesions frequently require special detection techniques. The
study must be performed via simple vulvoscopy and expanded with a complete biopsy of the
suspicious lesion. An adequate anamnesis, in which personal background is documented
(sexually transmitted diseases, toxic habits, hygienic habits and immunosuppression status)
is important. In addition, visual inspection and inspection with panoramic light must be
performed to observe coloration, trophism and macroscopic lesions, and the other female
genitalia must be examined [60]. The vulvoscopic exam should be undertaken with frequent
applications of 5% acetic acid to corroborate the white color reaction. Another applicable study
is the Collins test, which involves the application of 1% toluidine blue, followed by washing
with 3% acetic acid. However, the most definitive test for diagnosis is a vulvar biopsy with a
rongeur, punch, scalpel or scissors.

It has been observed that one of the etiological agents implicated in the development of vulvar
cancer is the human papillomavirus, specifically Serotype 16, although other serotypes that
influence molecular mechanisms associated with cancer development, such as inactivation of
the p53 gene, have also been implicated.

Although epidermoid vulvar cancer is the most common type, other types include warty
carcinoma, Paget’s disease of the vulva, adenocarcinoma, basocellular carcinoma, Bartholin
gland carcinoma and vulvar sarcoma.

Our primary focus will be the clinical description of squamous or epidermoid vulvar carcino‐
ma, which is the type most directly related to human papillomavirus. Squamous or epidermoid
carcinoma is characterized by the presence of long-evolution pruritus (between 40 and 50%);
flux or vulvar exudate, sometimes with bad odor; bleeding outside menstruation; vulvar pain;
dysuria; and tumor formation (in almost 50% of patients). In the initial stages, this carcinoma

Figure 13. Slightly raised erythematous lesion occupying the glans. Queyrat’s erythroplasia
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is observed as an indurated, overelevated lesion; sometimes it can be hyperkeratosic, with
variable coloration ranging from erythematous to white. In the initial phases, it can coincide
with other lesions, such as lichen sclerosus, vulvar intraepithelial neoplasia (VIN), genital
atrophy, squamous cell hyperplasia and overinfection with lichenification from scratching
[61]. In more advanced phases, the squamous carcinoma presents as reddish, ulcerated lesions
(Figure 14), either polypoid or nodular, or with white coloration, even when associated with
palpable inguinal lesions.

Different stages can be differentiated by tumor size, ganglionar affectation and metastatic
affectation. Stages IA, IB and II are usually the initial stages of the localized disease, and the
most frequently affected zones are the anterior part of the vulva, followed by the labia majora
and minora, the clitoris and the vulvar fourchette. In more advanced stages, it frequently
propagates to neighboring organs, such as the anus, urethra and vagina. Dissemination to
other organs such as bone, liver, lungs and brain is rare [62].

Figure 14. Irregular and ulcerated lesion on the vulva histopathologically compatible with vulval cancer

2.2.3. Penile carcinoma

Penile carcinoma is a rare malignant tumor, but it has a major medical and psychological
impact. Amongst the risk factors that influence and contribute to its development are phimosis,
balanoposthitis, ultraviolet radiation, smoking, cervical cancer in the partner, sexually
transmitted diseases, poor hygiene and human papillomavirus, fundamentally Types 16 and
18, which are highly metastatic.

There are different precursor lesions that carry the risk of developing penile spinocellular
cancer or penile squamous-cell invasive carcinoma, such as bowenoid papulosis, balanitis
xerotica obliterans, cutaneous horn and Queyrat’s erythroplasia that affect the mucous
membrane; or Bowen’s disease that affects the rest of the genital area.

Penile spinocellular cancer or penile squamous-cell invasive carcinoma is the histological type
present in more than 95% of malignant penile invasive neoplasias. Approximately half are well
differentiated. They usually metastasize via the lymphatic system, first at the inguinal-femoral
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level, then at the pelvis; finally, they migrate to distant areas. The hematogenous spread can
affect the lungs, liver, brain, pleura, bone, skin and other organs [63].

Clinically, penile carcinoma initially manifests as an elevated papular-type or pustulous lesion
that does not resolve with topical treatment and can evolve into an exophytic, polypous or
infiltrating lesion (Figure 15). Erythematous and superficial lesions can also appear. They are
usually located in the glans and less frequently in the balanopreputial sulcus. If the patient
presents phimosis or if the lesion is under the prepuce or is evolved, it protrudes outside the
prepuce. These patients can present initially with an inguinal-level adenopathic lesion
resulting from an inflammatory or metastatic reaction. The lesions can be single or multiple,
fixed or free and can become overinfected.

Figure 15. Excrescent lesion on the penis, that after surgery, histological study confirmed penile cancer

The natural clinical evolution of the disease normally progresses through several stages.
Initially a papillar lesion appears, gradually ulcerates and overinfects, affecting Buck’s fascia
and potentially invading the cavernous bodies [64]. In a second stage, the lesion disseminates
via the lymphatic pathway, especially at the inguinal level. Finally, the disease produces
distant metastases that are uncommon upon initial diagnosis.

2.2.4. Anal carcinoma

Anal carcinoma is not very frequent, representing 1 to 2% of digestive system cancers. Among
the risk factors that influence the development and genesis of this cancer, in addition to human
papillomavirus (fundamentally, Types 16, 18 and 31), are poor hygiene, chronic anal irritation,
smoking, seropositivity for herpes virus, seropositivity for human immunodeficiency virus,
sexual promiscuity, passive anal sex, anal fistulas and other less-relevant factors.

Generally, the most frequent type of anal carcinoma associated with papilloma virus is
squamous or spinocellular carcinoma. There are also other types, such as basaloid, cloacogenic,
basal-squamous, epithelioid, trasitional and mucoepidermoid cancer. As observed with cancer
in other locations, there may be premalignant lesions with the potential for developing into
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anal carcinoma, as in Bowen’s disease, Paget’s disease, Bowenoid papulosis, leukoplakia and
condyloma acuminata [65].

Clinically, anal cancer presents with hemorrhages and constant pain associated with other
symptoms, such as changes in defecation, secretion that can be purulent if there is overinfection
and pruritus. In more advanced stages, the patient has the sensation of a palpable mass, and
the tumor can become ulcerated. In the first stages, during which bleeding, pruritus and pain
occur, anal cancer can be easily confused with hemorrhoidal processes, perianal fistulas or
anal fissures; thus, it is necessary to carefully explore the area [65, 66].

Exploration of the anal channel must be directed toward identifying the lesion or possible
lesions; establishing their size, anatomical limits and relationship with the dentated line; and
looking for any other concomitant lesion with different characteristics. Small lesions must be
totally resected for study, while bigger lesions require a biopsy.

2.2.5. Cervical cancer

Cancer in the neck of the uterus is the second most common cancer in women (the first is breast
cancer). Among the multiple causes related to the development of this neoplasia are smoking,
immunosuppression, chlamydia infection, poverty, poor hygienic/dietary conditions, differ‐
ent dietary habits, diethylstilbestrol, promiscuity, early-age pregnancy and infection with
human papillomavirus. Different types of human papillomavirus have been implicated in the
development of cervical cancer. The most important types are 16, 18, 31, 33 and 45, and the
first two are responsible for approximately 2/3 of all cancers in the neck of the uterus.

Cervical cancer can be prevented with cytologic techniques and by applying the Papanicolaou
method. The objective is to establish an early diagnosis so that therapy can begin quickly;
because the initial stages of this cancer are asymptomatic, frequent and exhaustive reviews are
important [67].

As we have previously mentioned, the initial stages of cervical cancer do not produce symp‐
toms; however, when the tumor increases (Figure 16), women present abnormal vaginal
bleeding that can occur between menstrual cycles, following sexual relations and after
menopause, or the bleeding can prolong menstrual-bleeding periods [68]. Cervical cancer can
also be associated with other symptoms, such as pelvic pain and dyspareunia, and it can
increase flux and vaginal secretions.

3. Other types of tumors

Next, we will describe other tumoral clinical processes that have been associated with HPV
infection. It is important to highlight that the majority of people infected with HPV do not
present symptomatology or health-problems related to the infection. In 90% of the cases, the
immune system naturally eliminates the virus within two years. However, sometimes HPV
infections become chronic, and they can be associated with other lesions or tumors aside from
the previously described pathology. These lesions and tumors include warty lesions in the oral
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level, then at the pelvis; finally, they migrate to distant areas. The hematogenous spread can
affect the lungs, liver, brain, pleura, bone, skin and other organs [63].

Clinically, penile carcinoma initially manifests as an elevated papular-type or pustulous lesion
that does not resolve with topical treatment and can evolve into an exophytic, polypous or
infiltrating lesion (Figure 15). Erythematous and superficial lesions can also appear. They are
usually located in the glans and less frequently in the balanopreputial sulcus. If the patient
presents phimosis or if the lesion is under the prepuce or is evolved, it protrudes outside the
prepuce. These patients can present initially with an inguinal-level adenopathic lesion
resulting from an inflammatory or metastatic reaction. The lesions can be single or multiple,
fixed or free and can become overinfected.

Figure 15. Excrescent lesion on the penis, that after surgery, histological study confirmed penile cancer

The natural clinical evolution of the disease normally progresses through several stages.
Initially a papillar lesion appears, gradually ulcerates and overinfects, affecting Buck’s fascia
and potentially invading the cavernous bodies [64]. In a second stage, the lesion disseminates
via the lymphatic pathway, especially at the inguinal level. Finally, the disease produces
distant metastases that are uncommon upon initial diagnosis.
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Anal carcinoma is not very frequent, representing 1 to 2% of digestive system cancers. Among
the risk factors that influence the development and genesis of this cancer, in addition to human
papillomavirus (fundamentally, Types 16, 18 and 31), are poor hygiene, chronic anal irritation,
smoking, seropositivity for herpes virus, seropositivity for human immunodeficiency virus,
sexual promiscuity, passive anal sex, anal fistulas and other less-relevant factors.

Generally, the most frequent type of anal carcinoma associated with papilloma virus is
squamous or spinocellular carcinoma. There are also other types, such as basaloid, cloacogenic,
basal-squamous, epithelioid, trasitional and mucoepidermoid cancer. As observed with cancer
in other locations, there may be premalignant lesions with the potential for developing into
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also be associated with other symptoms, such as pelvic pain and dyspareunia, and it can
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Next, we will describe other tumoral clinical processes that have been associated with HPV
infection. It is important to highlight that the majority of people infected with HPV do not
present symptomatology or health-problems related to the infection. In 90% of the cases, the
immune system naturally eliminates the virus within two years. However, sometimes HPV
infections become chronic, and they can be associated with other lesions or tumors aside from
the previously described pathology. These lesions and tumors include warty lesions in the oral

Clinical Manifestations of the Human Papillomavirus
http://dx.doi.org/10.5772/55623

207



cavity and pharynx (recurrent respiratory papillomatosis [RRP]) and rare but serious cancers
such as those of the bladder, lung and oropharynx (the posterior area of the throat, including
the base of the tongue and the tonsils).

3.1. Oral and cervical cancer

Eighty-five percent of oral cavity cancers are epidermoid (we will be referring primarily to this
type), and their incidence increases progressively with age. HPV 16/18 are the types most
frequently associated with oral and cervical cancer, especially in the oropharynx and tonsils
[69, 70]. The principal lesions associated with HPV infection in the oral cavity are oral papil‐
lomatosis (associated with HPV 6 and 11), focal epithelial hyperplasia (HPV 13 and 32) and
erythroplasia (HPV 16).

Causal factors strongly associated with oral and cervical cancer are tobacco and alcoholic
beverage consumption. Therefore, investigations to determine the possible etiological role of
HPV will need to consider these factors. Several studies that controlled for age, gender,
smoking, tobacco chewing and drinking have not observed significant differences among these
factors for HPV detection in tumoral tissue, with the exception of smoking. That is, HPV DNA
was less likely to be found in the biopsy samples of ex-smokers and smokers than those of
people who had never smoked. In comparison, patients with more than a single sexual partner
had a higher possibility of HPV DNA detection than those who had a single lifetime sexual
partner. Similar observations were obtained when comparing oral sex practitioners versus
nonpractitioners. These associations were similar for oral cavity and oropharynx cancer [71].

The clinical manifestations of patients with epidermoid carcinoma are very diverse and
depend on the location and size of the lesions. Leukoplakia and erythroplasia are premalignant
lesions over which neoplastic lesions can develop. The most common initial presentation is a
painful ulcer. Pain appears precociously in lesions that affect the base of the mouth or the gums;
however, it is delayed in other locations, such as the base of the tongue. Dysphagia occurs with
lesions that affect the oropharynx or that alter the mobility of the tongue. Hemorrhage usually
occurs in ulcerated lesions. Other associated symptoms include dysphonia, tooth mobility or

Figure 16. Excrescent ulcerated lesions in cervix clinically compatible with carcinoma
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loss, anesthesia or trismus. Clinically, the tumor manifests in exophytic, ulcerative or warty
forms (Figure 17). It is important to completely explore the entire oral cavity and to obtain a
biopsy of the lesion when it is accessible, or a puncture-aspiration with a fine needle when
biopsy is difficult. The neck must be carefully explored to detect adenopathies, and a radiologic
or endoscopic study should be performed to establish tumoral extension.

The importance of HPV in oropharyngeal carcinoma patients is increasing. It is important to
determine the presence or absence of this virus in patients who present epidermoid carcinoma
in the oropharynx or who have cervical adenopathy of uncertain origin to obtain information
on the patient’s therapeutic attitude, prognosis and survival [72].

Figure 17. Squamous cell carcinoma of the lip: exophytic, ulcerative, warty tumor of the lower lip.

3.2. Recurrent respiratory papillomatosis and lung cancer

Recurrent respiratory papillomatosis (RRP) is characterized by warty lesions produced by
HPV infection of the airways. These lesions can obstruct the airways or cause dysphonia,
among other symptoms. Two clinical variants are recognized depending on the patient’s age
at onset: the juvenile (before 5 years) and the adult form (after 40 years). The juvenile variant
is more frequent and severe than the adult form. HPV 6 and 11 are the types most frequently
involved in this clinical picture [73]. HPV 11 produces a more severe clinical picture than the
other viral variants do, and HPV 11 infection more frequently requires tracheostomy. The
transmission mechanisms of the infection are not always clear, but sexual transmission should
be considered in adults, and mother-to-child transmission should be considered in the juvenile
RRP variant. In this regard, some risk factors associated with this variant have been confirmed.
These risk factors include a mother younger than 20 years, vaginal delivery and being firstborn.
Sexual abuse should also be suspected in diseased children older than 5 years.
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loss, anesthesia or trismus. Clinically, the tumor manifests in exophytic, ulcerative or warty
forms (Figure 17). It is important to completely explore the entire oral cavity and to obtain a
biopsy of the lesion when it is accessible, or a puncture-aspiration with a fine needle when
biopsy is difficult. The neck must be carefully explored to detect adenopathies, and a radiologic
or endoscopic study should be performed to establish tumoral extension.

The importance of HPV in oropharyngeal carcinoma patients is increasing. It is important to
determine the presence or absence of this virus in patients who present epidermoid carcinoma
in the oropharynx or who have cervical adenopathy of uncertain origin to obtain information
on the patient’s therapeutic attitude, prognosis and survival [72].

Figure 17. Squamous cell carcinoma of the lip: exophytic, ulcerative, warty tumor of the lower lip.

3.2. Recurrent respiratory papillomatosis and lung cancer

Recurrent respiratory papillomatosis (RRP) is characterized by warty lesions produced by
HPV infection of the airways. These lesions can obstruct the airways or cause dysphonia,
among other symptoms. Two clinical variants are recognized depending on the patient’s age
at onset: the juvenile (before 5 years) and the adult form (after 40 years). The juvenile variant
is more frequent and severe than the adult form. HPV 6 and 11 are the types most frequently
involved in this clinical picture [73]. HPV 11 produces a more severe clinical picture than the
other viral variants do, and HPV 11 infection more frequently requires tracheostomy. The
transmission mechanisms of the infection are not always clear, but sexual transmission should
be considered in adults, and mother-to-child transmission should be considered in the juvenile
RRP variant. In this regard, some risk factors associated with this variant have been confirmed.
These risk factors include a mother younger than 20 years, vaginal delivery and being firstborn.
Sexual abuse should also be suspected in diseased children older than 5 years.
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The symptomatology of this disease is varied, and diagnosis is generally delayed because of
the disease’s rareness. The predominant symptoms are related to upper airway obstruction
caused by the frequent involvement of the larynx. These symptoms can occasionally threaten
the patient’s life. Dyspnea, snoring, dysphonia, the sensation of a foreign body in the throat,
coughing or wheezing are common clinical symptoms. The diagnosis should be suspected
with these clinical data, and appropriate complementary tests should be requested for
diagnosis. Such diagnostic tests include bronchoscopy or laryngoscopy, which will show
typical warty images on the airway. HPV serotyping is necessary and has prognostic value.

Lung cancer is one of the most common cancers. It has one of the highest mortality rates among
cancers and is particularly associated with smoking. The majority of cancerous lung tumors
originate from the bronchial epithelia (bronchogenic carcinomas); the rest derive from other
cells and constitute a more heterogeneous group. The maximal incidence is from 40 to 70 years,
and the disease is more frequent among men. The diagnosis is usually made late, and only
15% of the patients present a localized disease. Usually there is ganglionar or metastatic disease
upon diagnosis. Several histological subtypes have been distinguished and have important
prognostic implications. These subtypes are squamous cell carcinoma, adenocarcinoma, large
cell carcinoma and microcytic carcinoma.

The most important etiological factors are the substances inhaled when smoking cigarettes;,
thus, the risk increases 60- to 70-fold in an individual who smokes two packs per day. The risk
diminishes if the habit is abandoned, but it does not become equal to that of nonsmokers. In
addition, genetic alterations in lung cancer patients have been widely studied and corroborate
the oncogene activation (Ras, Myc, among others) and inactivation of tumor-suppressing
genes (p53). The relationship between lung cancer and HPV infection was initially established
in 1975 [74]. More recent studies have suggested a 25% HPV infection prevalence associated
with lung cancer, with an important variation between countries [75]. High-risk subtypes that
have been detected are 16, 18, 31, and 33; the lower-risk subtypes are 6 and 11. Therefore, it
has been suggested that HPV infection is the second-most-important risk factor after smoking.
The transmission mechanism is not properly known, but it appears that multiple sex partners
and oral and anal sex may be among the transmission factors. A higher-than-expected
incidence of lung cancer was detected in cervical and anal cancer patients in whom HPV was
implicated [76], suggesting a possible hematogenous dissemination of the virus. The action
mechanisms that explain the role of HPV in tumor promotion and development are complex.
In addition, it has recently been demonstrated that HPV and smoking can have a synergistic
effect on tumor promotion [77].

The symptomatology that the disease produces is associated with growth and obstruction of
the lung and neighboring structures. Although in some cases the tumors are diagnosed in their
asymptomatic phase using radiography, most of the tumors debut with coughing, hemoptysis,
wheezing, stridor or dyspnea. If there is eccentric growth, the tumor can irritate the pleura,
leading to pain, coughing and restrictive-origin dyspnea. If the tumor grows towards the
thorax, it can produce tracheal obstruction, esophageal compression, snoring (by paralyzing
the recurrent laryngeal nerve), hemidiaphragm elevation (phrenic nerve paralysis) or Horner’s
syndrome, Pancoast syndrome or superior vena cava syndrome. Paraneoplastic syndromes
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can also be detected and are associated with the ectopic production of such hormones as PTH
and ACTH by microcytic carcinomas. Eaton-Lambert myasthenic syndrome and Trousseau’s
migratory thrombophlebitis may also be associated with this clinical presentation, although
in very low percentages.

Metastasis is observed in 50% of epidermoid carcinoma patients, 80% of those with adenocar‐
cinoma and up to 95% in microcytic carcinoma patients. The metastases can appear in the brain,
bones, bone marrow and liver.

3.3. Bladder cancer

Bladder cancer is the malignant tumor that most frequently affects the urinary tract. Its
prognosis is highly variable. It is one of the most common cancers among men. The majority
of the tumors are transitional cell carcinomas (90%), which have a high tendency to recur after
treatment or become invasive and overwhelm subjacent muscular structures. AS a conse‐
quence, it is necessary to periodically control the urothelium. Pure epidermoid carcinoma
constitutes 3% of cases, and adenocarcinoma constitutes 2%.

Tobacco consumption also plays an important role in the development of this tumor; it is
thought to contribute to up to 50% of urothelial carcinomas. Other risk factors implicated in
the development of this tumor are certain drugs, such as cyclophosphamide and phenacetin;
infection with Schistosoma haematobium; and external radiotherapy. Genetic alterations have
also been detected, including deletions of the RB gene or p53 overexpression. The association
between bladder cancer and HPV infection is still controversial, considering that one of the
virus’s natural reservoirs is the urethra and that it could easily migrate to the bladder. Some
authors have strongly implicated the virus in tumors that affect younger patients. A recent
meta-analysis of all the published studies on the relationship between HPV and bladder cancer
concludes that there is a moderate and clear association amongst both processes and estab‐
lishes an odds ratio of 2.13 [78]. However, more studies are needed that evaluate the pathogenic
relationship between the processes.

The clinical manifestations of this tumor are varied. Hematuria is related to exophytic-growth
tumors, whereas irritation symptoms (dysuria, pollakiuria and micturition urgency) are more
frequent in patients with localized disease (in situ carcinoma), even though they can also be
observed in patients who present tumoral invasion towards the muscle layer of the bladder.
However, other important causes of macroscopic and microscopic hematuria must be consid‐
ered, such as cystitis and prostate problems. When hematuria is found, a complete evaluation
should be performed. This evaluation should include urinary cytology, ultrasound (Figure
18) or intravenous pyelogram and cystoscopy. Less common clinical manifestations are pain
or nuisance in the renal fossa related to urethral obstruction or pelvic pain and lower extremity
edema produced by the obstruction of the iliac vessels. With less frequency, metastatic disease
is the first manifestation of these tumors. Once bladder cancer is diagnosed, it is very important
to establish whether the muscle layer has been affected. To determine this, ultrasound, CT and
nuclear magnetic resonance are of great help.
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3.4. Other tumors

Other tumors, including cancers of the larynx, sinonasal tract, nasopharynx, salivary gland,

vulva, esophagus and breast, have also been associated with HPV infection [79].
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Figure 18. Bladder ultrasound, in which, it can be observed the presence of a lesion that histologically was urothelial
cancer.
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3.4. Other tumors

Other tumors, including cancers of the larynx, sinonasal tract, nasopharynx, salivary gland,

vulva, esophagus and breast, have also been associated with HPV infection [79].
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1. Introduction

Penile squamous cell carcinoma (PSSC) is an uncommon malignant tumor, which accounts
for less than 1% of adult male cancers in North America and Europe, but is markedly higher
in developing locations, such as Asia, Africa and South America, representing up to 10% of
tumors in men. Human papillomavirus (HPV) infection has shown an important role in
penile cancer pathogenesis. In 2009, a systematic review of published literature found that
40% of penile tumors were HPV-related, and that type 16 HPV was the most common subtype
in this group (Backes et al., 2009). Another interesting relation between HPV infection and
penile  cancer  is  the  finding  that  specific  histological  subtypes  are  associated  with  HPV
infection. Penile carcinomas with basaloid differentiation and warty features have shown a
strong association with HPV infection, with recent studies showing that HPV infection is
present in 76% of basaloid tumors, while the presence in verrucous cancer was 24.5% (Backes
et al., 2009).

The recent literature suggests that the oncogenic potential of HPV integration into host DNA
genome and their ability to manipulate cell cycle regulators is responsible for the establishment
and maintenance of HPV genomes in the squamous epithelium and HPV-related PSCC cancer,
which will result in deregulated expression of oncoproteins such as E6 and E7. The oncoprotein
E6 is known to induce degradation of the tumor suppressor protein p53 and the oncoprotein
E7 binds to retinoblastoma protein (pRb). Thus, the oncoproteins E6/E7 allow cells to evade

© 2013 Oliveira-Costa et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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cell cycle checkpoints and to entrance in S1 phase of cell cycle, leading to disruption of normal
cell cycle controls.

Following cell division, infected cells leave the basal layer, migrate towards the suprabasal
regions and begin to differentiate. Increased understanding of cervical pathogenesis has led to
confirmation of HPV as an etiological agent for several cancers and consequently to the
development of preventive vaccines targeting HPV antigens for the control of HPV-related
cancers. HPV vaccine was developed as a result of the achievement of core technologies, that are
able to produce virus-like particles (VLPs), which, in turn, are able to mimic the natural virus
and elicit high-titers of virus neutralizing antibodies. With the progress through advanced stages
of clinical trials and further exploration of combinatorial strategies, there is a great promise for
significant advances also in the field of therapeutic HPV vaccine development, not only to cervical
cancer, but other several malignancies related to HPV infection. Moreover, in this chapter we
discuss the current status of HPV vaccines as well as the most common associated factors that
might interfere on establishment of strategies that could control the HPV infections and the
development of penile carcinoma associated to this infection.

2. Penile cancer

Penile malignancies are thought to arise from the accumulation of multiple mutations that may
occur as consequence of progressive genetic instability. This intricate process of genetic
instability may be caused by environmental factors, such as history of intense smoking, penile
tears, phimosis, and poor genital hygienic habits. (Chaux & Cubilla 2012). In addition, a recent
study conducted by Chaux et al. (2011) also described the poor education, penile chronic
inflammation, genital warts and Human papillomavirus (related to number of sexual partners
during lifetime) as environmental factors to malignant transformation.

There is a worldwide geographic difference in occurrence of penile malignancies that could
be caused by differences in socio-economic status, cultural and religious conditions (Bleeker
et al. 2009, Chaux & Cubilla, 2012). The higher incidences are frequent in tropical or subtropical
regions of Latin America, Asia and Africa but have uncommon incidence rates in Europe,
Japan, USA and Israel (Cubilla 2009). Recently, were reported higher incidence rates in
underdeveloped regions such as Africa, South America, and Asia (2-4/100000 inhabitants) as
compared with North America (United States) and Europe (0.3-1/100000 inhabitants) (Chaux
& Cubilla, 2012). Pow-Sang et al. (2010) also described the penile malignancies prevalence rate
among different populations. Prevalence rates in developed countries as Israel (0.1/100 000)
and United States (0.3-1.8/100 000) and interestingly, compared with underdeveloped coun‐
tries such as Uganda (2.8/100 000) and Brazil (1.5-3.7/100 000). Once again confirming the
disease geographical difference and the influence of country development.

Squamous cell Carcinoma represents vast majority of histological subtype of primary penile
malignancies with heterogeneous features due to differences in morphology pathogenesis and
prognosis (Hakenberg & Protzel, 2012; Stankiewicz et al., 2012; Syed et al., 2012). Knowledge
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of origin and progression of penile squamous cell carcinoma depends on an intricate relation
between anatomy and histopathology.

The anatomy of the penis is complex and has important implications to define predictive risk
model and delineate the prognostic factors (Chaux & Cubilla, 2012). The same authors
described 3 anatomical compartments in the penis (Glans, Foreskin and Coronal Sulcus) where
the malignant neoplasms may be originated (Fig 1). However, the penile malignant neoplasms
have a predilection to originate first on the Gland followed by Foreskin inner mucosa and lastly
the Coronal Sulcus is rarely affected by neoplastic entity.

Figure 1. Paraurethral longitudinal section presenting anatomical levels of the Penis. CC: Corpus Cavernosum; CS: Cor‐
pus Spongiosum; LP: Lamina Propria; SF: Skim of the Foreskim and TA: Tunica Albuginea. (Adapted from Chaux & Cu‐
billa 2012).

Recently, Hernandez et al. (2008) performed an epidemiological study with 4967 United States
men with the diagnosis of penile squamous cell carcinoma. Thirty four percent of patients
(1712) presented neoplasms arising in gland, 13.2% in prepuce, 5.3% in penis shaft, 4.5%, in
overlapping of penis, and 42,5% in unspecified site. Lesions generally initiate on the glans and
slowly extend to involve completely the glans and shaft of the penis. During the neoplasm
progress Buck’s fascia act as a natural barrier to local tumor invasion defending the corporal
bodies from tumoral expansion (Pow-Sang et al. 2010). This assessment is schematically
illustrated in figure 2.

The anatomy of the penis presents a pivotal role in tumor invasion and prognosis of cancer.
Moreover, the TNM staging system is based, at least partially, on the commitment of these
anatomical levels (Velazquez et al. 2010). The glans can be divided in 4 levels: squamous
epithelium, lamina propria, corpus spongiosum, and corpus cavernosum (corpus spongio‐
sum, and corpus cavernosum are subdivided by the tunica albugínea). Anatomical levels in
the foreskin, like in glans, are divided in squamous epithelium, lamina propria, dartos muscle,
and outer skin (Chaux & Cubilla, 2012).
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A previous study suggests that different tumor histological features could be based on
anatomical site. This hypothesis is sustained by the histological differences among the urethral
segments and their corresponding neoplasms (Velasquez et al. 2005). As discussed previously,
Squamous Cell Carcinoma of Usual Type (SCCUT) is the most frequent histopathologic
diagnoses in penile malignancies (Chaux & Cubilla, 2012; Stankiewicz et al. 2012) affecting
around 48%-65% of all type of penile carcinoma. Additionally, Epstein et al. (2011) reported
11 more subtypes of SCCUT (Table 1). Macroscopic features of SCCUT range from endophytic
to irregular exophytic masses, presenting white-to-gray coloration. However, the reddish
pigmentation also can be observed (Chaux et al. 2010). Microscopilly, the SCCUT is similar to
oral, vulvar and cervical Squamous Cell Carcinomas (Cubilla et al. 2001). SCCUT may vary
from well-differentiated tumors to anaplastic entities. Other presented feature is keratiniza‐
tion, ranging from highly keratinized, presented in well-differentiated tumors, until scarce or
minimal keratinization observed in anaplastic neoplasm. Chaux et al. (2010)

Evidences from pertinent literature indicate the involvement of groin lymph nodes as the most
relevant and unfavorable prognostic factors predicting cancer-specific survival in patients
with penile squamous cell carcinoma. Numerically, in the same review, the 5-year cancer-
specific survival rate for those presenting cN0 tumors were between 75% and 93%, compared
with a 5-year cancer-specific survival rate for those presenting cN3 tumors ranging between
20% and 34%. There is a substantial decrease in the survival rates with N progression (Novara
et al. 2007).

Figure 2. Natural history of penile cancer (Adapted from Pow-Sang et al. 2010).
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Lopes et al. (2002) performed a study that aimed to investigate the p53 in Brazilian patients
with PSCC to establish a new prognostic factor for lymph node metastasis and its possible
influence on prognosis. This study observed the nodal stage as a factor that influenced survival
(independent risk factors) in the univariate and multivariate analyses. Gunia et al. (2012)
shown that p16INK4a is a good prognostic marker for penile squamous cell carcinomas,
surpassing the prognostic impact of histologically confirmed koilocytosis. In their study,
p16INK4a expression predicted better cancer specific survival rates. Furthermore, p16INK4a
can be useful in differentiate subtypes of PSCC. According Chaux & Cubilla (2012), warty
carcinomas tend to be p16INK4a positive, whereas giant condylomas and papillary and
verrucous carcinomas are consistently negative.

Medical record analysis of 145 men with penile squamous cell carcinomas was performed to
identify prognostic factors for lymph node involvement (Lopes et al. (1996)). The authors found
that lymph node metastasis presents correlation with tumor thickness, lymphatic and vascular
embolization. Interestingly, univariate analysis did not reached statistically significant values
to pathologic stage of primary tumor, clinical lymph node stage (cN), and histological grade.
However, histological grade may be considered an important prognostic factor in penile
squamous cell carcinoma. In accord with Cubilla AL. 2009 these prognostic factors are
predictive to the nodal spread, metastasis and tumoral dissemination.

Currently, different methods are employed to grade Penile Squamous Cell Carcinomas. For
instance, Akhter et al. (2011) uses the Broder’s system as histological grade system in Squamous
Cell Carcinoma. In the Broder’s system Penile Squamous Cell Carcinomas is stratified in 4
grades levels based only in differentiation of the cells: Grade I (well differentiated) presenting
<25% undifferentiated cells; Grade II (Moderately differentiated) presenting <50% undiffer‐

Classification of SCCs of the penis

Subtype Frequency (%)

Usual SCC 48-65

Basaloid carcinoma 4-10

Warty carcinoma 7-10

Verrucous carcinoma 3-8

Papillary carcinoma 5-15

Sarcomatoid carcinoma 1-3

Mixed carcinomas 9-10

Adenosquamous carcinoma 1-2

Pseudohyperplastic carcinoma <1

Carcinoma cuniculatum <1

Pseudoglandular carcinoma <1

Warty-basaloid carcinoma 9-14
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A previous study suggests that different tumor histological features could be based on
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pigmentation also can be observed (Chaux et al. 2010). Microscopilly, the SCCUT is similar to
oral, vulvar and cervical Squamous Cell Carcinomas (Cubilla et al. 2001). SCCUT may vary
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Figure 2. Natural history of penile cancer (Adapted from Pow-Sang et al. 2010).
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entiated cells; grade III (Poorly differentiated) presenting <75% undifferentiated cells and
grade IV (Anaplastic/Pleomorphic) >75% undifferentiated cells. Cell anaplasia degrees are also
pointed as common approach to determine Penile Squamous Cell Carcinomas grading (Mikuz
et al. 2004; Slaton et al. 2001), absence of anaplasia (well differentiated cells), grade 1; grade 2,
moderately differentiated (<50% anaplastic cells); and grade 3, poorly differentiated (>50%
anaplastic cells). Cubilla et al. (2009) reported a method to grade Penile Squamous Cell
Carcinomas. Carcinomas with a minimal deviation from normal/hyperplastic morphology of
squamous epithelium were considered Grade 1 (extremely well-differentiated). Grade 3 are
tumors showing any proportion of anaplastic cells, identified as solid sheets or irregular small
aggregates, cords or nests of cells with little or no keratinization, high nuclear cytoplasmic
ratio, thick nuclear membrane, nuclear pleomorphism, clumped chromatin, prominent
nucleoli and numerous mitosis. Grade 2 is composed by remainder tumors. Grading both
extremes of the spectrum is simple and reproducible.

In summary, Penile Squamous Cell Carcinomas represents an aggressive locoregional
malignancy with dissemination process may occurring 20-40% (Guimarães et al. 2009), a lethal
disorder that often presents after significant delay (Barocas & Chang 2010). Usually, death
occurs within 2 years after initial diagnosis (Guimarães et al. 2009). Accurate evaluation of
clinical stage, anatomical site, regional lymph nodes, and metastatic disease presents a pivotal
role in treatment planning to predict the survival outcome (Barocas & Chang, 2010).

3. HPV

Papillomaviruses are a family of pathogens that infect exclusively the epithelial tissues of
amphibians, reptiles, birds and mammals (Franceschi, 2005). The viruses are grouped accord‐
ing to the anatomic site of infection and their preference for either cutaneous or mucosal
squamous epithelium. The cutaneous types, or beta papillomaviruses, are usually found in the
general population and cause common warts. In contrast, the alpha, or mucosotropic, papil‐
lomaviruses have been implicated in mucosal infections (Snow & Laudadio, 2010; Vidal &
Gillison, 2008). The mucosotropic group of human papillomavirus comprises 15 species and
infects the anogenital tract, upper aerodigestive tract and other head and neck mucosa (Chow
et al., 2010). Because they are sexually transmitted and play important roles in diseases, these
viruses have received much attention and research and clinical investment (Chow et al., 2010).

As molecular virology is depicted in details in another chapter, here we will only cover penile
cancer-related aspects. Currently, over 200 HPV genotypes have been identified (Wang et al.,
2012). HPVs with a high affinity for mucosal sites can be classified into non-oncogenic, or low-
risk, types or as potentially oncogenic, or high-risk, types. Mucosal and genital HPVs can be
divided into low-risk (HPVs 6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81) and high-risk (HPVs 16, 18,
31, 33, 35, 51, 52) types according to their presence in malignant lesions (Bosch et al., 2002;
Muñoz et al., 2003).

The multiplicity of functions of the small papillomavirus oncoproteins, E5, E6 and E7,
continues to be studied through last decades, although there are several mechanisms well
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established. Specifically, more than a dozen protein-protein interactions between E6 and
cellular proteins have been shown (Villa et al., 2002). Taken into a carcinogenic point of view,
E6 and E7 ORF are considered to play the most important roles, encoding for oncoproteins
that allow viral replication and the immortalization and transformation of the epithelial cell
that host the HPV DNA (Doorbar et al., 1991).

Proving the importance of p53 and pRb in cell cycle progression, the repression of HPV 16 E6
and E7 expression by dual shRNA transfection has been shown to be capable of restoring the
p53 and pRb tumor suppressor pathways and activating apoptosis (Psyrri et al., 2009, Rampias
et al., 2009). Thus, the demonstration of this tumor suppressor inactivation by the E6 and E7
HPV oncoproteins has provided a basic explanation for how the high-risk HPV types exert
their oncogenic effects on cervical cells, and this explanation are under investigation to be
related with other sites of HPV-infection. This is particularly important in penile cancer-
associated HPV infection, whereas HPV16 seems to develop a pivotal role, and accounts for
more than 60% of HPV-related tumors.

4. HPV impact in squamous cell homeostasis

Different from other viruses, HPV does not infect or replicate in antigen-presenting cells
(APCs) of the epithelium nor induce cell lysis, which is a key escape mechanism to avoid that
APC recognize and produce antigens derived from the virion, and alerts immune system.
About more than 50% of infections present seroconversion in the patients, but the production
of antibodies usually occurs only months after the initial infection (Vidal & Gillison, 2008). The
life cycle of papillomaviruses is closely tied to the epithelial differentiation process. Infection
occurs exclusively in squamous epithelial cells with a preference for the keratinocyte stem cell
as the initial target of HPV infection, which will allow the maintenance of viral replication
(Vidal & Gillison, 2008). The route of entry for HPV infection is microtraumas or small wounds
in the skin or mucosal surface, which are particularly important in penile HPV-infection. These
breaks in the epithelial surface allow the virus to access and persist in the nuclei of infected
basal layer cells of the epithelium. Until now, no single receptor has been definitively identified
and established as being responsible for HPV entry, although is believed that receptors closely
related to wound healing might be preferential targets for HPV infection, such as α6 integrin
and glycosamioglycan heparin (Vidal & Gillison, 2008).

As most viruses, HPV uses the host cell DNA machinery to maintain the production of viral
progeny. This mechanism of viral-induced cell growth is very well known and is analogous
to other viruses that disrupt the control of cell growth (Hebner & Laimins, 2006). Following
cell division, as the basal cells divide into squamous epithelial cells, HPV establishes its DNA
genome in the host cell nuclei, replicates and reaches a high copy number. Infected cells then
leave the basal layer, migrate toward the suprabasal regions and begin to differentiate. In the
basal layer phase, the HPV genome is maintained at a low copy number, providing a type of
stock of viral DNA for further use in cell divisions. At the same time, ‘early’ viral genes (E5,
E6 and E7) are expressed, resulting in enhanced proliferation of the infected cells and their

Human Papillomavirus Infection and Penile Cancer: Past, Present and Future
http://dx.doi.org/10.5772/55811

227



entiated cells; grade III (Poorly differentiated) presenting <75% undifferentiated cells and
grade IV (Anaplastic/Pleomorphic) >75% undifferentiated cells. Cell anaplasia degrees are also
pointed as common approach to determine Penile Squamous Cell Carcinomas grading (Mikuz
et al. 2004; Slaton et al. 2001), absence of anaplasia (well differentiated cells), grade 1; grade 2,
moderately differentiated (<50% anaplastic cells); and grade 3, poorly differentiated (>50%
anaplastic cells). Cubilla et al. (2009) reported a method to grade Penile Squamous Cell
Carcinomas. Carcinomas with a minimal deviation from normal/hyperplastic morphology of
squamous epithelium were considered Grade 1 (extremely well-differentiated). Grade 3 are
tumors showing any proportion of anaplastic cells, identified as solid sheets or irregular small
aggregates, cords or nests of cells with little or no keratinization, high nuclear cytoplasmic
ratio, thick nuclear membrane, nuclear pleomorphism, clumped chromatin, prominent
nucleoli and numerous mitosis. Grade 2 is composed by remainder tumors. Grading both
extremes of the spectrum is simple and reproducible.

In summary, Penile Squamous Cell Carcinomas represents an aggressive locoregional
malignancy with dissemination process may occurring 20-40% (Guimarães et al. 2009), a lethal
disorder that often presents after significant delay (Barocas & Chang 2010). Usually, death
occurs within 2 years after initial diagnosis (Guimarães et al. 2009). Accurate evaluation of
clinical stage, anatomical site, regional lymph nodes, and metastatic disease presents a pivotal
role in treatment planning to predict the survival outcome (Barocas & Chang, 2010).

3. HPV

Papillomaviruses are a family of pathogens that infect exclusively the epithelial tissues of
amphibians, reptiles, birds and mammals (Franceschi, 2005). The viruses are grouped accord‐
ing to the anatomic site of infection and their preference for either cutaneous or mucosal
squamous epithelium. The cutaneous types, or beta papillomaviruses, are usually found in the
general population and cause common warts. In contrast, the alpha, or mucosotropic, papil‐
lomaviruses have been implicated in mucosal infections (Snow & Laudadio, 2010; Vidal &
Gillison, 2008). The mucosotropic group of human papillomavirus comprises 15 species and
infects the anogenital tract, upper aerodigestive tract and other head and neck mucosa (Chow
et al., 2010). Because they are sexually transmitted and play important roles in diseases, these
viruses have received much attention and research and clinical investment (Chow et al., 2010).

As molecular virology is depicted in details in another chapter, here we will only cover penile
cancer-related aspects. Currently, over 200 HPV genotypes have been identified (Wang et al.,
2012). HPVs with a high affinity for mucosal sites can be classified into non-oncogenic, or low-
risk, types or as potentially oncogenic, or high-risk, types. Mucosal and genital HPVs can be
divided into low-risk (HPVs 6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81) and high-risk (HPVs 16, 18,
31, 33, 35, 51, 52) types according to their presence in malignant lesions (Bosch et al., 2002;
Muñoz et al., 2003).

The multiplicity of functions of the small papillomavirus oncoproteins, E5, E6 and E7,
continues to be studied through last decades, although there are several mechanisms well
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established. Specifically, more than a dozen protein-protein interactions between E6 and
cellular proteins have been shown (Villa et al., 2002). Taken into a carcinogenic point of view,
E6 and E7 ORF are considered to play the most important roles, encoding for oncoproteins
that allow viral replication and the immortalization and transformation of the epithelial cell
that host the HPV DNA (Doorbar et al., 1991).

Proving the importance of p53 and pRb in cell cycle progression, the repression of HPV 16 E6
and E7 expression by dual shRNA transfection has been shown to be capable of restoring the
p53 and pRb tumor suppressor pathways and activating apoptosis (Psyrri et al., 2009, Rampias
et al., 2009). Thus, the demonstration of this tumor suppressor inactivation by the E6 and E7
HPV oncoproteins has provided a basic explanation for how the high-risk HPV types exert
their oncogenic effects on cervical cells, and this explanation are under investigation to be
related with other sites of HPV-infection. This is particularly important in penile cancer-
associated HPV infection, whereas HPV16 seems to develop a pivotal role, and accounts for
more than 60% of HPV-related tumors.

4. HPV impact in squamous cell homeostasis

Different from other viruses, HPV does not infect or replicate in antigen-presenting cells
(APCs) of the epithelium nor induce cell lysis, which is a key escape mechanism to avoid that
APC recognize and produce antigens derived from the virion, and alerts immune system.
About more than 50% of infections present seroconversion in the patients, but the production
of antibodies usually occurs only months after the initial infection (Vidal & Gillison, 2008). The
life cycle of papillomaviruses is closely tied to the epithelial differentiation process. Infection
occurs exclusively in squamous epithelial cells with a preference for the keratinocyte stem cell
as the initial target of HPV infection, which will allow the maintenance of viral replication
(Vidal & Gillison, 2008). The route of entry for HPV infection is microtraumas or small wounds
in the skin or mucosal surface, which are particularly important in penile HPV-infection. These
breaks in the epithelial surface allow the virus to access and persist in the nuclei of infected
basal layer cells of the epithelium. Until now, no single receptor has been definitively identified
and established as being responsible for HPV entry, although is believed that receptors closely
related to wound healing might be preferential targets for HPV infection, such as α6 integrin
and glycosamioglycan heparin (Vidal & Gillison, 2008).

As most viruses, HPV uses the host cell DNA machinery to maintain the production of viral
progeny. This mechanism of viral-induced cell growth is very well known and is analogous
to other viruses that disrupt the control of cell growth (Hebner & Laimins, 2006). Following
cell division, as the basal cells divide into squamous epithelial cells, HPV establishes its DNA
genome in the host cell nuclei, replicates and reaches a high copy number. Infected cells then
leave the basal layer, migrate toward the suprabasal regions and begin to differentiate. In the
basal layer phase, the HPV genome is maintained at a low copy number, providing a type of
stock of viral DNA for further use in cell divisions. At the same time, ‘early’ viral genes (E5,
E6 and E7) are expressed, resulting in enhanced proliferation of the infected cells and their
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lateral expansion, working to spread infection cells throughout epithelial tissue. While the
basal cells and viral DNA divide, some daughter cells may be maintained in the basal layers,
whereas other daughter cells move toward the upper layers of the epithelium and begin to
differentiate. During this process in which the infected cells enter into the suprabasal layers,
the viral genome replicates to a higher copy number; ‘late’ viral gene (L1 and L2) expression
is initiated; and structural proteins, as such capsid proteins, are formed. Subsequently, virions
are assembled and released as the upper layer of epithelium is shed (Fehrmann & Laimins,
2003; Scheurer et al., 2005; Vidal & Gillison, 2008).

Figure 3. Representation of normal and HPV-infected epithelium according to the cellular differentiation and the dif‐
ferentiation-dependent viral functions (Adapted from Hebner & Laimins, 2006).

This provides an important microenvironment for cellular growth aberrations, and is partic‐
ularly important in penile pre-neoplastic lesions. Several authors have reported a higher level
of HPV detection in PIN, when compared to penile cancer, open field for a HPV importance
in the development of tissue growth abnormalities, leading to a soil field for carcinogenesis.
In this model, HPV would be an important co-factor in penile pre-neoplastic development.
Due to all of his effects in cell growth and lack of cell cycle control, the formation of lesions
such as PIN associated to other important factors in penile carcinogenesis (genera hygiene,
phimosis, chronic inflammation, high number of sexual partners).

5. Prevalence of HPV infection in penile squamous cell carcinoma and
histological considerations

In contrast with the high prevalence of HPV infection in cervix carcinomas, which may be
detected in almost 100% of the cases, in penile carcinomas the detection is considerably lower,
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although it stills an important in penile pathogenesis. According to the current evidences,
penile cancer can follow 2 distinct etiologic pathways: one is related to environmental factors,
such as phimosis, smoking, poor personal hygiene and chronic inflammation; and other one
is the HPV-related penile cancer (Rubin et al., 2001; Cubilla et al., 2010). Several studies have
highlighted the prevalence of HPV infection in penile cancer, with an average prevalence of
47% to 48% in more than 60 studies (Backes et al., 2009; Miralles-Guri et al., 2009). Differently
from cervix cancer, in penile cancer the prevalence of HPV infection varies according to
histological subtypes, being strongly prevalent in basaloid and warty carcinomas, and lesser
prevalent in keratinizing variants, such as verrucous, papillary and usual carcinomas
(Guimarães et al., 2011). Before understanding the relationship between HPV and specific
histological subtypes, a basic knowledge of penile cancer histology is required.

Squamous cell carcinoma of the penis is currently divided in 12 subtypes. Each one of this
subtypes shows distinctive outcomes, and this high number of subtypes makes its difficult to
characterize the disease. About half of penile cancers are of the usual squamous histology,
while the rest is divided through the special types.

Basaloid carcinomas: represent 4-10% of penile tumors. Macroscopically, these tumors show
an ulcerative aspect, presenting as a solid, firm invasively neoplasm, with necrosis foci.
Microscopically, they present a nesting pattern, with each nest presenting a solid or central
necrotic nest (comedonecrosis). Keratinization can be observed, although not pathognomonic.
Cells presents as small, basofilic, basaloid, spindle or pleomorphic, with abundance of mitotic
and apoptotic figures. Perineural and vascular invasions are often seen.

Warty carcinomas: represent 7-10% of all cases. It can be described as verruciform tumors,
with an exoendophytical appearance, although a rare non-invasive exophytic tumor may be
found. Histologically, a classical condylomatous papilla is observed, with a arborescent
pattern, a central fibrovascular core, and keratinized cells, with presence of superficial and
deep pleomorphic koilocytosis. Different from giant condillomas, in warty carcinomas these
cells are typically malignant. Also, as a differential diagnosis, low-risk HPV or negative
p16INK4a status favors a condilloma diagnosis. Prognosis is often good, with no signs of nodal
involvment, although it might be present in deep invasive warty carcinoma (Chaux & Cubilla,
2012).

Verrucous carcinomas: represent 3-8% of the cases. Macroscopically are classically character‐
ized by exophytic, verrucoid white lesion, with a clear base separating them from the stroma.
Microscopically, they are acanthotic, papillomatous neoplasms, with a high degree of difer‐
entiation. As most well differentiated tumors, they have a good prognosis, only presenting
metastasis when they present areas with poor differentiation. However, if it presents large
areas of undifferentiation, the tumor is classified as a mixed verrucous carcinoma, as the
classical verrucous carcinoma is a classicaly well differentiated tumor.

Papillary carcinoma: represent 9-10% of all cases. It is also a verruciform tumor, diagnosed
after excluding the possibility of a verrucous or warty tumor. Macroscopically is observed as
an exophytic large tumor, with a clear jagged interface with stroma. Microscopically, papillo‐
matosis is observed and a low-grade histology is present. Different from verrucous carcinoma,
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lateral expansion, working to spread infection cells throughout epithelial tissue. While the
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In this model, HPV would be an important co-factor in penile pre-neoplastic development.
Due to all of his effects in cell growth and lack of cell cycle control, the formation of lesions
such as PIN associated to other important factors in penile carcinogenesis (genera hygiene,
phimosis, chronic inflammation, high number of sexual partners).

5. Prevalence of HPV infection in penile squamous cell carcinoma and
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In contrast with the high prevalence of HPV infection in cervix carcinomas, which may be
detected in almost 100% of the cases, in penile carcinomas the detection is considerably lower,
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although it stills an important in penile pathogenesis. According to the current evidences,
penile cancer can follow 2 distinct etiologic pathways: one is related to environmental factors,
such as phimosis, smoking, poor personal hygiene and chronic inflammation; and other one
is the HPV-related penile cancer (Rubin et al., 2001; Cubilla et al., 2010). Several studies have
highlighted the prevalence of HPV infection in penile cancer, with an average prevalence of
47% to 48% in more than 60 studies (Backes et al., 2009; Miralles-Guri et al., 2009). Differently
from cervix cancer, in penile cancer the prevalence of HPV infection varies according to
histological subtypes, being strongly prevalent in basaloid and warty carcinomas, and lesser
prevalent in keratinizing variants, such as verrucous, papillary and usual carcinomas
(Guimarães et al., 2011). Before understanding the relationship between HPV and specific
histological subtypes, a basic knowledge of penile cancer histology is required.

Squamous cell carcinoma of the penis is currently divided in 12 subtypes. Each one of this
subtypes shows distinctive outcomes, and this high number of subtypes makes its difficult to
characterize the disease. About half of penile cancers are of the usual squamous histology,
while the rest is divided through the special types.

Basaloid carcinomas: represent 4-10% of penile tumors. Macroscopically, these tumors show
an ulcerative aspect, presenting as a solid, firm invasively neoplasm, with necrosis foci.
Microscopically, they present a nesting pattern, with each nest presenting a solid or central
necrotic nest (comedonecrosis). Keratinization can be observed, although not pathognomonic.
Cells presents as small, basofilic, basaloid, spindle or pleomorphic, with abundance of mitotic
and apoptotic figures. Perineural and vascular invasions are often seen.

Warty carcinomas: represent 7-10% of all cases. It can be described as verruciform tumors,
with an exoendophytical appearance, although a rare non-invasive exophytic tumor may be
found. Histologically, a classical condylomatous papilla is observed, with a arborescent
pattern, a central fibrovascular core, and keratinized cells, with presence of superficial and
deep pleomorphic koilocytosis. Different from giant condillomas, in warty carcinomas these
cells are typically malignant. Also, as a differential diagnosis, low-risk HPV or negative
p16INK4a status favors a condilloma diagnosis. Prognosis is often good, with no signs of nodal
involvment, although it might be present in deep invasive warty carcinoma (Chaux & Cubilla,
2012).

Verrucous carcinomas: represent 3-8% of the cases. Macroscopically are classically character‐
ized by exophytic, verrucoid white lesion, with a clear base separating them from the stroma.
Microscopically, they are acanthotic, papillomatous neoplasms, with a high degree of difer‐
entiation. As most well differentiated tumors, they have a good prognosis, only presenting
metastasis when they present areas with poor differentiation. However, if it presents large
areas of undifferentiation, the tumor is classified as a mixed verrucous carcinoma, as the
classical verrucous carcinoma is a classicaly well differentiated tumor.

Papillary carcinoma: represent 9-10% of all cases. It is also a verruciform tumor, diagnosed
after excluding the possibility of a verrucous or warty tumor. Macroscopically is observed as
an exophytic large tumor, with a clear jagged interface with stroma. Microscopically, papillo‐
matosis is observed and a low-grade histology is present. Different from verrucous carcinoma,
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acanthosis is not so prominent, and differently from warty carcinoma, there is no koilocytosis.
They have an excellent prognosis with very infrequent metastasis.

Sarcomatoid carcinomas: correspond to 1-3% of cases. Macroscopically, they are hemorrhagic
and necrotic, or polypoid tumors. Microscopically, they can mimic several sarcomas, like
leiomyosarcomas, osteosarcomas, or fibrosarcomas. They are observed as tumors with two
different cellular presentations, with the presence of epithelial and spindle cells. They are
typically located in glans, not in corpora cavernosa, and may present foci of associated penile
intraepithelial neoplasia. Immunohistochemical stains with high-molecular-weight cytokera‐
tins and p63.

Other mixed tumors are often rare, which makes very difficult to establish their relationship
with HPV infection, and comprises several subtypes, such as Pseudohyperplastic Carcinoma,
Carcinoma Cunilatum and Pseudoglandular Carcinoma.

As stated before, distinct pathological variants of PSCC are associated with an indolent
behavior (eg, verrucous, warty and Buschke-Lowenstein condyloma) and other with more
aggressive forms (eg, usual SCC, basaloid and papillary). For basaloid and warty carcinomas,
the HPV-infections are present in 80-100% of all cases. It is important to remember that in
situ SCC seems to be strongly related with HPV-infection (Kayes et al., 2007). Seems plausible
then that HPV-infection is far more important as a co-factor that will prepare the soil for a
neoplastic malignant transformation, due to the several pathways in which HPV-infection
contributes. This is in accordance with the theory of two major pathways in penile cancer
development, being one driven by factors such as poor hygiene, presence of phimosis, chronic
inflammation, etc), and another one driven by high-risk HPV-infection (Rubin et al., 2001). As
discussed above, this represents an astonishing opportunity for a new approach to prevent
this disease, as HPV vaccination researches are under constant evolution. As a health problem,
the prevention of HPV infection might be able to avoid the development of these subtypes of
HPV in men, if the current knowledge of HPV-driven malignancy is right.

6. HPV-status impact on outcome in penile carcinomas

Although there are not many studies investigating a prognostic role for HPV-infection in penile
carcinomas, some studies maintain HPV as a controversial factor, in terms either of survival,
or local metastasis, and lymph node involvement. From the three more important studies, it
is still unknown if HPV alone may have an impact in penile cancer`s patients overall survival,
as demonstrated in several other solid tumors, such those arising in oral cavity and oropharynx
(Lont et al., 2006). In a study conducted by Cubilla et al. (2010), HPV-16 was the most prevalent
genotype (72% of all cases), followed by HPV-6 (9%) and HPV-18 (6%). The 16 and 18 genotype
(high-risk HPV types) were proposed to be associated with aggressive variants of penile
tumors, and to be associated with a poorer outcome in these patients. In several studies, the
role of HPV infection in penile cancer could only be observed by indirect means, as the
observation that HPV-infected PSCCs were those with more aggressive subtypes, as basaloid
and warty tumors. So, it is believed that HPV-infection, specially related to HPV-16 and -18,
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represented a more aggressive subtype, with a worst survival when compared to HPV-
negative PSCCs. But directly comparing HPV expression and survival curves, the most
extensive study on high-risk HPV infection was carried out by Lont and colleagues, whom
had demonstrated that penile tumors presenting high-risk HPV infection had a better outcome
from those tumors where high-risk HPVs were not detected. Interestingly, HIV infection did
not correlated (Lont et al., 2006).

7. HPV vaccine

In many countries, vaccines against some HPV types are administered to girls and young
women with the goal of protecting them against HPV-induced cervical cancer (Villa et al.,
2005; Muñoz et al., 2010). The introduction of HPV vaccines has also drawn more attention to
the fact that HPV is associated not only with cervical cancer and genital warts but also with
other tumors, such as head and neck and anogenital cancers (Zur Hausen, 2006).

Although the majority of HPV vaccine research has focused on cervical cancer, some vaccine
developers have targeted other diseases related to different strains of HPV.

Emerging results from vaccine trials have suggested that some cross-protection is possible.
Vaccines against cervical cancer also have the potential to prevent other cancers that are caused
by the same types of HPV (Herrero et al., 2003, Kreimer et al., 2005), and half or more of
anogenital cancers outside the cervix, including cancer of the vulva, vagina, penis, and anus
(Daling et al., 2005, Gross & Pfister 2004). Theoretically, these vaccines should also work against
the same viruses at other anatomical sites, which would be of great value for the majority of
the patients. Since different HPV-related diseases have share the same contamination basis
(eg, HPV contamination in sexual act may happen in anogenital, cervical and even in head and
neck areas. Also, almost all HPV-related tumors share individual at risk with the same
behavior, and it is believed that this prevent potential directed to several organs could reduce
the prevalence of several tumors simultaneously. If proven to do so, this approach would
represent a major conceptual breakthrough, not only in prevention of these diseases, but
equally importantly, by providing the ‘missing link’ in the chain of evidence for the final proof
of HPV etiology in these tumors (Syrjänen, 2010).

8. The HPV prophylactic vaccines

The current HPV prophylactic vaccines are based on VLPs, with two prophylactic HPV
vaccines being commercially available: the bivalent (HPV 16/18) vaccine Cervarix® (GlaxoS‐
mithKline, Middlesex, UK) and the quadrivalent (HPV 6/11/16/18) Gardasil® (Merck, NJ,
USA). Licensed globally, these two vaccines have produced great expectations that they will
prevent infections and tumors induced by different HPV types (Syrjänen, 2010).

The US Food and Drug Administration (FDA) approved Gardasil for females aged 9–26 in
2006. In October 2009, the FDA approved Cervarix for use in females aged 10–25 and approved
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situ SCC seems to be strongly related with HPV-infection (Kayes et al., 2007). Seems plausible
then that HPV-infection is far more important as a co-factor that will prepare the soil for a
neoplastic malignant transformation, due to the several pathways in which HPV-infection
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is still unknown if HPV alone may have an impact in penile cancer`s patients overall survival,
as demonstrated in several other solid tumors, such those arising in oral cavity and oropharynx
(Lont et al., 2006). In a study conducted by Cubilla et al. (2010), HPV-16 was the most prevalent
genotype (72% of all cases), followed by HPV-6 (9%) and HPV-18 (6%). The 16 and 18 genotype
(high-risk HPV types) were proposed to be associated with aggressive variants of penile
tumors, and to be associated with a poorer outcome in these patients. In several studies, the
role of HPV infection in penile cancer could only be observed by indirect means, as the
observation that HPV-infected PSCCs were those with more aggressive subtypes, as basaloid
and warty tumors. So, it is believed that HPV-infection, specially related to HPV-16 and -18,
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neck areas. Also, almost all HPV-related tumors share individual at risk with the same
behavior, and it is believed that this prevent potential directed to several organs could reduce
the prevalence of several tumors simultaneously. If proven to do so, this approach would
represent a major conceptual breakthrough, not only in prevention of these diseases, but
equally importantly, by providing the ‘missing link’ in the chain of evidence for the final proof
of HPV etiology in these tumors (Syrjänen, 2010).

8. The HPV prophylactic vaccines

The current HPV prophylactic vaccines are based on VLPs, with two prophylactic HPV
vaccines being commercially available: the bivalent (HPV 16/18) vaccine Cervarix® (GlaxoS‐
mithKline, Middlesex, UK) and the quadrivalent (HPV 6/11/16/18) Gardasil® (Merck, NJ,
USA). Licensed globally, these two vaccines have produced great expectations that they will
prevent infections and tumors induced by different HPV types (Syrjänen, 2010).

The US Food and Drug Administration (FDA) approved Gardasil for females aged 9–26 in
2006. In October 2009, the FDA approved Cervarix for use in females aged 10–25 and approved
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Gardasil for use in males aged 9–26 to prevent genital warts and to prevent the spread of
cervical cancer. Moreover, the FDA (2010 and 2010a) has proclaimed that the dosing and
administration schedule should be 0.5 mL administered intramuscularly (preferably in a
deltoid muscle) on a 3-dose schedule. The second dose should be administered 1 to 2 months
later, and the third dose should be administered 6 months after the first dose.

Although clinical trials of Gardasil and Cervarix have been extremely promising, these first
generation VLP vaccines may not be the ideal vaccine candidates, especially in already infected
patients, and older men and women.

The most recent report from Quadrivalent Human Papillomavirus Vaccine presents important
facts about immunization practices, and provides excellent results. The efficacy for prevention
of HPV 6-, 11-, 16- and 18-related genital warts was 89.3%, as a profilatic vaccine from those
who have take 3 doses and was seronegative at day 1. From males who have received only one
dose, regardless of serology or previous infection was of 68.1%. This efficacy was also con‐
firmed by several other trials in female patients, with >98% efficacy in preventing HPV 6-, 11-,
16- and 18-related grade 2 or 3 cervical intraepithelial neoplasia or adenocarcinoma in situ(CDC
MMWR, 2011).

Another important issue in vaccination process is to determine who are the individuals in more
risk populations, in order to a better efficacy, and a reduction of the high costs involved in the
vaccine production and distribution. Based on incidence of HPV-infection between several
groups, the probabilities of being infected, especially subtypes 16 and 18, are higher in men
who have sex with men (MSM) group than in heterosexual men (Heiligenberg, 2010). Several
diseases have a higher incidence in MSM group, such as anal intraepithelial neoplasia (AIN),
anal cancers, and genital warts (Jin et al., 2007). Another important group which might be
benefited by HPV immunization is the HIV-positive patients, although it is not clear whether
the immunization could provide a long time antibody titers against HPV 6, 11, 16, and 18, and
how immunossupressed patients would react to HPV4 vaccine, in terms of safety and
adversely reactions. However, as HPV4 is not a live vaccine, it can be safely administered to
person in the most highly risk, such as immunocompromised individuals (like HIV-positive,
drug-driven immunossupression, or disease-related immunossupression).

Researchers are now actively working to better develop prophylactic HPV vaccines that may
be effective against a broader range of HPV types and have a longer shelf life.

9. The HPV therapeutic vaccines and its perspectives

Immunotherapy offers an attractive alternative treatment strategy because it can address both
the underlying HPV infection and the visible lesions. Moreover, immunotherapy can target
all HPV-associated lesions, regardless of location, and induce long-lasting immunity, thus
preventing recurrence (Chu, 2003; Stanley, 2012).

A judgment of whether therapeutic HPV vaccine candidates have a real effect on disease has
been difficult because most trials have not been placebo-controlled, and more important, it
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stills not clear for how long these patients can maintain high levels of immune response, as
they have been already infected. The vaccines have also shown, at best, limited efficacy in
eradicating established tumors, although the fact that they have mostly been tested in ad‐
vanced stage cancer patients with compromised immune systems may have limited their
impact (Brinkman et al., 2005).

Perhaps the ideal HPV vaccine strategy calls for a vaccine that possesses both prophylactic
and therapeutic properties. A chimeric vaccine of this type could both prevent new HPV
infections and clear existing infections. Moreover, such a vaccine would benefit and could be
administered to both sexually inexperienced young individuals and older individuals who
already harbor HPV (Franceschi, 2005). Of course the costs of the rise of individuals been
vaccinated needs to be estimated, in order to not turn HPV vaccine in an expensive waste of
health budget. It is important to remember that although some groups are in risk group, not
all individuals of this risk group will develop an HPV-related cancer. So, before implementing
HPV vaccination to a wide range of patients, it needs to be better classified what populations
should be included in vaccination process, and further develop new guidelines to better
incorporate in this vaccination individuals that, even in risk groups, still have a higher risk in
HPV-infection and spread. Opportunities for primary and secondary prevention should be
assessed, including the use of HPV vaccines to prevent infection and therapeutic vaccines in
the adjuvant setting for locoregional recurrence and distant disease (Marur et al. 2010).
Combined with the fact that no therapeutic vaccines currently exist for other diseases, this goal
makes therapeutic HPV vaccine development a challenging task.

The most recent report from Quadrivalent Human Papillomavirus Vaccine (HPV4) presents
important facts about immunization practices, and provides excellent results. The efficacy for
prevention of HPV 6-, 11-, 16- and 18-related genital warts was 89.3%, as a profilatic vaccine
from those who have take 3 doses and was seronegative at day 1. From males who have
received only one dose, regardless of serology or previous infection was of 68.1%. This efficacy
was also confirmed by several other trials in female patients, with >98% efficacy in preventing
HPV 6-, 11-, 16- and 18-related grade 2 or 3 cervical intraepithelial neoplasia or adenocarcinoma
in situ (CDC MMWR, 2011).

10. Final considerations

Several aspects still remain to be discovered in the field of penile cancers and HPV infection,
and although last decade researches were not able to define a causal role for HPV-infection,
several progresses have being made in this matter. The genomic detection of HPV DNA,
primarily in some subtypes of PSCCs, provides stronger support for a viral etiology in this
disease, and corroborates the idea that there are at leas 2 main pathways in penile carcino‐
genesis, and one of them is closely related to HPV.

Targeted therapy for PSCCs now demands more predictive biomarkers, such as the HPV
infection status and mutation status of crucial genes, which could contribute to personalized
treatment for each individual and decrease the inherent morbidities. However, for a better
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anal cancers, and genital warts (Jin et al., 2007). Another important group which might be
benefited by HPV immunization is the HIV-positive patients, although it is not clear whether
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eradicating established tumors, although the fact that they have mostly been tested in ad‐
vanced stage cancer patients with compromised immune systems may have limited their
impact (Brinkman et al., 2005).

Perhaps the ideal HPV vaccine strategy calls for a vaccine that possesses both prophylactic
and therapeutic properties. A chimeric vaccine of this type could both prevent new HPV
infections and clear existing infections. Moreover, such a vaccine would benefit and could be
administered to both sexually inexperienced young individuals and older individuals who
already harbor HPV (Franceschi, 2005). Of course the costs of the rise of individuals been
vaccinated needs to be estimated, in order to not turn HPV vaccine in an expensive waste of
health budget. It is important to remember that although some groups are in risk group, not
all individuals of this risk group will develop an HPV-related cancer. So, before implementing
HPV vaccination to a wide range of patients, it needs to be better classified what populations
should be included in vaccination process, and further develop new guidelines to better
incorporate in this vaccination individuals that, even in risk groups, still have a higher risk in
HPV-infection and spread. Opportunities for primary and secondary prevention should be
assessed, including the use of HPV vaccines to prevent infection and therapeutic vaccines in
the adjuvant setting for locoregional recurrence and distant disease (Marur et al. 2010).
Combined with the fact that no therapeutic vaccines currently exist for other diseases, this goal
makes therapeutic HPV vaccine development a challenging task.

The most recent report from Quadrivalent Human Papillomavirus Vaccine (HPV4) presents
important facts about immunization practices, and provides excellent results. The efficacy for
prevention of HPV 6-, 11-, 16- and 18-related genital warts was 89.3%, as a profilatic vaccine
from those who have take 3 doses and was seronegative at day 1. From males who have
received only one dose, regardless of serology or previous infection was of 68.1%. This efficacy
was also confirmed by several other trials in female patients, with >98% efficacy in preventing
HPV 6-, 11-, 16- and 18-related grade 2 or 3 cervical intraepithelial neoplasia or adenocarcinoma
in situ (CDC MMWR, 2011).

10. Final considerations

Several aspects still remain to be discovered in the field of penile cancers and HPV infection,
and although last decade researches were not able to define a causal role for HPV-infection,
several progresses have being made in this matter. The genomic detection of HPV DNA,
primarily in some subtypes of PSCCs, provides stronger support for a viral etiology in this
disease, and corroborates the idea that there are at leas 2 main pathways in penile carcino‐
genesis, and one of them is closely related to HPV.

Targeted therapy for PSCCs now demands more predictive biomarkers, such as the HPV
infection status and mutation status of crucial genes, which could contribute to personalized
treatment for each individual and decrease the inherent morbidities. However, for a better
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understanding of whether the HPV status of tumors has real therapeutic implications in
affecting the clinical outcome, upcoming clinical trials should be significantly standardized in
their design and performed on PSCC, which have been adequately selected and classified with
respect to the different penile carcinoma subtypes. Moreover, we suggest that a more defined
consensus in the histological classification in PSCCs should be utilized to improve HPV
detection and provides means to compare studies in different populations. This is highly
remarkable as is now fully accepted that penile carcinogenesis is quite dependent of local
characteristics, and varies worldwide.

We believe that the increasing effects of HPV vaccination in several cancers could help to
reduce the number of new PSCC cases, especially in developing countries, with a lower
income, and less educated individuals. Although detection of the true effects of HPV vacci‐
nation on cancer incidence will probably continue for several decades, monitoring the current
effects of HPV vaccination is crucial, not only in cervical cancer, but also in penile cancer.
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1. Introduction

The head and neck squamous cell carcinomas (HNSCC) are the sixth most frequent malignancy
worldwide. It is properly established as heterogeneous solid tumor, composed by cells with
different phenotypic features with malignant potential. Oral squamous cell carcinoma (OSCC)
is a significant subset of the worldwide burden of HNSCCs. It is essential the understanding
of the OSCC biology and biological behavior of pre-cancerous conditions and pre-cancerous
lesions that may be responsible for malignant transformation. Heterogeneity in prevalence
and anatomic distribution are associated to demographic differences in the habits of exposure
tobacco and alcohol. The use of tobacco and alcohol are often established as risk factors for
OSCC, but this phenomenon could also emerge in individuals not exposed to them. As OSCC,
the pre-cancerous lesions also present a strict connection to tobacco consumption. However,
a relationship between alcohol carcinogenic effect and pre-cancer lesions are not clear. These
populations that develop the pre-cancer lesions or OSCC in the absence of prior contact with
risk factors suggest that others factors can play a role in head and neck carcinogenesis. There
is a longstanding analysis, over the past 2 decades, whether the human papilloma virus (HPV)
infection could have a role in the OSCC carcinogenesis. HPV were first established as cancer
development agent in cervical cancer, succeeding reports established the HPV infection in
mucosal tissues of the oral cavity upper gastrointestinal tract, anogenital tract. In cervical
cancer the categorization subdivided the HPV types into low-risk high-risk types, only the
types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, and 58 are consistently grouped as high risk. The high-
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risk types 16 and 18, as in the cervical and anogenital cancer, are the most common entities
detected in pre-cancerous and HNSCC lesions. Miller & Johnstone [1] describe that likelihood
of detecting HPV, comparing pre-cancerous lesions and HNSCC to normal epithelium, was
three times higher in pre-cancerous lesions and four a five times higher in HNSCC. In despite
of large number of studies, the accurate role of HPV in the HNSCC development and pro‐
gression has been controversial so as in OSCC. HPVs are a circular virion enclosed in a small
capsid. The carcinogenic process occurs through the HPV-DNA integration into host cell.
Usually, the viral oncoproteins codified by HPV-DNA, leads a functional alteration in p53 and
pRb pathways, and consequently genomic instability. However, the oncoproteins expression
alone is not sufficient to induce neoplastic transformation suggesting the requirement of
supplementary genetic modifications. Increased understanding of the role of HPV antigens in
neoplastic pathogenesis confirms the HPV as an etiological agent for cancers and, the knowl‐
edge of HPV cancer biology consequently will provide the development of preventive vaccines
and antiviral treatment. The HPV vaccines have been formulated as a result of core technolo‐
gies implementation that is able to construct virus-like particles (VLPs) equivalent to natural
virions but, at the same time, are not capable to induce an infectious process. In addition, in
this chapter we will discuss the HPV relationship with the pre-cancerous lesions and OSCC.
The present data summarize the knowledge regarding the epidemiology, behavior, biology,
malignant transformation mechanisms, and prognosis of HPV infection.

2. A brief history of papillomavirus and cancer

Human Papillomavirus infection was firstly identified from the embalmed body of a 12th

century B.C. ancient Egyptian worker [2]. During the mummy necropsy procedure Scientists
observed a wart on the sole of his foot. This evidences demonstrated that HPV infection
occurred [3]. Medical literary tidings regard skin and genital warts were described in classical
Greek and Roman literature [2]. However, association between viral origin of warts and sexual
transmission was only confirmed in 19th century [2]. Rigoni-Stern (1842) hypothesized that
cervical cancer could be promoted through sexual contacts. The Italian physician postulated
this conception through the observation of high rates on cervical cancer in sexually active
women, in comparison with non-sexually active women. [4]. Essays to establish relationship
between cervical cancer and HPV-infections were initiated in 1972, this hypothesis was
supported by a rare description of condylomata acuminate malignant transformation into
squamous cell carcinomas highlighting the carcinogenic potential of hpv [4]. Harald zur
Hausen, in 1975 [5], published that HPV could have a pivotal role in human cervix carcino‐
genesis. Eight year after, Hausen et al. identified the subtypes HPV16 and 18 on cervix cancer.

HPV infection was well established as etiologic factor of almost 100% of cervical malignancies
[6]. After this appointment, several studies have addressed to find presence and prevalence of
HPV infection in different tumor sites, including skin, urethra, nasal cavity, paranasal sinus,
larynx, tracheobronchial mucosa and oral cavity [7]. In 1983, a series of studies presented by
Syrjänen et al. [8] highlighted the possible correlation between HPV and oral lesions (non-
neoplastic, benignant and malignant lesions). At the same year, a light microcopy study
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provided by Syrjänen et al. [9-11] firstly suggested a link among HPV infection, HNSCC and
OSCC, through the examination of 40 biopsy specimens. These authors described morpho‐
logical alterations caused by HPV infection in 16 cases; this observation gives supports to HPV
involvement in the development of OSCC. However, the confirmatory evidence of HPV-DNA
in the oral lesions was presented only in 1985 [6,12]. Although the presence of HPV DNA has
been suggested as a possible etiologic factor of oral pre-cancer and cancer, this association has
not been as reliable as in cervical cancers.

3. HPV biology: General considerations

HPV represent a group of DNA viruses that was recently recognized to form their own family,
Papillomaviridae that initially, together with polyomaviruses, was grouped in the Papova‐
viridae family [13]. They are an ancient family of pathogens and are known to infect epithelial
tissues of amphibians, reptiles, birds and mammals [14]. The virus is formed by a non-
enveloped icosahedral capsid with circular double-stranded DNA [15-16]. The genome is
small, comprising to 8.000 base pairs, but it is complex, composed of three distinct regions:
early region (E), late region (L) and upstream regulatory region (URR) or long region control
(LCR).

The E region contains from seven to eight genes (E1, E2, E3, E4, E5, E6, E7 and E8), of which
E1 is related with viral replication, E2 with viral transcription and DNA replication, E4 with
maturation and alteration of extracellular matrix cell and E5, E6 and E7 are involved in cellular
transformation. The E3 and E8 genes have been recently described only in a few HPV types
but their function is unknown [16-18].The L region containing two genes, L1 and L2, which
encode structural proteins necessary for viral capsid formation in the final stages of replication.
Both E and L are coding region therefore called open reading frames (ORF), however the region
URR does not fit in this description because it is a non-coding region. The URR region is found
between E and L region and contain promoter and enhancer DNA sequences critical to regulate
viral replication and transcription by both viral and cellular genes [19].

Based on phylogenetic analysis, the HPV is classified into genera (alpha, beta, gamma, mu and
nu), species and types [15]. The classification of HPV types is based mainly on analyses of the
L1 gene, which is the most conserved gene in all known papillomaviruses. When the DNA
sequence of the L1 ORF differs by more than 10% from the closest known virus type, a new
papillomavirus is recognized. Differences between 2% and 10% homology define a subtype
and less than 2% a variant. A viral variant can differ between 2% in coding regions and 5% in
non-coding regions [13,15]. Currently, approximately 150 different types are recognized and
120 HPV types are fully sequenced [18]. Types classified as members of the same species with
approximately 80-90% of similarities trend to share biological properties such as the tissue
tropism, disease manifestation, and pathogenicity [14].

According to their tropism, the HPV also can be classified as cutaneous and mucosal type. The
cutaneous type are associated with skin lesions, being HPVs 1, 2 and 4 the most prevalent in
common and plantar warts, and the types 5, 8, 9, 12, 14, 15, 17, 19-25, 36, 46 and 47 the most
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frequent in epidermodysplasia verruciforme. HPV-5 and -8 are associated with skin carcinoma
[20-21]. HPV with mucous tropism infects the anogenital tract, upper aero digestive tract, other
head and neck mucosa and are generally subdivided into high-risk and low-risk type based
on their oncogenical potential. The most relevant low-risk type are HPV-6 and 11, however
the types 40, 42, 43, 44, 54, 61, 70, 72 can be observed in genital benign lesions. Among the high-
risk types, the HPV 16 and 18 are most common; especially type 16, which can be found in
various cancers such as cervical, oropharyngeal and penile carcinomas. Types 31, 33, 35, 52,
58 and 67 belong to a category of moderate to high-risk [20,22-24].

HPV life cycle is closely linked to the differentiation program of infected epithelial cells, more
specifically the keratinocytes. Infection is initiated through microlesions in the epithelium,
which allow virions come in contact with the basal cell layer by direct HPV receptor connection
to surface host cell ligands. The receptors involved are not fully identified, but some data
revealed a role for α6 integrin and heparin sulfate. Following infection, the virus probably
maintains its genome as a low copy number episome in the basal cells of the epithelium,
providing a reservoir of viral DNA for further use in cell divisions. When infected basal cells
begin to divide, viral DNA is distributed among the daughter cells with a massive upregulation
of expression of all early genes mainly the E6 and E7. After mitosis some daughter cells may
persist in the basal layers, whereas other move toward the upper layers of the epithelium and
begin to differentiate. During this differentiation process there is viral DNA replication that
amplifies the amount of virus at least 1000 copies per cell, and finally expression of the coat
proteins L1 and L2 followed by assembly of infectious virus [25-28].

The mechanism of viral-induced cell growth is analogous to other tumors viruses that
deregulate the cell cycle. Cancer appearance in lesions with persistent HPV is related to the
overexpression of E6 and E7 proteins. E6 interfere with the function of p53 whereas E7 with
the function of Rb protein, leading to abnormal cells growth by promoting inhibition of
apoptosis and dysregulation of cell cycle, respectively. [28]. Basically, HPV infection occurs
through sexual contact, non-sexual contact and maternal contact. In healthy individuals most
(around 80%) HPV infections clear spontaneously but in some cases, HPV infection persist,
leading to cancer development [26,29]. A series of events allows the viral persistence: differ‐
entiation-specific organization of the virus life cycle, mechanisms to maintain genome copy-
number in undifferentiated cells, angiogenesis promotion, and strategies to evade both innate
and adaptive immune surveillance [28].

4. HPV and head and neck sites

Twenty-five percent of HNSCC are associated with HPV [30]. There is increasing evidences
that sexual practices are the means by which HPV-Positive HNSCC patients are exposed to
virus. Therefore, changes in sexual practices (young people with their first sexual experience
at an earlier age, numbers of sexual partners and higher probability of engaging in oral sex
compared to individuals from earlier decades) may be associated with HPV-infection preva‐
lence [31].
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Recently, a specific correlation between HPV-positive patients and sexual behavior has been
established in HNSCC [32]. This study shown, in patients with HNSCC, that high-risk HPV-16
was correlated with vaginal/oral sex partners, casual sex habits and infrequent users of barriers
during vaginal/oral sex. Heck et al. [31] presents association between HNSCC subtypes and
sexual behavior. In Oropharynx Cancer the prevalence of HPV infection is close to 36% [30]
and this entity was associated with the number of sexual partners and lifetime oral sex partners
[31]. A similar result was described by D’Souza et al. [33], which presented an association
between HPV-16 measurements and presence of oral HPV-infection. The authors has also
found HPV-16–positive oropharyngeal cancer correlated with oral-sex or vaginal-sex partners,
engagement in casual sex, early age at first intercourse, and infrequent use of condoms. In
tonsillar cancers, Hemminki et al. [34] demonstrated that women with cervical lesions present
an increased risk of tonsillar cancer. In addition, increased risk was also found among
husbands of women with invasive cervical malignancies. Heck et al., [31] has also found
correlation among tonsillar cancers, number of oral sex partners, and earlier age at sexual
debut. At the same study, another subtype of HNSCC (Cancer of the Base of the Tongue) was
associated with sexual behavior; it was related with oral sex among women, number of sexual
partners, and among men presenting history of same-sex sexual contact.

The  sexual  behavior  has  been  associated  with  oral  HPV-infection.  Univariate  analysis
showed that  oral  HPV-infection was significantly increased with the lifetime number of
oral/vaginal sex partners. Multivariate analysis demonstrated that oral HPV-infection was
significantly elevated among individuals who reported having either 10 oral or 25 vaginal
sex partners during their life [35]. In addition, a curious fact was demonstrated: the open-

Figure 1. Human Papillomavirus Life Cycle: A: Early gene expression E1, E2, E6 and E7; B: Viral genome amplification;
C: Virion assembly and release (Adapted from Moody & Laimins 2010).
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mouthed kissing was associated with oral HPV-infections and could contribute to HPV-
infection among individuals who might not otherwise be exposed. To summarize, all these
findings suggests that HPV- infection sexually transmitted could play an important role in
HNSCC carcinogenesis [35].

5. Oral premalignant lesions

The transformation of normal oral mucosa in OSCC entities can be linked to the emergence of
Pre-Cancerous lesion [36]. This association with several oral mucosa disorders such as oral
leukoplakia, oral erythroplakia, oral lichen planus, nicotine stomatitis, tobacco pouch keratosis
and oral submucous fibrosis (Table1) could be seen. However, that kind of disorders presents
a varied spectrum of malignant transformation potential [37]. Reviewing the clinical features
of oral Pre-Cancerous lesions and OSCC, the literature emphatically agrees that the early
detection is the most important strategy for diagnosis and prevention of OSCC [37]. Applying
this diagnosis strategy the OSCC-patients reduces the treatment in advanced stages, thereby
increasing the chances of cure [36]. One of the extensive efforts in the clinical management of
patients diagnosed with Pre-Cancerous lesions is to delineate clinical outcome, since it is
difficult to separate lesions that follow a benign transformation from the entities that are
predisposed to malignant course [38]. However, can be observed only a subset of Pre-
Cancerous lesions following the malignant course blowing in OSCC.

Disease Name Malignant Potential

Proliferative Verrucous Leukoplakia (PVl) 6

Nicotine Palatinus in Reverse Smokers 5

Erythroplakia 5

Oral Submucous Fibrosis 5

Erythroleukoplakia 4

Granular Leukoplakia 4

Laryngeal Keratosis 3

Actinic Cheilosis 3

Smooth. Thick leukoplakia 2

Smooth. Red Tongue of Plummer-Vinson Syndrome 2

Smokeless Tobacco Keratosis 1

Lichen Planus (erosive forms) 1

Smooth Thin Leukoplakia +/-

Table 1. Malignant transformation Potential of Precancerous Lesions (adapted from Neville et al. 2009).
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The role of HPV in cancer has been exhausted discuss during the recent years. However, HPV
in Pre-Cancerous lesions malignant transformation remains under study. Currently, some of
the most studied Pre-Cancerous lesions in the literature are: Oral leukoplakia, Oral erythro‐
plakia, Oral lichen planus Oral submucous fibrosis and Smokeless tobacco keratosis. Aimed
to understand the malignant potential of theses lesions some author have attempted to relate
the disorder progression with HPV malignant mechanism. Even so, the complete knowledge
of viral infection and malignant transformation still remains obscure and controversial.

5.1. Oral leukoplakia and HPV

Oral leukoplakia (OL) is considered an uncommon potentially malignant lesion of the oral
mucosa. In 1978, Kramer and colleagues defined Oral leukoplakia as ‘‘a white patch or plaque
that cannot be characterized clinically or histopathologically, as any other disease’’ [39].
Observing only oral Pre-Cancerous Lesions, OL is the most frequent potentially malignant
lesion of this mucosa, represents 85% of oral Pre-Cancerous Lesions presenting a predilection
to male gender [40-42]. However, additional reports found no differences among gender [43].
OL affects 3% of white adults [42] with age distribution in the developed countries between
the fourth and seventh decades of life, whilst in the developing countries might occur up to
5-10 years earlier [41].

Clinically, OL can be separated in homogeneous and non-homogeneous leukoplakias entities.
The first group (homogeneous) was classified into flat, corrugated, wrinkled and pumice-like,
and the latter group of leukoplakias (non-homogeneous) was classified into verrucous,
nodular, ulcerated and erythroleukoplakia. The authors has also describes that a non-homo‐
geneous leukoplakias presents an increased malignant potential when compared to homoge‐
neous entities [44]. OL can be microscopically characterized by a hyperkeratosis of squamous
epithelium. This hyperkeratosis consists of hyperparakeratosis or hyperorthokeratosis;
however, a combination between hyperparakeratosis and hyperorthokeratosis also can be
seen. In spite of hyperkeratosis, the underlying epithelium layer can show atrophy or thinning.
However, spinous layer can presents acanthosis process and the subjacent connective tissue
can present a chronic inflammatory infiltrate, ranging from spread foci of inflammatory cells
presented in smooth leukoplakia to the numerous foci observed on speckled leukoplakia [42].

Through the years, OL increases the tendency to malignant transformation [45]. The causes of
OL remain unclear, in spite of that tobacco intake is considered the most common risk factor
for oral leukoplakia development [41-42]. This relation seems to be universal; it appears both
in the developing and developed world [41,46]. HPV-infection was well established as etiologic
factor of almost 100% of cervical malignancies [6]. Through this establishment, several studies
have addressed to find presence and prevalence of HPV-infection in different tumor sites. In
the oral cavity, benign lesions have been associated with 24 types of HPV (1, 2, 3, 4, 6, 7, 10, 11,
13, 16, 18, 30, 31, 32, 33, 35, 45, 52, 55, 57, 59, 69, 72 and 73) and malignant entities have been
associated with HPV types 2, 3, 6, 11, 13, 16, 18, 31, 33, 35, 52 and 57 [47-48].

Presence of HPV-DNA was more frequent in pre-cancerous lesions and OSCC when compared
with control samples. However, only pre-cancerous lesions reach a statistical significance (P
= 0.0216) [49]. Comparing OSCC and control samples with pre-cancerous lesions pre-cancerous
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mouthed kissing was associated with oral HPV-infections and could contribute to HPV-
infection among individuals who might not otherwise be exposed. To summarize, all these
findings suggests that HPV- infection sexually transmitted could play an important role in
HNSCC carcinogenesis [35].

5. Oral premalignant lesions

The transformation of normal oral mucosa in OSCC entities can be linked to the emergence of
Pre-Cancerous lesion [36]. This association with several oral mucosa disorders such as oral
leukoplakia, oral erythroplakia, oral lichen planus, nicotine stomatitis, tobacco pouch keratosis
and oral submucous fibrosis (Table1) could be seen. However, that kind of disorders presents
a varied spectrum of malignant transformation potential [37]. Reviewing the clinical features
of oral Pre-Cancerous lesions and OSCC, the literature emphatically agrees that the early
detection is the most important strategy for diagnosis and prevention of OSCC [37]. Applying
this diagnosis strategy the OSCC-patients reduces the treatment in advanced stages, thereby
increasing the chances of cure [36]. One of the extensive efforts in the clinical management of
patients diagnosed with Pre-Cancerous lesions is to delineate clinical outcome, since it is
difficult to separate lesions that follow a benign transformation from the entities that are
predisposed to malignant course [38]. However, can be observed only a subset of Pre-
Cancerous lesions following the malignant course blowing in OSCC.

Disease Name Malignant Potential

Proliferative Verrucous Leukoplakia (PVl) 6

Nicotine Palatinus in Reverse Smokers 5

Erythroplakia 5

Oral Submucous Fibrosis 5

Erythroleukoplakia 4

Granular Leukoplakia 4

Laryngeal Keratosis 3

Actinic Cheilosis 3

Smooth. Thick leukoplakia 2

Smooth. Red Tongue of Plummer-Vinson Syndrome 2

Smokeless Tobacco Keratosis 1

Lichen Planus (erosive forms) 1

Smooth Thin Leukoplakia +/-

Table 1. Malignant transformation Potential of Precancerous Lesions (adapted from Neville et al. 2009).
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The role of HPV in cancer has been exhausted discuss during the recent years. However, HPV
in Pre-Cancerous lesions malignant transformation remains under study. Currently, some of
the most studied Pre-Cancerous lesions in the literature are: Oral leukoplakia, Oral erythro‐
plakia, Oral lichen planus Oral submucous fibrosis and Smokeless tobacco keratosis. Aimed
to understand the malignant potential of theses lesions some author have attempted to relate
the disorder progression with HPV malignant mechanism. Even so, the complete knowledge
of viral infection and malignant transformation still remains obscure and controversial.

5.1. Oral leukoplakia and HPV

Oral leukoplakia (OL) is considered an uncommon potentially malignant lesion of the oral
mucosa. In 1978, Kramer and colleagues defined Oral leukoplakia as ‘‘a white patch or plaque
that cannot be characterized clinically or histopathologically, as any other disease’’ [39].
Observing only oral Pre-Cancerous Lesions, OL is the most frequent potentially malignant
lesion of this mucosa, represents 85% of oral Pre-Cancerous Lesions presenting a predilection
to male gender [40-42]. However, additional reports found no differences among gender [43].
OL affects 3% of white adults [42] with age distribution in the developed countries between
the fourth and seventh decades of life, whilst in the developing countries might occur up to
5-10 years earlier [41].

Clinically, OL can be separated in homogeneous and non-homogeneous leukoplakias entities.
The first group (homogeneous) was classified into flat, corrugated, wrinkled and pumice-like,
and the latter group of leukoplakias (non-homogeneous) was classified into verrucous,
nodular, ulcerated and erythroleukoplakia. The authors has also describes that a non-homo‐
geneous leukoplakias presents an increased malignant potential when compared to homoge‐
neous entities [44]. OL can be microscopically characterized by a hyperkeratosis of squamous
epithelium. This hyperkeratosis consists of hyperparakeratosis or hyperorthokeratosis;
however, a combination between hyperparakeratosis and hyperorthokeratosis also can be
seen. In spite of hyperkeratosis, the underlying epithelium layer can show atrophy or thinning.
However, spinous layer can presents acanthosis process and the subjacent connective tissue
can present a chronic inflammatory infiltrate, ranging from spread foci of inflammatory cells
presented in smooth leukoplakia to the numerous foci observed on speckled leukoplakia [42].

Through the years, OL increases the tendency to malignant transformation [45]. The causes of
OL remain unclear, in spite of that tobacco intake is considered the most common risk factor
for oral leukoplakia development [41-42]. This relation seems to be universal; it appears both
in the developing and developed world [41,46]. HPV-infection was well established as etiologic
factor of almost 100% of cervical malignancies [6]. Through this establishment, several studies
have addressed to find presence and prevalence of HPV-infection in different tumor sites. In
the oral cavity, benign lesions have been associated with 24 types of HPV (1, 2, 3, 4, 6, 7, 10, 11,
13, 16, 18, 30, 31, 32, 33, 35, 45, 52, 55, 57, 59, 69, 72 and 73) and malignant entities have been
associated with HPV types 2, 3, 6, 11, 13, 16, 18, 31, 33, 35, 52 and 57 [47-48].

Presence of HPV-DNA was more frequent in pre-cancerous lesions and OSCC when compared
with control samples. However, only pre-cancerous lesions reach a statistical significance (P
= 0.0216) [49]. Comparing OSCC and control samples with pre-cancerous lesions pre-cancerous
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lesions the authors also found a significant prevalence of Low- risk HPV in pre-cancerous
lesions. Significant prevalence of Low-risk HPV in pre-cancerous lesions has also observed by
Miller & Johnstone [1] meta-analysis. They reported that low-risk HPV DNA was more
prevalent in OL and; on the contrary, observed that high-risk HPVs was 2.8 times more
frequent in OSCC.

The presence of HPV has been analyzed in potentially malignant lesions, and HPV DNA has
been found in different proportions. Sugiyama et al. [50] detected HPV-16 and -18 in normal,
dysplastic, and malignant oral epithelium and found statistical significance between the
HPV-16 detection in epithelial dysplasia group and OSCC group. A study comparing normal
oral mucosa, OL and OSCC was coordinated by Llamas-Martinez et al. [51], aiming to
determinate the HPV genome as an independent clinicopathological factor and detect different
HPV-genotypes. The data do not show relationship between HPV-genotypes and clinicopa‐
thological factors. However, the presence of HPV-16 was increased in OL and OSCC (14/35
cases 40%, 11/33 cases 33.3% (p=0,0005); respectively). These results suggest that HPV-16 is
related with OL and OSCC pathogenesis. Campisi et al. [52] investigating the relation among
High-Risk HPV infection, apoptosis (bcl-2 and survivin) and proliferation biomarkers (PCNA)
observed HPV-DNA in 38.1% of samples. HPV infection was associated with survivin and
PCNA suggesting the interference of HPV on epithelial maturation. A year before, Lo Muzio
et al. [53] showed increased rates of HPV-positive OL related with a survivin expression and
suggested an unfavorable clinical outcome to these lesions. This unfavorable behavior was
induced by influence of survivin on apoptosis process.

In conclusion, the correlation between OL malignant transformation and HPV infection were
not totally understood. However, these data suggests that HPV-infection could play an
important role in oral carcinogenesis leading to OL malignant transformation.

5.2. Oral erythroplakia and HPV

The expression ‘erythroplasia’ initially was used to describe a reddish precancerous lesion that
develops on the glans of penis [55]. Due to clinical and histopathological similarities with
genital process, the reddish precancerous oral lesion has also named erythroplakia. The Oral
erythroplakia (OE) is presented like an unknown-causes lesion. However, it is assumed the same
association with OSCC [42]. The authors has also describes that OE presents an increased
malignant potential when compared with others pre-cancerous entities [42,55], Older men are
predominantly affected by OE with peak prevalence in the sixth decade of life (65 to 74 years).
Floor of mouth, tongue, and soft palate are the most common sites of involvement [42].

Clinically, OE may be associated with leukoplakia (erythroleukoplakia) and OSCC [56].
Usually, the lesions do not present symptoms but, is not uncommon some patients reporting
a burning sensation and ⁄ or sore. The altered mucosa can present a well-demarcated eryth‐
ematous macule or plaque with a soft, velvety texture [55]. Microscopically, reddish color of
erythroplakia can be explained by a combination of features. Red color is presented by
underlying microvasculature, and additionally, this color can be due to low keratinization and
epithelial thinness [42]. Generally, OE can be associated to severe epithelial dysplasia and, at
the time of biopsy, may presents ‘carcinoma in situ’ or ‘invasive carcinoma’ [55].

Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective248

Information about the role of HPV infection in OE is limited. Reichart & Philipsen (2004)
discussed the role of hpv infection in OE together with p53 alterations [56]. Nielsen et al. [57]
immunohistochemically detected hpv-infection (by situ hybridisation and PCR) in potentially
malignant oral lesions. Fifty percent of OE studied cases were HPV-positive. The authors
suggest that HPV may be an etiologic co-factor involved in development of oral cancer.
However, we can not assume that HPV is the major etiologic factor involved in malignant
transformation of OE

5.3. Oral lichen planus and HPV

In 1869, Dr. Erasmus Wilson provided the first medical report about the chronic derrnatologic
disorder lichen planus. The British physician appointed the disorder “lichen planus” because the
skin lesions appear to be quite similar to the symbiotic algae and fungi relationship (lichen) [42].
Oral lichen planus (OLP) is a chronic mucocutaneous disorder presenting a potentially prema‐
lignant behavior. However, less than 1% of OLP progress to malignancy state [58]. This injury
is most common in middle-aged adults within preponderance for female gender (3:2 ratio) [42].
Mattila et al. [58] characterized the OLP in 6 variants: reticular, papular, plaque-type, atrophic,
erosive and bullous. Clinically, Neville et al. [42] mentioned reticular and erosive forms as the
most common variants presented in the oral mucosa. Although, not common as reticular and
erosive, the bullous form was considered a rare oral disorder [59]. Three most common oral
mucosa sites involved in OLP are: buccal mucosa, gingivae and lateral borders of the tongue.
Additionally, its can be originated in any site of oral mucosa and frequently, is seen as bilateral
lesions [59].

Microscopically, the OLP is presented like a non-specific lesion. Moreover, some oral disorders
may also demonstrate a similar histopathologic pattern to the OLP-lesions. The injured
epithelium may present orthokeratosis and parakeratosis. A spinous cells layer thickness can
be observed in different degrees. The rete ridges may be presented as a classically "saw
toothed" shape. Due to hydropic degeneration is evident a destruction of the epithelium basal
cell layer and, subjacent to epithelium an intense T lymphocytes band-like infiltrate can be
observed [42].

Some authors attempt to elucidate the correlation between HPV-infection and malignant
transformation of OLP; however, results from pertinent literature are conflicting. The High-
risk HPV-16 was described in 26.3% of OLP, with significant statistical difference between
High-risk HPV-16 prevalence and OLP when compared to control samples [60]. A study
performed by Sand et al. [61] demonstrated the High-Risk HPV-18 in approximately 27% of
lichen planus cases but do not found statistical difference between HPV infection and oral
lesions suggesting the unclear pathologic correlation between HPV and OLP. On the other
hand, Campisi et al. [62] demonstrated the presence of HPV-DNA in 19.7% (n = 14/71) of
patients with OLP, with significant statistical difference in comparison with controls cases
(5/90; 5.6%) (P = 0.005). In the present study, the High-risk HPV-18 was the most frequent
genotype found, it was present in 71.4% (10/14) of samples. In a second analysis, all of cases
were pooled in 2 clinical groups: (1) atrophic-erosive (AE) (atrophic, erosive, bullous, and
mixed AE variants); and (2) nonatrophic-erosive (non-AE) (reticular, plaque-like, popular, and
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lesions the authors also found a significant prevalence of Low- risk HPV in pre-cancerous
lesions. Significant prevalence of Low-risk HPV in pre-cancerous lesions has also observed by
Miller & Johnstone [1] meta-analysis. They reported that low-risk HPV DNA was more
prevalent in OL and; on the contrary, observed that high-risk HPVs was 2.8 times more
frequent in OSCC.

The presence of HPV has been analyzed in potentially malignant lesions, and HPV DNA has
been found in different proportions. Sugiyama et al. [50] detected HPV-16 and -18 in normal,
dysplastic, and malignant oral epithelium and found statistical significance between the
HPV-16 detection in epithelial dysplasia group and OSCC group. A study comparing normal
oral mucosa, OL and OSCC was coordinated by Llamas-Martinez et al. [51], aiming to
determinate the HPV genome as an independent clinicopathological factor and detect different
HPV-genotypes. The data do not show relationship between HPV-genotypes and clinicopa‐
thological factors. However, the presence of HPV-16 was increased in OL and OSCC (14/35
cases 40%, 11/33 cases 33.3% (p=0,0005); respectively). These results suggest that HPV-16 is
related with OL and OSCC pathogenesis. Campisi et al. [52] investigating the relation among
High-Risk HPV infection, apoptosis (bcl-2 and survivin) and proliferation biomarkers (PCNA)
observed HPV-DNA in 38.1% of samples. HPV infection was associated with survivin and
PCNA suggesting the interference of HPV on epithelial maturation. A year before, Lo Muzio
et al. [53] showed increased rates of HPV-positive OL related with a survivin expression and
suggested an unfavorable clinical outcome to these lesions. This unfavorable behavior was
induced by influence of survivin on apoptosis process.

In conclusion, the correlation between OL malignant transformation and HPV infection were
not totally understood. However, these data suggests that HPV-infection could play an
important role in oral carcinogenesis leading to OL malignant transformation.

5.2. Oral erythroplakia and HPV

The expression ‘erythroplasia’ initially was used to describe a reddish precancerous lesion that
develops on the glans of penis [55]. Due to clinical and histopathological similarities with
genital process, the reddish precancerous oral lesion has also named erythroplakia. The Oral
erythroplakia (OE) is presented like an unknown-causes lesion. However, it is assumed the same
association with OSCC [42]. The authors has also describes that OE presents an increased
malignant potential when compared with others pre-cancerous entities [42,55], Older men are
predominantly affected by OE with peak prevalence in the sixth decade of life (65 to 74 years).
Floor of mouth, tongue, and soft palate are the most common sites of involvement [42].

Clinically, OE may be associated with leukoplakia (erythroleukoplakia) and OSCC [56].
Usually, the lesions do not present symptoms but, is not uncommon some patients reporting
a burning sensation and ⁄ or sore. The altered mucosa can present a well-demarcated eryth‐
ematous macule or plaque with a soft, velvety texture [55]. Microscopically, reddish color of
erythroplakia can be explained by a combination of features. Red color is presented by
underlying microvasculature, and additionally, this color can be due to low keratinization and
epithelial thinness [42]. Generally, OE can be associated to severe epithelial dysplasia and, at
the time of biopsy, may presents ‘carcinoma in situ’ or ‘invasive carcinoma’ [55].
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Information about the role of HPV infection in OE is limited. Reichart & Philipsen (2004)
discussed the role of hpv infection in OE together with p53 alterations [56]. Nielsen et al. [57]
immunohistochemically detected hpv-infection (by situ hybridisation and PCR) in potentially
malignant oral lesions. Fifty percent of OE studied cases were HPV-positive. The authors
suggest that HPV may be an etiologic co-factor involved in development of oral cancer.
However, we can not assume that HPV is the major etiologic factor involved in malignant
transformation of OE

5.3. Oral lichen planus and HPV

In 1869, Dr. Erasmus Wilson provided the first medical report about the chronic derrnatologic
disorder lichen planus. The British physician appointed the disorder “lichen planus” because the
skin lesions appear to be quite similar to the symbiotic algae and fungi relationship (lichen) [42].
Oral lichen planus (OLP) is a chronic mucocutaneous disorder presenting a potentially prema‐
lignant behavior. However, less than 1% of OLP progress to malignancy state [58]. This injury
is most common in middle-aged adults within preponderance for female gender (3:2 ratio) [42].
Mattila et al. [58] characterized the OLP in 6 variants: reticular, papular, plaque-type, atrophic,
erosive and bullous. Clinically, Neville et al. [42] mentioned reticular and erosive forms as the
most common variants presented in the oral mucosa. Although, not common as reticular and
erosive, the bullous form was considered a rare oral disorder [59]. Three most common oral
mucosa sites involved in OLP are: buccal mucosa, gingivae and lateral borders of the tongue.
Additionally, its can be originated in any site of oral mucosa and frequently, is seen as bilateral
lesions [59].

Microscopically, the OLP is presented like a non-specific lesion. Moreover, some oral disorders
may also demonstrate a similar histopathologic pattern to the OLP-lesions. The injured
epithelium may present orthokeratosis and parakeratosis. A spinous cells layer thickness can
be observed in different degrees. The rete ridges may be presented as a classically "saw
toothed" shape. Due to hydropic degeneration is evident a destruction of the epithelium basal
cell layer and, subjacent to epithelium an intense T lymphocytes band-like infiltrate can be
observed [42].

Some authors attempt to elucidate the correlation between HPV-infection and malignant
transformation of OLP; however, results from pertinent literature are conflicting. The High-
risk HPV-16 was described in 26.3% of OLP, with significant statistical difference between
High-risk HPV-16 prevalence and OLP when compared to control samples [60]. A study
performed by Sand et al. [61] demonstrated the High-Risk HPV-18 in approximately 27% of
lichen planus cases but do not found statistical difference between HPV infection and oral
lesions suggesting the unclear pathologic correlation between HPV and OLP. On the other
hand, Campisi et al. [62] demonstrated the presence of HPV-DNA in 19.7% (n = 14/71) of
patients with OLP, with significant statistical difference in comparison with controls cases
(5/90; 5.6%) (P = 0.005). In the present study, the High-risk HPV-18 was the most frequent
genotype found, it was present in 71.4% (10/14) of samples. In a second analysis, all of cases
were pooled in 2 clinical groups: (1) atrophic-erosive (AE) (atrophic, erosive, bullous, and
mixed AE variants); and (2) nonatrophic-erosive (non-AE) (reticular, plaque-like, popular, and
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mixed non-AE variants) to evaluate the association between OLP variants and HPV-infection.
However, this analysis failed to find particular correlation between OLP variants and HPV-
infection. Analyzing 82 patients diagnosed with atrophic OLP, Mattila et al. [58] found that
HPV-infection was present in 15,9% of lesions and was related with High-risk HPV-16. In
addition, the HPV-positive cases presented a higher proliferation index and overexpression
of Topoisomerase IIa (protein responsible for removal of DNA positive supercoils) in supra‐
basal layers in comparison with HPV-negative cases.

Ostwald et al. [63] studying prevalence and influence of Low-risk Hpv 6/11 and high-risk
Hpv16/18 in benign oral lesions and OSCC detected the HPV-infection in 15.4% of OLP cases.
Low-risk HPV presented the higher prevalence in OLP, whereas the High-Risk HPV presented
the higher prevalence in OSCC. These interesting results demonstrated that High-risk HPV
infection was successively increased from low-level premalignant lesion to OSCC, suggesting
a correlation between High-Risk HPV and malignant potential [64]. The conflicting results of
studies involving HPV-infection and malignant transformation of OLP lesions may occur due
to differences in sample size of patients, associated comorbidities, and other external factors.

5.4. Oral submucous fibrosis and HPV

The name “Oral submucous fibrosis” (OSF) was firstly presented by Joshi in 1953; however,
Schwartz had described this condition in five cases originated from Kenya, a year before, as
‘atropica idiopathica mucosae oris’ [65]. OSF is frequently found in South Asian and South-East
Asian patients (India, Bangladesh, Sri Lanka, Pakistan, Taiwan, Southern China) aged of 20–
40 years [63]. This potentially malignant disorder has been close related to chronic consump‐
tion of Betel quid and Paan [42].

Microscopically, OSF can be characterized by the submucosal deposition of connective tissue.
This deposition is extremely dense and presents a reduced vascular tissue. In early-stage lesion,
sub-epithelial vesicles can be observed. On the other hand, the older-stage lesion presents
epithelial atrophy with hyperkeratosis. In conjunction with these epithelial changes, 10% to
15% of biopsied tissues present epithelial dysplasia [42].

Although, OSF presents a multifactorial etiology, Betel quid and Paan consumption are
considered the major causative agents. In pertinent literature only four studies evaluating the
HPV and OSF were found: two studies evaluating an Indian population; one study analyzing
differences between HPV-infection prevalence in OCSS and pre-malignant lesion; one study
comparing two different HPV detection methods). Study performed by Luo et al. [49] pre‐
sented only two cases of OSF infected by HPV-virion. Although, the lesions had been positive
for HPV-infection was not possible to perform other conclusions, because this study used a
small number of cases. Chaudhary et al. [66], comparing two HPV-detection methods identi‐
fied around of 27% (total of 208 cases) of OSF patients’ positive for HPV-infection. These two
reports do not allow us to establish any positive correlation between HPV-infection and
malignant transformation. In addition, evaluation of a hundred thirteen cases of OSF, designed
by Mehrotra et al. [67], to assess the relationship of human papilloma virus infection and OSF
showed no significant correlation between these two entities. Although, the hpv-infection do
not show association with OSF an Indian population study, investigating the prevalence of
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HPV-16 in OSF and OSCC cases, found a 91% prevalence of HPV-DNA in OSF and speculated
that epithelium lesions in OSF could be an important factor to integration of HPV in basal cells
genome (Jalouli et al. [68]. In conclusion, these studies do not have strength to sustain the idea
that HPV has an important role in the malignant transformation of OSF.

5.5. Smokeless tobacco keratosis and HPV

Several oral manifestations have been associated to use of Smokeless Tobacco. Oral manifesta‐
tions occur at the site of Smokeless Tobacco placement including mucosal lesions (Smokeless
Tobacco Keratosis “STK”) and gingival-periodontal disorders such as gingival recession,
gingival inflammation, changes in gingival blood flow and interproximal periodontal attach‐
ment loss [69]. The use of Smokeless Tobacco and the STK has been suggested to be involved in
development of oral cancers [70].

Clinically, the site of Smokeless Tobacco placement presents a leukoplakic lesion referred as
“snuff dippers” lesions [71] STK presents a non-specific histopathologic appearance [42].
Squamous epithelium is hyper keratinized [42,70] and acanthotic; in addition, the intra-cellular
edema is not uncommon on superficial cells glycogen-rich. In some cases, subjacent connective
tissue can present an amorphous eosinophilic material. An increased sub-epithelial vascularity
and vessel engorgement also can be seen. [42]. In STK the epithelial dysplasia does not
common. In a study conducted by Leopardi et al. [72] they not evidenced cases of epithelial
dysplasia. However, when present, epithelial dysplasia is usually mild [42]. Studies on STK
pointed to three clinical grades [73].

Studies on smokeless tobacco keratosis pointed to three clinical grades: 1) Grade I superficial
lesions presenting modest wrinkling and no mucosal thickening. Grade I lesions tends to
present similar color to the surrounding mucosa. 2) Grade II superficial whitish lesions with
undulating areas displaying moderate wrinkling and no mucosal thickening. 3) Grade III white
entities with normal mucosal color areas, STK Grade III shows mucosal thickening and
wrinkling [71]. However, this lesion is reversible when the product is discontinued [42].
Related to HPV a work aimed to detect p16 (INK4a) protein expression in smokeless tobacco
keratosis as reliable precancerous marker. The author detected HPV-DNA in 15 of 62 (24%)
cases and an apparent relation between the three standard grades of STK lesions and HPV-
infection was observed. [71]

6. Malignant oral lesions and HPV

In the oral cavity, 24 types of HPV (1, 2, 3, 4, 6, 7, 10, 11, 13, 16, 18, 30, 31, 32, 33, 35, 45, 52, 55,
57, 59, 69, 72 and 73) have been associated with benign lesions and 12 types (2, 3, 6, 11, 13, 16,
18, 31, 33, 35, 52 and 57) with malignant lesions [47-48]. Since the first report of the presence
of HPV DNA in head and neck cancer, 65 high-risk types have been consistently detected at
different sites; however, these types are specifically found in transcriptionally active tumor
cells [74]. According to data from a review, 99% of HPV-infections in head and neck cancers
are by high-risk types 16, 18, 31 and 33 [75]. Infection with HPV 33 accounts for up to 10% of
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mixed non-AE variants) to evaluate the association between OLP variants and HPV-infection.
However, this analysis failed to find particular correlation between OLP variants and HPV-
infection. Analyzing 82 patients diagnosed with atrophic OLP, Mattila et al. [58] found that
HPV-infection was present in 15,9% of lesions and was related with High-risk HPV-16. In
addition, the HPV-positive cases presented a higher proliferation index and overexpression
of Topoisomerase IIa (protein responsible for removal of DNA positive supercoils) in supra‐
basal layers in comparison with HPV-negative cases.

Ostwald et al. [63] studying prevalence and influence of Low-risk Hpv 6/11 and high-risk
Hpv16/18 in benign oral lesions and OSCC detected the HPV-infection in 15.4% of OLP cases.
Low-risk HPV presented the higher prevalence in OLP, whereas the High-Risk HPV presented
the higher prevalence in OSCC. These interesting results demonstrated that High-risk HPV
infection was successively increased from low-level premalignant lesion to OSCC, suggesting
a correlation between High-Risk HPV and malignant potential [64]. The conflicting results of
studies involving HPV-infection and malignant transformation of OLP lesions may occur due
to differences in sample size of patients, associated comorbidities, and other external factors.

5.4. Oral submucous fibrosis and HPV

The name “Oral submucous fibrosis” (OSF) was firstly presented by Joshi in 1953; however,
Schwartz had described this condition in five cases originated from Kenya, a year before, as
‘atropica idiopathica mucosae oris’ [65]. OSF is frequently found in South Asian and South-East
Asian patients (India, Bangladesh, Sri Lanka, Pakistan, Taiwan, Southern China) aged of 20–
40 years [63]. This potentially malignant disorder has been close related to chronic consump‐
tion of Betel quid and Paan [42].

Microscopically, OSF can be characterized by the submucosal deposition of connective tissue.
This deposition is extremely dense and presents a reduced vascular tissue. In early-stage lesion,
sub-epithelial vesicles can be observed. On the other hand, the older-stage lesion presents
epithelial atrophy with hyperkeratosis. In conjunction with these epithelial changes, 10% to
15% of biopsied tissues present epithelial dysplasia [42].

Although, OSF presents a multifactorial etiology, Betel quid and Paan consumption are
considered the major causative agents. In pertinent literature only four studies evaluating the
HPV and OSF were found: two studies evaluating an Indian population; one study analyzing
differences between HPV-infection prevalence in OCSS and pre-malignant lesion; one study
comparing two different HPV detection methods). Study performed by Luo et al. [49] pre‐
sented only two cases of OSF infected by HPV-virion. Although, the lesions had been positive
for HPV-infection was not possible to perform other conclusions, because this study used a
small number of cases. Chaudhary et al. [66], comparing two HPV-detection methods identi‐
fied around of 27% (total of 208 cases) of OSF patients’ positive for HPV-infection. These two
reports do not allow us to establish any positive correlation between HPV-infection and
malignant transformation. In addition, evaluation of a hundred thirteen cases of OSF, designed
by Mehrotra et al. [67], to assess the relationship of human papilloma virus infection and OSF
showed no significant correlation between these two entities. Although, the hpv-infection do
not show association with OSF an Indian population study, investigating the prevalence of
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HPV-16 in OSF and OSCC cases, found a 91% prevalence of HPV-DNA in OSF and speculated
that epithelium lesions in OSF could be an important factor to integration of HPV in basal cells
genome (Jalouli et al. [68]. In conclusion, these studies do not have strength to sustain the idea
that HPV has an important role in the malignant transformation of OSF.

5.5. Smokeless tobacco keratosis and HPV

Several oral manifestations have been associated to use of Smokeless Tobacco. Oral manifesta‐
tions occur at the site of Smokeless Tobacco placement including mucosal lesions (Smokeless
Tobacco Keratosis “STK”) and gingival-periodontal disorders such as gingival recession,
gingival inflammation, changes in gingival blood flow and interproximal periodontal attach‐
ment loss [69]. The use of Smokeless Tobacco and the STK has been suggested to be involved in
development of oral cancers [70].

Clinically, the site of Smokeless Tobacco placement presents a leukoplakic lesion referred as
“snuff dippers” lesions [71] STK presents a non-specific histopathologic appearance [42].
Squamous epithelium is hyper keratinized [42,70] and acanthotic; in addition, the intra-cellular
edema is not uncommon on superficial cells glycogen-rich. In some cases, subjacent connective
tissue can present an amorphous eosinophilic material. An increased sub-epithelial vascularity
and vessel engorgement also can be seen. [42]. In STK the epithelial dysplasia does not
common. In a study conducted by Leopardi et al. [72] they not evidenced cases of epithelial
dysplasia. However, when present, epithelial dysplasia is usually mild [42]. Studies on STK
pointed to three clinical grades [73].

Studies on smokeless tobacco keratosis pointed to three clinical grades: 1) Grade I superficial
lesions presenting modest wrinkling and no mucosal thickening. Grade I lesions tends to
present similar color to the surrounding mucosa. 2) Grade II superficial whitish lesions with
undulating areas displaying moderate wrinkling and no mucosal thickening. 3) Grade III white
entities with normal mucosal color areas, STK Grade III shows mucosal thickening and
wrinkling [71]. However, this lesion is reversible when the product is discontinued [42].
Related to HPV a work aimed to detect p16 (INK4a) protein expression in smokeless tobacco
keratosis as reliable precancerous marker. The author detected HPV-DNA in 15 of 62 (24%)
cases and an apparent relation between the three standard grades of STK lesions and HPV-
infection was observed. [71]

6. Malignant oral lesions and HPV

In the oral cavity, 24 types of HPV (1, 2, 3, 4, 6, 7, 10, 11, 13, 16, 18, 30, 31, 32, 33, 35, 45, 52, 55,
57, 59, 69, 72 and 73) have been associated with benign lesions and 12 types (2, 3, 6, 11, 13, 16,
18, 31, 33, 35, 52 and 57) with malignant lesions [47-48]. Since the first report of the presence
of HPV DNA in head and neck cancer, 65 high-risk types have been consistently detected at
different sites; however, these types are specifically found in transcriptionally active tumor
cells [74]. According to data from a review, 99% of HPV-infections in head and neck cancers
are by high-risk types 16, 18, 31 and 33 [75]. Infection with HPV 33 accounts for up to 10% of
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positive head and neck cancers; however, the HPV 16 type is by far the most common subtype
detected in head and neck cancer ([75-77], and also, oropharyngeal cancer (OPC) is more likely
to have HPV 16 than other types at head and neck sites. Just to demonstrate the high levels of
HPV-16 genotype in OPC, this genotype accounts for 78% to 100% of positive cases, while
HPV-18 accounts for only 1% of cases [75]. An interesting prevalence profile of the HPV types
has been observed in some investigations in the countryside of Sao Paulo state in Brazil, where
a higher prevalence of HPV 18 than HPV 16 was found in oral and cervical carcinomas.
Furthermore, the presence of HPV 18 was found to be associated with metastasis to the lymph
nodes and shorter patient survival [78-80].

Several HNSCC have been analyzed for the presence of HPV, and HPV-DNA has been found
in different proportions of tumors from different head and neck sites [75,81]. Some evidence
has indicated that some subtypes of HPV are specifically linked to head and neck cancer,
especially those arising from specific oropharyngeal subsites (e.g., tonsil and the base of the
tongue) [82]. The HPV prevalence in HNSCC ranges from 3% to 40% and could vary more
according to the specific site and HPV has been found in 4-80% of oral squamous cell carci‐
noma. Brazilian observations in the countryside of São Paulo state have found a low prevalence
of HPV in tumors of the larynx [83] and an increase in the presence of HPV-DNA in oral cavity
cancers during the past two decades [79-80,84]. The wide variation in HPV prevalence can be
attributed to different detection techniques, small sample numbers, differences in the lesions
and sampling techniques and epidemiological characteristics of the populations studied [85].
Among the many methods to detect HPV infections, both polymerase chain reaction (PCR)
and in situ hybridization assays have been well validated, although not perfect.

In terms of incidence, it is now believed that HPV-infection could be responsible for approx‐
imately 20% of oral cancers and 60-80% of OPC. Recently, in 2011, International Agency of
Research of Cancer (IARC) declared that there is sufficient evidence that HPV-16 is causally
associated with oral cancer cases [86]. More important, these HPV-related oral cancers are now
considered to be completely different entities, differing remarkably from HPV-negative
tumors in their clinical response and overall survival [76,87].

Currently, the identification of distinct epidemiological profiles in HPV-positive and HPV-
negative HNSCCs is possible. The main factors studied are heavy or no tobacco/marijuana
exposure, heavy or mild alcohol consumption, poor or intact dentition, low or high oral sex
exposure, age > 50 years or < 45 years, lower or higher socioeconomic status and deceasing or
increasing incidence [82]. The epidemiological trend suggests that HPV-positive HNSCC
occurs more often in younger patients (age < 50 years), which differs from the typical charac‐
teristics of head and neck cancer (which is more frequent in men above 40 years old). Tumors
that show association with the presence of HPV usually appears strawberry-like and exophytic
lesions on gross inspection and occur more frequently in the tonsil and the base of tongue with
a basaloid aspect, poor differentiation and cystic changes within metastatic lymph nodes [82].
In addition, gene expression profiles are known to be different in HPV- positive OPCs
compared with HPV-negative cases [88].

Molecular evidences have shown that HPV-associated oral tumors differ significantly from
the classic “tobacco and alcohol”-associated oral tumors. First, HPV-positive HNSCCs harbor
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wild type p53, while classical HNSCC have usually a mutated form of the protein, in accord‐
ance with the expected better development of HPV-associated lesions. Indeed, among HPV-
positive tumors, the worst outcome is related to smoking, showing evidence that tobacco-
derived carcinogens could potentiate the transformation effect of HPV [89-90]. But p53 status
in HPV-related tumors, especially those presenting HPV-16 infection led to a confusion
involving HPV detection methods and even HPV-related carcinogenesis itself. Initially, it was
expected that HPV-16 positive tumors to have a predominantly mutated p53 status, given that
HPV-16 E6 inactivates p53, and therefore, mutations in TP53 would be, and indeed are rarely
present in cervical carcinomas. But in HNSCC, TP53 is mutated in 60-80% of all cases, and it
was expected that HPV-infected tumors would be among the 20-40% of wild-type TP53,
although this is not what was found in HNSCC. These findings highlighted the importance of
the detection method of HPV infections. For example, the HPV DNA PCR assay is too sensitive,
since it detects only a few copies of viral DNA, and may detect more than oncogenic infections,
but also productive infections, laboratory artefacts and virions [91]. The following additional
techniques can also provide data regarding the presence of HPV: light and electron microsco‐
py, ELISA, gene expression by DNA microarray, Dot blot, Southern blot, hybrid capture and
ligase chain reaction for probe amplification. Due to the existence of numerous options for
HPV detection in HNSCC, a standardization of procedures for routine application has yet to
be developed [77,85]. Among other important pathways in HPV-induced HNSCC are: (1) p53
and pRb pathways, involved in cell cycling; (2) EGFR pathway, which are an important
therapeutical target in other cancers (as breast and lung cancers); (3) TGFβ pathway; (4) PI3K-
PTEN-AKT pathway and (5) angiogenesis and hypoxia pathways [91].

Aimed to investigate the HPV frequency in Brazilian patients diagnosed with OSCC we
performed a study to establish the HPV clinicopathological profile and its possible influence
on prognosis of disease [84]. HPV expression in primary tumors (PTs), and their matched
samples (MSs) of recidives, lymph nodal metastasis (LNM) or necropsies were correlated with
survival of patients. Through polymerase chain reaction using one general and two type-
specific HPV primers, 87 PTs and their corresponding MSs were tested. As first step, HPV-
DNA detection was performed, using a GP5+/GP6+ primer (Bioneer Inc.) to amplify a 150-bp
fragment from L1 gene of general HPV types (GP5+, 5'-TTTGTT ACTGTGGT AGA T ACT
AC-3'; GP6+, 5'- GAAAAATAAACTGTAAATCATATTC-3'). At second step, PCR reaction
was performed on HPV-positive DNA samples to determine if contained the genotypes -16
and -18, using specific primers targeting ~100 bp in the E7 ORF: HPV-16E7.667 (5'- GAT‐
GAAATAGATGGTCCAGC-3'), HPV-16E7.774 (5'-GCTTTGTACGCACAACCGAAGC- 3'),
HPV-18E7.696 (5'-AAGAAAACGATGAAATAGATGGA-3') and HPV-18E7.799 (5'-
GGCTTCACACTTACAACACA-3') (Bioneer Inc.). All of 87 OSCC patients analyzed, 17
(19.5%) presented tumors HPV-DNA positive. Analyses of all paraffin-embedded samples (87
primary tumors plus 87 matched samples) revealed the presence of HPV-DNA in 18 of 174
samples (10.4%), 10 samples (11.5%) from PTs, and 8 samples (9.2%) from MSs. In addition,
no virus infection was detected in 7 (8.1%) MSs samples, and only one patient has demon‐
strated HPV-DNA positivity in both samples. HPV genotypes -16 and -18 were detected in 4
(22.2%) and 3 (16.7%) of the positive samples, respectively. Infection with both genotypes was
found in 6 (33.3%) investigated samples, and HPV genotype was not identified in 5 (27.8%)
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positive head and neck cancers; however, the HPV 16 type is by far the most common subtype
detected in head and neck cancer ([75-77], and also, oropharyngeal cancer (OPC) is more likely
to have HPV 16 than other types at head and neck sites. Just to demonstrate the high levels of
HPV-16 genotype in OPC, this genotype accounts for 78% to 100% of positive cases, while
HPV-18 accounts for only 1% of cases [75]. An interesting prevalence profile of the HPV types
has been observed in some investigations in the countryside of Sao Paulo state in Brazil, where
a higher prevalence of HPV 18 than HPV 16 was found in oral and cervical carcinomas.
Furthermore, the presence of HPV 18 was found to be associated with metastasis to the lymph
nodes and shorter patient survival [78-80].

Several HNSCC have been analyzed for the presence of HPV, and HPV-DNA has been found
in different proportions of tumors from different head and neck sites [75,81]. Some evidence
has indicated that some subtypes of HPV are specifically linked to head and neck cancer,
especially those arising from specific oropharyngeal subsites (e.g., tonsil and the base of the
tongue) [82]. The HPV prevalence in HNSCC ranges from 3% to 40% and could vary more
according to the specific site and HPV has been found in 4-80% of oral squamous cell carci‐
noma. Brazilian observations in the countryside of São Paulo state have found a low prevalence
of HPV in tumors of the larynx [83] and an increase in the presence of HPV-DNA in oral cavity
cancers during the past two decades [79-80,84]. The wide variation in HPV prevalence can be
attributed to different detection techniques, small sample numbers, differences in the lesions
and sampling techniques and epidemiological characteristics of the populations studied [85].
Among the many methods to detect HPV infections, both polymerase chain reaction (PCR)
and in situ hybridization assays have been well validated, although not perfect.

In terms of incidence, it is now believed that HPV-infection could be responsible for approx‐
imately 20% of oral cancers and 60-80% of OPC. Recently, in 2011, International Agency of
Research of Cancer (IARC) declared that there is sufficient evidence that HPV-16 is causally
associated with oral cancer cases [86]. More important, these HPV-related oral cancers are now
considered to be completely different entities, differing remarkably from HPV-negative
tumors in their clinical response and overall survival [76,87].

Currently, the identification of distinct epidemiological profiles in HPV-positive and HPV-
negative HNSCCs is possible. The main factors studied are heavy or no tobacco/marijuana
exposure, heavy or mild alcohol consumption, poor or intact dentition, low or high oral sex
exposure, age > 50 years or < 45 years, lower or higher socioeconomic status and deceasing or
increasing incidence [82]. The epidemiological trend suggests that HPV-positive HNSCC
occurs more often in younger patients (age < 50 years), which differs from the typical charac‐
teristics of head and neck cancer (which is more frequent in men above 40 years old). Tumors
that show association with the presence of HPV usually appears strawberry-like and exophytic
lesions on gross inspection and occur more frequently in the tonsil and the base of tongue with
a basaloid aspect, poor differentiation and cystic changes within metastatic lymph nodes [82].
In addition, gene expression profiles are known to be different in HPV- positive OPCs
compared with HPV-negative cases [88].

Molecular evidences have shown that HPV-associated oral tumors differ significantly from
the classic “tobacco and alcohol”-associated oral tumors. First, HPV-positive HNSCCs harbor
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wild type p53, while classical HNSCC have usually a mutated form of the protein, in accord‐
ance with the expected better development of HPV-associated lesions. Indeed, among HPV-
positive tumors, the worst outcome is related to smoking, showing evidence that tobacco-
derived carcinogens could potentiate the transformation effect of HPV [89-90]. But p53 status
in HPV-related tumors, especially those presenting HPV-16 infection led to a confusion
involving HPV detection methods and even HPV-related carcinogenesis itself. Initially, it was
expected that HPV-16 positive tumors to have a predominantly mutated p53 status, given that
HPV-16 E6 inactivates p53, and therefore, mutations in TP53 would be, and indeed are rarely
present in cervical carcinomas. But in HNSCC, TP53 is mutated in 60-80% of all cases, and it
was expected that HPV-infected tumors would be among the 20-40% of wild-type TP53,
although this is not what was found in HNSCC. These findings highlighted the importance of
the detection method of HPV infections. For example, the HPV DNA PCR assay is too sensitive,
since it detects only a few copies of viral DNA, and may detect more than oncogenic infections,
but also productive infections, laboratory artefacts and virions [91]. The following additional
techniques can also provide data regarding the presence of HPV: light and electron microsco‐
py, ELISA, gene expression by DNA microarray, Dot blot, Southern blot, hybrid capture and
ligase chain reaction for probe amplification. Due to the existence of numerous options for
HPV detection in HNSCC, a standardization of procedures for routine application has yet to
be developed [77,85]. Among other important pathways in HPV-induced HNSCC are: (1) p53
and pRb pathways, involved in cell cycling; (2) EGFR pathway, which are an important
therapeutical target in other cancers (as breast and lung cancers); (3) TGFβ pathway; (4) PI3K-
PTEN-AKT pathway and (5) angiogenesis and hypoxia pathways [91].

Aimed to investigate the HPV frequency in Brazilian patients diagnosed with OSCC we
performed a study to establish the HPV clinicopathological profile and its possible influence
on prognosis of disease [84]. HPV expression in primary tumors (PTs), and their matched
samples (MSs) of recidives, lymph nodal metastasis (LNM) or necropsies were correlated with
survival of patients. Through polymerase chain reaction using one general and two type-
specific HPV primers, 87 PTs and their corresponding MSs were tested. As first step, HPV-
DNA detection was performed, using a GP5+/GP6+ primer (Bioneer Inc.) to amplify a 150-bp
fragment from L1 gene of general HPV types (GP5+, 5'-TTTGTT ACTGTGGT AGA T ACT
AC-3'; GP6+, 5'- GAAAAATAAACTGTAAATCATATTC-3'). At second step, PCR reaction
was performed on HPV-positive DNA samples to determine if contained the genotypes -16
and -18, using specific primers targeting ~100 bp in the E7 ORF: HPV-16E7.667 (5'- GAT‐
GAAATAGATGGTCCAGC-3'), HPV-16E7.774 (5'-GCTTTGTACGCACAACCGAAGC- 3'),
HPV-18E7.696 (5'-AAGAAAACGATGAAATAGATGGA-3') and HPV-18E7.799 (5'-
GGCTTCACACTTACAACACA-3') (Bioneer Inc.). All of 87 OSCC patients analyzed, 17
(19.5%) presented tumors HPV-DNA positive. Analyses of all paraffin-embedded samples (87
primary tumors plus 87 matched samples) revealed the presence of HPV-DNA in 18 of 174
samples (10.4%), 10 samples (11.5%) from PTs, and 8 samples (9.2%) from MSs. In addition,
no virus infection was detected in 7 (8.1%) MSs samples, and only one patient has demon‐
strated HPV-DNA positivity in both samples. HPV genotypes -16 and -18 were detected in 4
(22.2%) and 3 (16.7%) of the positive samples, respectively. Infection with both genotypes was
found in 6 (33.3%) investigated samples, and HPV genotype was not identified in 5 (27.8%)

The role of Human Papillomavirus in Pre-Cancerous Lesions and Oral Cancers
http://dx.doi.org/10.5772/55943

253



samples. The most prevalent infected anatomical site was the tongue. The main result of the
present study was the significant number of positive HPV samples among non-smoking
patients and although, a possible influence of HPV infection on carcinogenesis cannot be ruled
out, the low frequency of HPV-positive OSCC cases found in our analysis leads us to suggest
that this virus has not the same etiological influence on patients, as tobacco consumption does.
Although we cannot to exclude a possible transient role for HPV in the OSCC induction, we
believe that occasional detection of HPV-infection in OSCC resulting from the incidental
colonization of tumoral lesions might reflect the true correlation of HPV in most analysis. [84].

7. HPV — Prognosis and treatment

In last decades no significant improvement of overall survival has been observed in patients
with HNSCCs. It is believed that loco-regional recurrences, distant metastases and a second
primary tumor are factors for this phenomenon [91]. Several studies have now established that
head and neck HPV-positive tumors have better prognoses [76,88] and treatment-response
rates when compared with HPV-negative tumors [88]. In a study comparing tumors in the
same stage Leemans et al., [91] observed favorable prognoses after treatment of HPV-infected
HNSCCs as compared to HPV-negative tumors. Univariate analyses for 5-year survival rate
have pointed that HPV-positive patients surviving longer than HPV-negative patients (p <
0.05); the 5-year survival rate was 54% for HPV-positive versus 33% for HPV-negative tumors
[92]. In addition, a study performed by Fakhry et al. [76] evaluating the correlation between
HPV infection and survival rate suggested that HPV-positive HNSCC have a significantly
better survival (5-year survival of approximately 70%) when compared with HPV-negative
patients (5-year survival of approximately 35%). Dayyani et al. [87] published a Meta-analysis,
analyzing the impact of human papillomavirus (HPV) on head and neck squamous cell
carcinomas, described that patients HPV-positive presented increased risk for HNSCC
(adjusted OR = 1.83; 95% CI = 1.04-2.62; p < 0.0001). However, survival rate was improved in
HPV-positive patients when compared to HPV-negative patients (HR = 0.42; 95% CI = 0.27-0.56,
p < 0.0001). In other example, evaluation of prognosis and response rates to chemotherapy of
oropharyngeal or laryngeal carcinomas showed that HPV-positive tumors present a signifi‐
cantly better overall 2-year survival rate than HPV-negative patients (2-year survival rate of
HPV-positive tumors 95% (95% CI = 87%-100%), and 2-year survival rate of HPV-negative
tumors 62% (95% CI = 49%- 74%)). The same study found that HPV-positive oropharyngeal
carcinomas present higher response rates to chemotherapy compared with HPV-negative (82%
vs 55%, difference = 27%, 95% CI = 9.3% to 44.7%, P =.01). Additionally, Dayyani et al. [87]
described that HPV-positive head and neck squamous cell carcinomas presented an improved
response to radiotherapy (non-adjusted OR = 4.07; 95% CI = 1.48-11.18, p = 0.006) and had a
better response to chemo-radiation (non- adjusted OR = 2.87; 95% CI = 1.29-6.41, p = 0.01) as
compared to HPV-negative head and neck squamous cell carcinomas.

A meta-analysis performed by Ragin & Taioli [93] aimed to analyze the impact of tumor HPV
status on survival outcomes showed that patients diagnosed with head and neck squamous
cells carcinoma HPV-positive had a lower risk of dying in comparison with HPV-negative
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tumors (combined HR: 0.85, 95% CI: 0.7–1.0). At the same study, HPV-positive patients had
lower risk of disease-failure (recurrence of tumor) as compared to HPV-negative patients (meta
HR, 0.62; 95%CI, 0.5–0.8). The evidence for association of OSCC with HPV-infection and its
possible role as an oncogenic agent remains controversial. Schwartz et al. (2001) evaluating
the HPV-16 influence on survival rate in OSCC demonstrated that patient’s HPV-16 positive
presented significantly reduced disease-specific mortality in OSCC (HR = 0.17, 95% CI = 0.04,
0.76) when compared with HPV-16 negative patients. This result suggests the HPV-16 infection
could be associated with a favorable prognosis in OSCC. However, the mechanism responsible
for this improved prognosis conferred by HPV is still unclear [94].

Several hypotheses have been proposed to explain the improved prognosis in tumors HPV-
positive. The benefit on survival rate has been attributed to an enhanced radiosensitivity of
tumors HPV-positive [95-96], and an improvement of apoptotic secondary response to the
presence of unmutated p53 in HPV-associated tumors [95,97]. The improvement of disease-
specific survival rate could be associated with a reduction risk of second primary tumor, since
these HPV-positive patients tend to have no prior history of tobacco and/or high alcohol
consumption [95]. This finding reduces the field cancerization process (upper respiratory
epithelium repeatedly exposed to carcinogens) [98].

8. HPV vaccines (Therapeutic and prophylactic)

Several epithelial lesions are originated by infection with human papillomaviruses (HPVs),
mainly benign hyperplasia with low malignant potential like warts or papillomas. However,
there is a subgroup of HPVs that are associated with precancerous lesions, which could become
a cancer in a small fraction of people [99]. As example of those high-risk HPV subtypes, HPV
16 and 18 [100] are responsible for approximately 70% of cervical cancer cases and are present
in more than 60% of HPV-infected penile cancer and HPV-16 is the genotype most frequently
detected in head and neck carcinomas, found in up to 90% of HPV-positive cases [99]. Other
high-risk HPV types account for virtually all of the remaining cases of cervical cancer, although
in other primary sites they do not appear to have a similarly important role [101]. Therefore,
cancer of the uterine cervix is most widely accepted malignancy as being associated with HPV
infection. HPV high-risk subtypes are also associated with some others anogenital carcinomas,
including penile, anal and vulvar cancers [102-103] and a subset of head-and-neck squamous
cell carcinomas [104].

Taken together, these findings supports in several countries, vaccination against some HPV
types on girls and young women with the goal of protecting them against HPV-induced
cervical cancer [105-106]. Trials with vaccines against cervical cancer shown that cross-
protection is possible, because this vaccines also have the potential to prevent other cancers
that are caused by the same types of HPV, including some of head and neck cancers [107], and
the most of anogenital cancers outside the cervix, including cancer of the vulva, vagina, penis,
and anus [108-109]. In theory, these vaccines should target the same viruses at other anatomical
sites, as head and neck. This approach could provide important information about the final
proof of HPV etiology in these tumors [110].
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samples. The most prevalent infected anatomical site was the tongue. The main result of the
present study was the significant number of positive HPV samples among non-smoking
patients and although, a possible influence of HPV infection on carcinogenesis cannot be ruled
out, the low frequency of HPV-positive OSCC cases found in our analysis leads us to suggest
that this virus has not the same etiological influence on patients, as tobacco consumption does.
Although we cannot to exclude a possible transient role for HPV in the OSCC induction, we
believe that occasional detection of HPV-infection in OSCC resulting from the incidental
colonization of tumoral lesions might reflect the true correlation of HPV in most analysis. [84].

7. HPV — Prognosis and treatment

In last decades no significant improvement of overall survival has been observed in patients
with HNSCCs. It is believed that loco-regional recurrences, distant metastases and a second
primary tumor are factors for this phenomenon [91]. Several studies have now established that
head and neck HPV-positive tumors have better prognoses [76,88] and treatment-response
rates when compared with HPV-negative tumors [88]. In a study comparing tumors in the
same stage Leemans et al., [91] observed favorable prognoses after treatment of HPV-infected
HNSCCs as compared to HPV-negative tumors. Univariate analyses for 5-year survival rate
have pointed that HPV-positive patients surviving longer than HPV-negative patients (p <
0.05); the 5-year survival rate was 54% for HPV-positive versus 33% for HPV-negative tumors
[92]. In addition, a study performed by Fakhry et al. [76] evaluating the correlation between
HPV infection and survival rate suggested that HPV-positive HNSCC have a significantly
better survival (5-year survival of approximately 70%) when compared with HPV-negative
patients (5-year survival of approximately 35%). Dayyani et al. [87] published a Meta-analysis,
analyzing the impact of human papillomavirus (HPV) on head and neck squamous cell
carcinomas, described that patients HPV-positive presented increased risk for HNSCC
(adjusted OR = 1.83; 95% CI = 1.04-2.62; p < 0.0001). However, survival rate was improved in
HPV-positive patients when compared to HPV-negative patients (HR = 0.42; 95% CI = 0.27-0.56,
p < 0.0001). In other example, evaluation of prognosis and response rates to chemotherapy of
oropharyngeal or laryngeal carcinomas showed that HPV-positive tumors present a signifi‐
cantly better overall 2-year survival rate than HPV-negative patients (2-year survival rate of
HPV-positive tumors 95% (95% CI = 87%-100%), and 2-year survival rate of HPV-negative
tumors 62% (95% CI = 49%- 74%)). The same study found that HPV-positive oropharyngeal
carcinomas present higher response rates to chemotherapy compared with HPV-negative (82%
vs 55%, difference = 27%, 95% CI = 9.3% to 44.7%, P =.01). Additionally, Dayyani et al. [87]
described that HPV-positive head and neck squamous cell carcinomas presented an improved
response to radiotherapy (non-adjusted OR = 4.07; 95% CI = 1.48-11.18, p = 0.006) and had a
better response to chemo-radiation (non- adjusted OR = 2.87; 95% CI = 1.29-6.41, p = 0.01) as
compared to HPV-negative head and neck squamous cell carcinomas.

A meta-analysis performed by Ragin & Taioli [93] aimed to analyze the impact of tumor HPV
status on survival outcomes showed that patients diagnosed with head and neck squamous
cells carcinoma HPV-positive had a lower risk of dying in comparison with HPV-negative
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tumors (combined HR: 0.85, 95% CI: 0.7–1.0). At the same study, HPV-positive patients had
lower risk of disease-failure (recurrence of tumor) as compared to HPV-negative patients (meta
HR, 0.62; 95%CI, 0.5–0.8). The evidence for association of OSCC with HPV-infection and its
possible role as an oncogenic agent remains controversial. Schwartz et al. (2001) evaluating
the HPV-16 influence on survival rate in OSCC demonstrated that patient’s HPV-16 positive
presented significantly reduced disease-specific mortality in OSCC (HR = 0.17, 95% CI = 0.04,
0.76) when compared with HPV-16 negative patients. This result suggests the HPV-16 infection
could be associated with a favorable prognosis in OSCC. However, the mechanism responsible
for this improved prognosis conferred by HPV is still unclear [94].

Several hypotheses have been proposed to explain the improved prognosis in tumors HPV-
positive. The benefit on survival rate has been attributed to an enhanced radiosensitivity of
tumors HPV-positive [95-96], and an improvement of apoptotic secondary response to the
presence of unmutated p53 in HPV-associated tumors [95,97]. The improvement of disease-
specific survival rate could be associated with a reduction risk of second primary tumor, since
these HPV-positive patients tend to have no prior history of tobacco and/or high alcohol
consumption [95]. This finding reduces the field cancerization process (upper respiratory
epithelium repeatedly exposed to carcinogens) [98].

8. HPV vaccines (Therapeutic and prophylactic)

Several epithelial lesions are originated by infection with human papillomaviruses (HPVs),
mainly benign hyperplasia with low malignant potential like warts or papillomas. However,
there is a subgroup of HPVs that are associated with precancerous lesions, which could become
a cancer in a small fraction of people [99]. As example of those high-risk HPV subtypes, HPV
16 and 18 [100] are responsible for approximately 70% of cervical cancer cases and are present
in more than 60% of HPV-infected penile cancer and HPV-16 is the genotype most frequently
detected in head and neck carcinomas, found in up to 90% of HPV-positive cases [99]. Other
high-risk HPV types account for virtually all of the remaining cases of cervical cancer, although
in other primary sites they do not appear to have a similarly important role [101]. Therefore,
cancer of the uterine cervix is most widely accepted malignancy as being associated with HPV
infection. HPV high-risk subtypes are also associated with some others anogenital carcinomas,
including penile, anal and vulvar cancers [102-103] and a subset of head-and-neck squamous
cell carcinomas [104].

Taken together, these findings supports in several countries, vaccination against some HPV
types on girls and young women with the goal of protecting them against HPV-induced
cervical cancer [105-106]. Trials with vaccines against cervical cancer shown that cross-
protection is possible, because this vaccines also have the potential to prevent other cancers
that are caused by the same types of HPV, including some of head and neck cancers [107], and
the most of anogenital cancers outside the cervix, including cancer of the vulva, vagina, penis,
and anus [108-109]. In theory, these vaccines should target the same viruses at other anatomical
sites, as head and neck. This approach could provide important information about the final
proof of HPV etiology in these tumors [110].
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Prophylactic vaccines work primarily by inactivating HPV before the virus infects the host
cells, stimulating humoral immunity [111]. Nowadays, there are two types of prophylactic
HPV vaccine available in United States: the quadrivalent vaccine (Gardasil®) and bivalent
vaccine (Cervarix®). The quadrivalent vaccine was first licensed for use in females to prevent
cervical, vaginal and vulvar cancers and are effective against infection with HPV types 6, 11,
16 and 18 [112]. In 2009 the licensure was expanded to include males demonstrating effective‐
ness to prevent genital warts in both genders [113]. Bivalent vaccine was licensed for use in
the U.S. in 2009 providing cervical cancers protection against HPV types 16 and 18 [114]. The
impact of HPV prophylactic vaccination will address not only the incidence of cervical and
anogenital cancers in women and men but also the incidence of some head and neck tumors.
Growing number of head and neck cancers HPV-positive highlights the importance of routine
prophylactic vaccination against HPV and, associated with alcohol and tobacco control, may
be crucial in head and neck cancer prevention [115].

Also, therapeutic vaccines against HPV have to request cell mediated immunity and can also
help prevent the progression of low-grade disease and lead existing lesions to regress, avoiding
the recurrence of cancer lesions after treatment [116,117]. However, recent studies demon‐
strated the reduced effectiveness of therapeutic HPV-vaccine in established tumors. This could
be explained by the fact that they have especially been tested in patients with compromised
immune systems due advanced stage cancer [118]. A vaccine that possesses both prophylactic
and therapeutic properties could be most effective HPV-vaccine strategy, preventing new and
clear established HPV-infections. Additionally, the vaccine could be administered in, sexually
inexperienced young individuals or older individuals HPV-infected, beneficiating them [119].

9. Final considerations

In recent decades, controversial results were not being able to provide the real role of HPV
infection in OSCC genesis. An interesting fact that supports the controversial role of HPV-
infection in OSCC is the highly fluctuating HPV-prevalence in comparison with cervical
cancer. It may be due to HPV-detection influenced by: a reduced number of viral-copies, a
viral-infection in a particular cell population, biopsy samples and detection methods (numer‐
ous methods and protocols for detection). Several details elucidating the relationship between
pre-cancerous lesions, OSCC with HPV-infection must to be understood. The genomic
detection of HPV-DNA, primarily in Pre-Cancerous lesions, provides stronger support for a
viral etiology of HNSCC and OSCC. However the correlation between malignant transforma‐
tion of Pre-Cancerous lesions and HPV-infection were not completely elucidated. Recently,
numerous studies have suggested that HPV-infection could play an important role in oral
carcinogenesis through the Oral leukoplakia malignant transformation. Although some
synergies between HPV oncogenes and other carcinogens have been hypothesized, some
researchers have showed, specifically in oral mucosa, that positive HPV-infection in OSCC
might not result from viral infection but rather from an incidental HPV colonization. In
addition, targeted therapy for HNSCCs and OSCC currently request an increased number of
predictive biomarkers, such as the HPV-infection status and mutation-status of crucial genes,
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to personalize the treatment for individual patients. However, for a better understanding about
real therapeutic implications of HPV-status of tumors on OSCC clinical outcome, the next
generation of clinical trials could be significantly improved and standardized in their design.
According to exposed in the present issue, and defended by our research group and other
authors [36-37], we believe that diagnosis strategy based in early detection in oral Pre-
Cancerous lesions and OSCC reduces the treatment at the advanced stage, thereby increasing
the cancer cure chances. Our group also believes that the increasing effects of HPV vaccination
in several cancers could help to reduce the number of new HNSCC and OSCC cases. Although
knowledge of the accurate effects of HPV vaccination on cancer incidence will probably
continue for several years, monitoring the current effects of HPV vaccination is crucial, not
only in cervical cancer, but also in HNSCC and OSCC.
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1. Introduction

Human papillomaviruses (HPVs) are infectious agents responsible for emergence of anogen‐
ital subclinical and clinical infections. HPV infections are the most common sexually trans‐
mitted infections worldwide. More than 100 HPV genotypes have been catalogued so far and
from these, over 40 genotypes infect mucosa of anogenital tract and other mucosal areas. The
epidemiology of anogenital HPV infections has been well described, especially cervical
infections in young women and there are also many epidemiologic data among adults of
different age and of different regions of the world. HPV is now recognized as a necessary cause
for the apparition of cervical cancer in women, and is responsible for a substantial proportion
of many other anogenital neoplasms (anal, vaginal, vulvar and penile cancers), and a non-
negligible portion of head and neck cancers (oral cavity, pharynx, and larynx). HPV is also
responsible for the development of benign lesions such as condyloma acuminata (genital warts).
Clinical HPV infections are responsible for substantial morbidity and invoke high costs
associated with the treatment of clinically relevant lesions. This chapter will review epidemi‐
ology of HPV infections affecting the anogenital tract of men and women.

2. Classification and carcinogenicity of HPVs

Papillomaviruses are from the Papillomaviridae family and all HPV genotypes share a common
structure, L1 protein, that is highly conserved and consequently used for taxonomical pur‐
poses[1]. HPVs are classified into 16 genuses (Alpha, Beta, etc.), which are also divided into
species. Genus of Papillomaviridae share less than 60% nucleotide sequence identity in the L1
protein whereas species within a genus share between 60% and 70% nucleotide identity. A
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new HPV isolate is recognized as a new genotype when the nucleotide sequence of the L1 gene
differs by more than 10% from the genotype with which it has the greatest homology in DNA
sequence. More than 100 HPV genotypes have been identified in humans from which over 40
genotypes infect mucosa of anogenital tract and other mucosal areas. As anogenital HPV
infections is the interest of this chapter, focus is made on alpha-papillomavirus genus, which
include mucosal HPVs (Table 1) [2].

Mucosal HPVs are also classified according to their oncogenic potential: low-oncogenic risk
genotypes (LR-HPVs) and high-oncogenic risk genotypes (HR-HPVs). LR-HPVs may cause
benign lesions of the anogenital mucosa such as condylomata acuminata (genital warts) while
HR-HPVs are linked to the development of pre- and malignant lesions. The latest classification
published by the World Health Organization’s International Agency for Research on Cancer
referred genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59 as HR-HPVs[3, 4]. This
classification also included many other genotypes as possibly carcinogenic, such as genotypes
26, 53, 66, 67, 68 70, 73 and 82 (Table 2). These genotypes are referred as possibly carcinogenic
because the evidence about their carcinogenicity are more limited. Oncogenic potential
classification of HPVs is updated frequently with the occurrence of new epidemiologic
evidence[5].

Classification of Human Alpha-Papillomavirus

Genus Species HPV Genotypes

Alpha-papillomavirus Alpha-1 32, 42

Alpha-2 3, 10, 28,29, 78, 94

Alpha-3 61, 72, 81, 83, 84, c62 c86, c87, c89

Alpha-4 2, 27, 57

Alpha-5 26, 51, 69, 82

Alpha-6 30, 53, 56, 66

Alpha-7 18, 39, 45, 59, 68, 70, c85

Alpha-8 7, 40, 43, c91

Alpha-9 16, 31, 33, 35, 52, 58, 67

Alpha-10 6, 11, 13, 44, 55, 74

Alpha-11 34, 73

Alpha-12 RhPV1

Alpha-13 54

Alpha-14 c90

Alpha-15 71

*Adapted from De Villiers et al., 2004 [1]

Table 1. Classification of species and genotypes of HPVs among the Alpha genus

Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective270

Classification of Human Papillomavirus by carcinogenic potential

Oncogenic potential Genotypes of HPV

High-oncogenic risk 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59

Possibly high-oncogenic risk 26, 53, 66, 67, 68, 70, 73, 82,

Low-oncogenic risk 6, 11, 13, 30, 32, 34, 42, 44, 54, 61, 62, 69, 71, 72, 74, 81, 83, 84, 85,

86, 87, 89, 90

*Adapted from Bouvard et al, on behalf of the WHO International Agency for Research on Cancer Monograph Working
Group 2009 [3]

Table 2. Classification of HPV genotypes based on carcinogenic potential

3. Routes of transmission

3.1. Primary route of transmission: Sexual contact with an infected partner

Epidemiologic data supports that the primary route of HPVs transmission is via sexual
contacts. The most important risk factors for prevalent infection as well as for acquisition or
incidence in adults, are related to sexual behaviour variables: age at sexual debut and number
of sexual partners, new, recent or lifetime for example [5-7]. Transmission may occur through
peno-vaginal intercourse, but also via other sexual practices. Anal intercourse is also associated
with HPV infection. History of receptive anal sex has been identified as an important risk factor
for anal HPV infection among men [8-12]. Oral sex is also a possible route of HPV transmission
as it has been associated with HPV oral infection [13-15]. Furthermore, digital-genital trans‐
mission is possible, as genital HPV genotypes have been found on fingers[16]. Insertive sex
toys are also a possible of route of transmission[17]. Studies on genital HPV infection between
women who have sex with women also suggest that HPV transmission is possible among
lesbian partners[18].

3.2. Non-sexual routes of transmission

HPV genital infections can also origin from non-sexual route of transmission. For example,
HPV DNA can be detected in genital or oral tract of newborns and children through perinatal/
vertical transmission [19-23]. Vertical transmission of HPV from mother to child (perinatal
infection) was first reported in 1956 in a case of juvenile laryngeal papillomatosis[24]. Confir‐
mation of the perinatal transmission of HPV in different mucosa (genital, oral) was subse‐
quently supported by several studies although the route of transmission is not well
understood[19-23, 25]. Direct maternal transmission during vaginal delivery or at caesarean
section following early membrane rupture is possible as well as in utero through semen or
ascending infection from mother’s genital tract. Transplacental transmission seems possible
since HPV DNA has been detected by PCR in amniotic fluid, placenta and cord blood [25, 26].
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86, 87, 89, 90

*Adapted from Bouvard et al, on behalf of the WHO International Agency for Research on Cancer Monograph Working
Group 2009 [3]

Table 2. Classification of HPV genotypes based on carcinogenic potential

3. Routes of transmission

3.1. Primary route of transmission: Sexual contact with an infected partner

Epidemiologic data supports that the primary route of HPVs transmission is via sexual
contacts. The most important risk factors for prevalent infection as well as for acquisition or
incidence in adults, are related to sexual behaviour variables: age at sexual debut and number
of sexual partners, new, recent or lifetime for example [5-7]. Transmission may occur through
peno-vaginal intercourse, but also via other sexual practices. Anal intercourse is also associated
with HPV infection. History of receptive anal sex has been identified as an important risk factor
for anal HPV infection among men [8-12]. Oral sex is also a possible route of HPV transmission
as it has been associated with HPV oral infection [13-15]. Furthermore, digital-genital trans‐
mission is possible, as genital HPV genotypes have been found on fingers[16]. Insertive sex
toys are also a possible of route of transmission[17]. Studies on genital HPV infection between
women who have sex with women also suggest that HPV transmission is possible among
lesbian partners[18].

3.2. Non-sexual routes of transmission

HPV genital infections can also origin from non-sexual route of transmission. For example,
HPV DNA can be detected in genital or oral tract of newborns and children through perinatal/
vertical transmission [19-23]. Vertical transmission of HPV from mother to child (perinatal
infection) was first reported in 1956 in a case of juvenile laryngeal papillomatosis[24]. Confir‐
mation of the perinatal transmission of HPV in different mucosa (genital, oral) was subse‐
quently supported by several studies although the route of transmission is not well
understood[19-23, 25]. Direct maternal transmission during vaginal delivery or at caesarean
section following early membrane rupture is possible as well as in utero through semen or
ascending infection from mother’s genital tract. Transplacental transmission seems possible
since HPV DNA has been detected by PCR in amniotic fluid, placenta and cord blood [25, 26].
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It is possible that transmission occurs through semen since it has been demonstrated that HPV
DNA is found in sperm in a proportion of 8–64% of asymptomatic men[27]. Studies in vitro
shown that HPVs may attach to sperm head, and that infected spermatozoids are able to
penetrate oocyte and deliver HPV genome into it. Oocyte can actively transcribed HPV genes,
for transmission to occur[28].

Other non-sexual skin contact transmission has been documented such as horizontal trans‐
mission via fingers, mouth and fomites[5, 17]. For example, it has been shown that HPV
infected individuals may have HPVs in genital sample and in their hands showing that they
can not only infect their sexual partners but also themselves somewhere else on their body
(hands, conjunctive, etc.) as well as other individuals outside sexual contacts[16, 18].

4. Epidemiology of ANOGenital hpv infections

4.1. Anogenital HPV infections in women

4.1.1. Prevalence

Cervical HPV infections

According to a recent meta-analysis that included data from more than 1 million women with
normal cytology in 59 countries, the prevalence of cervical HPV infection ranges from 1.6% to
41.9%, with a global prevalence estimated at 11.7% [29]. Sub-Saharan Africa (24.0%), Eastern
Europe (21.4%), and Latin America (16.1%) showed the highest prevalences and the regions with
the lowest prevalences are: Northern America with 4.7% and Western Asia with 1.7%. Also, it is
important to consider that these percentages are probably underestimated as the laboratory
methods used to detect HPV do not necessarily included the detection of all HPV geno‐
types[30]. The 5 most common genotypes worldwide are HPV-16, 18, 52, 31 and 58. Typically,
HPV prevalence increases rapidly in adolescence following sexual debut, followed by an age-
related decline, and occasionally a second but more modest peak in prevalence among older
women in some regions of the world such as in America (Northern, Central and South) and in
Europe[31]. Although the reason for this “menopausal” peak is not clear, it could plausibly be
attributed to one or more non-mutually exclusive mechanisms, such as reactivation of latent
infections acquired earlier in life due to a gradual loss of immunity, or to acquisition of new
infections due to sexual contacts with new partners later in life (cohort effect)[5].

Anal HPV infections

Less research has been conducted to determine the prevalence of HPV in anal tract of women.
A prevalence of 42% has been observed in healthy women [32] and by contrast to cervical
prevalence that shows an age-related decline, the prevalence of anal infection seems relatively
steady in all age groups[33]. Some studies also shown that women with cervical HPV infection
had more than three fold increased risk of concurrent anal-cervical infection with a high
correlation between the concordance of HPV genotypes, indicating a common source of
infection[33]. As anal intercourse is not strongly associated with anal HPV infection in women,
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other important route of transmission have been suggested such as no penetrative sexual
contact (for example, involving the fingers or mouth of partner), non-sexual contact, or HPV
shedding from the vagina to the anus given the close proximity of these two areas[33, 34].

Vaginal and vulvar HPV infections

It has been suggested that vaginal and vulvar HPV infections are also very common in healthy
women although much less data in available for these site specific areas. Some studies have
detected HPVs in cervicovaginal samples compare to cervical samples and showed positivity
for HPV in cervicovaginal swabs are higher compared to cervical specimens suggesting a
higher prevalence HPV in the vagina or vulva than in the cervix only[35]. For example, a
prevalence of 42.5% has been observed among females in United States using self-collected
cervicovaginal specimen[36].

4.1.2. Incidence

Cervical HPV infections

High rates of incidence of HPV cervical infection are observed especially in young women.
Cumulative incidence of more than 40% after 3 years of follow-up has been demonstrated
among university students [5, 6, 37]. The highest incidence rates of cervical HPV infection are
observed in young women corresponding to age of sexual intercourse debut. Thereafter,
incidence in women tends to decline with age, although second peaks are sometimes observed
in older women (such as for prevalence data)[5]. For example, in a cohort of women between
13 and 65 years of age in Bogota in Colombia[37], the cumulative incidence of any HPV after
five years of follow-up among women aged 15-19, 20-24, 25-29, 30-44 and more than 45 years
were 42.5%, 36.9%, 30.0%, 21.9%, and 12.4%,, respectively. The cumulative incidence after 5
years of follow-up in all age groups was 26.3% and infections rate with HR-HPVs were more
frequent than infections with LR genotypes (5.0 cases and 2.0 cases/100 woman-years,
respectively). Although some studies observed higher incidence of HR-HPV than LR-HPV,
these comparisons depend on the assays used. More recent assays detect more types, many of
which fall into the LR category.

Anal HPV infections

Cumulative incidence of anal HPV infection in a cohort of women of Hawaii (median age: 40
years old) has been evaluated at almost 70% in an average period of 1.3 years of follow-up.
The rate of acquisition of anal HPV infection with any genotype was observed at 46.9 cases
per 1000 woman-month. The incidence rate of anal HPV infections with HR-HPVs is also
higher than with LR-HPV (such as for cervical infection) with estimates reported by Goodman
et al (2008) at 19.5 and 8.2/1000 woman-months for an incident anal HR-HPV and LR-HPV,
respectively[32]. Lower risk of acquisition of anal HR-HPV in women over 45 years of age have
also been observed compared to women under 25 years of age.

Vaginal and vulvar HPV infections

To our knowledge, there are no estimates on the incidence of vagina and vulvar HPV infection
in healthy women.
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It is possible that transmission occurs through semen since it has been demonstrated that HPV
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shown that HPVs may attach to sperm head, and that infected spermatozoids are able to
penetrate oocyte and deliver HPV genome into it. Oocyte can actively transcribed HPV genes,
for transmission to occur[28].

Other non-sexual skin contact transmission has been documented such as horizontal trans‐
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Europe[31]. Although the reason for this “menopausal” peak is not clear, it could plausibly be
attributed to one or more non-mutually exclusive mechanisms, such as reactivation of latent
infections acquired earlier in life due to a gradual loss of immunity, or to acquisition of new
infections due to sexual contacts with new partners later in life (cohort effect)[5].

Anal HPV infections

Less research has been conducted to determine the prevalence of HPV in anal tract of women.
A prevalence of 42% has been observed in healthy women [32] and by contrast to cervical
prevalence that shows an age-related decline, the prevalence of anal infection seems relatively
steady in all age groups[33]. Some studies also shown that women with cervical HPV infection
had more than three fold increased risk of concurrent anal-cervical infection with a high
correlation between the concordance of HPV genotypes, indicating a common source of
infection[33]. As anal intercourse is not strongly associated with anal HPV infection in women,
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It has been suggested that vaginal and vulvar HPV infections are also very common in healthy
women although much less data in available for these site specific areas. Some studies have
detected HPVs in cervicovaginal samples compare to cervical samples and showed positivity
for HPV in cervicovaginal swabs are higher compared to cervical specimens suggesting a
higher prevalence HPV in the vagina or vulva than in the cervix only[35]. For example, a
prevalence of 42.5% has been observed among females in United States using self-collected
cervicovaginal specimen[36].

4.1.2. Incidence

Cervical HPV infections

High rates of incidence of HPV cervical infection are observed especially in young women.
Cumulative incidence of more than 40% after 3 years of follow-up has been demonstrated
among university students [5, 6, 37]. The highest incidence rates of cervical HPV infection are
observed in young women corresponding to age of sexual intercourse debut. Thereafter,
incidence in women tends to decline with age, although second peaks are sometimes observed
in older women (such as for prevalence data)[5]. For example, in a cohort of women between
13 and 65 years of age in Bogota in Colombia[37], the cumulative incidence of any HPV after
five years of follow-up among women aged 15-19, 20-24, 25-29, 30-44 and more than 45 years
were 42.5%, 36.9%, 30.0%, 21.9%, and 12.4%,, respectively. The cumulative incidence after 5
years of follow-up in all age groups was 26.3% and infections rate with HR-HPVs were more
frequent than infections with LR genotypes (5.0 cases and 2.0 cases/100 woman-years,
respectively). Although some studies observed higher incidence of HR-HPV than LR-HPV,
these comparisons depend on the assays used. More recent assays detect more types, many of
which fall into the LR category.

Anal HPV infections

Cumulative incidence of anal HPV infection in a cohort of women of Hawaii (median age: 40
years old) has been evaluated at almost 70% in an average period of 1.3 years of follow-up.
The rate of acquisition of anal HPV infection with any genotype was observed at 46.9 cases
per 1000 woman-month. The incidence rate of anal HPV infections with HR-HPVs is also
higher than with LR-HPV (such as for cervical infection) with estimates reported by Goodman
et al (2008) at 19.5 and 8.2/1000 woman-months for an incident anal HR-HPV and LR-HPV,
respectively[32]. Lower risk of acquisition of anal HR-HPV in women over 45 years of age have
also been observed compared to women under 25 years of age.

Vaginal and vulvar HPV infections

To our knowledge, there are no estimates on the incidence of vagina and vulvar HPV infection
in healthy women.
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4.1.3. Special population: HIV-positive women and sex workers

HIV and HPV infection status has been under the projectors during the last years. In a systemat‐
ic review of HIV-positive women with no cytological abnormalities, prevalence of HPV has been
evaluated at 36.3% [38], higher than in worldwide estimated prevalence (11.7%)[29].

More attention was also paid to sex workers in the last years. For example, in a study made in
China, prevalence of any HPV genotype was estimated at 38.9% in this population[39]. A recent
study in Spain also demonstrated a higher incidence and a higher risk of persistence of HR-
HPV infection in sex workers compared to the general population (incidence of 3.98 per 100
women-years relatively to 26.81 per 100 women-years)[40].

4.2. Anogenital HPV infections in men

4.2.1. Prevalence

Depending of the anatomic sites (coronal sulcus, glans, prepuce, shaft, urethra, scrotum,
perianal area, anus, semen or urine) that is analysed, HPV prevalence (any genotypes) can
vary from 1% to 84% among the general population of men and from 2% to 93% in high-risk
men (such as STI clinic attendees, HIV-positive males, and male partners of women with HPV
infection or abnormal cytology)[41]. For example, the site specific prevalences of HPV infection
in male were estimated between 6.5%-50% in corona and/or glans, 5.6%-51.5% in penile shaft,
24%-50% in prepuce, 7.1%-46.2% in scrotum, and 8.7%-50% in urethra [27]. Contrarily to what
is reported in women, HPV prevalence is relatively stable across age groups in men [41, 42].
Prevalence of anal HPV infection in men who have sex with women has been reported to range
between 0% and 32.8% [27]. It is important to consider, however, that a high variability in the
prevalence estimates may occurred in man due to the variability of sites tested or to the type
of specimen used for which the detection method is not completly optimized (such as urine).

4.2.2. Incidence

Few studies have reported HPV infections incidence in men. Cumulative incidence calculated
with penile and scrotal sampling, in a cohort of USA men aged between 18-44 years old (mean
age: 29.7 years) was 29.3% after a follow-up of 12 months[42]. Incidence rate in this cohort for
any HPV genotype infection was 29.4 per 1000 men-months. Incidence rates of HPV-6, 11, 16,
and 18 infections were 2.8, 0.5, 4.8, and 0.8 per 1000 men-months, resectively.

4.2.3. Special population: Men who have Sex with Men (MSM) and HIV-positive men

HPV infection is strongly associated with the number of lifetime female sexual partners in men
who have sex with women (MSW) and also with the number of male anal-sexual partners in
men who have sex with men (MSM) [43]. For MSM, prevalence of any HPV genotype was
estimated at 18.5% on the penis, 17.1% on the scrotum, 33.0% on the perineal/perianal region,
42.4% in the anal canal, and 48.0% at any site. The prevalence of HPV infection is high among
young sexually active MSM, with the anal canal being the most common site of infection[44].
A study comparing the anal canal HPV prevalence in MSW (12.2%) to MSM (47.2%), confirmed
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the higher prevalence in MSM[45]. Another example from a cohort of Italy have settled
prevalence of anal HPV infection to 74.8% in MSM[8]. As for the general population of men,
the incidence of HPV infection does not seem to drop with age in MSM as the prevalence
remains high in all age groups[46].

Also, it appears that HIV status increases the risk of HPV infection in MSM. For example, a
recent systematic review that compared HPV prevalence in MSM according to HIV status has
shown that the anal canal prevalence was higher in HIV-positive individuals: (92.6% for HIV-
positive compared to 63.9% for HIV negative men) [47]. HR-HPVs were detected in 73.5% of
HIV-positive men whereas it was 37.2% in HIV-negative men. The prevalences of HPV-16 and
18 were also higher in HIV-positive men (35.4% compared to 12.5% for HPV-16 and 18.6%
compared to 4.9% for HPV-18).

4.2.4. Circumcision and genital HPV infections

Circumcision has been described to reduce the risk of HPV infections in men. The most recent
published meta-analysis shown an inverse association between circumcision and genital HPV
prevalence in men with an estimated pooled odds ratio of 0.57 (95% confidence interval:
0.54-0.82)[48]. However, as not many studies have been published on the role of circumcision
and HPV infection and as most of them are from observational design, more studies are needed
to confirm the protective role of circumcision with HPV anogenital infections in men.

5. Natural history

5.1. Clearance and persistence of HPV infection

5.1.1. Clearance

Although high prevalence of HPV is found in both males and females, most of the HPV
infections will be cleared spontaneously. Literature has consistently shown that at least 80 to
90% of cervical HPV infections are transient and are no longer detectable within 1-2 years[49].
HR-HPV infections seem to persist longer than LR-HPV[5]. For example, in cervical swabs of
female university students, LR-HPV and HR-HPV infections typically last (in average) 13.4
and 16.3 months, respectively[50]. In a review paper, the median duration (time for 50% of
infections to be cleared) of cervical infection reported from published studies ranged from 4
to 20 months, with a tendency for HPV-16 infections to last a little longer[5].

Clearance has also been studied in men. For example, a study on the clearance of HPV
infections in penile and scrotum sampling in a cohort of USA men has shown that the median
time to clearance of any HPV infection was 5.9 months and that 75% of HPV infections cleared
by 12 months[42]. Contrarily to women, LR-HPV and HR-HPV infections durations were
almost the same with a median duration of 5.8 months and 6 months respectively. Recent data
from a cohort study regrouping men from Brazil, Mexico and USA also supports that median
duration of HPV infection is shorter in men than in women with 7.5 months for any HPVs[43].
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young sexually active MSM, with the anal canal being the most common site of infection[44].
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the higher prevalence in MSM[45]. Another example from a cohort of Italy have settled
prevalence of anal HPV infection to 74.8% in MSM[8]. As for the general population of men,
the incidence of HPV infection does not seem to drop with age in MSM as the prevalence
remains high in all age groups[46].

Also, it appears that HIV status increases the risk of HPV infection in MSM. For example, a
recent systematic review that compared HPV prevalence in MSM according to HIV status has
shown that the anal canal prevalence was higher in HIV-positive individuals: (92.6% for HIV-
positive compared to 63.9% for HIV negative men) [47]. HR-HPVs were detected in 73.5% of
HIV-positive men whereas it was 37.2% in HIV-negative men. The prevalences of HPV-16 and
18 were also higher in HIV-positive men (35.4% compared to 12.5% for HPV-16 and 18.6%
compared to 4.9% for HPV-18).

4.2.4. Circumcision and genital HPV infections

Circumcision has been described to reduce the risk of HPV infections in men. The most recent
published meta-analysis shown an inverse association between circumcision and genital HPV
prevalence in men with an estimated pooled odds ratio of 0.57 (95% confidence interval:
0.54-0.82)[48]. However, as not many studies have been published on the role of circumcision
and HPV infection and as most of them are from observational design, more studies are needed
to confirm the protective role of circumcision with HPV anogenital infections in men.

5. Natural history

5.1. Clearance and persistence of HPV infection

5.1.1. Clearance

Although high prevalence of HPV is found in both males and females, most of the HPV
infections will be cleared spontaneously. Literature has consistently shown that at least 80 to
90% of cervical HPV infections are transient and are no longer detectable within 1-2 years[49].
HR-HPV infections seem to persist longer than LR-HPV[5]. For example, in cervical swabs of
female university students, LR-HPV and HR-HPV infections typically last (in average) 13.4
and 16.3 months, respectively[50]. In a review paper, the median duration (time for 50% of
infections to be cleared) of cervical infection reported from published studies ranged from 4
to 20 months, with a tendency for HPV-16 infections to last a little longer[5].

Clearance has also been studied in men. For example, a study on the clearance of HPV
infections in penile and scrotum sampling in a cohort of USA men has shown that the median
time to clearance of any HPV infection was 5.9 months and that 75% of HPV infections cleared
by 12 months[42]. Contrarily to women, LR-HPV and HR-HPV infections durations were
almost the same with a median duration of 5.8 months and 6 months respectively. Recent data
from a cohort study regrouping men from Brazil, Mexico and USA also supports that median
duration of HPV infection is shorter in men than in women with 7.5 months for any HPVs[43].
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5.1.2. Persistence

Persistence with an HR-HPV over long periods is an important risk factor for the development
and progression of cervical malignant lesion[51]. Approximately between 10% and 20% of
women fail to clear HPV infections, resulting in long-term cervical persistent infection[52]. It
is not known, however, why some women will develop cervical cancer following persistent
infection whereas others do not. Finally, persistence of HPV is recognised as an important step
in the etiologic pathway of cervical cancer but it has not been studied in other anogenital
cancers in women (vulva, vagina, anal cancer) and in men (penile and anal cancer).

5.2. Multiple HPV infections and reinfection with same or different HPV genotype

5.2.1. Multiple HPV infections

Individuals infected with multiple HPV genotypes are also a very common finding of many
epidemiologic studies. For example, among the cohort of Brazilian women, between 1.9% to
3.2% were co-infected with multiples genotypes at a same visit (concurrently infected) whereas
when considering cumulatively (period prevalence) during the first year and the first 4 years
of follow-up, 12.3% and 22.3% were infected with multiple genotypes, respectively[53].
Coinfection in men have also been studied. In a healthy mexican military cohort, HPV
prevalence was 44.6% at one of these sites (urethra, urethral meatus, scrotum, penile, shaft or
coronal sulcus) and 51.1% of them had mutiple HPV genotypes[54]. MSM have been studied
and are also at high risk of coinfection. For example, Dona et al (2012) in an Italian cohort
demonstrated that 65.3% of the HPV-positive MSM had multiple HPV infections[8].

Consequences of multiple HPV infections are still debated, but multiple infections with HR-
HPV as well as infection with other agents, such as HIV, may play a critical role in furthering
the progression to cervical intraepithelial neoplasia and cervical cancer in women[55]. Co-
infection with multiple HPV genotypes is common in women with premalignant lesion but
the prevalence of co-infections decreases with the severity of the lesion. It is well recognized
that cervical cancer specimen do not frequently harboured multiple HPV genotypes[56].
Although multiple genotypes infection may increase the risk of pre-malignant lesions[53], it
is possible that co-infection with multiple HPV genotypes acts as a biomarker of immune
failure to clear HPV (which allow HPV-16 to progress more easily) rather than etiologic factors
that act synergistically to cause cancer.

5.2.2. Reinfection with same or different HPV genotype

The risk of HPV reinfection with the same genotype is also well debated. What has been shown
is that it is possible to see cervical reinfection with the same genotype[57]. However, the
provenance of the virus is not well understood in re-infected women. Two hypotheses have
been advanced to explain reinfection. The first is based on the assumption that infections
acquired at a young age never completely clear but become latent; infections appearing later
in life would mostly represent the reactivation of such latent infections acquired many years
earlier. The second hypothesis is that infections do clear following an initial immune response,
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which does not completely protect against future infections by the same HPV genotype,
following new exposure via sexual activity later in life[58-60]. Recent studies have shown that
reinfection with a same genotype is associated with new sexual partners suggesting that
infection in adult women may results not only from reactivation of HPV infections acquired
at a young age that never completely cleared, but also from new exposure via sexual activi‐
ty[37, 57]. There is no available study concerning the probability of reinfection with a same or
a different genotype in men.

6. HPV related anogenital diseases

6.1. Low-risk HPV genotypes are associated to non-cancerous anogenital lesions

Condylomata acuminata or genital warts (GWs) in anogenital area are usually caused by low-
risk HPV genotypes. Recent studies have shown that about 100% of GWs are caused by either
HPV-6 or 11 but that 20–50% of lesions also contain co-infections with HR-HPV genotypes.
The majority of individuals who develop genital warts do so approximately 2–3 months after
infection[61]. Approximately 30% of all warts will regress within the first four months of
infection without any treatment, but recurrence will be see in majority of case, even if adequate
treatments have been done[62]. Long-term remission rates remain largely unknown. GWs
cause also significant psychological morbidity and substantial healthcare costs. Occasional‐
ly, GWs persist for long periods of time and, rarely, such long-standing lesions may progress
to malignancy. GWs are highly infectious and contribute significantly to spread of HPV
infections[63].

6.2. High-risk HPV genotypes are associated to cancerous anogenital lesions

The viruses cause approximately 15% of human cancers, and of this proportion, nearly half is
attributable to HPVs with cervix, vulva, vagina, penis and anal cancers[64]. According to
Centers for Disease Control and Prevention (CDC), it has now been accepted that HPV is a
necessary cause of cervical cancer as virtually 100% of specimens presents HPV DNA. It is also
now accepted that HPV is responsible for 50% of vulvar cancer, 65% of vaginal cancer 35% of
penile cancers and 95% of anal cancers[65].

7. Economic and health care system burden of HPV infections

Clinical HPV infections are responsible for substantial morbidity and invoke high costs
associated with the treatment of clinically relevant lesions[66]. Currently, two vaccines are
available: a bivalent HPV 16/18 AS04-adjuvanted vaccine (GlaxoSmithKline Biologicals,
Rixensart, Belgium) and a quadrivalent HPV 6/11/16/18 aluminum-adjuvanted vaccine (Merck
and Co., West Point, PA, USA). Both vaccines are designed to protect against the two more
prevalent HPV genotypes, HPV-16 and 18, that are responsible together for about 70% of all
cervical cancer cases worldwide. The quadrivalent vaccine also offers a protection against
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5.1.2. Persistence
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HPV-6 and 11, which cause over 90% of genital warts. These vaccines are likely to have a major
impact on the incidence and mortality of cervical cancer in the future as well on the burden of
other HPV related diseases. Most of developed countries have national recommendations for
the use of HPV vaccines in women and many have implemented publicly funded or co-
payment routine vaccination programs[67]. These vaccination programs will have a significant
impact on the direct and indirect costs related to HPV infections[68].

7.1. Example of economic burden of HPV-related cancers in U.S.A

Direct and indirect costs related to screening and treatment of HPV-related cancer is substan‐
tial. Direct costs include usually costs related to medical services such as appointments with
physicians and/or gynaecologists, hospital (including inpatient services), nursing and home
care and drug prescriptions and time lost for patients or caregivers. However, indirect costs
might also be considered in the evaluation of the burden associated to HPV (loss of produc‐
tivity, psychological, emotional burden on patient)[68].

A recent study in United States evaluated direct medical cost of the prevention and treatment
of pathologies associated with HPV[69]. Most of the annual direct medical costs are attributed
to cervical screening and follow-up are estimated at 6.6 billions of U.S. dollars: $5.4 billion for
cervical screening routine and $1.2 billion for follow-up costs. Cervical cancer costs $441
millions annually, vulvar and vaginal cancer costing for $37 and $12 millions respectively.
Anal cancer and penile cancer treatment costs has been estimated at $155 millions and $7
millions of annual costs respectively.

7.2. Genital warts are also an important economic and health care burden

Direct and indirect costs related to genital warts are also important. Genital warts are known
to be resistant to treatment and having high recurrence rates even if the appropriate treatment
has been done[62]. This involves repeated physicians visits for treatment and high direct costs.
The indirect costs include lower productivity for the patient due to illness as well as psycho‐
logical and emotional burden such as anger, stress, anxiety, depression, shame, guilt and
isolation which are also realities for patients [70, 71]. Chesson et al. evaluated at $288 millions
the direct medical costs related to genital warts in United States [69].

8. Conclusion

Anogenital HPV infections are very common and transmitted principally via sexual contacts.
High prevalence has been found in both female and male adults. Even if the majority of
anogenital infections will clear spontaneously, a small proportion of infection will progress
and cause different anogenital cancers. HPV is a necessary cause of cervical cancer and plays
a role in other anogenital cancers in men and women. Some subgroups such as MSM, sex
workers and HIV individuals are particularly at risk of HPV infections. Clinical HPV infections
are responsible for substantial morbidity and invoke high costs associated with the treatment
of clinically relevant lesions. Prevention is always preferable to treatment and in this optic,
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HPV vaccination, which is currently implanted all over the world, is expected to prevent a
substantial proportion of cervical and other HPV-related cancers in the future.
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1. Introduction

Cervical cancer was formerly the second most common cancer killer of women worldwide.
Following widespread adoption of Papanicolau cytologic screening (Pap test) for cervical
cancer in the 1950s, this began to change. Today, advanced cervical cancer is rare in screened
populations. Although an uncommon disease in developed nations, internationally about
500,000 women annually are diagnosed with cervical cancer, and about half of those women
will die of their disease. In global terms, this ranks second only to breast cancer as a cause of
cancer-specific mortality. Over the past three decades the scientific community has witnessed
spectacular advances in the understanding of the underlying pathophysiology of cervical
cancer, with the most profound discovery being in 1983 of the identification of the human
papillomavirus (HPV) within cervical cancer (a discovery that earned Harold Zur-Hausen,
M.D the Nobel prize for Medicine and Physiology in 2008). A viral etiology for cervical cancer
implied that it may be possible to eradicate cervical cancer through vaccination. This promise
was partially fulfilled in 2006 when the United States Food and Drug Administration approved
an HPV vaccine for the prevention of HPV-induced cervical dysplasia and/or cancer. These
advances, profound though they are, have yet to eradicate cervical cancer. Furthermore, due
to the pervasiveness of HPV infection and the timeline of disease progression, it will be a few
decades before we will be able to determine the impact preventive practices are having on
cancer incidence and prevalence. In addition, those for whom preventative measures are not
a solution, including HIV+ individuals as well as women already infected with HR-HPV, await
an answer.

Over the past several years, developments in innovative imaging, superior surgical technolo‐
gies, immunotherapies, and molecular therapies have surfaced, making the eradication of

© 2013 Evans et al.; licensee InTech. This is an open access article distributed under the terms of the Creative
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cervical cancer a much more achievable goal than in the past. Several areas of cervical cancer
research continue to address the challenges posed by the need for appropriate therapeutic
alternatives, and progress is occurring at each level of clinical management ranging from
detection to the development of small molecule antiviral leads. Because the field is evolving
rapidly in all directions and related disciplines, it is helpful to summarize the status of our
growth, and to recognize those pioneering efforts that may ultimately contribute to achieving
our goal of eliminating cervical cancer. This review seeks to survey the current understanding
of cervical cancer etiology and treatment and to review areas requiring additional progress.

2. Prevention, interception and early detection

Disease Burden and Risk: Approximately 20 million Americans are currently infected with HPV,
and another 6 million new infections occur annually. In about 90 percent of these cases, the
infection is cleared by the immune system within two years [1, 2]. However, a relatively small
subset of infections persists, sometimes resulting in viral oncoprotein-mediated perturbation
of cell-cycle controls leading to cervical intraepithelial neoplasia (CIN). Approximately 5
percent of Pap specimens are classified as pre-cancerous (CIN 1, 2 or 3) while 0.3 - 0.5 percent
are typically diagnosed as carcinoma in situ [3].

Occurring in men and women, HPV infection is most commonly transmitted by sexual contact.
According to the National Cancer Institute (NCI), a woman’s risk of acquiring HPV and
subsequently developing cervical cancer is increased when the age of sexual debut occurs at
a younger age and when the number of lifetime sexual partners is higher [4]. In addition, it
has been shown that prevalence rates of infection are consistently higher by 70 percent in
sexually experienced, low-income populations of racial and ethnic diversity compared to the
general population [5-7]. Also, the risk of HPV infection progressing to cancer depends on
lifestyle. For example [8], at a woman’s first Pap test the risk that HPV16 infection is more
likely to progress to carcinoma in situ is 70 percent higher in women who currently smoke
(Relative Risk for current smokers is 1.9) [8-11].

Public Education: Media coverage over the last decade has increased general awareness of HPV
infection. However, knowledge regarding how the virus is transmitted and the fact that HPV
infection may cause cervical cancer is less well-known, particularly among vulnerable
populations [12]. In one survey, when high school students were asked to name a few common
sexually transmitted infections (STIs) only 17 percent of students mentioned HPV [13]. A
general awareness about HPV infection leading to cervical cancer can be increased through
education, but more needs to be done to influence the pre-conceived attitudes about prevention
through vaccination and sexual behaviors [14]. For example, HPV infection, like most other
STIs, are spread via bodily fluids that can be obstructed by condom use [15]. Consequently,
this knowledge might heighten the risk-perception (a person’s subjective appraisal of danger)
of not using a condom during vaginal intercourse encounters and reduce sexually risky
behaviors to some appreciable degree.
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UNESCO (United Nations Educational, Scientific, and Cultural Organization) has demon‐
strated the effectiveness of sex education in the global fight against HIV/AIDs. Although HPV
does not currently compare to HIV/AIDs in terms of mortality and global magnitude, the need
for HPV awareness has grown tremendously and it is speculated that such a plan may prove
useful here as well. An increase in consciousness may decrease sexual risk behaviors if
populations at high-risk for contracting HPV were actively targeted for education [16, 17].
However, it should be considered that gender inequalities experienced by women in locations
like Sub-Saharan Africa, as reported by the Global Health Corps and UNESCO, may negatively
impact these initiatives. Furthermore, the cost of such programs compared to other interven‐
tional methods has not been determined. But in general, education can be used as a powerful
tool in preventing HPV-mediated diseases such as cervical cancer. Ideally, these programs
would emphasize risk-perception in both men and women leading to lifestyle modifications,
and a further reduction in the incidence of HPV-mediated carcinoma might be realized.

Prophylactic Immune Strategies: Presently, the most effective protective factor against the most
prevalent and high-risk types of HPV infection is prophylactic vaccination [18]. It has been
seven years since the introduction of the first HPV vaccine [19]. Since then, two vaccines,
Gardasil and Cervarix, have been made available to the public to protect against the more
common HPV strains [20]. The vaccines induce the production of neutralizing antibodies
against HPV L1 capsid virus-like proteins (VLPs), which do not contain virus genetic material.
The quadrivalent vaccine, Gardasil, protects against low- and high-risk HPV (LR- and HR-
HPV, respectively) types 6, 11, 16, and 18 following full vaccination of all three doses at 0,
1, 2 and 6 months. Alternatively, the bivalent vaccine, Cervarix, prevents infection by HR-
HPV types 16 and 18. Both vaccines have been documented to possess compelling prophy‐
lactic efficacy in preventing cervical, genital, and anal diseases. This protection is expected
to persist for 7 years, or at least during the years of high infection risk for most individuals
[20-22].

HPV infections of types other than the four mentioned above are not reliably prevented by
vaccination. Also, studies are warranted regarding the vaccine’s long-term effects and how
they might impact the occurrence of infections by other HPV types. It has already been noted
that quadrivalent and bivalent vaccines may exhibit cross-protection against HPV 31 and other
types by 75 to 80 percent [23]. However, concerns are emerging that relate to HPV type-
replacement. Type-replacement is an increased prevalence of other HPV strains that are not
included in the vaccines, while vaccine-type HPV prevalence is decreased. It was recently
reported that vaccine-type HPV has been reduced in vaccinated and nonvaccinated women,
while nonvaccine-type HPV has slightly increased overall [24]. Researchers do not expect type-
replacement to occur frequently. However, studies are becoming more attentive to changes in
the prevalence of various HPV types, which are expected to surface first within the sexually
experienced population. Such discoveries could encourage the research community to
continue seeking multivalent solutions to as many HPV types as possible without eliciting
additional harmful results. To date, clinical trials have revealed that the most common adverse
response to both vaccines are injection site reactions, which occur more frequently in vaccine
groups rather than in participants given placebos [25].
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Though most industrialized countries, like Great Britain, have already implemented struc‐
tured HPV immunization programs, well-functioning programs geared towards adults and
young adolescents have yet to be seen in many developing countries. However, there are
globally funded systems with strong infrastructure that support the immunization of infants
in developing countries [26]. This anomaly is due to several challenges, which include the cost
of the vaccines, though the biological, economical, and psychological disease burdens of HPV
have also been considered [25, 26]. Therefore, it is no surprise that less developed countries
have not made HPV vaccination programs a priority while other issues compete for the same
limited governmental resources. The most apparent considerations regarding vaccine distri‐
bution in these countries relate to healthcare infrastructure, which can directly affect a
country’s ability to establish and maintain immunization programs that target the vaccine’s
intended population – adolescents. Other factors of significant importance comprise how to
best promote these programs in a way that does not aggravate ethnic/cultural sensitivities and
attitudes about vaccination against an STI [27, 28]. This would further include easing parental
concerns about what an STI vaccine might imply if perceived as socially acceptable within the
targeted age groups. Perhaps if immunization programs were set up in an educational setting,
a stronger risk-perception might be instilled, which would encourage the formation of better
habits of awareness. In years to come, these types of educational agendas might also improve
adherence to the 3-dose regimen over the six-month vaccination period and increase compli‐
ance with screening routines throughout a woman’s lifetime [29].

One clear limitation of the HPV vaccines is their lack of efficacy for those who have already
been exposed to the virus types included in the vaccines. Of course, this exposure is directly
correlated to increasing age and sexual experience [30, 31]. For those who fall into this group,
including older women regardless of vaccination status, it is important that screenings
continue as outlined by the American Cancer Society (ACS) guidelines for Early Detection of
Cervical Neoplasia and Cancer [5]. Therefore, integrated approaches of prevention and
detection are required if efforts against HPV-mediated cervical cancer are to be maximized.
Another important consideration for vaccination is the immune status of potential vaccine
recipients; the immune system must be intact [32]. The immune system’s ability to clear
antigens depends largely on its strength and competence. Thus, immunocompromised women
are especially in peril of HR-HPV infection progressing to cancer [33].

The most common scenarios for compromised immunity are seen in HIV+ individuals and
organ transplant beneficiaries. Those infected with HIV have a greater chance of HPV co-
infection and progression to invasive cervical cancer as compared to those without HIV [34,
35]. The disparity observed here is most likely due to the immune system’s inability to
effectively clear virus among this subset due to decreased immune reactivity to HPV antigen
[36, 37]. It was also found that HPV infection is prevalent among those receiving organ
transplants [38], and that the infection increasingly persisted throughout immunosuppressive
therapy to moderate graft rejection [39]. Despite these challenges, researchers agree that
previous prophylactic HPV vaccination is still beneficial for organ transplant recipients as well
as the HPV/HIV co-infected population who receive HPV vaccination before becoming HIV+.
In these cases, any future challenges of HPV infection following vaccination would be
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neutralized by an earlier developed immunity prior to the individual presenting as HIV+. This
is based on the premise that the protection conferred against the viral types represented in the
vaccine is expected to last for the same time period as in others who are not infected with HIV.
However, what remains unclear is whether the vaccine will prove effective for an individual
already infected with HIV, or in any immunocompromised state [37]. The current under‐
standing is that humoral immune responses remain relatively intact following HIV infection.
However, in such a state of immune weakness, it is unknown whether protection against HPV
can be sustained. Overall, individuals who have been vaccinated prior to becoming immune
compromised are expected to benefit from vaccination by maintaining immune competency,
because new HPV infections from these specific types and the risk of lesions reactivating from
an ongoing, latent HPV infection would be reduced. Of course, they, like other individuals,
will only be protected from the vaccine-type strains, and it is imperative to note that questions
regarding long-term safety in such vulnerable groups remain unanswered [30, 31, 33, 40, 41].

To this end, it is important that innovative therapeutic approaches to improve immunological
surveillance and clearance of HPV continue to develop. It is well-documented that cellular
immune components contribute directly to natural clearance of the virus in most people. For
instance, CD4+ and CD8+ cytotoxic T cells (CTLs) are thought to target HPV 16 early and late
proteins, and active HPV-specific CTLs have been identified in patients with existing infections
[42]. Furthermore, researchers have found that in response to a vaccine containing E6 and E7
oncoproteins, CD4+ and CD8+ CTLs were stimulated, thus inducing the regression of HPV-
mediated vulvar intraepithelial neoplasia (VIN) in 50 percent of subjects [43]. A variety of other
immunotherapy investigations are underway and will be discussed in more detail later in the
review.

Physical Barriers: As noted above, the use of condoms can reduce the rate of HPV infection.
One study showed that when condoms are used during all vaginal intercourse encounters,
HPV transmission/infection is reduced by 70 percent. Even if a condom is used greater than
half of the time, the risk of infection is still reduced by 50 percent [44]. Another study similarly
reports that condoms benefit users by promoting viral clearance and possible regression of
CIN [4]. The use of barrier protectors such as microbicidal and spermicidal gels can also reduce
the risk of HPV infection [45, 46]. The recent utilization of pseudoviruses has proven helpful
in better understanding HPV invasion into keratinocytes through cell surface proteins. In these
pseudovirus studies, carrageenan exhibited a microbicidal function by blocking virus particle
attachment to heparin sulphate proteoglycans on cell basement membranes. Beyond its
function on tissue surfaces, carrageenan also exhibited post-attachment inhibitory actions.
Carrageenan has been used as a thickening agent in sex lubricants and Pap smear gels, and
has shown microbicidal function against a host of STI-causing microbes including HPV [46,
47]. Originally derived from red algae, it is structurally similar to heparin but several times
more potent. Therefore, it is able to bind virus more effectively than host cells and thereby acts
as a decoy receptor [45, 46].

Interception of HPV-Mediated Carcinogenesis: During the decades that frequently occur between
HPV infection and cancer development, there exists a window of opportunity to intercept the
process. Any interventions that increase viral clearance, for example, would fit into this
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category. Another possible approach would be to target the process by which viral DNA
integrates into the host chromosome, a relatively rare event that greatly increases the incidence
of cancer. One study, for example, has postulated that chronic inflammation and the subse‐
quent generation of reactive oxygen/nitrogen species (ROS/RNS) are harbingers of DNA
damage, causing high HPV integration rates. Furthermore, smoking, cervical trauma induced
by high parity, co-infection with other STDs, and long-term use of oral contraceptives have all
been linked to cellular oxidative stress [48]. Thus, breaks in the DNA induced by this oxidative
stress increase the probability of viral integration [49]. Interestingly, HR-HPV types integrate
more frequently than do LR-HPV. The difference in integration occurrence suggests a distinc‐
tion in the molecular variation and/or susceptibility between high- and low-grade lesions.
Therefore, progression to cervical, and some anogenital, cancers is dependent on the presence
of HR-HPV integration into the host genome. Furthermore, scientists are finding certain
patterns in HPV integration events. In particular, the E2 ORF region of the viral genome is
strongly preferred over other sites of integration, and integration at this site, with its accom‐
panying loss of functional E2 protein, is linked to an increase in E6 and E7 oncogene expression
[50, 51]. Consequentially, integration leads to uncontrolled expression of the oncogenes and
ultimately to cellular transformation.

The role of chronic inflammation and its link to radical species production in cancer patho‐
genesis is widely recognized. If increased levels of oxidative stress and ROS do indeed increase
the frequency of integration and cancer, one would predict that antioxidant mechanisms that
counteract the generation of radical species could therefore exert chemopreventative and
chemotherapeutic effects; such mechanisms have indeed been described [52, 53]. In contrast,
other groups are studying ways to therapeutically harness the power of oxidative stress for
actions against cancer cells. For example, the antimalarial drug, artemisin, was found to induce
apoptosis in cervical cancer cells. The mechanism of action involves artemisin interacting with
reduced iron to generate oxidative stress through ROS, as well as the destabilization of
mitochondrial oxidative mechanisms [45, 54]. These discoveries merit further research that
continues to seek ways of preventing HPV-mediated oncogenesis.

Screening for HPV and Cervical Cancer: The ultimate goal of cervical cancer screening, as outlined
by the American Cancer Society (ACS) guidelines for the prevention and early detection of
cervical cancer, is to prevent morbidity and mortality by determining appropriate treatment
plans. In detecting the presence of HPV in the cervix, screening methods should serve to
distinguish transient from persistent infections, and to effectively diagnose disease while
minimizing or avoiding unnecessary complications induced by these techniques. Because 50
percent of women diagnosed with cervical cancer in the U.S. have never been screened, the
importance of diligent watchfulness cannot be over-stated. Moreover, when HIV+ women
comply with regular detection methods and schedules, their otherwise 10-fold higher risk of
progression to invasive cervical carcinoma is diminished [30, 31, 55]. Earlier detection corre‐
sponds to better prognosis [56]. Thus, it is ideal for precancerous women who are at signifi‐
cantly higher risk for invasive cervical carcinoma to be promptly identified and to undergo
intervention. Generally, it is recommended that cervical cancer screening start no earlier than
age 21 for both non-vaccinated and vaccinated women, implying that cervical monitoring is
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an integral component of preventing invasive disease at all stages [5]. Because cervical cancer
detection programs are the most expensive preventive measure in developed countries,
enhancements to existing screening techniques, or the development of completely innovative
and economical methods would be beneficial.

The most utilized and successful of screening methods in lowering cervical cancer incidence
rates (by 70 percent) is exfoliative cervicovaginal cytology, or the Pap test. The Pap test satisfies
the aforementioned objectives for reducing the occurrence of squamous cervical carcinoma
through appropriate screening [5]. Pap tests are recommended for all sexually active women
and/or women ages 21 and older. Now, a modified liquid-based version of the Pap smear is
available. In a liquid-based Pap test such as Cytoscreen or Thinprep, the cells are first filtered
and fixed in preservative. Then the specimen is smeared on a glass slide, which is slightly in
contrast to the conventional method of directly smearing a sample onto a microscope slide.
Other tests such as visual inspection with acetic acid (VIA) are useful in resource-limited
settings. Further modifications of VIA include magnified visual inspection with acetic acid
(VIAM) and visual inspection with Lugol’s iodine solution (VILI) [57]. Colposcopy, though
considered more diagnostic, also allows a magnified visualization of abnormal cervical cells
[56]. Other cervical cancer screening tests may also be applied: pelvic examination – involving
internal palpation of the reproductive organs; automated cervical screening techniques –
supplemental imaging that reduces false positives from the cytological tests; computer
imaging; polar probe – measuring the differences in electrical stimulation between normal and
abnormal cervical tissue; laser-induced fluorescence – measuring spectroscopic differences in
florescence between normal and diseased cervix; speculoscopy – cervical inspection using
acetic acid with chemiluminescent light; and cervicography – photo development while using
acetic acid [56].

Complementing the Pap test is the detection of HPV DNA. The direct testing for HPV DNA is
becoming standard in many cervical cancer screening regimens, as its combined use with liquid-
based cytology has generated results with even better sensitivity (up to 100 percent) for predicting
high-grade cervical dysplasia [58]. HPV DNA is usually obtained from cervical scrapes and/or
biopsy specimens, and recent clinical studies continue to assert the unique value of HPV-
DNA testing over cytology [59-61]. Nevertheless, only time will tell the extent to which the Pap
test will be replaced by the more economically appealing HPV-DNA test. To date, the FDA has
approved five HPV-DNA tests: the Hybrid Capture 2 HPV DNA test, the Cervista HPV HR test,
the Cervista HPV16/18 test, the Cobas 4800 HPV test, and the Aptima HPV assay. Other
commonly used assays not approved by the FDA include PCR and Southern Blot hybridiza‐
tion, the latter being the laboratory gold standard. Some other recent innovative HPV detec‐
tion methods are complete HPV genotyping, HPV mRNA detection, HPV load quantitation,
identifying HPV integration, p16 ELISA, methylation profiles, and the E6 Strip test [62, 63].

Cervical cancer incidence and mortality seem to be on a downward swing in the U.S., primarily
due to cytological gynecologic screening through the Pap test. Nevertheless, the global burden
of HPV infection remains. Because no single detection method is optimal for every situation,
it is essential that novel techniques to identify cervical cancer and HPV infection be continu‐
ously developed. Ideally, these new procedures/assays would allow clinicians to easily
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category. Another possible approach would be to target the process by which viral DNA
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distinguish between low-risk and high-risk HPV status without causing undue concern in
patients with transient infection. However, the cost of cervical cancer screening programs, even
in developed countries, may hamper the implementation of these new advances.

3. Current clinical treatmemts

Staging and Treatment Options: Despite prevention initiatives to stay the tide of carcinogenesis
caused by HR-HPV, thousands worldwide still require treatment. Currently, the most effective
course of managing cervical carcinoma involves surgery and/or radiation. However, surgery
provides the management team better insight into the extent of the disease because it allows
the assessment of lymph node involvement [64, 65]. The surgical options available range from
total removal of the cervix (radical hysterectomy) to less extreme options that preserve the
fertility of the patient (radical trachelectomy), and are somewhat contingent upon disease
progression. Other procedures such as chemotherapy, radiotherapy, or a combination thereof
are routinely used, and their utilization depends on cancer stage as well. Factors further
impacting the course of management include pregnancy; disease recurrence; fertility preser‐
vation; cervical location of the lesion; cancer type; age and general physical health. But the
most important treatment determinant for cervical cancer is stage of disease, and years of
clinical trials and case studies have formed the standard by which each stage is managed.

The staging of cervical cancer is based on the physical examination and is established by the
International Federation of Gynecology and Obstetrics (FIGO). The World Health Organiza‐
tion reaffirms the FIGO organization of cervical carcinoma progression into four stages (I-IV):

Stage I: cancer found only in the cervix.

Stage II: cancer found beyond the cervix in the vagina, but has not spread to the pelvic wall
and excludes the lower third of the vagina.

Stage III: cancer has spread to the lower third of the vagina and/or pelvic sidewall, and includes
cases with kidney involvement.

Stage IV: cancer has grown beyond the pelvis and involves tissue of the rectum, bladder, and/
or distal sites of metastasis.

The four main stages are then organized into sub-categories that further describe the extent of
growth, adjacent tissue involvement, local organ participation, and metastasis to distal sites
through the lymphatic system [66]. Present challenges to the optimal clinical staging of cervical
cancer include complications associated with parametrial invasion, tumor location/size
variation, and lymph node metastases, but developments in imaging are changing the tide [67,
68]. The ACS asserts that individuals diagnosed with cervical cancer from the early stages
through late stage II actually have a survival rate greater than 50 percent. Cancers diagnosed
at stage III and IV yield 30 and 15 percent survival rates, respectively. However, survival rates
approach 100 percent if the cancer is caught early enough. The tools used in the process of
staging and subsequent treatment of cervical cancer are numerous and will be mentioned only

Human Papillomavirus and Related Diseases – From Bench to Bedside A Diagnostic and Preventive Perspective294

as they fit the scope of this review. Therefore, the sections below are not intended to represent
a comprehensive discussion of these modalities.

Imaging: One of the most important aspects of cervical cancer treatment is identifying and
evaluating abnormal tissue morphology using radiological technologies such as magnetic
resonance imaging (MRI), x-ray computed tomography (CT scan), and positron emission
tomography (PET). Because the effectiveness of these devices depends on clinical expertise
and equipment, diagnostic imaging possesses several inherent discrepancies [64]. However,
many researchers have begun studies that will help to improve these methods and/or to enable
clinicians to draw better conclusions. Advancements in the functionality of diagnostic imaging
are making it easier than ever to assess and exploit tumor parameters such as cellularity, blood
flow, and glucose metabolism. Recent studies are showing that the glucose analogue, fluorine-
labeled fluoro-2-deoxy-D-glucose (FDG), is particularly useful in gauging tumor metabolic
activity. When combined with PET (FDG-PET), FDG is considered to have high sensitivity in
detecting primary cervical tumors [69]. Additionally, combining PET and CT is becoming more
acceptable as a way to eliminate the guesswork involved in evaluating metastasis to lymph
nodes [70]. However, MRI is the preferred imaging method in managing cervical cancer due
to the high quality of anatomic resolution it provides in the pelvis; this enhances its ability to
evaluate primary tumor volume [67, 71]. New developments in MRI technology such as
diffusion-weighted MRI (DWI) compare normal and abnormal tissues based on the Brownian
motion of water molecules, the movement of which impacts cellular membrane integrity.
However, these features may not be as distinct or reliable in excessively necrotic tumors.
Another derivative of MRI is dynamic contrast-enhanced MRI (DCE-MRI), which provides an
unprecedented appraisal of tumor vasculature through contrast distribution over time.
Therefore, DCE-MRI may prove to be distinctly helpful in ascertaining a tumor’s unique
response to therapies [67, 72].

Surgery: Surgery is the advised treatment for cervical carcinoma at stages I and II. The preferred
procedure, radical hysterectomy (RH), has a 75 to 80 percent cure rate according to the NCI
and is the gold standard of treatment. RH is the complete removal of the uterus, cervix, and
upper portion of the vagina, and involves measuring metastasis to the parametrial and pelvic
lymph nodes [73, 74]. Other procedures, such as total and subtotal hysterectomies, do not
require the removal of the vagina and cervix, respectively. At the early phase of stage I, less
invasive techniques labeled excisional therapies selectively remove pathologic tissue [75, 76].
Large loop loop excision of the transformation zone (LLETZ) and cold knife conization
procedures are classified as excisional therapies and are used without great risk of the cancer
recurring. Conical biopsies, or the removal and microscopic examination of presumably
abnormal tissue, may suffice in some situations. Ablative therapies such as laser and cryosur‐
gery are utilized in expunging carcinomas in situ of lesser risk. This distinction between
therapies is supported by studies showing that lesions from more progressed carcinomas
return at a higher rate when treated with ablative techniques as compared to excisional ones
[76]. In some instances, neither excision nor ablative therapies are suitable for the grade of
disease, and hysterectomy is recommended. Indeed, patients not interested in fertility loss or
those with lymph and vascular space involvement (LVSI) should elect for RH (RH). Nonethe‐
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Another derivative of MRI is dynamic contrast-enhanced MRI (DCE-MRI), which provides an
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procedure, radical hysterectomy (RH), has a 75 to 80 percent cure rate according to the NCI
and is the gold standard of treatment. RH is the complete removal of the uterus, cervix, and
upper portion of the vagina, and involves measuring metastasis to the parametrial and pelvic
lymph nodes [73, 74]. Other procedures, such as total and subtotal hysterectomies, do not
require the removal of the vagina and cervix, respectively. At the early phase of stage I, less
invasive techniques labeled excisional therapies selectively remove pathologic tissue [75, 76].
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procedures are classified as excisional therapies and are used without great risk of the cancer
recurring. Conical biopsies, or the removal and microscopic examination of presumably
abnormal tissue, may suffice in some situations. Ablative therapies such as laser and cryosur‐
gery are utilized in expunging carcinomas in situ of lesser risk. This distinction between
therapies is supported by studies showing that lesions from more progressed carcinomas
return at a higher rate when treated with ablative techniques as compared to excisional ones
[76]. In some instances, neither excision nor ablative therapies are suitable for the grade of
disease, and hysterectomy is recommended. Indeed, patients not interested in fertility loss or
those with lymph and vascular space involvement (LVSI) should elect for RH (RH). Nonethe‐
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less, for nulliparous women radical trachelectomy, or the removal of the uterine cervix only,
with lymphadenectomy is always an option up to late stage I (Ib1) [77-79]. According to the
ACS, RH is always optional for those diagnosed with early stage squamous cell cervical
carcinoma, but it is strongly suggested for adenocarcinoma cervical cancer.

Surgery is immensely valuable for determining lymph node status, which is strongly corre‐
lated to survival [80]. The risk of lymph node metastasis is increased by 10 percent if tumor
invasion reaches between 3 and 5 mm beyond the primary lesion. If this occurs, the NCI
recommends that a modified RH comprising pelvic lymph node dissection be performed even
in early disease stages. Furthermore, if metastasis to the lymph nodes or parametria is found,
their removal is indicated as well as radiotherapy or chemo radiotherapy post-operatively.
Post-surgery radiotherapy is also indicated if the tissue collected during surgery has a positive
margin, which alludes to residual cancer and commonly occurs in late stage I. Though it is
advisable to use radio and chemotherapies in stage II, some experts also support hysterectomy
following these procedures. In summation, surgery yields its most potent benefits in the earlier
stages of cervical carcinoma, though this fact can be viewed as a great limitation in the case of
advanced disease. Other limitations of surgery include pelvic sepsis and thrombosis as well
as vesicovaginal fistulas. However, opting for surgery in the management of cervical cancer
may prevent vaginal stenosis, spare ovarian function, and protect local organs from future
complications. There is no doubt that surgery is vital in the prospective treatment planning of
the patient following operation because it allows the delineation of tumor metastasis [65].
However, surgical options are contingent upon early detection, and thus time will always be
one of the most important factors in predicting a prognosis. Fortunately, advances in the field
of surgery have given patients better alternatives that are less invasive (i.e. laparoscopic
surgery), and these procedures, together with non-invasive therapies, will continue to benefit
those for whom preventive measures have failed.

Radiotherapy: More advanced cervical cancer (stage IIb and higher) is treated with radiother‐
apy (RT), chemotherapy, or a combination of the two. However, surgery and RT both aim
to completely eradicate malignancy and have equally positive results in attenuating disease
in the initial phases. RT is generally substituted for surgery when circumstances render an
operation less than optimal as in the case of elderly patients, obese patients, or patients with
several co-morbidities [80, 81]. Usually younger patients elect for surgery in order to preserve
sexual function and to avoid side effects such as vaginal dryness and narrowing caused by
scar tissue (as described by the ACS). Elderly patients (65+ years), who account for 20 percent
of  cervical  cancer  cases,  usually choose the less  invasive RT [82].  Cancer  cells  are more
susceptible to radiation than are normal cells because radiation uses high-energy particles to
target and kill rapidly dividing cells through DNA damage. In general, there are two main
types of radiation therapy: external beam radiation, and internal (implant) radiation usually
referred to as intracavitary brachytherapy (BT). External beam radiation therapy (EBRT) is
aimed wholly at the pelvis, much like a regular x-ray, and is often accompanied by cispla‐
tin chemotherapy. The chemotherapy is added to enhance the effectiveness of the radia‐
tion and to treat metastasis to lymph nodes [83]. The selectivity of EBRT for cervical sites is
enhanced by combining its use with a CT scan via 3-D conformal radiation therapy (3-D
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CRT),  which better concentrates radiation to specific regions of interest.  BT involves the
placement of a radioactive device in the uterus or vagina. Low or high-doses of radiation are
given over long or short periods of time, respectively, and in accordance with the Manches‐
ter triple source system. Also, BT is a highly specialized method of radiotherapy requiring
costly equipment and extensive technical training, as device positioning is very important in
treatment success [84].

Maximum dose toleration by adjacent tissues such as vaginal tissue is a major limiting factor
in all radiotherapy procedures. Therefore, many strategies attempt to radiosensitize the
appropriate tissues (See Neoadjuvant and Combination therapies, below) before exposing them to
radiation. Intensity modulated radiation therapy (IMRT) offers a unique advantage through
the virtual mapping of tumors so that the delivery of radiation is focused and minimal tissue
damage occurs to the surrounding vital structures. Supplemental techniques to improve the
localization of radiation such as hyperthermia, neutron therapy, and hypoxic cell sensitizers
still need refinement, and are not routinely utilized [85, 86]. Despite potential high levels of
toxicity necessitating close patient monitoring, RT is a powerful tool in managing cervical
cancer. The side effects of RT that have caused the greatest concern include hematologic
imbalances, GI distress, GU complications due to hydronephrosis, and secondary malignancy.
Future improvements in the field of RT to treat cervical cancer must first rectify the issues of
maximum dose tolerance by exploiting radiosensitizing methods in order to compensate for
the systemic and potentially oncologic risks associated with radiation.

Chemotherapy: Chemotherapy is the principal treatment option for recurrent and metastatic
cervical cancer, and it is recommended by the ACS for the management of late stage I of cervical
cancer or higher. Chemotherapy can be curative or palliative. In early cervical disease,
chemotherapy can be curative, but may also be given in more advanced stages (stage IV and
recurrence) to alleviate the ravaging effects of the cancer itself and its related symptoms.
Chemotherapy may also be given in the later stages to postpone the toxicities associated with
it until absolutely necessary. Thus, designing optimal regimens suited for each case is essential
to attaining both patient comfort and treatment success. Chemotherapy can also be given
adjunctively to strengthen the effects of primary treatment, or provided post-operatively [87].
In fact, the ways in which chemotherapy can be administered are numerous, ranging from
single, doublet, triplet, or quartlet-agent regimens to combined chemoradiation routines.
However, a few agents such as cisplatin, paclitaxel, and ifosfamide are distinguished for being
somewhat autonomously potent [88]. The success of single-agent chemotherapy generally
depends on histology. For example, although cisplatin is most effective for treating squamous
cell carcinomas (SCC), paclitaxel has been shown to improve the median survival of non-SCC
type patients as compared to others who did not receive paclitaxel [89]. Furthermore, paclitaxel
yielded a response rate (RR) of 33 percent, surpassing other single agents in non-SCC type
cervical cancer treatment [88, 89].

Cisplatin, a platinum-based agent, is the accepted standard of chemotherapy for cervical
cancer, and it improves survival in chemoradiation recipients as compared to the use of other
chemotherapeutic drugs [90-94]. However, its adequacy in improving survival and quality of
life in palliative management has been questioned. Some tumor cells acquire resistance to
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cancer, and it improves survival in chemoradiation recipients as compared to the use of other
chemotherapeutic drugs [90-94]. However, its adequacy in improving survival and quality of
life in palliative management has been questioned. Some tumor cells acquire resistance to

Modern Molecular and Clinical Approaches to Eradicate HPV-Mediated Cervical Cancer
http://dx.doi.org/10.5772/55810

297



cisplatin, and so non-platinum chemotherapy or higher doses of cisplatin, in these cases, are
indicated [81, 91]. In the cases of cisplatin resistance or disease recurrence, non-platinum-based
agents such as topotecan, vinorelbine, irinotecan, paclitaxel, mitomycin c, and ifosfamide are
sometimes combined with cisplatin. Topotecan and 5-fluorouracil (5-FU), among other
combinations, seem to produce an additive effect with cisplatin to reduce its toxicity, increasing
its RR from 20 to 50 percent [90, 91, 95]. Similarly, when paclitaxel is combined with cisplatin,
a high RR of 46 percent is reached for late stage IV cervical cancer and is accompanied by
decreased hematologic complications. However, a Gynecologic Oncologic group study
reported that consistent, weekly schedules of cisplatin alone are less toxic than cisplatin
combined with other agents, particularly 5-FU [92, 96]. Sanazol and tirapazamine are relatively
new chemotherapeutic agents that specifically target and destroy hypoxic tissue by dissociat‐
ing into free radicals that cause DNA damage. Therefore, drug selectivity for hypoxic tissue
will result in greater cytotoxicity among malignant cervical cells [81]. Multiple-agent regimens
may also include the use of antibodies targeting a tumor’s peculiar characteristics. For example,
if a particular tumor markedly over-expresses EGFR-1, it would be appropriate to include
Cetuximab in treatment, or Bevacizumab in the case of extreme vascularity [95].

Combination Therapies: Multidisciplinary treatment might be indicated throughout any of the
stages of cervical carcinoma, mainly depending on its aggressiveness. In fact, it is quite
common for treatment schedules to include chemotherapy, radiation therapy, and surgery
[81]. The concurrent use of chemotherapy and radiation therapy is reported by the NCI to
reduce cervical cancer mortality by 30 to 50 percent, particularly in late stage II. Alternatively,
neoadjuvant therapy, defined as a specific sequence for delivering any treatment before a
definitive therapy such as surgery or radiotherapy, may be employed. Neoadjuvant therapy
is intended to prime the target tissue, thus making it more susceptible to primary treatment
[71, 93]. Neoadjuvant chemotherapy (NACT) is often administered before radiation in order
to radiosensitize solid tumor cells and to decrease tumor size and hypoxic cell numbers. In
few instances, NACT could potentially provide patients with the option of surgery even
though it may have been unfeasible prior to NACT. Moreover, researchers are finding that
patients who receive sequential NACT-RH have a 10 to 15 percent survival advantage five
years after treatment [97]. In cases when surgery does not completely remove all traces of
abnormal tissue as anticipated, chemotherapy or radiation must be given post-operatively to
inhibit local and distal metastasis through the lymphatic system. Hence, there is no doubt that
concurrent chemotherapy and radiation therapy can improve survival in women with locally
advanced cervical cancer or recurrent cancer [93, 98]. Radiation treatment alone does not
contain cancer in 35 to 90 percent of patients, but chemotherapy given with radiation treatment
yields much higher survival rates. The chemotherapeutic drugs most commonly used with
radiation are cisplatin, 5-FU, mitomycin C, and hydroxyurea, though cisplatin produces the
largest increase in survival by reducing mortality and recurrence [93, 94]. Many times, the
sensitizing effects of drugs are needed to accentuate the value of other treatment methods, as
is the case with histone deacetylase inhibitors, decitabine and valproic acid, that radiosensitize
tumors for RT [81]. Thus, researchers may build and forge new applications through trials that
study combination therapies.
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4. Molecular therapies in development

Therapeutic Immune Strategies: The development of the prophylactic vaccine has forever
changed the course of HPV-mediated cervical disease. Nevertheless, it is clear that there is still
an immense need for therapeutic options, especially in developing countries where the
positive, yet costly measures of preventative initiatives remain to be implemented. In contrast
to prophylactic vaccines that target the L1 and L2 proteins and are protective against HPV
infections, therapeutic vaccines would ideally target molecules such as E6 and/or E7 post-
infection, which are directly linked to HPV-mediated carcinogenesis [99]. Therapeutic vaccines
may be constructed in a variety of ways, as described below [100].

Live, vector-based vaccines, bacterial and viral, can generate very robust cell-mediated and
adaptive immune responses, and because of this they are preferred over peptide/protein
vaccines. Specifically, bacterial vectors function well when they are packaged with antigen
(genes or proteins), thereby alerting antigen-presenting cells (APCs) to initiate an immune
response. Though several bacterial vectors have been tested, L. monocytogenes is a prototypic
example. Simply, L. monocytogenes stimulates antigen-specific CD8+ and CD4+ T cell responses
following its evasion of immune destruction by releasing Lm toxin to avoid phagosomal lysis.
However, the most appealing factor of the L. monocytogenes vector is that the immune response
can be easily controlled by antibiotics should the body react adversely to Lm [101-104]. With
regards to viral vectors, a few viruses, such as the vaccinia virus, adenovirus, vesicular
stomatitis virus, and alphavirus, have distinguished themselves and show great promise. In
fact, researchers have discovered that when an adenovirus vector is used to deliver calreticulin
and HPV E7 antigens, the size of E7-expressing tumors in mice decrease [105]. A highly
anticipated viral vaccine candidate is the TA-HPV vaccine, consisting of both HPV16 and
HPV18 E6 and E7 antigens and a vaccinia virus vector. TA-HPV is safe and efficient in
stimulating either a specific CTL response or a serological response, which might depend on
the epigenetic patterns of each individual [106]. Similarly, the MVA E2 vaccine is also packaged
with the vaccinia virus, and uses the bovine papillomavirus E2 protein to repress E6 and E7
transcription. MVA-HPV-IL2, currently undergoing a phase III clinical trial for CIN 2-3
treatment, utilizes a modified vaccinia Ankara viral vector, and uniquely contains HPV16 E6
and E7 DNA as well as IL-2 [99, 107]. The co-expression of a cytokine with HPV antigens
induces a stronger immune response by stimulating dendritic cell maturation, though the
refinement of viral vector tools must include solutions for overcoming pre-existing immunity.
To rectify this, Cox-2 inhibitors are presently being tested to offset such immune interferences,
thus allowing greater exploitation of a potentially powerful treatment. However, safety factors
remain a high priority when viral vectors are considered, and these vectors must be properly
constructed for use in both immunocompetent and immunocompromised individuals [100].

In peptide-based vaccines, antigens from HPV are directly administered to elicit a response
from dendritic cells (DCs) via toll-like receptor (TLR) activation [108]. The peptide vaccine
platform is ideal for mass production, but the breadth of its efficacy is limited by the expression
of only one major histocompatibility complex I (MHC I) phenotype; protein-based vaccines
are not encumbered in the same way. However, if the specific immunogenic epitopes on
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combinations, seem to produce an additive effect with cisplatin to reduce its toxicity, increasing
its RR from 20 to 50 percent [90, 91, 95]. Similarly, when paclitaxel is combined with cisplatin,
a high RR of 46 percent is reached for late stage IV cervical cancer and is accompanied by
decreased hematologic complications. However, a Gynecologic Oncologic group study
reported that consistent, weekly schedules of cisplatin alone are less toxic than cisplatin
combined with other agents, particularly 5-FU [92, 96]. Sanazol and tirapazamine are relatively
new chemotherapeutic agents that specifically target and destroy hypoxic tissue by dissociat‐
ing into free radicals that cause DNA damage. Therefore, drug selectivity for hypoxic tissue
will result in greater cytotoxicity among malignant cervical cells [81]. Multiple-agent regimens
may also include the use of antibodies targeting a tumor’s peculiar characteristics. For example,
if a particular tumor markedly over-expresses EGFR-1, it would be appropriate to include
Cetuximab in treatment, or Bevacizumab in the case of extreme vascularity [95].

Combination Therapies: Multidisciplinary treatment might be indicated throughout any of the
stages of cervical carcinoma, mainly depending on its aggressiveness. In fact, it is quite
common for treatment schedules to include chemotherapy, radiation therapy, and surgery
[81]. The concurrent use of chemotherapy and radiation therapy is reported by the NCI to
reduce cervical cancer mortality by 30 to 50 percent, particularly in late stage II. Alternatively,
neoadjuvant therapy, defined as a specific sequence for delivering any treatment before a
definitive therapy such as surgery or radiotherapy, may be employed. Neoadjuvant therapy
is intended to prime the target tissue, thus making it more susceptible to primary treatment
[71, 93]. Neoadjuvant chemotherapy (NACT) is often administered before radiation in order
to radiosensitize solid tumor cells and to decrease tumor size and hypoxic cell numbers. In
few instances, NACT could potentially provide patients with the option of surgery even
though it may have been unfeasible prior to NACT. Moreover, researchers are finding that
patients who receive sequential NACT-RH have a 10 to 15 percent survival advantage five
years after treatment [97]. In cases when surgery does not completely remove all traces of
abnormal tissue as anticipated, chemotherapy or radiation must be given post-operatively to
inhibit local and distal metastasis through the lymphatic system. Hence, there is no doubt that
concurrent chemotherapy and radiation therapy can improve survival in women with locally
advanced cervical cancer or recurrent cancer [93, 98]. Radiation treatment alone does not
contain cancer in 35 to 90 percent of patients, but chemotherapy given with radiation treatment
yields much higher survival rates. The chemotherapeutic drugs most commonly used with
radiation are cisplatin, 5-FU, mitomycin C, and hydroxyurea, though cisplatin produces the
largest increase in survival by reducing mortality and recurrence [93, 94]. Many times, the
sensitizing effects of drugs are needed to accentuate the value of other treatment methods, as
is the case with histone deacetylase inhibitors, decitabine and valproic acid, that radiosensitize
tumors for RT [81]. Thus, researchers may build and forge new applications through trials that
study combination therapies.
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to prophylactic vaccines that target the L1 and L2 proteins and are protective against HPV
infections, therapeutic vaccines would ideally target molecules such as E6 and/or E7 post-
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may be constructed in a variety of ways, as described below [100].
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adaptive immune responses, and because of this they are preferred over peptide/protein
vaccines. Specifically, bacterial vectors function well when they are packaged with antigen
(genes or proteins), thereby alerting antigen-presenting cells (APCs) to initiate an immune
response. Though several bacterial vectors have been tested, L. monocytogenes is a prototypic
example. Simply, L. monocytogenes stimulates antigen-specific CD8+ and CD4+ T cell responses
following its evasion of immune destruction by releasing Lm toxin to avoid phagosomal lysis.
However, the most appealing factor of the L. monocytogenes vector is that the immune response
can be easily controlled by antibiotics should the body react adversely to Lm [101-104]. With
regards to viral vectors, a few viruses, such as the vaccinia virus, adenovirus, vesicular
stomatitis virus, and alphavirus, have distinguished themselves and show great promise. In
fact, researchers have discovered that when an adenovirus vector is used to deliver calreticulin
and HPV E7 antigens, the size of E7-expressing tumors in mice decrease [105]. A highly
anticipated viral vaccine candidate is the TA-HPV vaccine, consisting of both HPV16 and
HPV18 E6 and E7 antigens and a vaccinia virus vector. TA-HPV is safe and efficient in
stimulating either a specific CTL response or a serological response, which might depend on
the epigenetic patterns of each individual [106]. Similarly, the MVA E2 vaccine is also packaged
with the vaccinia virus, and uses the bovine papillomavirus E2 protein to repress E6 and E7
transcription. MVA-HPV-IL2, currently undergoing a phase III clinical trial for CIN 2-3
treatment, utilizes a modified vaccinia Ankara viral vector, and uniquely contains HPV16 E6
and E7 DNA as well as IL-2 [99, 107]. The co-expression of a cytokine with HPV antigens
induces a stronger immune response by stimulating dendritic cell maturation, though the
refinement of viral vector tools must include solutions for overcoming pre-existing immunity.
To rectify this, Cox-2 inhibitors are presently being tested to offset such immune interferences,
thus allowing greater exploitation of a potentially powerful treatment. However, safety factors
remain a high priority when viral vectors are considered, and these vectors must be properly
constructed for use in both immunocompetent and immunocompromised individuals [100].

In peptide-based vaccines, antigens from HPV are directly administered to elicit a response
from dendritic cells (DCs) via toll-like receptor (TLR) activation [108]. The peptide vaccine
platform is ideal for mass production, but the breadth of its efficacy is limited by the expression
of only one major histocompatibility complex I (MHC I) phenotype; protein-based vaccines
are not encumbered in the same way. However, if the specific immunogenic epitopes on
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peptides could be identified it would greatly remedy this difficulty. Some investigators are
taking a different approach by overlapping peptides with a broad range of different epitopes
to obtain a greater immune response [109]. Meanwhile, other researchers have focused on the
development of vaccines that utilize a synthetic E7 peptide component to clear HPV-mediated
tumors in mice, such as TriVax [110]. Unfortunately, a limitation of both peptide- and protein-
based vaccines is low immunogenicity. This challenge, however, is no longer intractable with
the advent of various immunomodulatory adjuvant agents such as TLR ligands, cytokines,
and lipids, all of which help to stimulate a robust immune response. Another recently popular
strategy thought to increase protein/peptide vaccine potency involves the Pan HLA-DR
epitope peptide (PADRE), which binds MHC class II molecules with much stronger affinity
[108]. Following the success of PADRE and other similar technologies, more potent enhancers
of peptide vaccines such as 4-1BB ligand, CpG oligodeoxynucleotide, mutant cholera toxin,
and lipopeptides are now emerging [111].

In general, protein-based therapeutic vaccines, like peptide-based vaccines, are advantageous
for safety and tolerability. Although protein-based vaccines are not restricted by MHC
compatibility, they cannot directly stimulate cytotoxic T lymphocytes. Protein vaccine
adjuvants that are considered to compensate for this weakness in protein vector therapy
include liposome-polycation-DNA and the saponin-based ISCOMATRIX. The ISCOMATRIX
is an adjuvant complex consisting of phospholipids and cholesterols, and it causes a rapid
innate immune cell response [112]. In general, any strategy that increases antigen uptake by
APCs, antigen presentation, or the CTL response is expected to improve the immunogenicity
of a protein. One protein-based therapeutic vaccine in clinical trials is TA-CIN. Essentially,
TA-CIN is a mixture of L2, E6, and E7 proteins from HPV16. The L2 antigen launches a humoral
response, and the E6 and E7 proteins induce T cell responses. However, further investigation
revealed that TA-CIN is even more powerful when combined with the TA-HPV vaccine
[113-115]. Another strong protein-based vaccine candidate, due to its safety and ability to
induce lesion regression in various HPV-related diseases, is HspE7 [116]. HspE7 is a fusion
product of HPV16 E7 and the Mycobacterium bovis Hsp65 proteins. Another potential strategy
to improve immunogenicity in protein-based therapeutic vaccines is the use of the Fve
adjuvant, which is derived from a fungal protein originating in the Flammulina velutipes species,
and has been shown to produce potent humoral and cellular immune responses. The antitumor
effects of Fve in HPV-mediated cancers are attributed to its ability to induce IFN-gamma
secretion and to stimulate T helper and CTLs in tumor-bearing mice [117]. Our knowledge
about how to apply protein and peptide therapeutic vaccines against cervical cancer is steadily
increasing. The immediate next step is to follow up with successful clinical trials, and to
implement the most useful of these methods, or a combination thereof.

One advantage of DNA-based vaccination is its capacity to increase immunological memory
through constant antigen production. Because the immune response itself is not anti-vector,
multiple vaccinations are possible. Moreover, the antigens produced by DNA vaccines can be
delivered in a variety of ways, resulting in stimulation of both APCs and T lymphocyte
immune defenses [118, 119]. However, DNA vaccines also present the challenge of overcoming
low immunogenicity due to limited APC specificity. Therefore, future developments must
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focus on antigen modifications so as to elicit a stronger DC adaptive immune response. One
such strategy increases the number of HPV DNA plasmid transfection events in DCs. These
DCs will then present antigen to, and ultimately activate, naive CD4+ and CD8+ lymphocytes
[119]. However, researchers still must determine the most efficient and effective way to deliver
HPV DNA to DCs. A fairly recent investigation discusses a novel method to administer a dose-
driven vaccine by gene gun technology, which forms a DNA-coated stream of gold particles
targeting Langerhans cells in the skin [120]. Other studies justify the use of cell membrane
permeabilization by electroporation, thereby causing cells to experience an electric shock and
maximizing cellular uptake of DNA [121, 122].

Electroporation also leads to inflammation and cytokine recruitment, thus enhancing the
immune environment. Additionally, electroporation was found to be particularly effective
against E7-expressing tumors. The VGX-3100 plasmid DNA vaccine, targeting E6 and E7
antigens of HPV16 and 18, seemed to have great efficacy when it was combined with electro‐
poration administration [123]. Furthermore, clinical trials attest to the value of this particular
method of treatment delivery in CIN 2 and 3 lesions. Strategies that increase transfection
efficiency are continuously being sought through experimentation with diverse routes of
vaccine administration, such as intramuscular versus intradermal techniques. The efficient
intramuscular administration of DNA is achieved via microencapsulation, which uses a
biopolymer that surrounds the plasmid to prevent degradation by nucleases. Conversely,
intradermal administration involves skin patch tattooing using microneedles [124]. One
encapsulated DNA-based vaccine that has been tested with both administrative routes is the
amolimogene bepiplasmid (also known as ZYC101a), which contains T cell epitopes and
HPV16 and 18 E6/E7 viral protein fragments [125, 126]. In this study, it was concluded that
intramuscular methods were more effective [127, 128].

Another strategy to strengthen DNA-based vaccines focuses on improving DC antigen
processing. Those cells that have become transfected with HPV DNA material may be
prompted to generate a more potent immune response through codon optimization or
demethylation techniques that will increase gene translation efficiency [100]. These methods
work to improve antigen translation and expression in cells with HPV DNA. Additionally,
DNA vaccination with the MHC class I chaperone molecule, calreticulin, was shown to
increase the CD8+ immune response, thereby leading to an antitumor effect [129]. It is also
possible to improve antigen processing through the MHC class II pathway. For instance, the
E7/LAMP-1 vaccine allows antigen to be further sorted in endosomal and lysosomal compart‐
ments, thus priming CD4+ and CD8+ lymphocytes for a greater response as compared to the
administration of E7 alone [130]. Substitution of the MHC class II peptide, CLIP (Class II-
associated peptide), for the PADRE peptide in the invariant chain is a promising strategy to
not only increase antigen presentation, but also to secrete cytokines that stimulate T cell
proliferation, thus resulting in greater CD4+ lymphocyte activity [131, 132]. Other methods of
improving antigen presentation include cross-presentation by extracellular proteins like HSP
70, up-regulation of MHC II expression on the surface of DCs, and single chain trimer
technology (SCT). SCT involves the fusion of HPV antigen to the MHC class I molecule, beta-2
microglobulin, resulting in the appropriate recognition of antigen and action against an E6-
expressing tumor [133, 134].
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include liposome-polycation-DNA and the saponin-based ISCOMATRIX. The ISCOMATRIX
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response, and the E6 and E7 proteins induce T cell responses. However, further investigation
revealed that TA-CIN is even more powerful when combined with the TA-HPV vaccine
[113-115]. Another strong protein-based vaccine candidate, due to its safety and ability to
induce lesion regression in various HPV-related diseases, is HspE7 [116]. HspE7 is a fusion
product of HPV16 E7 and the Mycobacterium bovis Hsp65 proteins. Another potential strategy
to improve immunogenicity in protein-based therapeutic vaccines is the use of the Fve
adjuvant, which is derived from a fungal protein originating in the Flammulina velutipes species,
and has been shown to produce potent humoral and cellular immune responses. The antitumor
effects of Fve in HPV-mediated cancers are attributed to its ability to induce IFN-gamma
secretion and to stimulate T helper and CTLs in tumor-bearing mice [117]. Our knowledge
about how to apply protein and peptide therapeutic vaccines against cervical cancer is steadily
increasing. The immediate next step is to follow up with successful clinical trials, and to
implement the most useful of these methods, or a combination thereof.

One advantage of DNA-based vaccination is its capacity to increase immunological memory
through constant antigen production. Because the immune response itself is not anti-vector,
multiple vaccinations are possible. Moreover, the antigens produced by DNA vaccines can be
delivered in a variety of ways, resulting in stimulation of both APCs and T lymphocyte
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possible to improve antigen processing through the MHC class II pathway. For instance, the
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RNA replicon-based vaccines have some advantages over DNA vaccines: 1) they are less likely
to integrate into the host genome, thus decreasing the risk of cell transformation and 2) they
can potentially generate more protein than can DNA methods. Of course, RNA replicon-based
vaccines may be introduced into the host as DNA. From here, the cell can then transcribe the
DNA molecule into RNA, but without the structural genes needed to construct viral particles.
Therefore, no antibodies are produced against viral immunologic molecules and administra‐
tion can be repeated. One significant limitation of using replicons is that RNA is inherently
unstable. However, the use of a DNA-launched RNA replicon could surmount this difficulty,
and concerns of gene integration could be addressed by designing the DNA to self-destruct
following gene expression. Because immunologic cells undergo apoptosis in this process, it is
necessary to fuse the HPV antigen to an anti-apoptotic protein, otherwise DC numbers will be
drastically reduced [100, 135, 136]. The Kunjin flavivirus has the potential to accomplish the
same goal by delivering the desired antigens into cells without immediately inducing apop‐
tosis, thus prolonging the window of time for antigen presentation by transfected cells and
improving overall immunogenicity [137-139].

Dendritic cell-based vaccines can be prepared in several ways: by introducing exogenous HPV
antigen via endocytosis in to DCs; by infusing DCs with E6/E7 DNA or RNA through electropo‐
ration; or, the antigen may be packaged together with liposomes or nanoparticles to be deliv‐
ered into DCs [140]. DC interactions with T cells and the subsequent perpetuation of the immune
signal are essential features that determine whether an organism will demonstrate a strong
immune response, or whether it will exhibit immune tolerance (e.g. if the DCs are immature)
[141, 142]. Essentially, DCs activate T cells and T cells, in turn, mediate DC apoptosis. There‐
fore, it has been proposed that prolonging DC survival may strengthen and lengthen the initial
T cell stimulation [143]. However, because the idea of combining HPV vaccines with anti-
apoptotic proteins has not gained much popularity due to the possibility of cellular transforma‐
tion,  other  approaches  such  as  co-administering  vaccines  with  siRNAs  targeting  pro-
apoptotic proteins are gaining traction. Designing shRNAs directed at FasL produced by DCs
to promote T cell apoptosis, for example, could increase the number of T cells stimulated [144].
DC activation can also be prolonged by deactivating the negative regulation of cytokine signaling
through SOCS-1, which acts on the Jak-Stat pathway [132, 145, 146].

Because tumor cell-based vaccines have shown promise in malignancies like melanoma, colon
and prostate cancers, many subscribe to this paradigm as the key to solving the cervical
carcinoma dilemma. The idea of manipulating tumor cells into becoming more discernible by
the immune system is based on their expression of immunomodulatory cytokines like IL-2 and
IL-12 [147]. Other studies have found that engineering tumor cells to secrete pro-immune
cytokines such as GM-CSF produces antitumor immunity as well [148]. The advantage of using
tumor cell-based vaccines is that multiple antigens can be targeted on the surface of a tumor,
thus increasing the chance that a single cell or group of cells expressing those antigens will be
eliminated by the immune system. As can be expected, such an individualized treatment is
costly and may border on the impractical as compared to other recent advances in the field of
cervical cancer vaccination. Furthermore, patients who qualify for tumor cell-based vaccina‐
tion would be at greater risk in the receipt of new cancer cells than if they were to employ a
treatment plan composed of existing therapies [149].
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Of course, every approach has its advantages and disadvantages, but combining several
therapeutic vaccines into a single regimen may offer synergy and thus strengthen treatment
efficacy. For example, one preclinical study tested a prime-boost vaccination model. The
immune system was first primed with a DNA vaccine consisting of HPV16 E7 and LAMP-1
(Sig/E7/LAMP-1). Then, a booster dose of Sig/E7/LAMP-1 was given again to maintain and
increase the T-cell response over a longer period [150]. Because several prime-boost studies
have yielded continuous positive results in safety and efficacy, we can expect to see similar
combinatory therapeutic trials in the future.

RNA-based Therapy: RNAs have the unique ability to form double-stranded molecules by
hybridizing with complementary antisense RNA. It was established years ago that antisense
E6/E7 RNAs in a plasmid could stagnate cellular growth [151]. More recently, the ability to
design antisense oligodeoxynucleotides (ODNs) that specifically bind E6/E7 RNA molecules
at the translation initiation region with high affinity have made the use of translation inhibition
more feasible for achieving cervical carcinoma treatment goals. Later studies have confirmed
these results, and suggest that stronger, additive effects may also occur when antisense ODNs
are designed with adjacent mRNA targets in mind [152, 153].

Tristetrapolin (TTP) is an RNA-binding protein with anti-cancer properties, and yields its
effects by binding to AU rich regions of mRNA and promoting their destruction. These AU-
rich elements (AREs) of mRNA, located in the untranslated region of the strand, are naturally
involved in regulating cellular growth and inflammation via mediators such as TNF-alpha and
COX-2. Therefore, the affinity with which TTP binds these elements makes this interaction an
attractive point of intervention. For example, HPV+ HeLa cells exposed to TTP demonstrated
higher levels of p53 as compared to untreated cells. Additionally, in the presence of TTP, these
same cells acquired the ability to inhibit E6-AP expression, suggesting a possible mechanism
for the rescue of p53 [154]. Other RNA-based methods targeting HPV include the use of siRNAs
directed against E6 and E7. siRNAs cause the cleavage and degradation of homologous
sequences through their participation in the RNA-induced Silencing Complex (RISC). Re‐
searchers are now investigating the use of vehicles such as shRNAs to target and destroy RNAs
of interest. However, better systems for delivering shRNAs to the nuclei, and better ways to
access cellular uptake mechanisms for siRNAs, are needed [155].

Antibody-based Therapy: The use of monoclonal antibodies in cancer treatment is an appealing
concept due to the selectivity and specificity with which an antibody can bind to the molecule
of interest. Molecules participating in tumor progression can be targeted by antibodies through
three general mechanisms: 1) Recognition of specific tumor-associated receptors, such as
EGFR; 2) Binding to immune effector cells, and 3) Binding to tumor-promoting molecules such
as VEGF. Though no monoclonal antibodies have been approved for the treatment of cervical
cancer, researchers are accruing more convincing evidence of their value [156]. As with most
cancers, cervical carcinomas possess a dynamic vascular network. Thus, much investigation
has gone into developing biologic agents that target molecular pathways associated with
vascularization, such as those involving vascular endothelial growth factor (VEGF). Bevaci‐
zumab is an angiogenesis inhibitor that ultimately delays vasculogenic processes, and has long
been used effectively in the treatment of other malignancies such as colorectal cancer. The
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RNA replicon-based vaccines have some advantages over DNA vaccines: 1) they are less likely
to integrate into the host genome, thus decreasing the risk of cell transformation and 2) they
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DNA molecule into RNA, but without the structural genes needed to construct viral particles.
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cervical cancer vaccination. Furthermore, patients who qualify for tumor cell-based vaccina‐
tion would be at greater risk in the receipt of new cancer cells than if they were to employ a
treatment plan composed of existing therapies [149].
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Of course, every approach has its advantages and disadvantages, but combining several
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more feasible for achieving cervical carcinoma treatment goals. Later studies have confirmed
these results, and suggest that stronger, additive effects may also occur when antisense ODNs
are designed with adjacent mRNA targets in mind [152, 153].

Tristetrapolin (TTP) is an RNA-binding protein with anti-cancer properties, and yields its
effects by binding to AU rich regions of mRNA and promoting their destruction. These AU-
rich elements (AREs) of mRNA, located in the untranslated region of the strand, are naturally
involved in regulating cellular growth and inflammation via mediators such as TNF-alpha and
COX-2. Therefore, the affinity with which TTP binds these elements makes this interaction an
attractive point of intervention. For example, HPV+ HeLa cells exposed to TTP demonstrated
higher levels of p53 as compared to untreated cells. Additionally, in the presence of TTP, these
same cells acquired the ability to inhibit E6-AP expression, suggesting a possible mechanism
for the rescue of p53 [154]. Other RNA-based methods targeting HPV include the use of siRNAs
directed against E6 and E7. siRNAs cause the cleavage and degradation of homologous
sequences through their participation in the RNA-induced Silencing Complex (RISC). Re‐
searchers are now investigating the use of vehicles such as shRNAs to target and destroy RNAs
of interest. However, better systems for delivering shRNAs to the nuclei, and better ways to
access cellular uptake mechanisms for siRNAs, are needed [155].

Antibody-based Therapy: The use of monoclonal antibodies in cancer treatment is an appealing
concept due to the selectivity and specificity with which an antibody can bind to the molecule
of interest. Molecules participating in tumor progression can be targeted by antibodies through
three general mechanisms: 1) Recognition of specific tumor-associated receptors, such as
EGFR; 2) Binding to immune effector cells, and 3) Binding to tumor-promoting molecules such
as VEGF. Though no monoclonal antibodies have been approved for the treatment of cervical
cancer, researchers are accruing more convincing evidence of their value [156]. As with most
cancers, cervical carcinomas possess a dynamic vascular network. Thus, much investigation
has gone into developing biologic agents that target molecular pathways associated with
vascularization, such as those involving vascular endothelial growth factor (VEGF). Bevaci‐
zumab is an angiogenesis inhibitor that ultimately delays vasculogenic processes, and has long
been used effectively in the treatment of other malignancies such as colorectal cancer. The
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discovery of Bevacizumab’s anti-angiogenic properties in recurrent cervical cancer during a
phase II clinical trial has now warranted further investigation within the context of both single-
agent and combination therapies [157]. Another antibody, Cetuximab, has a high affinity for
epidermal growth factor receptor (EGFR), which is influential in cell differentiation processes.
However, Cetuximab has distinguished itself as effective only against growths of squamous
cell origin. Thus, other EGFR inhibitors such as gefitinib, erlotinib, and lapatinib are being
investigated [158, 159]. In one research model, Cetuximab was shown to inhibit tumor cell
growth following exposure to ionizing radiation, which induced EGFR pathway activation
and VEGF over-expression [160]. Though others have reported Cetuximab to be more limited
in activity in some populations [158], the roles of both VEGF and EGFR in cervical cancer
remain under intense study. Another unique approach in helping to further define molecular
targets using antibodies is to structure them against a particular domain of an HPV oncopro‐
tein. By designing mAbs against HPV16 E6 zinc-binding domains researchers are able to map
key peptide sequences, and potentially interfere with cell transformation mechanisms
affecting p53 tumor suppressor levels [161].

Small Molecule Inhibitors and Antiviral Leads: As the field of prevention continues to advance
(e.g. through the development of prophylactic vaccines), one might ask why additional
resources should be directed towards the discovery of small molecule HPV inhibitors. The
short answer is that due to the timeline of disease progression, it will be a few decades before
these preventative measures will make a significant impact on the disease burden. In the
meantime, infected women and others who do not benefit from these approaches have access
to only a limited, and frequently inadequate, set of options such as lesion removal. In addition
to the obvious drawbacks of surgical treatment, such as invasiveness and cytodestruction, it
is well established that viral persistence is mainly responsible for disease, especially among
the elderly and the immunodeficient [162]. Hence, lesions do frequently recur. In addition to
these concerns, as previously stated, a low risk perception might further short circuit preven‐
tive measures, thus increasing the need to contain HPV therapeutically. Moreover, the fact that
one-third of all cervical cancers are caused by types of HPV that are not included in the current
vaccines [163] should maintain a sense of urgency with regards to developing more compre‐
hensive and long-lasting approaches. Though no small molecule inhibitor of HPV has yet been
approved, a significant amount of antiviral agent research has focused on five major potential
targets for intervention: 1) Inhibition of E1/E2 interactions, 2) E6 and E7 oncoprotein blockade,
3) Direct interference with E6AP-mediated p53 degradation, 4) Interference with interactions
between HPV and other apoptotic factors (i.e. Bax and FADD), and 5) Stalling the ubiquitin
proteasome system to reduce the degradation of anti-tumor proteins. The following sections
will discuss these topics in greater detail.

Studies have revealed that certain host proteins are co-opted by the virus and used to carry
out viral functions. For instance, the bromodomain protein, Brd4, which normally serves as a
regulator of cell growth and transcription, has been implicated in the tethering of bovine
papillomavirus (BPV) episomes to chromosomes in dividing cells [164, 165]. Also, it was
recently published that Brd4 not only binds to the HPV regulatory protein, E2, aiding in many
of its functions, but also stabilizes it [166, 167]. Although the ways in which Brd4 can interact
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with the bovine and human papillomaviruses may differ, the concern that Brd4 may play a
key role in viral replication appears to be substantiated. Regarding PV E2, research has
indicated that its N-terminal transactivation domain is quite conserved among the papillo‐
maviruses [168]. Thus, many of the properties of the PV E2 protein are likely to be shared
between many PVs [166]. Origin-specific viral DNA replication is overseen by E2 once the viral
helicase, E1, has been loaded successfully onto the origin of replication by E2. E2 also represses
the expression of E6/E7 oncoproteins at the transcriptional level, in addition to performing
other regulatory tasks. Therefore, it could be quite detrimental to the intracellular establish‐
ment of the virus, its subsequent replication and cellular transformation if the interactions
between E2 and its cellular partners could be targeted. For example, while Brd4 is bound to
E2, E2 is unable to engage P-TEFB, a transcription elongation factor, and this affects the
expression of downstream genes such as E6 and E7 from the integrated viral genome [169].
Future studies are expected to provide more conclusive data regarding P-TEFB, the roles of
Brd4, and their association with HPV proteins. But as a key regulatory protein, the importance
of E2 on HPV viability and replication makes it a prime target for intervention.

E1 is the only enzymatic product of the viral genome, coding for an ATPase, and is thus an
appealing target for molecular intervention. Indeed, if E1’s binding and helicase properties
could be blocked, DNA replication would be halted. Inevitably, impeding this process would
also thwart the hijacking of cellular replication machinery for viral genome multiplication.
Because the virus uses cellular replication factors derived from the host, current antiviral
agents that block viral proteases and polymerases are ineffective in opposing HPV. DNA
helicase unwinding is powered by the energy provided through ATP hydrolysis via the
ATPase. ATP acts not only as the substrate, but also as an E1-E2 allosteric modulator [170]. As
such, inhibitors sensitive to ATP concentrations, such as biphenylsulfonacetic acid, seem quite
promising, in part because this agent does not directly bind ATP. Adding amides to certain
positions of the biphenyl group enhances the compound’s affinity for HPV6 E1, increasing its
specificity [171]. However, whether biphenyl inhibitors can be applied to other HPV types
remains undetermined. Furthermore, researchers have struggled to demonstrate inhibitory
activity in cell-based assays [172]. In summary, future small inhibitors of E1 must directly target
the enzyme’s binding pocket, thereby conferring greater binding strength and specificity to
E1-inhibitor complexes.

Small molecular inhibitors called indandiones are recognized as the first class of molecules to
block HPV DNA replication by interrupting E1-E2 binding. The presence of indandiones
induces conformational changes in E2, forming a deep binding pocket through which the small
molecule modifies protein activity [173]. The success of preliminary trials attests to the great
potential and need of inhibitors intended for binding pockets. Repaglinides operate similarly
to indandiones in disrupting E1-E2 binding, though their effect is reversible, and they are
reported to occupy a larger area of the binding pocket than do their indandione counterparts.
One limitation for these classes of compounds is the poor binding frequently observed between
small molecules and a large protein interface. However, these studies have demonstrated that
designing small molecules to target large protein interfaces might actually be necessary in
order to disclose pockets thought not to exist, or to create new ones. Another factor that must
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discovery of Bevacizumab’s anti-angiogenic properties in recurrent cervical cancer during a
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epidermal growth factor receptor (EGFR), which is influential in cell differentiation processes.
However, Cetuximab has distinguished itself as effective only against growths of squamous
cell origin. Thus, other EGFR inhibitors such as gefitinib, erlotinib, and lapatinib are being
investigated [158, 159]. In one research model, Cetuximab was shown to inhibit tumor cell
growth following exposure to ionizing radiation, which induced EGFR pathway activation
and VEGF over-expression [160]. Though others have reported Cetuximab to be more limited
in activity in some populations [158], the roles of both VEGF and EGFR in cervical cancer
remain under intense study. Another unique approach in helping to further define molecular
targets using antibodies is to structure them against a particular domain of an HPV oncopro‐
tein. By designing mAbs against HPV16 E6 zinc-binding domains researchers are able to map
key peptide sequences, and potentially interfere with cell transformation mechanisms
affecting p53 tumor suppressor levels [161].

Small Molecule Inhibitors and Antiviral Leads: As the field of prevention continues to advance
(e.g. through the development of prophylactic vaccines), one might ask why additional
resources should be directed towards the discovery of small molecule HPV inhibitors. The
short answer is that due to the timeline of disease progression, it will be a few decades before
these preventative measures will make a significant impact on the disease burden. In the
meantime, infected women and others who do not benefit from these approaches have access
to only a limited, and frequently inadequate, set of options such as lesion removal. In addition
to the obvious drawbacks of surgical treatment, such as invasiveness and cytodestruction, it
is well established that viral persistence is mainly responsible for disease, especially among
the elderly and the immunodeficient [162]. Hence, lesions do frequently recur. In addition to
these concerns, as previously stated, a low risk perception might further short circuit preven‐
tive measures, thus increasing the need to contain HPV therapeutically. Moreover, the fact that
one-third of all cervical cancers are caused by types of HPV that are not included in the current
vaccines [163] should maintain a sense of urgency with regards to developing more compre‐
hensive and long-lasting approaches. Though no small molecule inhibitor of HPV has yet been
approved, a significant amount of antiviral agent research has focused on five major potential
targets for intervention: 1) Inhibition of E1/E2 interactions, 2) E6 and E7 oncoprotein blockade,
3) Direct interference with E6AP-mediated p53 degradation, 4) Interference with interactions
between HPV and other apoptotic factors (i.e. Bax and FADD), and 5) Stalling the ubiquitin
proteasome system to reduce the degradation of anti-tumor proteins. The following sections
will discuss these topics in greater detail.

Studies have revealed that certain host proteins are co-opted by the virus and used to carry
out viral functions. For instance, the bromodomain protein, Brd4, which normally serves as a
regulator of cell growth and transcription, has been implicated in the tethering of bovine
papillomavirus (BPV) episomes to chromosomes in dividing cells [164, 165]. Also, it was
recently published that Brd4 not only binds to the HPV regulatory protein, E2, aiding in many
of its functions, but also stabilizes it [166, 167]. Although the ways in which Brd4 can interact
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with the bovine and human papillomaviruses may differ, the concern that Brd4 may play a
key role in viral replication appears to be substantiated. Regarding PV E2, research has
indicated that its N-terminal transactivation domain is quite conserved among the papillo‐
maviruses [168]. Thus, many of the properties of the PV E2 protein are likely to be shared
between many PVs [166]. Origin-specific viral DNA replication is overseen by E2 once the viral
helicase, E1, has been loaded successfully onto the origin of replication by E2. E2 also represses
the expression of E6/E7 oncoproteins at the transcriptional level, in addition to performing
other regulatory tasks. Therefore, it could be quite detrimental to the intracellular establish‐
ment of the virus, its subsequent replication and cellular transformation if the interactions
between E2 and its cellular partners could be targeted. For example, while Brd4 is bound to
E2, E2 is unable to engage P-TEFB, a transcription elongation factor, and this affects the
expression of downstream genes such as E6 and E7 from the integrated viral genome [169].
Future studies are expected to provide more conclusive data regarding P-TEFB, the roles of
Brd4, and their association with HPV proteins. But as a key regulatory protein, the importance
of E2 on HPV viability and replication makes it a prime target for intervention.

E1 is the only enzymatic product of the viral genome, coding for an ATPase, and is thus an
appealing target for molecular intervention. Indeed, if E1’s binding and helicase properties
could be blocked, DNA replication would be halted. Inevitably, impeding this process would
also thwart the hijacking of cellular replication machinery for viral genome multiplication.
Because the virus uses cellular replication factors derived from the host, current antiviral
agents that block viral proteases and polymerases are ineffective in opposing HPV. DNA
helicase unwinding is powered by the energy provided through ATP hydrolysis via the
ATPase. ATP acts not only as the substrate, but also as an E1-E2 allosteric modulator [170]. As
such, inhibitors sensitive to ATP concentrations, such as biphenylsulfonacetic acid, seem quite
promising, in part because this agent does not directly bind ATP. Adding amides to certain
positions of the biphenyl group enhances the compound’s affinity for HPV6 E1, increasing its
specificity [171]. However, whether biphenyl inhibitors can be applied to other HPV types
remains undetermined. Furthermore, researchers have struggled to demonstrate inhibitory
activity in cell-based assays [172]. In summary, future small inhibitors of E1 must directly target
the enzyme’s binding pocket, thereby conferring greater binding strength and specificity to
E1-inhibitor complexes.

Small molecular inhibitors called indandiones are recognized as the first class of molecules to
block HPV DNA replication by interrupting E1-E2 binding. The presence of indandiones
induces conformational changes in E2, forming a deep binding pocket through which the small
molecule modifies protein activity [173]. The success of preliminary trials attests to the great
potential and need of inhibitors intended for binding pockets. Repaglinides operate similarly
to indandiones in disrupting E1-E2 binding, though their effect is reversible, and they are
reported to occupy a larger area of the binding pocket than do their indandione counterparts.
One limitation for these classes of compounds is the poor binding frequently observed between
small molecules and a large protein interface. However, these studies have demonstrated that
designing small molecules to target large protein interfaces might actually be necessary in
order to disclose pockets thought not to exist, or to create new ones. Another factor that must
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be considered is the fact that viral integration into the host genome frequently leads to loss of
E1/E2 gene expression, meaning that established cancers are likely to have lost the molecules
targeted by inhibitors of E1 and/or E2, thereby limiting their usefulness [174, 175].

In contrast, E6 and E7 are frequently over-expressed in established cancers, making these two
proteins quite attractive as targets. E6 and E7 are the zinc finger-containing proteins primarily
responsible for the malignant alterations and de-differentiation of keratinocytes observed
during cell transformation. These changes occur following integration of the HPV genome into
host DNA [163, 176]. During this process, the regulators of viral replication, E1 and E2, are
frequently disrupted, allowing over-expression of E6 and E7. HR-HPV types induce cell
immortalization and transformation primarily through the over-expression of E6 and/or E7,
which are best known for their ability to accelerate the degradation of the p53 and retinoblas‐
toma proteins (pRB), respectively. The E6-mediated loss of p53 function leads to an insensi‐
tivity to apoptotic signals as well as to a loss of cell cycle regulation at the G1/S checkpoint in
response to DNA damage. E7 contributes to the hyperplasia crisis by accelerating the degra‐
dation of pRB and thereby stimulating cells in Interphase to re-enter the cell cycle at S phase
[177-179]. Together, over-expression of the E6 and E7 oncoproteins, decrease apoptosis and
increase cell division, setting the stage for cancer [180]. Antiviral agents that can partially, if
not fully, inhibit E6 and/or E7 functions clearly have the potential to negatively impact the
carcinogenic process. One group, for example, proposed such a strategy in their study of the
HPV16 E7-antagonizing peptide, Pep-7 [181]. Pep-7 was originally introduced as a short
peptide component of the vacuole/lysosomal pathway [182]. However, Pep-7 was later shown
not only to reduce the viability of HPV-positive cells in vitro, but it also decreased expression
of E7 in SiHa cells in a xenograft model. It is conjectured that the selective mechanism Pep-7
uses to suppress cell proliferation may hinge on its ability to obstruct E7-pRB associations,
even releasing pRB from E7 [181].

In contrast to E7, which appears to act primarily by increasing the ability of expressing cells to
replicate, E6 acts by reducing the ability of expressing cells to undergo apoptosis. Apoptosis is
a natural, cell-mediated death response to irreparable DNA damage. One target of E6 is the p53
tumor suppressor, which is degraded following association of E6 with the ubiquitin protein
ligase, E6AP. The E6/E6AP complex binds to p53 and initiates its ubiquitination and conse‐
quent proteolytic destruction [183]. This means that the downstream targets of p53, which
mediate cell cycle arrest and apoptosis, are not activated. Therefore, interference with the E6/
E6AP-mediated proteasomal degradation of p53 has been seen as another possible strategy for
treatment. The ubiquitination proteasome system (UPS) begins with the ubiquitin activating E1
molecules interacting with E2 conjugating enzymes, followed by catalyzation of the polyubiqui‐
tination cascade onto target proteins by E3 enzymes [184]. A subset of E3s, called RING-finger
E3s, are a group of ubiquitin ligases that have domains to which ubiquitination substrates bind,
and it is thought that by inhibiting this interaction, p53 might be preserved. One prominent p53-
related RING-finger ubiquitin ligase is MDM2. MDM2 is normally expressed in a negative
feedback manner  to  regulate  p53 levels.  Three  dominant  trains  of  thought  have guided
approaches seeking ways in which the negative effects of MDM2 might be neutralized: 1)
Blocking activation domains on p53, 2) Increasing nuclear export of p53 so as not to activate
MDM2 transcription, and 3) Inhibiting MDM2. Of these, the third approach has received the
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most attention. In one such study, small molecules were screened and selected based on their
MDM2 inhibitory properties, and a class called the Nutlins was discovered. Nutlins competitive‐
ly bind MDM2 at the same site typically occupied by p53, and structurally interpose them‐
selves between p53 and MDM2 [185]. In contrast, another molecule labeled RITA actually binds
to p53 and stabilizes it against degradation by inhibiting p53 from interacting with most of its
binding partners, including MDM2 [186]. A more recent addition to the MDM2 inhibitor group
is TRIAD1, a RING-finger bearing molecule, that functions similarly to RITA in that it binds p53
(at the C-terminus), and also intercepts ubiquitination triggered by MDM2 [187].

One well-established inhibitor of the UPS is Bortezomib. Bortezomib targets and reversibly
blocks 26S proteasome activity, and has already been FDA-approved for the treatment of multiple
myeloma and lymphoma [188]. Though its use has been proposed for the treatment of many
diseases, from non-small cell lung cancer to pancreatic cancer, an equivalent and thorough
exploration in the context of cervical carcinoma is still needed [189]. This suggestion is solidly
founded on the observed sensitization of cervical cancer cells to apoptosis by another protease
inhibitor (PI), MG132 [190]. A final set of PIs are those that inhibit the HIV protease. The anti-
oncogenic properties of HIV PIs were first noted with respect to the 20S proteasome, and further
investigation explicitly demonstrated Lopinavir active against E6-induced p53 degradation.
Though Lopinavir also stabilizes p53, it exhibits low potency and virus is not fully cleared. The
value of HIV PIs in cervical cancer treatment could be potentiated by its current availability as
an antiviral agent, which might expedite the clinical trial process [191-193].

While p53 and the proteins to which it is connected are clearly targets worth exploring, other
pro-apoptotic targets could prove just as important in halting the progression of HPV-mediat‐
ed disease. HPV16 E6 binds to several additional signaling molecules in the intrinsic and extrinsic
apoptotic pathways, including Bax, FADD, and procaspase-8, thus blocking their ability to
interact with their normal partners and leading to their premature disposal by the protea‐
some. Not only does HPV16 E6 indirectly affect Bax via the degradation of p53, but Bax mRNA
levels are decreased and the protein itself is destabilized in the presence of E6. Therefore,
apoptotic cascades involving Bax and p53 represent a compelling site at which antiviral therapy
could be targeted [194, 195]. It has also been reported that HPV16 E6 binds to both FADD and
caspase 8 via DED residues, and a peptide corresponding to the binding site of FADD blocked
both of these interactions. Expression of this peptide in HPV+ cells was able to re-sensitize those
cells to apoptosis triggered through the extrinsic pathway [196, 197]. A search for small molecules
capable of interfering with these interactions was conducted and several candidates were
identified,  primarily  among the  flavones  and flavonols.  Of  these  compounds,  myricetin
generated the lowest IC50 in assays designed to detect inhibition of E6-procaspase 8 binding [198].
More research is needed to optimize and test these small molecule leads.

5. Final remarks

In summary, the scientific community has witnessed tremendous progress in the recent years
towards the goal of eradicating HPV-mediated cervical carcinoma. Of these endeavors, routine
Pap testing and the prophylactic vaccines, Gardasil and Cervarix, are particularly noteworthy
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be considered is the fact that viral integration into the host genome frequently leads to loss of
E1/E2 gene expression, meaning that established cancers are likely to have lost the molecules
targeted by inhibitors of E1 and/or E2, thereby limiting their usefulness [174, 175].

In contrast, E6 and E7 are frequently over-expressed in established cancers, making these two
proteins quite attractive as targets. E6 and E7 are the zinc finger-containing proteins primarily
responsible for the malignant alterations and de-differentiation of keratinocytes observed
during cell transformation. These changes occur following integration of the HPV genome into
host DNA [163, 176]. During this process, the regulators of viral replication, E1 and E2, are
frequently disrupted, allowing over-expression of E6 and E7. HR-HPV types induce cell
immortalization and transformation primarily through the over-expression of E6 and/or E7,
which are best known for their ability to accelerate the degradation of the p53 and retinoblas‐
toma proteins (pRB), respectively. The E6-mediated loss of p53 function leads to an insensi‐
tivity to apoptotic signals as well as to a loss of cell cycle regulation at the G1/S checkpoint in
response to DNA damage. E7 contributes to the hyperplasia crisis by accelerating the degra‐
dation of pRB and thereby stimulating cells in Interphase to re-enter the cell cycle at S phase
[177-179]. Together, over-expression of the E6 and E7 oncoproteins, decrease apoptosis and
increase cell division, setting the stage for cancer [180]. Antiviral agents that can partially, if
not fully, inhibit E6 and/or E7 functions clearly have the potential to negatively impact the
carcinogenic process. One group, for example, proposed such a strategy in their study of the
HPV16 E7-antagonizing peptide, Pep-7 [181]. Pep-7 was originally introduced as a short
peptide component of the vacuole/lysosomal pathway [182]. However, Pep-7 was later shown
not only to reduce the viability of HPV-positive cells in vitro, but it also decreased expression
of E7 in SiHa cells in a xenograft model. It is conjectured that the selective mechanism Pep-7
uses to suppress cell proliferation may hinge on its ability to obstruct E7-pRB associations,
even releasing pRB from E7 [181].

In contrast to E7, which appears to act primarily by increasing the ability of expressing cells to
replicate, E6 acts by reducing the ability of expressing cells to undergo apoptosis. Apoptosis is
a natural, cell-mediated death response to irreparable DNA damage. One target of E6 is the p53
tumor suppressor, which is degraded following association of E6 with the ubiquitin protein
ligase, E6AP. The E6/E6AP complex binds to p53 and initiates its ubiquitination and conse‐
quent proteolytic destruction [183]. This means that the downstream targets of p53, which
mediate cell cycle arrest and apoptosis, are not activated. Therefore, interference with the E6/
E6AP-mediated proteasomal degradation of p53 has been seen as another possible strategy for
treatment. The ubiquitination proteasome system (UPS) begins with the ubiquitin activating E1
molecules interacting with E2 conjugating enzymes, followed by catalyzation of the polyubiqui‐
tination cascade onto target proteins by E3 enzymes [184]. A subset of E3s, called RING-finger
E3s, are a group of ubiquitin ligases that have domains to which ubiquitination substrates bind,
and it is thought that by inhibiting this interaction, p53 might be preserved. One prominent p53-
related RING-finger ubiquitin ligase is MDM2. MDM2 is normally expressed in a negative
feedback manner  to  regulate  p53 levels.  Three  dominant  trains  of  thought  have guided
approaches seeking ways in which the negative effects of MDM2 might be neutralized: 1)
Blocking activation domains on p53, 2) Increasing nuclear export of p53 so as not to activate
MDM2 transcription, and 3) Inhibiting MDM2. Of these, the third approach has received the
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most attention. In one such study, small molecules were screened and selected based on their
MDM2 inhibitory properties, and a class called the Nutlins was discovered. Nutlins competitive‐
ly bind MDM2 at the same site typically occupied by p53, and structurally interpose them‐
selves between p53 and MDM2 [185]. In contrast, another molecule labeled RITA actually binds
to p53 and stabilizes it against degradation by inhibiting p53 from interacting with most of its
binding partners, including MDM2 [186]. A more recent addition to the MDM2 inhibitor group
is TRIAD1, a RING-finger bearing molecule, that functions similarly to RITA in that it binds p53
(at the C-terminus), and also intercepts ubiquitination triggered by MDM2 [187].

One well-established inhibitor of the UPS is Bortezomib. Bortezomib targets and reversibly
blocks 26S proteasome activity, and has already been FDA-approved for the treatment of multiple
myeloma and lymphoma [188]. Though its use has been proposed for the treatment of many
diseases, from non-small cell lung cancer to pancreatic cancer, an equivalent and thorough
exploration in the context of cervical carcinoma is still needed [189]. This suggestion is solidly
founded on the observed sensitization of cervical cancer cells to apoptosis by another protease
inhibitor (PI), MG132 [190]. A final set of PIs are those that inhibit the HIV protease. The anti-
oncogenic properties of HIV PIs were first noted with respect to the 20S proteasome, and further
investigation explicitly demonstrated Lopinavir active against E6-induced p53 degradation.
Though Lopinavir also stabilizes p53, it exhibits low potency and virus is not fully cleared. The
value of HIV PIs in cervical cancer treatment could be potentiated by its current availability as
an antiviral agent, which might expedite the clinical trial process [191-193].

While p53 and the proteins to which it is connected are clearly targets worth exploring, other
pro-apoptotic targets could prove just as important in halting the progression of HPV-mediat‐
ed disease. HPV16 E6 binds to several additional signaling molecules in the intrinsic and extrinsic
apoptotic pathways, including Bax, FADD, and procaspase-8, thus blocking their ability to
interact with their normal partners and leading to their premature disposal by the protea‐
some. Not only does HPV16 E6 indirectly affect Bax via the degradation of p53, but Bax mRNA
levels are decreased and the protein itself is destabilized in the presence of E6. Therefore,
apoptotic cascades involving Bax and p53 represent a compelling site at which antiviral therapy
could be targeted [194, 195]. It has also been reported that HPV16 E6 binds to both FADD and
caspase 8 via DED residues, and a peptide corresponding to the binding site of FADD blocked
both of these interactions. Expression of this peptide in HPV+ cells was able to re-sensitize those
cells to apoptosis triggered through the extrinsic pathway [196, 197]. A search for small molecules
capable of interfering with these interactions was conducted and several candidates were
identified,  primarily  among the  flavones  and flavonols.  Of  these  compounds,  myricetin
generated the lowest IC50 in assays designed to detect inhibition of E6-procaspase 8 binding [198].
More research is needed to optimize and test these small molecule leads.

5. Final remarks

In summary, the scientific community has witnessed tremendous progress in the recent years
towards the goal of eradicating HPV-mediated cervical carcinoma. Of these endeavors, routine
Pap testing and the prophylactic vaccines, Gardasil and Cervarix, are particularly noteworthy
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for their documented and anticipated progress in decreasing the burden of this disease. Improved
vaccines are under development, as are better methods for early detection. Additionally, recent
discoveries pertaining to the HPV life cycle, viral infection, and immune clearance have provided
guidance toward educating the public about the biological and behavioral risk factors linked to
cervical cancer. However, awareness among the populations of greatest risk, in both devel‐
oped and underdeveloped countries, is lacking. Although high-risk individuals may belong to
diverse ethnic groups and/or have lower socioeconomic standing, they may not all benefit equally
from any single approach, necessitating the importance of targeted education and interven‐
tion. Thus, future initiatives for the prevention of cervical cancer must aim to decrease existing
inequalities, with a strong emphasis on educating about HPV transmission and screening
throughout a woman’s lifetime, particularly in groups where incidence and death rates are
disproportionate. The hope is that these preventive methods – and in particular, the vaccine –
will significantly reduce the HPV disease burden for future generations.

While progress in prevention must continue, complementary approaches that can provide
better treatment options to populations that cannot directly benefit from vaccine-associated
therapies must also be developed. These groups include women who are already infected with
HPV, immunocompromised individuals such as those with HPV/HIV co-infections, and organ
transplant patients. In treating these individuals, the prognosis and treatment of cervical
cancer depends on our ability to medically diagnose and assign a disease stage. Therefore,
improvements in diagnostic imaging, surgery, radiation therapy, chemotherapy, or a combi‐
nation thereof are being studied to give women more options and to enhance each patient’s
ability to make better-informed decisions.

Along with clinical treatment, molecular therapies that target cervical cancer processes are also
anticipated to contribute to the elimination of cervical cancer. Research focusing on HPV early
proteins will continue to provide insights regarding the viral mechanisms used to take control
over cellular processes. Of these viral components, the E6 and E7 oncoproteins have long been
recognized as the main mediators of HPV-associated malignancies. Therefore, the idea that
approaches targeting these two oncoproteins are likely to act in an anti-oncogenic manner is
quite reasonable. Such discoveries have the potential to exert a broad impact in the field of
virology, as they will enable researchers to more fully understand virus-host interactions and
how to better equip the body to respond to or even prevent infection.

In conclusion, cervical cancer research has come a long way, but there is still much more to be
done to ensure that our accomplishments are not overshadowed by failures to educate,
vaccinate, improve clinical management, and strengthen our knowledge about HPV. Indeed,
it is quite possible that the challenge of HPV-mediated cervical cancer can be overcome in this
generation, given the abundance of advancements, ideas and potential avenues that have been
discussed here.
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