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Preface

It is a great pleasure and honor to present this book.

Psoriasis is a chronic systemic disease that occurs worldwide, affecting people of all ages
and gender and all ethnic origins, with a negative impact on patient’s quality of life.

The etiology of psoriasis remains unclear, although substantial efforts have been focused on
all aspects of psoriasis during the last decades.

A genetic predisposition is well documented, as well as external and internal triggers.
The role of the immune system in psoriasis is the main topic of research nowadays.

New and noninvasive methods of diagnosing and severity evaluation have been applied in
daily clinical practice.

Epidemiology of psoriasis, its incidence, and prevalence on the global level could be a key
factor in clinical research.

Retrospective controlled studies have been done in order to elucidate the association of
psoriasis with different comorbidities.

National and international guidelines regarding the diagnosis of psoriasis and treatment are
of utmost importance and should have an interdisciplinary approach.

All these concepts are presented within the pages of this book, aiming to raise questions and
to give answers to some issues related to psoriasis.

I am grateful to the authors for their remarkable contributions to this book. The chapters
have been written by clinicians and experts from different fields of activity, from renowned
institutions with the aim of providing new insights into psoriasis.

I am indebted to the team from InTech for all the support in making this publication possi-
ble. In particular I would like to thank Ms. Mirena Calmic for her assistance in the prepara-
tion of the book.

Professor Anca Chiriac

Apollonia University

Nicolina Medical Center

P. Poni Institute of Macromolecular Chemistry, Romanian Academy
Tasi, Romania
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Psoriasis and Genetics

Hiz Meliha Merve, Kili¢ Sevilay, Oymak Sibel,
BUyUk Basak, Canbey Goret Ceren,
Tuba Demirci and Akl Clineyt

Additional information is available at the end of the chapter
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Abstract

Psoriasis is an erythematous, scaly chronic inflammatory dermatosis and occurs due to
altered epidermal differentiation and hyperproliferation due to faulty signals that speed
up the growth cycle of skin cells. Psoriasis reduces quality of life, and psoriatic patients
generally have higher risk for metabolic disease. Psoriasis is associated with many bur-
dening comorbidities, which often share similar pathogenic features and follow a pro-
gressive pattern. Genetic variation in human genome causes specific kind of disease, and
nowadays, research is focused on metabolic pathways that trigger psoriasis and related
comorbidities. In addition, genetic variations are also important for psoriasis treatment
regime and response. The purpose of this section is to shown to genetic epidemiology,
pharmacogenetics, immune genetics of psoriasis and related comorbidities.

Keywords: psoriasis, genetics, variations, SNP

1. Introduction

Psoriasis was first thought to originate from a biochemical imbalance due to excessive prolif-
eration of keratinocytes; yet recent researches focused on the investigation of the genetic basis
of this immunological condition.

Psoriasis, a chronic inflammatory disease, is thought to be closely related to metabolic and
cardiovascular diseases; however, mortality rate of the disease is rare. Genetic and epide-
miologic studies have also pointed out that cardiovascular and metabolic diseases are more
prevalent in the community than psoriasis cases in psoriasis cases. Thus, determination of
genetic variation on genome that triggers both psoriasis and related comorbidities is crucial.

I m EC H © 2017 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,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) ExgNN
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In addition, personal genomic variations are important for diagnosis and treatment of the
psoriasis and related comorbidities effectively.

2. Epidemiology of psoriasis

Psoriasis can affect people of all ages, ethnic origins and genders around the world. There
are very literatures showing the incidence of the disease, since there is no compulsory reten-
tion of psoriasis case recordings and reliable source constraints. On the other hand, preva-
lence varies among different countries in Europe [1]. Although psoriasis may affect 2% of
the world population, the incidence of disease varies 0.09-11.4% between different coun-
tries and races [1-4]. The reasons for the variability of prevalence are that the epidemiologi-
cal methods and limitations of the studies differ [2]. Psoriasis is not evident among Latin
American indigenous, people of Samoa and New Zealand, and in contrast, the prevalence
is increasing up to 12% in Kasachy [5]. The prevalence of psoriasis in Asian countries or
Asians common countries is 0.4% in China, 0.3-1% in Japan, and 0.8% in India, while the
prevalence of West African and American black population was reported as 0.3-0.7% and
0.7%, respectively [6].

The results have shown that there is a very weak correlation between geographical latitude
and psoriasis [2, 7]. In contrast, psoriasis is more commonly seen in places where the upper
latitudes of that are colder and Caucasians are more frequent[5, 8-10]. For example, in twin
studies carried out in Australia, it has a higher prevalence of psoriasis in southern region of
cold than the northern region where is warmer [8, 9]. When investigating the regional dis-
tribution of psoriasis cases in Norway, the incidence of disease has been found to increase
inversely proportional to the temperature rise in the country [10].

According to the global disease burden study conducted in 2010 [11], it has been reported that
the disability-adjusted life year increases with age, especially the highest burden of disease
shown between the ages of 50-69 [2, 11]. Psoriasis is associated with many burdening comor-
bidities, which often share similar pathogenic features and follow a progressive pattern, and
thus, direct and indirect cost of psoriasis has significant effects on both patients and health
care systems.

3. Psoriasis as a genetic disease

Genetic factors play a role in psoriasis development; yet, the exact mechanism that triggers
psoriasis is still unknown. Twin studies, familial aggregation studies, linkage studies, and
population-based association studies are all important to understand the effect of the genes in
heritability of the disease. Nowadays, genome-wide association studies and linkage studies
are also frequently used to identify disease mechanism and risk-related genes. Association
studies on genome-wide and a meta-analysis aim to reveal the potential risk genes and loci of
genome that emerged comorbidities as a result of these diseases such as s psoriasis.
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Psoriasis is a complex disease that not simply explained by Mendelian inheritance rules.
Lombholt’s study that performed (1954) in an island has determined that 91% of psoriatic
patients have a previous family history [12]. Earlier studies speculated psoriasis as autosomal
dominant disease, but the truth is so different [13]. This speculation relies on the fact that
human lymphocyte antigen gene located in a single locus thus its effects as dominant. That is
why psoriasis is accepted as a dominant disease [13]. Although dominant inheritance firstly
goes to foreground in studies to investigate the pattern of inheritance of psoriasis, it has been
focused on the disease transition by heterogeneous or polygenic in broader studies.

The twin studies rely on the fact, if the disease occurs in monozygotic twins because of phe-
notypical differences between monozygotic twins. This means that environmental factors
affect the disease because they have identical genetic background. In contrast, dizygotic twins
have genetic background like brothers or sisters, and thus, phenotypical differences occur as
a result of genetic or environmental factors or both.

The concordance of psoriasis has greater rates in monozygotic twins than dizygotic twins’;
thus, genetic factors are important for disease development. In contrast, the rate is never
reaching to 100% in monozygotic twins so environmental influences for disease development.
Duffy et al. [8] have reported concordance for psoriasis higher in monozygotic twins (35%)
when compared to dizygotic twins (12%) in Australian population. The data from National
Twin Registry System of Denmark had been shown that the concordance of psoriasis in dizy-
gotic twins was 15-30%; yet, the rates rises up to 65-72% in monozygotic twins [14]. The
Danish Twin Registry System records have shown that monozygotic twins increased risk of
psoriasis than in dizygotic twins [15]. A twin study has been shown that psoriasis risk has
been rise up to 3 times in monozygotic twins when compared to fraternal twins [16]. Although
twin studies have shown strongest genetic background of psoriasis, heritability rate of psoria-
sis never reaches to 100% among monozygotic twins. This missing heritability means environ-
mental factors [15, 16] and epigenetic alterations [17] have effects on psoriasis development.

Psoriasis was diagnosed 6% in first-degree relatives of patients with psoriasis [18, 19] gen-
erations, settlement in geographical regions and ethnic group studies related to population
showed that psoriasis is a complex genetic-based, multifactorial disease [6]. All these data
showed why psoriasis was accepted as a heritable disease but not 100% as a genetic dis-
ease. Psoriasis was first associated with the major histocompatibility complex (MHC) region
in the short arm of the 6th chromosome in 1972 [20-22]. MHC is an intense region of the
genome and contains HLA-I and HLA-class human leukocyte antigens. In fact, the 80-200 kb
long region in the HLA-C gene region has been accepted as the Psoriasis susceptibility gene
region (PSOR1) [23]. HLA-Cw6 in PSOR1 region was associated with psoriasis in many ethnic
groups and geographical regions [24-27]. However, the risk zones related to subclinical forms
of the disease vary in patients with psoriasis. For example, HLA-Cwé6 positivity is associated
with early onset and familial transition of psoriasis [28]. HLA-CW6 gene region affects the
response of ustekinumab using in the treatment of psoriasis [29]. Other gene regions (PSORS2
(17q25), PSORS3 (4q34), PSORS4 (1q), PSORS5 (3q21, PSORS6 (19p13), PSORS? (1p) PSORS8
(16q12-13), PSORS11 (5g31.1-q33.1), PSORS12 (20q13), and PSORS13 (6q21)) related to psoria-
sis distribute to different chromosomes [13, 30-37].
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4. Immunogenetics of psoriasis

Psoriasis is an immune-mediated disease and, for that reason, immune-mediated mechanism
has been extensively studied. Genetic studies focus on identification reasons that trigger uncon-
trolled proliferation of keratinocytes and recruitment of T cells into the skin. In healthy individ-
uals, T cells are originated from embryonal pluripotent cells by cytokine induction. Immature
thymocytes are transferred to thymus for proliferation through clonal expansion. T cells are
specified to helper T cells or cytoxic T cells by adding specific surface antigens (CD4* or CD8")
and differentiating to give response for antigenic signals. In psoriatic skin samples, Th1 cell
differentiation is up-regulated and that cause impaired Th1/Th2 balanced [38, 39]. Evidence
indicates that Th1-delivered cytokines IL-1, IL-2, IL-6, IL-8, tumor necrosis factor-a (TNF- «),
transforming growth factor (TGF) and Granulocyte-macrophage colony-stimulating factor are
upregulated, while Th2-delivered cytokines IL-4, IL-5, and IL-10 are downregulated [40—44].
The cytokines IL-12 is critical for both T-cell activation and differentiation also contributes to
DC/T cell interactions [45]. TNIP1, NFKBIA, IL12B and LCE3D-LCE3E are known suscepti-
bility loci for psoriasis [46], and the variation of IL-12 is associated with psoriasis in different
populations [47—49]. Meta analyses have shown that IL-12B variation (rs3212227, rs6887695)
has been associated both psoriasis and psoriatic arthritis [50]. IL-12 and IL-23 are heterody-
namic cytokines; both of them share same p40 subunit. IL-12 consists of p35 and p40 subunit
and IL-23 consist of p19 and p40 subunits. The metabolic model for psoriasis suggests that
dermal dendritic cells are secreted IL-23 by that way trigger Th17 cell line activation. IL-23 is
crucial for naive T cell differentiation to Th17. Activated Th17 cells are secreted IL-17A, IL-17F,
IL-22 and IL-26 and that proinflammatory cytokines effects epidermal and dermal cells gene
expression and keratinocyte maturation. For that reason, IL12/IL 23 pathway seems important
for psoriasis treatment and different studies are performed in that metabolic pathway [51-54].

5. Immunohistochemical parameters

The demonstration of specific markers by immunohistochemical methods in histopathologi-
cal tissue specimens diagnosed as psoriasis is important in terms of supporting and confirm-
ing the diagnosis. We have evaluated most of the cytokines referred to in the pathophysiology
in immunogenetic section which can be used for immunohistochemical methods. In psoriatic
tissue, sample Th1-mediated cytokines IL-1, IL-2, IL-6, IL-8, tumor necrosis factor-a (TNF-at),
transforming growth factor (TGF) and granulocyte-macrophage colony-stimulating factor
increase and Th2-mediated cytokines IL-4, IL-5, and IL-10 decrease [40—44].

IL-17 plays an important role in psoriasis, and recently, both IL-17 inhibitors and IL-17receptor
type A blockers are new monoclonal antibodies which are approved by US FDA [55]. Lee and
colleagues have immunohistochemically evaluated IL-17A expressions in different types of
psoriasis, and the results have shown that samples from palmoplantar and pustular type
psoriasis samples were stained with IL-17A strongly, while plaque type samples were stained
with IL-17A intermittently [56].
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Macrophage migration inhibitory factor (MIF) is directly related to the severity of clinical
symptoms, and serum MIF levels are usually high in patients with psoriasis [57]. In contrast,
immunohistochemical staining by anti-MIF antibody in psoriatic lesions showed that MIF
levels are very low [58]. Toll-like receptors (TLRs) are a group of molecules that play a crucial
role in innate immunity and also regulate antimicrobial defense. TLR2 is immunohistochemi-
cally staining uniformly in all the layers of the normal deep epidermis that does not lose its
nuclei, yet TLR2 staining differs in psoriatic skin samples [59, 60]. Panzer and colleagues have
shown that TLR2 staining is lower in granular and upper spinous, whereas it was strongly
observed in the lower spinous and basal strata [59]. TLR4 is normally found in all the nuclear
layers, while it is more pronounced in the upper layers of the basal layer. In psoriatic skin
lesions, TLR4 was stained weak in the basal layer, yet TLR4 was stained strongly in the upper
spinous and granular layers [59]. IL-8 is produced in psoriatic lesions and immunohistochem-
ical demonstration supports disease diagnosis [61]. In a study, evaluating the relationship
between geographic tongue (GT) and psoriasis has been shown that anti-CD4, CD8, CD20,
CD68, 5100, and Ki-67 antibodies results were similar in tissue samples from both diseases,
and according to that result, geographic tongue is speculates as an oral psoriasis lesion [62].

6. Pharmacokinetics of psoriasis in genetic aspect

Psoriasis is a chronic, non-curative disease, and thus, effective psoriasis treatment is important
for long-term cure and inhibition of disease manifestation. Psoriasis can be treated by topical,
photo(chemo)therapy, classic systemic drug(methotrexate, cyclosporine, acitretin) and biologic
agents (infliximab, adalimumab, etanercept). The psoriasis treatment is affected by psoriasis
type, severity, presence of comorbidities, previous response to other treatments and patients.

Ustekinumab is an anti-p40 monoclonal antibody which is effective for psoriasis treatment
via its inhibitor effect of interleukin-12/23 pathway. By that way, ustekinumab inhibits T
helper (Th)1 and Th17 pathway and inhibits immune cell activation. In addition, HLA-Cw+
patients have better clinical response to ustekinumab than HLACw- ones [29]. Talamonti et al.
state that HLACw+ patients response to ustekinumab is 9.8 times more efficient than mutant
genotype. In contrast, TNFAIP3 polymorphism and LCE3B/3C gene deletions have no effect
on ustekinumab response [29].

TNF-inhibitors infliximab and adalimumab and the fusion protein, etanercept are used widely
for psoriasis treatment. Nishikawa and colleagues [63] have shown that JAG2, ADRA2A and
TLR10 polymorphisms are associated with TNF« response. Prieto-Pérez and colleagues [64]
have shown that PGLYR4, ZNF816A, CTNNA2, IL12B, MAP3K1, and HLA-C genes are asso-
ciated with anti-TNF response at 3 months, while FCGR2A, HTR2A, and CDKALL1 are related
anti-TNF response at 6 months. TNF gene polymorphism is also associated with psoriasis and
psoriatic arthritis due to its effects on TNF production. Murdaca and colleagues have dem-
onstrated TNF-a polymorphism on +489 position of the gene effects efficiency of etanercept
treatment on psoriatic arthritis patients (PsA) [65]. In fact, the idea simply relies on the fact
that gene polymorphism affects the biological properties of encoded proteins. TNF blockers

7
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are widely used for regulation of inflammatory cascade and by that way treatment of the
immune-related disease. If polymorphic product of the gene is your pharmaceutical target
and has different molecular structure, then wild type its means pharmacodynamics of the
drug varies due to personal variation.

Both IL-17 antagonists and IL-17 receptor blockers are accepted as effective and safe for psori-
asis treatment [66]. Brodalumab is a human monoclonal antibody that binds to interleukin-17
receptor and waits for US-FDA approval for psoriasis treatment [55, 67]. IL-17 expression
is upregulated in psoriatic skin samples. Both secukinumab and ixekizumab are the cyto-
kine antagonists used for psoriasis treatment [68]. Nowadays, recent studies are focused
on the relationship between IL-17 family cytokines (IL-17A, IL-17B, IL-17C, IL-17D, IL-17E,
and IL-17F) and IL-17 receptor polymorphisms with psoriasis susceptibility and treatment
response [69-71].

7. The link between psoriasis and comorbidities in view of genetics

Nowadays, psoriasis is accepted as a systemic disease because of higher rates of obesity,
depression, psychiatric disorders, diabetes, hyperlipidemia, cardiovascular diseases, arthritis,
uveitis, ulcerative colitis, Crohn’s disease, and metabolic syndrome among psoriatic patients.
Even if, the mortality rate of the psoriasis is low, psoriatic patients over 65 have at least two
comorbidities [72]. Thus, interdisciplinary approach should be an integral part of the routine,
and also the dermatologist should be careful with psoriasis and related disorders. Although
the systemic inflammation process during psoriasis development is still unclear, the chronic
inflammatory process may trigger development of many burden comorbidities in psoriatic
patients. Many epidemiological studies revealed relationship between psoriasis and diabe-
tes [72, 73]. Aside, the studies have shown that cardiovascular risk increases among patient
with psoriasis and psoriatic arthritis [74]. In that point, dermatologist should be careful about
systemic drug usage for psoriasis treatment because medications can sometime trigger main-
tenance factor in the pathogenesis of psoriasis [75-78].

In that section, we would like to evaluate the common mechanism between psoriasis and pso-
riatic comorbidities in molecular and genetic basis. For example, psoriatic patients are more
prone to develop Crohn’s disease more than general population [79]. The molecular basis of
Crohn’s disease is activation of CD4+ T cells by intestinal epithelial cells (IECs) and lamina
propria immune cells and that activate both Thl and Th17cells and cause elevated level of
TNFa and Th17-related cytokine. Th1 and Th17 differentiation is common both in psoriasis
and Crohn’s disease; for that reason, TNF inhibitors are effective for treatment of Crohn’s
disease as psoriasis [80].

7.1. Psoriatic arthritis

Joint involvements in patients with psoriasis were put forward for the first time by Alibert
in 1818 [81, 82]. Psoriatic arthritis is a negative spondyloarthropathy [71-83]. Important
radiological findings of the psoriatic arthritis are peripheral joint involvement, destructive
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and proliferative changes, spinal involvement, interphalangeal joint ledge, fibroosteitis and
acroostelolysis [84, 85]. Strong genetic relationship is remarkable between positive family his-
tory [81, 86] and human leukocyte antigen (HLA) class II alleles for psoriatic arthritis [87-89].

Psoriatic arthritis (PsA) is diagnosed in 25-34% of psoriatic patients [90]. Psoriasis with-
out joint involvement (PsO) and psoriatic arthritis (PsA) occur as a result of autoimmune
responses that are triggered by genetic and environmental factors. The pathogenesis of pso-
riasis only (PsO) and psoriatic arthritis (PsA) may be explained impaired cytokine levels [91].

To clarify immungenetics mechanism of psoriatic arthritis has been focused on human leuko-
cyte antigen (HLA). HLA gene region is located on the short arm of chromosome 6. This region
is highly polymorphic depending on mutation and recombination [92]. Psoriatic arthritis associ-
ates with various HLA risk haplotype such as HLA-B7 B57 B13, B16, B17, DR7, B38, B39, CW§,
and B27 [89, 93, 94]. While CW6 HLA-alleles were associated with early onset of the disease [95],
HLA-B38 and HLA-B39 were associated with polyarthritis [87], and HLA-B27 was associated
with dorsal involvement. Positivity of human leukocyte antigen “HLA-B27” in psoriatic arthri-
tis patients makes a higher risk of arthritis compared to other HLA alleles [90, 96]. In Turkish
population, we have found that HLA-B27 positivity increased the risk of psoriasis and psoriatic
arthritis 5 to 10 times more, respectively [97]. There are various molecular-based hypotheses
such as molecular mimicry, defective immunity, heavy chain folding incorrectly, and deteriora-
tion of HLA-B27 allele for relationship between HLA-B27 and psoriatic arthritis (PsA) [97].

7.2. Obesity

Storing energy in the form of triacylglycerols is considered to be the primary task of adi-
pocytes; but adipocytes have physically some additional functions such as preservation of
internal organs, regulating temperature, storage of lipid-soluble vitamins, steroid metabo-
lism, immunity, and being assigned in inflammatory processes [98, 99]. Adipose tissue runs
like as an endocrine tissue as the sympathetic system regulators with hormone and cytokine
production during the regulation of energy metabolism [100]. Adipose tissue plays also an
important role in homeostasis besides production, secretion such as TNF-alpha, IL-8, mono-
cyte chemoattractant protein 1, cytokines and chemokines and storing energy in the form of
fatty acids, together with the adipokines, leptin, adiponectin, resistin, such as pro-inflamma-
tory and anti-inflammatory factors [98, 101].

The risk of diseases such as a high rate of insulin resistance, type 2 diabetes, dyslipidemia, gout,
hypertension, and cardiovascular involvement is higher in obese individuals [102-107, 110].
Adipokine tissue secretes cytokines thus increasing volume or amount of adipokine tissue cause
increasing the amount of circulating cytokines. Then, elevated amount of cytokines causes arte-
riosclerosis and insulin resistance and to induce hypertension and type 2 diabetes [108].

In a study that investigated the risk of obesity in patients with psoriasis, same sex siblings and 88
psoriasis outpatients were compared by calculating the BMI. The result of this study has obtained
a significant relationship between the severity of psoriasis and BMI [109]. Duarte et al. have found
that it was a statistically significant relationship between obesity and psoriasis severity on patients
with psoriasis by using different parameters, such as BMI and waist/hip ratio [110]. It was shown
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to be positive commensurate with psoriasis risk of weight gain and high BMI in another study
performed in the United States with 809 psoriasis patients followed for 12 years [111]. Obesity
was determined to be more than psoriasis only (PSO) patients [112-114], and it was determined
that obesity increases the risk of psoriatic arthritis in individuals under 18 years of age [115].

7.3. The impaired glucose tolerance and diabetes

Glucose intolerance, diabetes, and obesity are more frequent in patients with psoriasis [74, 75, 116
119]. The study conducted by Onsun et al. has found that diabetes was significantly more frequent
in patients with psoriasis when compared to the incidence of psoriasis in patients with diabetes
[120]. Azfar and his colleagues have found that patients with severe psoriasis involvement have
more risk of with diabetes; in contrast, they concluded that psoriasis was an independent risk fac-
tor for type 2 diabetes [121]. Armesto and colleagues have found that occurrence of risk of type 2
diabetes was found to have higher, late-onset, nonfamilial transmission, but in patients with joint
involvement [122]. Finley et al. have shown that expression of IL-17 and IL-20 is elevated in dia-
betic wounds, and they emphasized the psoriasis and diabetes link via cytokines [123]. Granata
et al. have demonstrated that IL-23/IL-17, and IL-18 are main cytokines that has central role for
obesity, type 1 diabetes, and psoriasis [124]. Eiris et al. have demonstrated that IL12B rs6887695
and rs3212227 increase the type 2 diabetes risk approximately 3 and 6 times, respectively [125].
In addition, IL23 receptor polymorphism was also found significantly associated with diabetes in
psoriatic patients [125]. Presta et al. have found that polymorphism in the 3'untranslated region of
IL-18 gene increases the insulin sensitivity risk [126]. In addition to literature, we have evaluated
the diabetes risk among psoriasis patients; yet, we could not find any significant relation between
TNF-a-238 G/A and TNF-a-308 G/A polymorphisms with diabetes [127].

7.4. Cardiovascular diseases

The epidemiological studies have shown that cardiovascular morbidity and mortality
increased in patients with psoriasis in Refs. [77, 78, 128, 129]. Inflammation located in patho-
genesis of psoriasis is known to cause metabolic and cardiovascular disease. The molecular
relationship between psoriasis and cardiovascular disease may be explained by T cell acti-
vation and enhance of Th1 cytokine production (TNF-«, IL-13, IL-10, and IEN). The TNF-a
and IL-1 trigger oxidative stress causes migration of leukocytes into atherosclerotic plaques
[101], so TNF inhibitors have beneficial effects on prevention of cardiovascular events both in
psoriasis and psoriatic arthritis [130]. Our study group has evaluated hypertension risk and
psoriasis. eNOS Glu298Asp single-nucleotide polymorphism has found to be increased in
hypertensive psoriatic patients when compared with healthy volunteers [131]. In contrast, we
could not find relationship between TNF-a-298 and TNF-a-308 polymorphisms with hyper-
tension and cardiovascular disease [127].

7.5. Metabolic syndrome

Metabolic syndrome is associated with conditions such as physical inactivity and improper
diet, occurring nutrition changes, and daily lifestyle. It is characterized as a disease of civiliza-
tion by high mortality and morbidity [132].
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Itis a fact that metabolic syndrome and its components are often seen in patients with psoria-
sis. Also, polymorphism may be triggering both psoriasis and metabolic syndrome together.
Abdel Hay and Rashed have shown that leptin gene 2548G/A polymorphism increases risk of
both psoriasis and metabolic syndrome [133].

7.6. Psychological trauma and addiction

Psoriasis is a chronic skin disease that negatively affects the quality of life in many ways.
Patients with psoriasis reduce quality of life with comorbidities like arthritis. Psoriasis can
lead not only to physical health problems, but also to mental and social health problems.
Psoriatic lesions that occur especially in hands, face, and on the scalp cause shame, embarrass-
ment, and social inhibition in social life and by that way increase the risk of depression, anxi-
ety, lack of self-confidence, smoking and alcohol addiction, and trend of suicidal thoughts in
patients with psoriasis [134].

Kurd et al. have shown that depression, anxiety, and suicidality risk increases 1.39, 1.31, and 1.44
times more in psoriatic patients than healthy people, respectively [135]. Psoriatic patients are
more prone to psychiatric comorbidities and suicidal ideation than other dermatological diseases
[136]. Deveci and et al. have found significantly higher depression rate and suicide attempts in
cases with psoriasis when compared to patients with other dermatological problems [137].

Use of alcohol and tobacco makes difficult the therapeutic harmony and also increases the tox-
icity of the drug besides reducing the effectiveness of systemic anti-psoriatic drug. Excessive
alcohol intake can induce production of proinflammatory cytokine in various cell types and
increase the cell lymphocyte proliferation and activation [138]. Serotonin may be triggered
psoriasis as a growth factor that promotes keratinocyte proliferation [139]. The serotonin
transporter gene promoter region and serotonin2A receptor gene have been found associated
with psoriasis in Thai population [140, 141].

8. Conclusions

What would cause the metabolic alteration among psoriatic patients? Does systemic drug
usage in long term causes comorbidities in patients with psoriasis? or Is it the domino effect
of impaired metabolism? It has not reached a consensus about it.

Advances in understanding the immune-mediated pathological mechanisms of psoriasis
will be highlighted with the relationship between psoriasis and psoriasis-related comorbidi-
ties. Much psoriatic comorbidity may be triggered by the cytokines and chemokines, which
were secreted by T-cells, keratinocytes, and antigens presenting cells after keratinocyte hyper
proliferation. Hence, molecular approaches are important to identify the link immunogenic
mechanism with psoriasis-related comorbidities in view of molecular pathways.

Determinations of genomic risk profile of the psoriatic patients allow diagnosing of psoriasis
and its related comorbidities at an early stage; hence, the life quality can be increased by treating
them earlier. In addition, evidence-based information helps physicians to make clear decision
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and help to minimize medical errors as well as unnecessary drug usage. As a sum, this informa-
tion allows to increase treatment cost and work loss. In addition, pharmacogenomics of drugs
among psoriatic patients is tightly related to personal variations on genome, and thus, complex
genetic heterogeneity affects the treatment power.
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Abstract

Psoriasis is a chronic, immune-mediated disease resulting from interactions of genetic
background with environmental triggering factors, such as trauma, infections and drugs.
Dendritic cells, activated T-cells toward a Th1 and Th17 response and inflammatory cyto-
kines [tumor necrosis factor (TNF)-alpha, IL-6, -12, -17, -22 and -23] are the key factors in
psoriasis pathogenesis. Patients diagnosed with psoriasis are at increased risk of infection
due to the nature of disease and immunosuppressive therapies. Vaccination is recom-
mended to prevent infections in patients with psoriasis. Additionally, vaccines such as
Mycobacterium vaccae, live attenuated varicella zoster virus and Leishmania amastigotes
have been reported to induce improvement in psoriasis patients. It has been suggested
that vaccines, targeting molecules in the immunopathogenesis of psoriasis, may be a new
treatment option for psoriasis patients without any serious side effects. However, induc-
tion or worsening of the psoriasis and psoriatic arthritis followed by some vaccines (e.g.,
influenza, rubella, tetanus, BCG) has also been reported in the literature. In this review,
we focus on the vaccines in psoriasis in terms of their both triggering and therapeutic
effects.

Keywords: psoriasis, antimicrobial vaccination, recommended vaccines, triggering

vaccines, therapeutic vaccines

1. Introduction

Psoriasis is a chronic, immune-mediated disease with a prevalence of 2-3% in adult popu-
lation. Psoriatic arthritis affects approximately 11% of psoriasis patients, and cardiovascular
disease is increased [1]. Psoriasis disease is caused by the interactions of genetic background
with various environmental triggering factors. HLA-Cw®6 allele in PSORS], the most associated

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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gene with psoriasis, encodes a major histocompatibility complex I allele that is the major factor
for antigen presentation of intracellular peptides to the immune system [2].

Several environmental factors, such as trauma (Koebner effect), infections, obesity, smok-
ing and some medications, play a role in the onset of psoriasis. Guttate psoriasis is related
to streptococcal throat infections as two-thirds of patients have a history of throat infection
nearly 2 weeks before the eruption [3, 4]. A homology between streptococcal M protein and
human keratin 17, which is upregulated in the skin of psoriasis, has been reported. In the basis
of this finding, T-cells cross-reacting with human keratin and streptococci have been detected
in HLA-CWé-positive psoriasis patients, raising the possibility that psoriasis is an autoim-
mune disease [5].

In the initial phase of the disease, certain dendritic cell (DC) populations such as plasma-
cytoid DCs (pDC) and dermal myeloid DCs are activated and produce the key psoriasis
effector cytokines IL-12 and IL-23. Self-DNA or self-RNA from damaged keratinocytes and
the antimicrobial peptide LL37 stimulate pDCs, through Toll-like receptor (TLR) 9 or TLR7/8
and IFN-alpha production is triggered. The stimulation of pDCs is followed by differentia-
tion and activation of myeloid DCs, which express cytokines IL-12, tumor necrosis factor
(TNF)-alpha, TGF-beta and IL-6. These cytokines induce T-cells to polarize into Thl and
Th17 subtypes, with suppressing of regulatory T-cells [1, 2, 6, 7]. CD4+ T-cells secreting IL-17
are classified as a different T-helper population called Th17 cells, which are critical in psoria-
sis pathogenesis. Th17 cells produce IL-17A and IL-17F, and Th1 cells produce TNF-alpha,
IFN-gamma, IL-12, IL-22 and IL-23 that promote the pathological changes in psoriasis skin
lesions [2, 8].

For psoriasis patients with localized disease, topical treatments including corticosteroids,
vitamin D derivatives, tazarotene, anthralin, tar, calcineurin inhibitors, keratolytic agents
and urea are the first-line therapy [9]. Phototherapy is a mainstay option particularly
for patients resistant to topical treatments with widespread disease [10]. In cases with
moderate-to-severe psoriasis resistant to any of these treatments, conventional systemic
therapy is done with methotrexate (MTX), cyclosporine, fumaric acid esters and acitretin.
In patients who have failed to respond to conventional systemic therapies and photother-
apy or the person is intolerant to, or has a contraindication to these treatments, biologic
immunotherapy is used. There are several agents such as TNF-alpha inhibitors (etaner-
cept, infliximab and adalimumab) and ustekinumab that are available in the treatment of
psoriasis [11].

Vaccination is a proven way of reducing the incidence of serious or life-threatening infectious
disease in general population and in patients with immune-mediated inflammatory disease.
Vaccines are recommended for psoriasis patients due to their susceptibility to infections [12].
The data emphasize that especially some types of vaccines may trigger an exacerbation of
psoriatic skin lesions or induce improvement in psoriasis [1, 13].

In this review, we aim to summarize the vaccines in psoriasis in terms of their both triggering
and therapeutic effects.
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2. Vaccines recommended for psoriasis patients

Patients diagnosed with psoriasis are at risk of infections owing to the nature of disease and
immunosuppressive therapies [12, 14]. Therefore, the medical board of the National Psoriasis
Foundation recommends vaccinations in compliance with recommendations of the Advisory
Committee for Immunization Practices to prevent infections [12]. Types of vaccines can be
categorized as live and inactivated vaccines (Table 1) [12, 14].

Live vaccines, which contain attenuated natural pathogens, are contraindicated in immu-
nocompromised patients and should be given 2 or 4 weeks before the immunosuppres-
sive therapy. Additionally, immunosuppressive medications should be stopped generally
3 months before the immunization with live vaccines [12, 14]. However, a few reports sug-
gest that some live vaccines such as yellow fever vaccine in patients receiving MTX may
be safe [15]. More research is needed for safety of live vaccines in immunocompromised
patients [12, 15]. Inactivated vaccines are safe for patients on immunomodulatory therapy
due to their noninfectious content but vaccine response may be suboptimal [12, 14, 16].
It has been reported that the antibody response ratio following seven-valent conjugate
pneumococcal vaccination was significantly higher in controls when compared to patients
treated with MTX or MTX combined with TNF inhibitors. On the other hand, in the same
study, patients treated with TNF inhibitors as monotherapy had numerically lower but not
significantly different antibody levels, compared to controls [17]. In a study, ustekinumab
did not impair the immune response to pneumococcal and tetanus toxoid vaccines in pso-
riasis patients [18]. In another study, efalizumab caused a nearly threefold decrease in the
antibody response to tetanus toxoid vaccine while not changing the immune response to
pneumococcal polysaccharide vaccine [19]. Immune responses to pneumococcal polysac-
charide vaccine in patients with chronic plaque psoriasis treated with alefacept were similar
to those seen in healthy subjects [20].

Inactivated or inert vaccines

Live vaccines

Salk poliomyelitis vaccine

Most influenza vaccines (injectable)
Hepatitis A

Hepatitis B

Human papillomavirus
Diphtheria-tetanus-pertussis
Haemophilus influenza type b conjugate vaccine
Pneumococcal

Meningococcal

Rabies

Parenteral typhoid

Anthrax

Japanese encephalitis

Vaccinia/smallpox
Rotavirus
Measles-mumps-rubella
Yellow fever

Oral poliomyelitis
Varicella zoster vaccine
Herpes zoster

Intranazal influenza virus
BCG

Oral typhoid

Table 1. Types of vaccines.
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In a study assessing the seasonal 2012 influenza vaccination among patients with psoriatic arthri-
tis and psoriasis, usage of TNF-alpha blockers or disease-modifying antirheumatic drugs did not
affect the response rate [21]. Annual immunization with inactivated influenza vaccine is recom-
mended for psoriasis patients on immunosuppressive treatment due to high mortality rates of
seasonal influenza [12, 22]. In a French study on 1308 psoriasis patients, Sbidian et al. reported
that 19% of patients received the 2009 monovalent HIN1 vaccine. Only 33% of the patients treated
with biologics were vaccinated [23]. The vaccination rate of influenza vaccine in 2010/2011 was
found 28% among 1299 patients with psoriasis or psoriatic arthritis in Germany. Thirty-eight
percent of the patients were on biological therapy at the time of vaccination [22]. Despite the
recommendations, the vaccination coverage was low in psoriasis patients in both studies [22, 23].

Zoster vaccine, a live attenuated vaccine, is recommended for use in immunocompetent individ-
uals 60 years of age or older to reduce the risk and severity of herpes zoster (HZ) [12]. Increased
incidence of HZ has been reported in psoriasis patients receiving combination treatment with
biologic medications and MTX while biologic or systemic agents as monotherapy did not increase
the risk of HZ [24]. Zhang et al. reported that zoster vaccination was not related to increased risk
of HZ in patients with immune-mediated disease including psoriasis under biological therapy
[25, 26]. However, it was emphasized that infliximab increases the risk of HZ in most of the
cohort studies while the risk of HZ in patients receiving etanercept, adalimumab or ustekinumab
therapy is not clear [27]. Yun et al. indicated that the use of biologic agents and systemic ste-
roids in patients with autoimmune and inflammatory diseases increased the risk of HZ [28].
Consequently, HZ vaccination should be considered for patients who are going to receive bio-
logical agents especially infliximab and combination treatment with MTX therapy. Additionally,
the vaccine should be administered before initiation of the immunosuppressive therapy [24, 27].

As a conclusion, it has been reported that immunization status, including Haemophilus influenza,
hepatitis A and B, human papillomavirus, influenza, Neisseria meningitides and Streptococcus pneu-
moniae should be assessed in all patients with moderate-to-severe psoriasis [12]. Recommendations
for vaccination of patients diagnosed with psoriasis are given in Table 2 [12, 14].

Type of vaccine Before therapy On therapy

Inactivated vaccines

Influenza Vaccinate with inactivated or live attenuated Annual inactivated influenza
vaccine

Human papillomavirus ~ Recommended for male and female < age 26 years ~ Same

Hepatitis A For selected individuals at high risk (diabetes, liver Same, test for serology after
disease, injecting drug users, homosexual men, vaccination
employees or residents in institutional settings)

Hepatitis B For individuals at high risk and without evidence =~ Use high-dose vaccine, test for
of disease and immunity serology after vaccination

Pneumococcal Immunization with 23-valent pneumococcal Immunization with 13-valent
polysaccharide vaccine pneumococcal conjugate

vaccine followed by 23-valent
pneumococcal polysaccharide
vaccine if not given prior



A Review of Possible Triggering or Therapeutic Effects of Antimicrobial Vaccines on Psoriasis

http://dx.doi.org/10.5772/67691

Type of vaccine Before therapy On therapy

Haemophilus influenza ~ Unvaccinated individuals can be vaccinated Same

typeb

Diphtheria-tetanus- Booster is recommended every 10 years and for Same

pertussis high-risk wounds, offer before therapy

Meningococcal For selected individuals at high risk (asplenia, Same
complement deficiency, group living situation)

Poliomyelitis For selected individuals at high risk (healthcare Same
workers or laboratory personnel)

Live vaccines

Varicella zoster Test for serology before initiation of therapy, if Contraindicated
negative, offer vaccination

Herpes zoster 1 dose for adults >50 years Contraindicated

Measles-mumps-rubella  Assessment of immunization by history and Contraindicated

serology before initiation of therapy, if negative,
offer vaccination

Table 2. Recommendations for vaccination of patients diagnosed with psoriasis before or on systemic immunosuppressants.
3. Triggering effect of vaccines on psoriasis

As mentioned above, basis on a genetic predisposition, various environmental factors may
cause development of psoriasis in patients who are in latent period. Physical or chemical fac-
tors, infections and various types of medications are the most important among these, and
they may affect the course of psoriasis by many different mechanisms [13]. Triggering vac-
cines on psoriasis and psoriatic arthritis are summarized below.

3.1. Koebner effect

Various types of skin trauma with subsequent development of new psoriasis lesions about
10 days later are known as ‘Koebner-phenomenon’ [29]. In a study evaluating the relation
between ‘Koebner-phenomenon’ and intradermal antigens, 30 psoriasis patients and 20 con-
trol subjects were firstly determined for Koebner status and then were tested with intrader-
mal injections of purified protein derivative, Candida, mumps, mixed respiratory vaccine
and saline control solutions. Two psoriasis patients were Koebner positive and developed
psoriasis at all five injection sites. Besides, in five Koebner negative patients, local psoriasis
lesions were observed in at least one injection site of different antigens. These findings were
interpreted that some psoriatic patients may have individually specific sensitivity to different
antigens to trigger the cellular immune response in psoriasis [30].

Additionally, in a recent placebo-controlled study, evaluating the ‘nontypeable Haemophilus
influenza protein vaccine’, a psoriasis case was reported to be associated with injection of
saline placebo at 114 days post-dose 3 in the placebo group indicating the Koebner effect [31].
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3.2. BCG vaccination

BCG is a live attenuated strain of Mycobacterium bovis, which has been used as local immuno-
therapy for bladder cancer since 1976 [32]. In 1955, a psoriasis case was described following
BCG vaccination under the name of “psoriasis vaccinalis’ [33]. A male with psoriatic arthropa-
thy after BCG immunotherapy for bladder carcinoma and a psoriasis case after BCG vac-
cination are the other early reports associated with BCG vaccination [34, 35]. Koca et al. also
defined a 7-year-old boy with guttate psoriasis-like lesions developed 1 week after the BCG
vaccination [35]. Takayama et al. presented a 6-month-old girl with psoriatic skin lesions ini-
tially appeared on the vaccination site 1 month after the BCG vaccination. In that case, expres-
sion of activated phospho-Stat-3 was found in the epidermal keratinocytes of the lesional skin.
Mycobacterial heat shock proteins have been reported to stimulate IL-6, which promotes the
development of Th17 cells. Thus, the authors speculated that BCG vaccination might medi-
ate the generation of IL-22-producing Th17 cells and lead to activation of epidermal Stat-3
and psoriatic skin lesions [36]. In addition, an 80-year-old man with bladder carcinoma was
reported with erythrodermic pustular psoriasis triggered by intravesical BCG immunother-
apy. The similar mechanism with Thl and Th17 cells generation after BCG vaccination was
thought to play an important role in the pathogenesis of psoriasis [32].

3.3. Tetanus-diphtheria (Td) vaccination

A case of 50-year-old psoriasis patient in remission was described as guttate psoriasis 1 week
after the Td vaccination [37]. Td vaccine has shown to induce IL-6 production, which stimu-
lates Th17 cells, having a key role in psoriasis pathogenesis [37, 38]. It was suggested that this
mechanism was the triggering cause in this case [37]. In a case-control study evaluating the
potential risk factors for the onset of psoriatic arthritis, exposure to rubella (OR = 12.4, 95%
CI = 1.2-122.14) and tetanus (OR = 1.9, 95% CI = 1.0-3.7) vaccines was reported at a higher
frequency in psoriatic arthritis group as compared to the psoriasis group without arthritis [39].

3.4. Influenza vaccination

Shin et al. described a 26-year-old woman with multiple erythematous scaly macules scat-
tered on the extremities and trunk compatible with guttate psoriasis following injection of an
inactivated split-virus influenza A/HIN1 vaccine without adjuvant [40]. Giines et al. reported
43 patients suffering from psoriasis in that 36 of them had exacerbation of pre-existing pso-
riasis while disease first appeared in the remaining seven patients after influenza vaccination
in the 20092010 season. Thirty-seven of these patients had mixed plaque type and guttate
psoriasis, three of them suffered from palmoplantar psoriasis, and another three of them had
scalp psoriasis. Although there is the lack of control group and follow-up evaluations in that
study, they suggested that their observations may support the association between influenza
vaccination and the development of psoriasis due to the short-time onset of psoriasis after
vaccination and the lack of other possible triggers [13].

There is also a cross-sectional study investigating a total of 1125 cases for the onset or flare of
psoriasis occurring within 3 months following the 2009 monovalent H1N1/seasonal vaccination
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through a national survey in France. The overall influenza vaccine coverage was found 19%
in this population. Ten patients were reported with a psoriasis of new onset (n = 7) or with a
worsening of previously diagnosed psoriasis (1 = 3) within a median time period of 8 days after
vaccination. Due to the uncertainties about the actual number of psoriatic patients undergoing
vaccination, underestimation of the incidence due to underreporting and underdiagnosis and
the lack of control group, the data could not provide a definitive conclusion about an associa-
tion between vaccination and the psoriasis. However, the authors claimed that even if it isnot a
very strong risk, influenza vaccination is associated with psoriasis flare [41].

In another study, the effects of seasonal influenza vaccination in psoriatic arthritis patients
under anti-TNF-alpha therapy were evaluated. 1 month after the vaccination (T1), patie-
nts (n = 25) had statistically significant increase in tender joint count (TJC) (p = 0.009)
and erythrocyte sedimentation rate (ESR) (p = 0.046) as compared to baseline. Statistically
significant difference was observed only in TJC (p = 0.01) 3 months after the vaccination
(T3). Additionally, vaccinated patients showed a significant increase in TJC (p = 0.004),
ESR (p = 0.007), Health Assessment Questionnaire (p = 0.023), patient global assessment
(p = 0.013) and physician global assessment (p = 0.026) when compared to nonvaccinated
patients (n = 25) at T1. At T3, similar findings were observed for only ESR (p = 0.006) and
physician global assessment (p = 0.013) when data were analyzed between two groups. In
conclusion, the authors suggested that influenza vaccine may have a short lasting trigger-
ing effect on psoriatic arthritis patients [42].

3.5. Adenovirus vaccination

In a retrospective study, which evaluated the possible side effects related to adenovirus types
4 and 7 in military recruits, psoriasis (21 versus 7 cases) was found more frequently (RR =2.44,
95% CI = 1.13-5.31) in the vaccinated group (n = 100,000) when compared to unvaccinated
group (n =100,000) [43].

4. Therapeutic effects of vaccines on psoriasis

Both conventional systemic treatments and biologic agents are related to serious side effects.
The biologic immunotherapy agents act by inhibiting over-expressed T-cell activity by reducing
T-cell numbers, T-cell trafficking or immune deviation and blocking the activities of proinflam-
matory cytokines, which may lead to severe infections, myelodegenerative and autoimmune
disorders [29]. Additionally, over the past few years, various John Cunningham virus (JCV)
associated brain syndromes have been reported as a result of increased usage of the immuno-
modulatory medications [44]. The progression in the enlightenment of the immunopathogene-
sis of psoriasis may provide new therapeutic options that do not have immunosuppressive side
effects. Vaccination is a progressing therapy option for psoriasis and the other chronic inflam-
matory disorders such as multiple sclerosis, rheumatoid arthritis and atherosclerosis, which
are termed as noncommunicable diseases [1, 45, 46]. It has clearly demonstrated that vaccines
have the ability to activate effectors such as dendritic cells and T lymphocytes, which are also
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involved in psoriasis pathogenesis [41]. Noncommunicable disease vaccines target cells, pro-
teins or other molecules that are related to these disorders and modulate the immune system,
similar to traditional vaccines [45].

Approximately two-thirds of guttate psoriasis patients and a quarter of chronic psoriasis
patients have an association with streptococcal throat infections. Fry et al. claimed that vac-
cination against Streptococcus pyogenes as well as the other possible microorganisms that
trigger psoriasis may be a new way to prevent psoriasis [3, 4]. It has also been suggested that
psoriasis may benefit from development of a T-cell receptor peptide vaccine [47].

As we mentioned before, IL-17 has been shown to play an important role as a proinflammatory
cytokine in psoriasis. IL-17 is demonstrated as a ‘target antigen’ for the treatment of autoim-
mune disorders and psoriasis in preclinical experiments in animal models and in clinical trials
[48]. Dallenbach et al. showed that immunization with Qp-IL-17, a virus-like particle-based
vaccine, generated IL-17-specific IgG in mice. In order to evaluate the role of hypermutation
and affinity maturation, they mutated the hypermutated antibody back to germline sequence,
producing a set of two antibodies with VH regions differing in three aminoacids, but recogniz-
ing the same epitope. They showed that both the hypermutated and the germline antibody sig-
nificantly neutralized IL-17 and blocked its biological activity in vivo. They also demonstrated
that both antibodies were able to reduce imiquimod-induced psoriatic skin inflammation,
indicating that vaccination against IL-17 may be a new therapeutic option for psoriasis [49].

Over-expression of B-defensin 2, known as a skin antimicrobial peptide, has been reported to
be associated with psoriasis [50]. In a recent study, serum B-defensin 2 levels have been found
to correlate with IL-17A levels and psoriasis area severity index (PASI) scores in psoriatic
patients [51]. Additionally, Garcia-Valtanen et al. demonstrated that 8-defensin 2 improves the
DNA vaccine efficacy due to its adjuvant-like effects besides its antiviral and immunomodula-
tory properties in a study of zebrafish. They claimed that this psoriasis-related peptide might
be used as an adjuvant in DNA vaccination to improve the efficacy of viral vaccines [50].

The TNF-alpha-induced protein 3 (TNFAIP3) is an anti-inflammatory factor that inhibits NF-kB
activation in T-cells. In a few studies, it was reported that expression of TNFAIP3 mRNA was
significantly higher in patients with mild psoriasis than in the patients with severe psoriasis,
suggesting that TNFAIP3 gene may be a ‘target’ molecule for psoriasis therapy [52, 53]. There
are also reported studies, which are mentioned below, about the usage of vaccines on psoriasis.

4.1. Mycobacterium vaccae

Mycobacterium vaccae, a nonpathogenic organism usually applied as a heat-killed suspension,
has been used as an adjunct immunotherapy for tuberculosis and leprosy [54]. The immuno-
therapy trials began after discovery of the therapeutic effect of M. vaccae injection in psoriasis
skin lesions of leprosy patients with concomitant psoriasis [55].

A placebo-controlled study in patients with chronic plaque psoriasis evaluated the potential
beneficial effects of M. vaccae immunotherapy. The study group of 31 patients received a dose
of M. vaccae, and placebo group of 24 patients were given a dose of tetanus toxoid. The mean
PASI values at both 3 and 6 months for the M. vaccae group were significantly lower than their
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entry values (p <0.001 and p <0.005), while the tetanus toxoid group did not reach this signifi-
cance at any time. The failure of the patients to return for follow-up visits and the selection of
tetanus toxoid as a placebo were the problems of the study. In spite of these limitations, the
authors claimed that the study showed a significant improvement (p < 0.005) in the PASI after
a single injection of M. vaccae [56]. A subsequent study of 24 patients, PASI scores of whom
showed significant reduction (p < 0.001) at 12 and 24 weeks in comparison with the initial
PASI score after two intradermal inoculations of M. vaccae, confirmed these findings [56].

A study performed on 36 patients with psoriatic arthritis randomized the patients to receive
two intradermal injections of 50 pg delipidated, deglycolipidated M. vaccae (PVAC) or pla-
cebo and followed up them for 24 weeks. The psoriatic arthritis response criteria at either 12
or 24 weeks were achieved by 50% (9/18) in both placebo and PVAC group. There was only a
significant change in the visual analogue scale over time between the two groups. The mean
score had decreased by 19.2 mm in the PVAC group and increased by 4.8 mm in the placebo
group (p =0.006). Consequently, the authors claimed that PVAC was not an effective immuno-
therapy for psoriatic arthritis [57]. Likewise, a placebo-controlled study did not show a clearly
efficacy of PVAC in the treatment of psoriasis patients, because 75% PASI was similar among
the studied groups at week 12 [55].

Mycobacterium w is a nonpathogenic, rapidly growing, cultivable strain of atypical mycobac-
teria and has been used as an adjuvant immunotherapy for leprosy, tuberculosis and human
immunodeficiency virus, like M. vaccae [58]. The efficacy of Mycobacterium w in psoriasis was
also evaluated by some trials [58, 59]. In a study of 36 psoriasis patients, 24 of them were in the
study group and received two doses of 0.1 ml of heat-killed Mycobacterium w at 3 weekly inter-
vals. The remaining 12 patients in the control group were given of normal saline at the same
weeks. The study showed marked improvement (>50% reduction in PASI score) in the four of
24 cases (16.6%) and moderate improvement (25-50% reduction) in 15 cases (62.5%) at the end
of the 4 months. No improvement was seen in the 4 of 24 patients, and the disease got worse in
1 patient. There were no significant side effects, although five patients had new lesions at the
site of injection [59]. On the other hand, in another study that included 45 psoriasis patients
who received a total of four doses of Mycobacterium w, the percentage reduction of PASI score
was only 33% at the end of 12 weeks. Additionally, at the beginning of the study, PASI scores
showed increase in nine patients, four of whom were severe and received an alternative ther-
apy [58]. The results were in contrast to findings of the prior study by Rath et al. [58, 59].

The mechanism of mycobacterium immunotherapy leads to improvement in psoriasis is
not known exactly. Lehrer et al. suggested that the decreasing effect of TNF-alpha might
cause clinical improvement in psoriasis patients treated with M. vaccae immunotherapy
[56]. According to Dalbeth et al., increased IL-10 levels after the PVAC injection may lead to
improvement in psoriasis due to inhibition of T-cell function and reduction of IFN-gamma
and TNEF-alpha production [57].

4.2, Leishmania amastigotes

In a trial about a vaccine for cutaneous leishmaniasis, O’Daly et al. observed 100% clinical
remission of a psoriatic lesion in one patient after third vaccination. After this discovery,
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they performed an open-label, single-center study to evaluate the leishmaniasis vaccine
(AS100®) in 2770 psoriasis patients. When baseline PASI values were compared with the
post-treatment values, PASI 100 was achieved in 23%, PASI 75 in 45%, PASI 50 in 13%,
PASI 10 in 9% and <PASI 10 was determined in 3% of patients. The most common adverse
effects were pain and nodule formation, which were injection side related. The other sys-
temic adverse effects were considered as mild and moderate in severity. Similar results
were observed in a second, double-blind, placebo-controlled study, performed by the same
group [60]. In a subsequent study, O’Daly et al. evaluated further purified vaccines, result-
ing in seven chromatography fractions per four Leishmania species. They suggested that
three fractions from L. brasiliensis and four fractions from L. chagasi demonstrated the maxi-
mal therapeutic effect on psoriasis [61]. O’'Daly et al. also revealed that regarding to PASI
values, certain lymphocyte subtypes decreased in peripheral blood cells suggesting migra-
tion from the blood to the skin while others increased suggesting activation by unknown
antigens. After injection seven doses of AS100 vaccine, lymphocyte subtypes CD3+CDS8-,
CD8+CD3-, HLA+CD8-, CD8+HLA+ and CD4+CD8- increased as PASI values decreased
and clinical improvement was seen, while CD8+CD3+, CD8+HLA-, CD19 and CD8+CD4+
decreased in peripheral blood cells. These results suggested that treatment with Leishmania
antigens leads lymphocytes to traffic between blood and skin and activates T-cells in skin
plaques, contrary to current treatments killing T-cells in psoriasis patients [62]. Another
open-label, single-center study conducted by O’Daly et al. showed clinical remission in
patients with psoriatic arthritis after the average number of 9.9 + 4.8 doses of AS100 treat-
ment [63].

4.3. Live attenuated varicella vaccine

A placebo-controlled study was conducted by El-Darouti et al. to evaluate the adjuvant effect
of live attenuated varicella vaccine (Varilrix®) in patients with resistant severe psoriasis after
their observation of improvement in one patient with severe psoriasis following a chickenpox
infection. Study group received four doses of Varilrix® once every 3 weeks before low-dose
cyclosporine (2.5 mg/kg/day) while control group received four doses of subcutaneous saline
as placebo. Study group demonstrated significantly higher improvement in their PASI values.
According to El-Darouti et al., the hypotheses explaining the mechanism of live attenuated
varicella vaccine on psoriasis are given as below [64]:

* The stimulating effect of varicella zoster virus on the humoral response by Th-2 cells and
subsequent downregulation of the Th-1 response,

* The inhibitory effect of IFN-alpha on Th-17 cells by peripheral blood cells exposed to vari-
cella zoster virus antigen,

¢ The upregulation of regulatory T-cells that have inhibitory effects on psoriasis after receiv-
ing varicella vaccine.

Subsequently, El-Darouti et al. reported that live attenuated varicella vaccine is effective in
psoriasis when used with low-dose cyclosporine by acting possibly on the Th17/ regulatory
T-cells balance [65].
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5. Conclusion

Vaccination is an effective tool for reducing the incidence of serious or life-threatening infec-
tious disease [45]. Patients diagnosed with psoriasis are at risk of infections due to the nature
of disease and immunosuppressive therapies [12, 14]. For this reason, the medical board of the
National Psoriasis Foundation recommends vaccination for patients diagnosed with psoriasis
in compliance with recommendations of the Advisory Committee for Immunization Practices
[12]. Besides, vaccines such as M. vaccae, live attenuated varicella zoster virus and Leishmania
amastigotes have been reported to be effective in the treatment of psoriasis. Vaccines, regu-
lating the inflammatory response in psoriasis, may be a new therapeutic option for psoriasis
patients without any serious side effects. On the other hand, the data emphasize that especially
some types of vaccines may trigger an exacerbation of psoriatic skin lesions. The very low inci-
dence of psoriasis following vaccination reveals the safe profile but some authors recommend
the follow-up of such individuals [13]. Further large-sized and controlled clinical research stud-
ies need to be carried out to confirm the relationships between psoriasis and the vaccination.
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Abstract

The pathogenesis of psoriasis is complex, and cytokines play an important role in medi-
ating cell-cell interactions that result in abnormal structures and functions of many
cell types in psoriasis, such as abnormal proliferation and differentiation of keratino-
cytes, abnormal proliferation of blood vessels, stimulation of immune cells, and driving
abnormal immune reactions. In this chapter, we summarize the roles and functions of
inflammatory cytokines that play a crucial role in psoriasis such as tumor necrosis factor
(TNF)-a, interleukin (IL)-12/IL-23, and IL-17, as well as their inhibitors that are used to
treat psoriasis.

Keywords: psoriasis, inflammation, cytokine, biologic drugs, pathogenesis

1. Introduction

Psoriasis is a common chronic inflammatory disease characterized by abnormal proliferation
of keratinocytes, increased dermal vascularity, and multiple inflammatory cell infiltration. It
is an immune-mediated skin disease influenced by genetic and epigenetic variations, which
can be triggered by environmental factors. Psoriasis affects approximately 2% of people
worldwide [1, 2].

Psoriasis typically presents as indurated scaly erythematous plaques and is easily diagnosed;
however, variable clinical manifestations may be presented. As a result, psoriasis remains
a clinical diagnosis defined by morphologic findings and appearances. The major clinical
manifestations include characteristic cutaneous lesions, including whitish scaly erythema-
tous plaques and/or pustular or guttate lesions. There are several clinical forms of psoriasis,
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including plaque psoriasis, psoriasis guttate, psoriasis arthropathica, pustular psoriasis, pso-
riasis erythroderma, and inverse psoriasis. The most common type of psoriasis is psoriasis
vulgaris, which accounts for 85-90% of all cases [1, 3].

Histologically, psoriasis is characterized by hyperproliferation and abnormal differentiation
of keratinocytes; dilated, hyperplastic blood vessels; and inflammatory infiltration of lympho-
cytes mainly into the dermis. The skin patches are typically erythematous and scaly, which,
in addition to the physical appearance, may result in psychological stress and poor quality of
life. Like other systemic inflammatory diseases, psoriasis affects far more organs than the skin
and often presents with chronic inflammatory responses in joints, nails, and other organs.

Immunological dysfunction in psoriasis involves cross talk between immune cells and non-
immune cells with cytokines. Several important types of immune cells in psoriasis have
been found to play a role in pathogenesis, including Thl, Th17, and regulatory T cells.
Corresponding cytokines that may be involved include interferon (IFN)-y, tumor necrosis
factor (TNF)-a, interleukin (IL)-23, and IL-17. More recently, IL-9-secreting Th9 cells have
been identified, and the inflammatory responses of keratinocytes, y0T cells, T regulatory cells,
and other cell types in psoriasis have been explored. Emerging evidence indicates that new
genetic variations and epigenetic modifications are associated with psoriatic disease [4, 5].

2. Immunological changes in psoriasis

Psoriasis is characterized by keratinocyte hyperproliferation and the abnormal infiltration
of effector T cells, dendritic cells, neutrophils, and macrophages [6]. The effect of multiple
cell types involved in psoriasis is mediated by a complex network of cytokines and their
interactions.

3. Role of inflammatory cytokines in psoriasis

3.1. Interferons (IFN)

Type I interferons (IFNs), IFN-a and IFN-3, can suppress viral replication and stimulate
immune reactions in response to viral infections; thus, they are potential mediators of antivi-
ral host defense. Activated plasmacytoid dendritic cells (pDCs) preferentially produce type I
IFNs following interactions between intracellular TLR7 and TLR9 with viral RNA and DNA
[7, 8]. Type I IFN-a and IFN-{ are not expressed in the normal skin but are produced in
virally infected skin where pDCs are present, as well as in skin wounds where mechanical
injury stimulates infiltration of pDCs and in lesional psoriatic skin where pDC-derived type
I IFNs are sustained [9]. This stimulates myeloid DC phenotypic maturation and activation,
enabling T-cell priming. Several studies have demonstrated that these cytokines are most
relevant in the early phase of psoriasis, as demonstrated by the IFN-a signature in primary
psoriatic plaques. Albanesi et al. [10] found that pDC infiltration in psoriatic skin correlates
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with the expression of markers typical of early stage of disease, whereas it is notably absent in
chronic lesions. In this regard, blocking of type I IFN signaling may prevent the upregulation
of T cells and development of non-lesional to lesional skin [9]. For downstream inflammatory
pathways, type I IFNs modulate the production of IFN-y and IL-17 and are involved in the
differentiation and activation of T cells, particularly Th1 and Th17 cells [11] (Figure 1).

Th1 cells are a potential source of IFN-y, a type II interferon. Previously, the Thl pathway
was proposed to be the predominant pathogenic path for psoriasis [12]. Th1 cells, producing
IFN-v, are increased in the psoriatic lesional skin and peripheral blood and can be decreased
by effective therapy. However, the potential role of IFN-y became less important after the
identification of a new key cytokine, Th17-producing IL-17 [13]. Selective blockage of IL-23-
induced IL-17 leads to full recovery of psoriasis based on clinical, histological, and molecular
markers [14].

IFN-v acts on psoriatic keratinocytes and endothelial cells, leading to the activation and pro-
duction of antimicrobial peptides (e.g., LL-37 cathelicidin and p-defensins). IFN-y induces
the cross phosphorylation of Janus kinase 1 (JAK1) and JAKS, resulting in the downstream
activation of STAT3. Subsequent activation of STAT transcription factors is important for cell
growth and is efficient for regulating many genes expressed in psoriatic lesions [15]. IFN-y
promotes the release of cytokines (IL-23, IL-1) and chemokines (CXCL10, CXCL11), as well
as the expression of adhesion molecules from DCs, T cells, keratinocytes, and endothelial
cells [16], thus promoting the recruitment of inflammatory cells to lesional plaques. Studies
suggest that IFN-y can be used as a biomarker for determining psoriasis severity and therapy
evaluation because of the positive correlation between serum IFN-y levels and PASI scores
[17].

However, direct blockage of IFN-y with a neutralizing antibody in patients with psoriasis
was shown to have little or no therapeutic effect, indicating that IFN-y does not directly par-
ticipate the psoriasis phenotype [18]. It has been suggested that the IL-12/IFN-y axis acts to
suppress IL-17-modulated tissue injury [19, 20]. Consequently, continued expression of the
IL-12/TEN-vy axis in disease while Th17 circuits are inhibited through IL-23 or IL-17 blockage
may lead to better suppression and improvement of psoriasis [5].

3.2. TNF-a

TNF-a is involved in many inflammatory cutaneous diseases, including psoriasis. Several
different cells can produce TNF-«a in the context of skin inflammation, including keratino-
cytes, macrophages, T cells (Th1, Th17, and Th22 cells), and psoriatic DCs (particularly TIP-
DCs) [5, 21, 22]. Several studies showed that circulating levels of TNF-a (in addition to IFN-y
and IL-12) are elevated in psoriasis patients and correlate with severity of disease [23, 24],
although different studies have shown varying results [25].

The key effects of TNF-a are regulating the antigen-presenting ability of DCs and stimulation
of T-cell infiltration. It has a variety of effects because there are two types of TNF receptors
(TNFR), TNFR1 and TNFR2. TNFR1 is expressed on nearly all cell types, whereas TNFR2
is present predominantly on endothelial cells and hematopoietic cells. TNF-a acts in part
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Figure 1. The scheme of cytokine involvement in the pathogenesis of psoriasis and the mechanism of action of biologics.

by increasing the elevated level of active, phosphorylated NF-kB, a crucial transcription fac-
tor involved in psoriatic pathogenesis [26]. TNF-a possesses proinflammatory properties; it
activates the expression of C-reactive protein (which is a part of the acute phase response)
and several cytokines such as IL-6 (which induces keratinocyte hyperproliferation and T-cell
proliferation) and IL-23 (which is a potential mediator synthesized from DCs in psoriasis to
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stimulate IL-17 production). TNF-a also induces several chemokines including CXCLS8/IL-8
(which recruits neutrophil infiltration) and CCL20 (which recruits myeloid DCs and Th17
cells). Therefore, TNF-a is an important regulator of the IL-23/Th17 axis in psoriasis. The mul-
tifaceted role of TNF-a has been evaluated in clinical trials of TNF-a antagonists in psoriasis
patients, revealing their clinical efficacy [27].

TNF-a-targeting agents were approved for rheumatoid arthritis treatment years before
being approved for psoriasis therapy. Inhibition of TNF-a signaling has been broadly used
in targeted biological treatment of psoriasis. The three biologics currently approved for
the treatment of moderate to severe psoriasis are infliximab, adalimumab, and etanercept
(Table 1). Effective treatment with TNF antagonists downregulates T-cell and DC numbers
and decreases their cytokine levels [27, 28]. Infliximab, a chimeric monoclonal antibody,
suppresses TNF-a biologic activity by neutralizing both soluble and membrane-bound
forms of TNF-a [29]. Blocking this cytokine activity with infliximab has been demonstrated
to rapidly normalize keratinocyte differentiation and reduce the number of epidermal thick-
ness, epidermal T-cell infiltration, and intracellular adhesion molecules of psoriatic plaques,
such as e-selectin and VCAM [30-32]. Adalimumab is a fully humanized IgG1 monoclonal
antibody [33] that binds with high specificity and affinity to human TNF-a. Adalimumab
has been suggested as an effective treatment for moderate to severe chronic plaque psoriasis
for up to 12 weeks of therapy [34]. Upon binding to this cytokine, adalimumab neutral-
izes biologic activities by blocking its interaction with the p55 and p75 cell-surface TNF
receptors to inhibit TNF-involved biologic responses [35]. Etanercept, a fusion protein con-
sisting of the extracellular ligand-binding domain of TNF-a receptors and Fc portion of
human immunoglobulin G, performs its immune function by neutralizing soluble TNF-a
and TNE-3 (or known as lymphotoxin-a) [36], which also reduces IL-23, and by suppressing
Th17 downstream molecules, including IL-17, IL-22, CC chemokine ligand (CCL) 20, and
[-defensin 4 [27]. Particularly, successful treatment was found to be associated with the sup-
pression of genes related to the differentiation and function of Th17 cells. Moreover, inhibi-
tion of the IL-23 and Th17 axis led to downregulation of IFN-y-related genes associated with
psoriasis resolution [27, 28]. Furthermore, etanercept can decrease lesional DC expression
of co-stimulatory molecules in vitro, impairing DC-T-cell interactions and allogenic T-cell
activation [27].

The clinical advantage of TNF-a suppression is related to blockage of the IL-23/Th17 axis.
Furthermore, TNF-a and Th17 have been suggested to synergistically stimulate the produc-
tion of several keratinocyte proinflammatory mediators involved in psoriasis [37]. Therefore,
blocking either or both TNF-a and IL-23-Th17 pathways may affect immunopathogenic mol-
ecules involved in psoriasis.

Anti-TNF-a therapies for psoriasis are very effective. However, the diverse roles of this cyto-
kine cause various drug-associated adverse effects. Patients treated with these biologic agents
show an increased incidence of reactivating latent tuberculosis [38] and emerging serious
infections (such as sepsis and opportunistic infections) [39]. Additionally, some studies have
linked these anti-TNF drugs, particularly when used in combination with other drugs, to an
increased risk of malignancies such as lymphoma [40-42].
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3.3. IL-12/IL-23

IL-12 and IL-23 are heterodimeric pleiotropic proteins that share a common p40 subunit
(encoded by IL12B) and are thought to be essential for controlling the differentiation of Th1
and Th17 cells, respectively. The second distinct subunit of IL-12 is the p35 subunit, and the
second unique subunit of IL-23 is the p19 subunit (encoded by IL23A). Expression of the
P19 and p40 subunits was found to be significantly increased in psoriatic skin lesions, while
the p35 subunit was not [43, 44], suggesting that IL-23 is important in the pathogenesis of
psoriasis. Further support from clinical trials revealed that the expression of IL-12/IL-23 was
decreased following psoriasis treatment [45—47]. IL-23 and IL-12 are primarily secreted by
DCs and macrophages and play a crucial role in psoriatic pathogenesis by regulating Th17
and Thl cells, including the activation and differentiation of effector T cells, stimulation of
keratinocytes, and upregulation of TNF-a expression in psoriatic plaques [43, 48]. IL-23 binds
to IL-23R, which is correlated with Jak2 and Tyk2. Binding of its receptor stimulates a signal-
ing circuit via STAT3 activation.

Anti-IL-12/IL-23 and anti-IL-23 drugs are highly effective treatments for psoriasis (Table 1)
[49]. Recently, the only published results from clinical trials describe two agents of the p40
subunit inhibitors, ustekinumab and briakinumab. Ustekinumab is a human IgG1 monoclo-
nal antibody that neutralizes the shared p40 subunit of IL-12 and IL-23. The agent prevents
the interaction of IL-23 and IL-12 with their cell-surface receptors, blocking the Th17 and Thl
signaling cascades. It has been demonstrated to be efficacious for moderate to severe psoriasis
[50, 51]. Clinical trials showed that another fully human anti-IL-12/IL-23p40 monoclonal anti-
body, briakinumab, was also efficacious for the disease [52-54]. However, after phase III tri-
als, safety results concerning a possible increased risk of major adverse cardiovascular events
(myocardial infarction, cerebrovascular accident, and cardiac death) with the use of bria-
kinumab let to cessation of its development and withdrawal of the application in 2011 [55, 56].

The structurally related p19 subunit of IL-23 has recently emerged as an attractive target for
moderate to severe psoriasis treatment, although these drugs have not been FDA approved
[57]. Several agents targeting the pl9 subunit are under investigation in clinical trials.
Tildrakizumab is a humanized IgGlk that binds to the unique p19 subunit of IL-23 [58]. This
agent was effective in treating moderate to severe plaque psoriasis in a phase IIb clinical trial.
Phase III studies are currently underway. Similarly, phase III trials of another fully human
IgG1A monoclonal p19 antibody, guselkumab, are currently a success [59].

3.4.1L-17

IL-17, the main cytokine effector of Th17 cells, is an important cytokine in the pathogenesis of
psoriasis. Neutrophils, mast cells, and natural killer (NK) cells also produce IL-17. It is thought
to be a proximal regulator of psoriatic cutaneous inflammation and plays a key role in bridg-
ing the innate and adaptive immune responses. The IL-17 family comprises six subsets of
homo- and heterodimeric cytokines: IL-17A, IL-17B, IL-17C, IL-D, IL-17E, and IL-17F. IL-17A
and IL-17F are regarded as the most relevant subtypes in psoriasis. IL-17 is widely thought
to be a direct regulator that stimulates keratinocyte proliferation and inhibits keratinocyte
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differentiation via the antimicrobial protein REG3A, a mediator with antimicrobial functions
involved in wound repair [60]. IL-17 mRNA and protein levels are upregulated in lesional
psoriatic plaques and/or blood samples from patients [61, 62]. Lowes et al. [63] demonstrated
that psoriatic T cells generate large amounts of IL-17 ex vivo, but T cells from the normal
healthy skin did not produce IL-17 under the same conditions.

Keratinocytes are the main target of IL-17A in psoriasis. The IL-17 receptor (IL-17R; consist-
ing of two IL-17RA subunits complexed with one IL-17RC subunit) is expressed on the sur-
face of keratinocytes throughout the epidermis and on scattered dermal cells (DCs, dermal
fibroblasts, and endothelial cells) in the psoriatic skin [64]. The interaction between IL-17A
and its receptor leads to the production of antimicrobial peptides (AMPs); proinflammatory
cytokines such as IL-1, IL-6, IL-23, and IL-19; chemokines; and mediators of tissue injury [62].

IL-17A stimulates the expression of AMPs, including f-defensin and S100A family members,
and thus activates the innate immune system [64]. A previous study demonstrated that IL-17A
activates the production of multiple chemokines, including CCL20, CXCL1, CXCL2, CXCL3,
CXCL5, and CXCLS8/IL-8 [37, 64-66]. In addition to stimulating the recruitment and activation
of neutrophils, IL-8 acts as a chemotactic factor for NK cells and T cells. CCL20 from human
keratinocytes may direct the recruitment of CCR6-positive cells to the skin. Most Th17 cells
express CCR6. Therefore, keratinocytes activate Th17-cell recruitment and increase the pro-
duction of IL-17, promoting a positive feedback loop that maintains the inflammatory disease
response [65, 67]. Moreover, CCL20 combined with ICAM-1 can facilitate the recruitment of
DCs and T cells in psoriasis. IL-17A and TNF-a act synergistically on psoriatic keratinocytes,
causing further production of TNF-at and other proinflammatory mediators.

Several drugs are available or under development that target IL-17 and its pathway. The
potential role of the IL-17 pathway has been revealed in psoriatic clinical trials, which showed
dramatic improvement. Secukinumab and ixekizumab are humanized IgG1lk and IgG4 mono-
clonal antibodies that bind and neutralize the IL-17A cytokine. [68, 69]. Secukinumab was
approved by the FDA for moderate-to-severe treatment psoriasis in January 2015. In phase I1I
studies, double-blind, 52-week trials, this agent achieved a PASI75 in 67.0-71.6% of patients
at a 150-mg dose and 77.1-81.6% of patients with a 300-mg dose (Table 1) [68]. The common
adverse effects associated with this agent are headache, nasopharyngitis, and upper respira-
tory tract infections, which are similar to those of other biologics. Ixekizumab, a monoclonal
antibody specific for IL-17A, has been shown to be effective for treating psoriasis [70]. This
biologic inhibits the expression of cytokines and chemokines involved in the IL-17 pathway
[71]. Ixekizumab complete responses were observed in 30.8-35.0% of psoriasis patients and
PASI90 in 59.7-65.3% after 12 weeks [69]. These results agree with recent findings that IL-17-
producing cells are clearly present in the inflammatory infiltrate. Similar to prior biologic
agents, the most commonly reported side effects were nasopharyngitis and injection site
reactions. No serious adverse effects were observed [72]. Brodalumab, a unique fully human
monoclonal antibody targeting the IL-17 receptor A (IL-17RA), is the newest biologic that has
been FDA approved for psoriasis treatment. It binds with high affinity to IL-17RA and blocks
the biological activity of IL-17A, IL-17F, and IL-25 (IL-17E), suppressing the downstream effect
of IL-17 [73, 74]. In phase III trials to treat psoriasis, brodalumab achieved PASI75 in 83-86%
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of patients with a 210-mg dose and 60—-69% of patients with a 140-mg dose and PASI 90 in
69-70% after 12 weeks [75, 76]. The most common side effects were nasopharyngitis, upper
respiratory infection, and injection site erythema [74]. Based on published results, drugs tar-
geting IL-17 appear to have highly positive effects in moderate-to-severe psoriasis patients
with no serious major side effects. Nevertheless, longer-term studies are needed.

3.5.1L-22

IL-22 belongs to the IL-10 family of cytokines, and its receptor (IL-22R) is a complex of two
chains (IL-10R and IL-22RA1), which are exclusively expressed on epithelial cells such as kera-
tinocytes [77]. Elevated levels of IL-22 mRNA in the lesional skin of psoriasis and serum IL-22
have been observed [78-80]. Its expression is also decreased after treatment with anti-psoriatic
agents [80]. IL-22, produced from Th22 and Th17 cells, induces keratinocyte hyperprolifera-
tion, differentiation, migration, and dermal infiltration through STAT3 activation in vivo and
in vitro [81]. It also mediates proinflammatory cytokine and AMP production [78, 82].

IL-22 in the human skin can stimulate keratinocytes in various ways. Combined with IL-17,
IL-22 can induce AMP production by keratinocytes [83] and parakeratosis and acanthosis by
increasing keratinocyte proliferation and inhibit keratinocyte differentiation during part of
the tissue-remodeling phase of wound repair, which are observed in psoriasis [84].

Zheng et al. [81] reported that IL-23-induced epidermal hyperplasia in a murine model of
psoriasis was dependent on IL-22, and blocking IL-22 in vivo or genetic deletion resulted in
downregulation of IL-23-mediated epidermal hyperplasia. Therefore, the important associa-
tion between the IL-23/Th17 axis and IL-22/Th22 is supported by these studies. However, tri-
als of a human monoclonal antibody targeted against IL-22, fezakinumab, were discontinued
because initial processes revealed that the efficacy endpoint could not be achieved [85]. The
negative data from these studies suggest that this cytokine is not as critical to psoriasis immu-
nopathogenesis as had initially been considered in earlier studies.

3.6.IL-9

IL-9 is a member of the IL-2 cytokine family. Singh et al. demonstrated markedly elevated
expression of IL-9 in the lesional skin of psoriasis patients compared to control subjects. They
found increased IL-9R and IL-9 expression in the psoriatic skin and observed a Th17-related
inflammatory response after intradermal IL-9 injection in a mouse model [86]. IL-9 is a pro-
inflammatory cytokine that stimulates the production of IL-17, IL-13, IFN-y, and TNF-a in
psoriasis. Both Th9 and Th17 cells are sources of IL-9.

3.7.1L-33

Interleukin-33 is a recently discovered mediator of the IL-1 family [87]. IL-33 mRNA is con-
stitutively expressed in several tissues but is predominantly distributed in epithelial cells,
keratinocytes, fibroblasts, DCs, smooth muscle cells, and macrophages. Interestingly, IL-33
specifically localizes to the nucleus of endothelial cells along the vessels and epithelial cells of
tissue exposed to the environment [88-90].
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The IL-33 receptor is selectively expressed on various cell types, including T-helper-cell (Th)
type 2, mast cells, eosinophils, basophils, dendritic cells, group 2 innate lymphoid cells, kera-
tinocytes, and invariant NKT cells [87, 91-94].

IL-33 can act both as a released cytokine, activating ST2L, and as a nuclear-binding factor,
regulating gene transcription [95, 96]. Balato et al. [97] showed that IL-33 is present in both
the nucleus and cytoplasm of psoriatic keratinocytes. The structure of IL-33 has been deter-
mined, and it exhibits the ability to act both as an extracellular cytokine stimulating the ST2L
receptor and an intracellular factor controlling gene transcription. However, the role of IL-33
in psoriasis remains unclear.

Many recent studies have shown that IL-33 expression is increased in the lesional skin of
psoriasis compared to the normal skin [91, 97, 98]. Hueber et al. [99] demonstrated that IL-33
and ST2 expression are upregulated in human lesional psoriatic plaques compared to the
perilesional and normal healthy skin. Moreover, IL-33 is strongly expressed in the nuclei of
keratinocytes in psoriasis, which is considered to be a Th1- and Th17-mediated disease, com-
pared with atopic dermatitis which is a Th2-related disease and lichen planus which is related
to Th1 cells [96]. We previously demonstrated that IL-17A induces IL-33 expression in normal
human epidermal keratinocytes, suggesting that IL-17 in the lesional skin of psoriasis can
induce IL-33 expression in the epidermis [91].

Relatively few studies have demonstrated the pathogenic association between IL-33 and psoria-
sis. Suttle et al. [100] reported decreased IL-33 immunostaining in biopsies in Koebner-positive
psoriasis patients, which can reflect the release of IL-33 after skin injury by tape stripping.
Interestingly, the proinflammatory cytokine TNF-a dose- and time-dependently activated
IL-33 mRNA expression in normal skin cultures ex vivo. Similarly, TNF-a may stimulate the
gene expression of IL-33 in normal human epidermal sheets and psoriatic skin [101]. Moreover,
the levels of IL-33 were significantly reduced after TNF-a inhibitor therapy [101, 102].

Furthermore, Mitsui et al. [103] recently found that serum IL-33 levels are significantly ele-
vated in patients with psoriasis and are particularly correlated with serum TNEF-a levels; this
elevation was decreased after anti-TNF-a treatment. They suggested that IL-33 is a general
indicator of inflammation in psoriasis. In contrast, Tamagawa-Mineoka et al. [104], Balato
et al. [97], and Talabot-Ayer et al. [105] did not detect serum IL-33 expression in psoriasis
patients.
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Abstract

Focusing on the study of human memory CLA+ T cells to understand psoriasis pathology
constitutes an innovative approach to explore the pathological mechanism of this chronic
cutaneous inflammatory disease. CLA+ T cells can be considered peripheral cell bio-
markers in the study of T-cell mediated human skin diseases. During the last few years,
new evidences have been found that link streptococcal infection with IL-17 response in
psoriasis by studying the interaction between Streptococcus pyogenes with CLA+ T cells
and autologous epidermal cells. S. pyogenes constitutes the best clinically characterized
trigger of psoriasis and by exploring its effect on CLA+ T cells and epidermal cells in
psoriasis may allow understanding psoriasis by using patient’s clinical samples ex vivo.

Keywords: psoriasis, CLA+ T cells, translational research, Streptococcus pyogenes, IL17

1. CLA+T cells and the regional cutaneous immune system

The adaptive immune responses taking place during cutaneous chronic inflammation in pso-
riasis preferentially involve a subset of memory T lymphocytes, which are related to the skin
and that belong to the cutaneous immune system, and constitute one of the best character-
ized regional immune systems of the body and known for decades [1]. In the humans, the
cutaneous lymphocyte-associated antigen (CLA) is a surface cell marker that allows identify-
ing T cells that belong to the cutaneous immune system. The CLA antigen is a carbohydrate
expressed by 15% of human circulating T cells, and on most (>90%) skin-infiltrating T cells,
contrary to other inflamed organs [2]. CLA is expressed preferentially on memory antigen-
experienced T cells.

I m EC H © 2017 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,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgIN



62  An Interdisciplinary Approach to Psoriasis

The CLA is one of the adhesion molecule that, together with chemokine receptors, allows T
cells to selectively migrate to the skin, in either homeostatic or inflammatory conditions, by
binding to endothelial cell wall via adhesion molecules or ligands. The molecular interactions
between CLA/E-selectin, very late antigen-4 (VLA-4)/vascular cell adhesion protein-1 (VCAM-1),
lymphocyte function-associated antigen-1 (LFA-1)/intercellular adhesion molecule-1 (ICAM-1),
and chemokine ligands for chemokine, C-C motif receptor (CCR) 10, CCR4, CCR6, and CCRS8
constitute a code bar system enabling skin infiltration [3].

The importance of circulating CLA+ T cells for understanding the skin immune system is not
only based on their capacity to selectively migrate to skin, but also on the fact that these cir-
culating memory T cells are functionally related to the immune response taking place in the
cutaneous inflamed lesions. This feature is based on the recirculating capacity of those cells
between lesional skin and blood during cutaneous inflammation in psoriasis [3]. The adhesive
interaction between LFA-1 and ICAM-1 is one of the mechanisms involved in the transendo-
thelial migration of CLA+ T cells [4]. Interestingly, the blockade of LEFA-1/ICAM-1 interaction
in psoriasis patients with anti-LFA-1 in patients blocks extravasation and leads to CLA+ T cell
lymphocytosis. Such accumulation of CLA+ T cells in the blood has clinical relevance since
skin relapse may develop after stopping the anti-LFA-1 treatment [3].

The function and phenotype of circulating CLA+ T cells in T-cell mediated skin disease have
been studied in many different human skin conditions. Those skin-seeking memory T cells
respond to antigens, allergens, or superantigens that play a key role in disease triggering of
different human T-cell mediated skin diseases, see Table 1. In addition, their phenotype and
function are related to clinical status of the patient. For these reasons, those cells are consid-
ered peripheral cell biomarkers of T-cell mediated human cutaneous diseases [3, 5, 6].

Disease Antigen involved in disease triggering
Atopic dermatitis House dust mite [59]
Casein [60]
TCRVp for SEB [61]
Contact dermatitis Nickel [59]
Drug-induced allergic reaction Betalactams [62]
Herpex simplex HSV-2 [63]
Vitiligo Melan-A [64]

Table 1. Selective response of circulating CLA+ T cells to antigens involved in cutaneous disease triggering.

2. Translational research and clinically relevant pathological mechanism
of psoriasis

The innovation in psoriasis treatment has benefited from the continuous bidirectional flow of
information from the bedside of clinic to the laboratory and vice versa [7]. Innovative patho-
genic concepts have been tested in patients through the use of targeted therapeutics leading to
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clinically validated mechanism of disease. Those mechanisms that started as a merely scientific
hypothesis of disease that can be proven to be relevant in the clinic by specific biological treat-
ments allow improvement in the therapeutic arsenal for patients. At present, it is possible to
understand psoriasis from several of its clinically relevant mechanism/targets that has been
validated in the clinic since that has provided clinical benefit in patient. The current clinically
validated concept of psoriasis is summarized in Tables 2 and 3. During the last two decades
approximately, it has been demonstrated the key role of the IL-23/Th17 axis in psoriasis [8]. The
journey to the current situation in psoriasis treatment started by evidencing that T-cell activity
in psoriasis had real implications for the patients. Thus, depletion of T cells [9, 10], costimula-
tion [11], and inhibition of their migration from blood to skin demonstrated improvement in
the clinical severity [12]. Not only memory T cells are of translational relevance in psoriasis, but
also TNF-a is a key cytokine for this disease. Although originally thought not to be associated to
T-cell function, lately it was demonstrated that TNF-a neutralization affects Th17 function [13].
The introduction of ustekinumab, a monoclonal antibody that neutralizes both IL-12 and IL-23,
cytokines involved in differentiation of Thl and Th17 cells, respectively, marked the initiation
of the IL-23/Th17 axis era [14]. In contrast to the increased amounts of IL-23, there is no marked
increase of IL-12 in psoriatic lesion in comparison to nonlesional or healthy [15]. It became evi-
dent that the ustekinumab clinical efficacy was related to inhibition of the IL-23 biological effect.

The next step was to translate the consequence of blocking the IL-23, a cytokine involved in
the differentiation of T cells producing IL-17, into the clinic. The selective inhibition of the
biological activity of IL-17A, or its receptor IL-17RA, has demonstrated an impressive clinical
efficacy in patients in the clinical trials. The most innovative approach currently is to block

Biological treatment Mechanism action Target Relevance
DAB389-1L-2 Toxin acting on cells expressing  CD25 T-cells are important in psoriasis [9]
IL-2 receptor
CTLA4-Ig T cell costimulation blockade CD80, CD86 Blocking T cell activation improve
psoriasis [11]
LFA-3-Ig Memory T cell depletion CD2 Memory T cells are relevant in
psoriasis [10]
Anti-LFA-1 T cell migration and T-cell LFA-1 Migration of T cells to psoriasis lesion
costimulation inhibitor is involved in disease [12]
Anti-TNF-a Neutralization of biological TNF-a Biological activity of TNF-« is
activity involved in psoriasis [65]
Anti-p40 Neutralization of biological p40 Cytokines involved in generating Th1
(IL-12/ IL-23) activity (IL-12/IL-23) and Th17 are relevant in psoriasis [14]
Anti-IL-17A Neutralization of I biological IL-17A Other cytokines besides TNF play a
activity role in psoriasis [66]
Anti-IL-17RA Blockade of receptor IL-17RA IL-17 signaling plays a relevant role in
psoriasis [67]
Anti-IL-23p19 Neutralization of biological IL-23p19 IL-23/Th17 axis play essential role in
activity psoriasis [16]

Table 2. Targeted therapeutics that have evidenced clinically relevant mechanisms of psoriasis.
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Biological treatment Mechanism of action Target Relevance

IL-8 Neutralization of biological IL-8 IL-8 is not clinically validated in
activity psoriasis [68]

IFN-y Neutralization of biological IFN-y IFN-v is not clinically validated in
activity psoriasis [69]

IFN-a Neutralization of biological IFN-a IFN-a is not clinically validated in
activity psoriasis [70]

IL-22 Neutralization of biological IL-22 IL-22 is not clinically validated in
activity psoriasis [71]

Table 3. Lack of efficacy by targeted therapeutics evidenced nonclinically validated mechanisms of psoriasis.

selectively IL-23, which also has confirmed the clinical relevance of specifically blocking the
IL-23/Th17 in psoriasis [16].

In contrast to the mediators or cells that have confirmed its relevance in psoriasis due to its
clinical importance in reducing disease severity, there are several well-known mechanisms
present in psoriasis that have not been validated in the clinic, since their biological neutraliza-
tion in the patient has not brought clinical benefit, see Table 3. Mediators such us IFN-y, IFN-a,
IL-8, and IL-22 have been neutralized in patients without significant clinical improvement.

When studying psoriasis triggering factors from the translational point of view, perhaps the
best characterized environmental factor is throat infection by (3-hemolytic streptococci. As it
is commented below, there is a great body of evidences that associate streptococcal infection
with psoriasis flares or exacerbations in both guttate and plaque psoriasis. This can be consid-
ered a translational opportunity of studying psoriasis immune response from a different and
innovative perspective.

3. Streptococcal pyogenes infection and psoriasis

Throat infection by 3-hemolytic streptococci has been associated with both the flare and exac-
erbation of psoriasis [17-19]. In guttate psoriasis, this infection precedes clinical cutaneous
symptoms in 56-97% of the cases [20]. Interestingly, chronic plaque psoriasis patients are
more susceptible to throat infections by Streptococcus pyogenes (Sp) than healthy controls [19],
present increased levels of IgG for S. pyogenes in comparison to healthy controls [21], and a
substantial proportion of patients suffer from disease exacerbations by streptococcal throat
infections [22]. The association of S. pyogenes infection and psoriasis, besides being clinically
evidenced for many years, may also open opportunities to treat psoriasis since several studies
have shown that tonsillectomy can bring clinical benefits [23-26] and also improvement in the
quality of life of the patients [26].

An immunological model has been proposed to explain how an infection taking place in the
throat can lead to a chronic inflammation in a distant tissue such as the skin. One interesting
observation is to note that dendritic cells from tonsils and upper respiratory truck are capable of
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generating some skin-tropic CLA+ T cells [27], thus indicating that those cells can acquire anti-
gen-specificity for microbes infecting noncutaneous sites. In this regard, streptococcal superan-
tigens promote the expression of CLA on T cells [28], as well as the activation and expansion of
CLA+T cells, at least from guttate psoriasis. Guttate psoriasis is an acute form of psoriasis, which
erupts as small drop-shaped papules, and is frequently associated with streptococcal throat
infection. In particular, accumulation of V,2* T cells in acute guttate lesions has been reported, a
variable 3 chain expressed on T cells that are preferentially expanded through the streptococcal
pyrogenic exotoxin (SPE)-C [29], which contained T cells with different junctional sequences in
the CDR3 region, thus supporting a superantigen-driven expansion. However, as psoriasis pro-
gresses, such superantigen hypothesis does not seem to explain the presence of identical TCR
rearrangements in plaque psoriasis patients, probably indicating that a stable antigen-specific
T-cell response is involved for longer stages of the disease [30, 31]. Interestingly, T-cell lines
isolated from psoriatic lesions have shown strong cross-reactivity to streptococcal antigens [32].
Furthermore, restricted TCRV[3 spectratypes shared by CLA+T cells in streptococcal angina, but
not by CLA-T cells, with T cells in psoriasis skin lesions supports the idea of the existence of a
tonsillar source of antigen-driven T-cell expansion that then migrate to the skin [33]. Altogether,
streptococcal superantigens could facilitate at least early migration of tonsillar T cells to the skin
by upregulating CLA expression and could be especially involved in guttate-type flares.

S. pyogenes-primed T cells that reach the skin under postinfection circumstances are, however,
unlikely to be maintained by the intracutaneous presence of streptococcal antigens in the skin
for long periods of time. Therefore, other antigens would be responsible for the activation of
those T cells. The hypothesis of molecular mimicry between streptococcal and skin peptides
has been proposed by some authors. This view supports that CD8+ T cells could be cross-
reacting to auto-epitopes presented through the context of MHC-I molecules on the surface of
activated keratinocytes or cross-presenting dendritic cells [32, 34]. Actually, common determi-
nants have been identified between streptococcal M-protein and skin keratins. Interestingly,
the expression of M-protein is only associated with the three groups of $-hemolytic strepto-
cocci (A, C and G) that more often cause throat infections that precede the onset or exacerba-
tions of psoriasis lesions [19]. In fact, circulating CLA+ T cells that cross-react with M-protein
and human keratin 17, which is upregulated in psoriatic lesions, decrease after tonsillectomy
and correlate with clinical improvement [35].

Despite the evidence of streptococcal involvement in psoriasis course, the use of antibiotics
has not proven effectiveness in psoriasis [36]. However, it might be explained by the fact that
streptococci can exist in intracellular reservoirs in the tonsillar epithelia and macrophages,
and that could not be affected by the use of antibiotics. Then, this quiescent load could be
reactivated and cause disease symptoms again, whereas tonsillectomy, which has been asso-
ciated to clinical improvement, might remove this hidden pool of streptococci [22, 37].

Other entry routes for S. pyogenes can be considered, such as through the skin barrier itself, and
could play a role as instigators of psoriasis disease. In fact, it has been detected in the skin but
not in the throats of some guttate psoriasis patients [38]. Such presence, although transitory,
might be enough to generate an antibacterial immune response that could lead to autoimmune
reactions against local skin-derived peptides [39]. Overall, there is a strong relationship between
streptococcal infections and subsequent clinical events in psoriasis that needs further attention.
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4. Streptococcus pyogenes: an innate trigger that induces IL-17 production
through skin-related memory CLA+ T cells in psoriasis

Analyzing the antigen-specific immune responses with clinically relevant stimuli in respond-
ing patients allows identifying pathologic translational mechanisms of several immuno-
logic diseases, including psoriasis. This experimental approach can be reproduced ex vivo
by coculturing circulating memory CLA+ T cells together with autologous epidermal cells
from psoriasis patients and are activated by the S. pyogenes extract [40]. In this study, it
was demonstrated that in psoriasis S. pyogenes preferentially activates cocultures of CLA+ T
cells and epidermal cells, but not with CLA- T cells from the same patient, nor in cultures
using CLA+/CLA- cells from healthy controls. The activation of CLA+ T cells showed at the
transcript and protein level a response to the S. pyogenes extract with a mixed Th17/Th1/
Th22 profile, since IL-17A, IFN-y, and IL-22 were already upregulated in the coculture at 24
hours after activation and secreted as early as 48 hours. The CLA-dependent immune reac-
tion in the coculture also included several other psoriasis-associated mediators such as the
immune cell-chemoattractants CXCLS8 (also known as IL-8), CXCL9, CXCL10, and CXCL11,
which are expressed in psoriasis lesions [41], and when such enriched media were intra-
dermally injected in mice, an epidermal hyperplasia was found. Furthermore, the presence
of epidermal cells in the ex vivo model seems crucial for cytokine production through the
activation with S. pyogenes, proving an intercellular interaction which may imply both CD4+
and CD8+ T cells. This conclusion was based on the observation that cytokine levels were
highly impaired after blocking HLA class I and class Il molecules. Interestingly, if circulating
CLA+ T cells were cocultured with nonlesional epidermal cells, levels of several inflamma-
tory mediators were upregulated when cells were activated with S. pyogenes, thus supporting
the initial role of CLA+ T cells in driving nonlesional skin to the plaque formation [42, 43].
Overall, this novel model provided first evidence of a direct implication of CLA+ T cells and
S. pyogenes in psoriasis samples treated ex vivo, while no such response was reproduced with
healthy samples. These first results shed new light on the study of psoriasis, providing a tool
for further valuable translational studies.

Since the closest and clearest relationship between streptococcal infection and subsequent
onset of lesions has been described for guttate-type psoriasis, the evaluation of immune
responses in the context of S. pyogenes-activation of key cellular components of psoriasis
lesions from guttate psoriasis patients may generate more faithful results regarding the clini-
cal status of such patients. Moreover, guttate psoriasis represents an important form of pso-
riasis since it contributes to its natural history. Actually, almost 40% of guttate psoriasis cases
develop chronic plaque psoriasis in the future, and guttate-type eruptions are seen in plaque-
affected patients [44]. Therefore, early events of psoriasis development can be studied in gut-
tate psoriasis under the abovementioned microbial trigger [45].

A second study based on this ex vivo model focused on guttate psoriasis and revealed the
importance of the Th17 immune response over other T cell-dependent responses, such as Thl,
since IL-17A and IL-17F levels produced by CLA+ T cells in the cocultures in the presence of
S. pyogenes extract were significantly higher than those of IFN-vy [46].
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The importance of Th17 role in initial steps of psoriasis development is also supported by other
findings, such as the high levels in serum of IL-17 found in patients with early spreading guttate
form [47]. Even a bimodal immunopathology theory proposes that psoriasis is initiated by IL-1/
Th17-dominated responses [48]. In addition to the well-known association of preceding phar-
yngitis episode, guttate psoriasis onset is mostly confined to individuals carrying the HLA-Cw6
allele [49], a genetic risk factor for early psoriasis. Interestingly, when immune responses from
guttate psoriasis samples were classified according with the simultaneous presence of both
genetic and environmental factors, that is HLA-Cwé6 allele and a prior pharyngitis episode,
respectively, the Th17-associated response was higher than that exerted by samples from the
other “nonpredisposed” guttate psoriatic individuals. In fact, significant higher levels of IL-17A,
IL-17F, and even IL-6, which participates in Th17-differentiation, were found in those “predis-
posed” guttate psoriasis patients. Furthermore, the treatment of in vitro cultured normal kerati-
nocytes with those Th17-predominant supernatants produced by CLA+ T cells in the cocultures,
resulted in the upregulation of the IL-17-targeted transcripts DEFB4, S100A7, LCN2, IL36G, and
IL8, which are all overexpressed in psoriasis lesions [50]. Interestingly, filaggrin and loricrin,
encoded by FLG and LOR genes, respectively, which are important skin barrier proteins whose
expression is impaired in psoriatic lesions [51, 52], were downregulated in those same treated
keratinocytes. Therefore, S. pyogenes selective-activation of CLA+ T cells in the presence of epi-
dermal cells from high-responders guttate psoriasis samples recreates a psoriasis-like inflam-
matory milieu, thus supporting the high translational value of this ex vivo model.

Therapies targeting the IL-23/Th17-axis are showing the best efficacy rates in terms of per-
centage of patients reaching PASI improvement. The observation of rapid normalization of
hundreds of psoriasis-related genes as soon as 2 weeks after the use of IL-17A or IL-17RA-
blocking antibodies [53, 54] may partly explain the importance of IL-17A effects in psoriasis
pathology, and why its blockade provides such impressive clinical improvement. Therefore,
the characterization of IL-17-targeted transcripts that are rapidly normalized after these thera-
pies could reveal relevant information regarding to the development of skin lesions.

In this regard, Ruiz-Romeu et al. [55] have taken advantage of the use of CLA+ T cell and epi-
dermal cells activated by SE conditioned supernatants to activate normal keratinocytes and to
evaluate gene expression of noncharacterized IL-17A targets. In their study, they character-
ize the expression of ZC3H12A, a gene whose rapid normalization was found in gene arrays
of biopsies taken from psoriasis patients treated with the anti-IL-17A monoclonal antibody
[53]. ZC3H12A encodes for the ribonuclease MCPIP1, and it was upregulated in keratinocytes
treated with enriched supernatants in an IL-17A-dependent manner. The fact that lack of
upregulation in Zc3h12a expression in the skin of an innate psoriasis model induced in I117ra™”"
mice supports the key dependence on IL-17 for its increased expression in psoriasis. MCPIP1
activity has been linked to many different biological processes within various cell types, such
as inhibition of inflammation, angiogenesis, cell migration, or cell differentiation [56], but
no prior evidence of MCPIP1 expression and function in the skin had been reported. In this
study, MCPIP1 expression was found to be aberrantly expressed by suprabasal keratinocytes
of psoriasis lesions, which is consistent with the distribution of that described for IL-17RA in
the psoriatic epidermis [57, 58]. In this regard, only differentiating keratinocytes isolated from
psoriatic lesional skin, but not from healthy skin, were susceptible to undergo an increased
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expression of MCPIP1 to exogenous IL-17A. Regarding to the potential role of MCPIP1 ribo-
nuclease activity, genes involved in epidermal differentiation, or other altered transcripts in
psoriasis lesions, are modified after a ZC3H12A knockdown in keratinocytes.

5. Conclusions

The translational approach of developing an ex vivo model using peripheral CLA+ T cells
and epidermal cells, activated by a clinically relevant innate trigger, such as S. pyogenes, can
be useful in the characterization of immune responses and new molecular mechanisms that
could be involved in the psoriasis pathogenesis.
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Abstract

Psoriasis is a skin disease mainly developed in humans, although it is also seen in mon-
keys and dogs. Animal models with psoriasis-like lesions have been a key factor for its
understanding. Xenotransplants of human psoriatic skin in immunodeficient mice were
the first approach for the association of immunologic problems with the development
of psoriasis and have been also useful for the evaluation on new therapeutic agents.
Imiquimod-induced murine psoriasis is nowadays one of the most used animal models
to study this disease, perhaps because healthy wild-type mice are used, which means that
it is an affordable model, easy to generate, and, more importantly, resembles the inflam-
matory, angiogenic and hyperproliferative characteristics of human psoriasis. Several
transgenic (over-expressing VEGF, Tie2, TGF{3, STAT3, IL-36, PPAR{/y) and knockout
(lacking IxBa, JunB, IFNR-2, IL-36RA, CD18, IKK2) mice have been useful for the associa-
tion of specific molecules for the development of psoriasis. Other approach has been the
use of both transgenic/knockout mice and imiquimod treatment, where the importance
of pTrCP, IxB(, IL-35 and Tnip1 for the development of psoriasis was found. In this chap-
ter, some of these animal models are discussed.

Keywords: psoriasis, animal models, skin immunology, angiogenesis, keratinocytes

1. Introduction

Psoriasis is a disease that has been accompanying the existence of humans. The ancient Greeks
described an illness that seems to be psoriasis, but it could be confused with leprosy or Hansen’s
disease [1]. Because psoriasis develops naturally in humans but rarely in other species [2, 3], the
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study of this disease was possible only after progress was made on immunology and on genetic
engineering knowledge. Although reports on animals with psoriatic lesions due spontaneous
mutations exist, the phenotype does not completely resemble human psoriasis, as occur with the
homozygous asebia (Scdlab/Scdlab) mutant mice, the Flaky skin mice (Ttcfsn/Ttcfsn) and the
spontaneous chronic proliferative dermatitis mutation mice [4, 5]. Now, with the advances on
genetic engineering, some transgenic animals and animals with targeted mutations (knockout
and knock-in) have been developed to study psoriasis. In the case of knockout models, the tar-
geted gene is inactivated and the phenotype is caused by the absence of the targeted gene prod-
uct. In the case of knock-in model, the gene is modified through targeted point mutation, with the
addition or deletion of a nucleotide, instead of complete disruption of the target gene expression,
and the phenotype depends on the expression of modified gene products. Knockout and knock-
in animals are also developed with the use of tissue specific promoters to eliminate or express the
targeted gene, and even more, the expression or suppression of the gene could be controlled by
specific promoter regulators, where antibiotics and hormones are frequently used [6].

Another strategy to study psoriasis and other dermatologic illnesses in vitro is the develop-
ment of 2nd- or 3rd-dimensional cell co-cultures. These systems have the limitation that so far
has not been possible to include all the cellular types that are part of the skin, but have been
very useful to evaluate new drugs for treatment [7].

2. Immunological factors in psoriasis

2.1. Humanized animal models (xenotransplantation)

Xenotransplantation was the first approach generated as animal model for the study of pso-
riasis and for the evaluation of anti-psoriatic treatments that consists in the transplantation of
human skin in the back of inmunodeficient mice. In 1994, the first murine psoriasis model done
in mice with severe combined immunodeficiency (SCID) was described. These mice have the
so-called scid mutation that affects the “protein kinase DNA activated catalytic polypeptide”
(Prkdc/DNA-PKcs), causing a defect in the antigen receptor gene rearrangement of lymphocytes,
and consequently a SCID of the T- and B-cell systems [8]. In these mice, the psoriatic phenotype
is kept for 2 months, enough time for the analysis of the disease. Later, it was demonstrated that
mice with non-psoriatic human skin transplants that received lymphocytes from the psoriatic
skin developed psoriasis; these facts demonstrated the importance of the immunologic factor
for the development of this disease [9]. Also, the so-called nude mice are used to study psoriasis;
these mice have a mutation in the forkhead box transcription factor N1 that results in defective
thymus development, and therefore in lack functional T cells, or nude mice that lack recombinase
activating genes 1 (Ragl) and 2 (Rag2) involved in the development of T and B cells.

2.2. Imiquimod-induced murine psoriasis (IMQ-Mu-Pso)

This transient model of psoriasis-like disease was developed by Van der Fits et al. [10], using non-
genetically modified healthy mice daily treated with topic imiquimod or resiquimod (TLR7-TLR8
ligand) for 6 days. This simple model shows wide characteristics described in the human psoriatic
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skin lesions, including: activation of pDC, Th17 cells producing IL-17, IL-22 and IL-23, activation
of angiogenic process and hyperproliferacion of keratinocytes. IMQ-Mu-Pso model is generated
due to an acute inflammation in the epidermis induced by imiquimod, hyperactivating the innate
immunity and leading the adaptive immunity to produce great amounts of IL-17. IL-17, in turn,
induces angiogenesis and proliferation of keratinocytes, as biological characteristics of psoriatic
lesions. IMQ-Mu-Pso also demonstrated that undisrupted molecular and cellular mechanisms
are able to break inflammation, as mice used for this model are healthy mice that show the high-
est production of inflammatory cytokines on the third day of treatment and show the highest
development of psoriatic skin on the sixth day, but after this time, the mice are able to revert the
inflammatory process as they are not genetically compromised. The short lasting presence of pso-
riatic lesions is an inconvenience of this model, although it has been widely used to elucidate the
pathogenesis of psoriasis, and very interesting data have been published [10].

2.3. Intestinal microbiome affects the induction of psoriasis

The absence of 100% concordance between monozygotic twins suggests a crucial role of environ-
mental factors for the development of psoriasis, as only 35-75% of monozygotic twins develop
psoriasis; alcohol intake and smoking are considered non genetic factors that predispose indi-
viduals to develop psoriasis [11]. Intestinal microbiota has an important effect on the develop-
ment and function of the immune system, for instance, a specific subset of microbiota has been
shown to play roles in the development of Th17, meanwhile other subset favors the develop-
ment of Treg cells [12]. Another study showed that microbiota from skin of psoriatic patients is
different from healthy subjects; Proteobacteria were present at significantly higher levels in the
psoriatic skin compared to limb skin used as control (52 vs. 32%, p=0.0113), and in the same
study, both Staphylococci and Propionibacteria were significantly lower in psoriasis versus control
(p=0.051, 0.046, respectively) [13]. In 2015, Zanvit et al. demonstrated that psoriasis is medi-
ated by the early interaction between certain subset of bacterial microbiota and cells of immune
system [14]. They treated 4-week-old mice with oral antibiotics (vancomycin and polymyxin B)
showing a decrease in the severity of psoriasis compared to mice without antibiotics using the
IMQ-Mu-Pso model. IL-17+ and IL-22+ T cells were significantly decreased in skin and gut in the
antibiotic-treated mice; however, the Foxp3+ Treg cells were significantly increased in the skin
of these mice. In contrast, when neonatal mice received the antibiotic treatment and the psoriasis
was induced with imiquimod as 4-week old, they observed an increase in the severity of disease
compared to mice without antibiotic treatment evidenced by the presence of immunological
cells infiltration and by the increase of thickness in dermis; besides they did not find augment of
IL-17+ cells, but significant increase of IL-22+ cells. The intestinal microbiota was also consider-
ably different between mice treated with antibiotics as adults from those treated as neonates [14].
These results settle that among the factors that predispose to psoriasis is intestinal microbiota
that depends on breast feed as neonates, type of food intake, but also on the use of antibiotics.

2.4. Disruption of NFxB and AP-1 to generate psoriasis in animal models

Innate immunity in skin is mediated by the activation of membrane receptors expressed on
dendritic cells, Langerhans cells and macrophages activated by pathogens- or damage-molec-
ular patterns (PAMP or DAMP). After ligand-receptor interaction, molecular signaling events
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occur into the cell leading to the activation of transcription factors, such as NFkB and AP-1 that
translocate into the nucleus for the expression of cytokines and antimicrobial peptides [15]. The
malfunctioning in the regulation of the activity of these transcription factors could lead to the
development of psoriatic lesions, as we next describe.

In unstimulated cells, NFkB dimers are sequestered in the cytoplasm by a family of inhibitors
called IxB (Inhibitor of kB), and the IkB proteins mask the nuclear localization signals (NLS)
of NFkB proteins and keep them sequestered in an inactive state in the cytoplasm. Activation
of NFkB is initiated by the signal-induced degradation of IxB proteins; this occurs primarily
by the activation of a kinase called IxB kinase (IKK). When activated by PAMPs or DAMPs,
IKK phosphorylates two serine residues located in IkBa’s regulatory domain, and then IxBa
is ubiquitinated and degraded by the proteasome. With the degradation of IxBa, NFkB dimer
is freed to enter into the nucleus to initiate the expression of specific genes that have DNA-
binding sites for NF«B at their promoter site. The transcription of the targeted genes initiates
a physiological response, for example, inflammation, cell survival and cellular proliferation.
In fact, NFxB turns on the expression of its own repressor, IkBa. The newly synthesized IiBa
then inhibits NF«B activity controlling the function of NF«B in an oscillatory way [15].

In IMQ-Mu-Pso, the severity of psoriatic lesions has been associated with a reduced pres-
ence of IkBa due over-degradation and in consequence with an enhanced NF«kB activation.
IxBa knockout mice developed psoriasis and died within the 7th-10th day after birth. The
histological analysis showed myelopoietic tissues enlarged and diffusely distributed, and also
alterations in the liver with enhanced splenic extramedullary hematopoiesiswith increased
presence of monocytes/macrophages was seen [16].

“B-transducin repeat-containing protein” (3-TrCP) serves as substrate recognition component
of E3 ubiquitin ligase that control the stability of important regulators of signal transduction,
including IxkBa. Mice with down-regulation of fTrCP ameliorate IMQ-Mu-Pso skin lesions,
as IkBa does not degrade, keeping NF«B into the cytoplasm. This interesting finding suggests
that fTrCP could be a novel target for developing agents to treat psoriasis, since it is involved
in the NFxB signaling to regulate inflammation [17].

IkBC is another molecule that interacts with NFxB, but inside the nucleus. This molecule
has been recently identified as a key regulator in the development of psoriasis [18]. IxBC is
increased in psoriatic skin compared to non-psoriatic skin from the same patient. Some stud-
ies suggest that IkBC associates with NF«B p50 subunit and binds to specific IkBC response
elements located in the promoter region of targeted genes consisting of NF«xB- and C/EBP
(CCAAT/enhancer-binding protein)-binding sites and exerts its transcription-enhancing activ-
ity on secondary response genes primarily by chromatin remodeling [19]. IxBC is expressed
in human keratinocytes induced with IL-17 and is a direct transcriptional activator of TNFa/
IL-17-inducible psoriasis-associated proteins such as IL-8, IL-17C, IL-17A22, IL-19, IL23, IL22,
CCL20 and hBD220. Interestingly, in imiquimod-treated IxB(-deficient mice, psoriatic skin is
not observed, and the molecules induced by TNFa/IL-17 are significantly down-expressed [20].

The dysfunctional activity of other transcription factors, for instance, AP-1 and STAT3, also
contributes to skin inflammation development [21]. Mice with deficient expression of JunB
and c-Jun, and mice with over-expression of FOS, generate a phenotype resembling the
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histological characteristics of psoriasis, including the production pro-inflammatory cyto-
kines. Besides, JunBexpression is reduced in epidermal keratinocytes of psoriatic patients
in comparison with cells from healthy subjects [21]. Moreover, STAT3 transgenic mice and
SOCS3 knockout mice (the negative regulator of STAT3) have constitutive activation of
STAT3 and both develop murine IL-6-driven psoriasis [22, 23].

2.5. The role of cytokines in psoriasis

Other sort of psoriatic animal models includes those where cytokines and cells of immune
system are involved. The importance of type I interferons in the psoriasis was demonstrated
in “IFN regulatory factor-2” (IFNR-2)-deficient mice, a transcriptional repressor for IFN-af3
signaling. These mice developed skin lesions similar to human psoriasis [24], in fact, type I
interferons promote the activation of dermal dendritic cells (dDCs) [25].

Another cytokine with importance for the development of psoriasis is IL-36, an IL-1 family
sub-member. The over-expression of IL-36a in transgenic murine (K14/IL-36) keratinocytes
promotes acanthosis, hyperkeratosis, cells infiltration and increased expression of cytokines
and chemokines [26]. The deficiency of IL-36RA (the natural antagonist of IL-36) in IL-36a
(K14/IL-36, IL-36RA™")-transgenic mice exacerbates the severity of psoriasis; histological
analysis reveals intracorneal and intraepithelial pustules, parakeratotic and orthokeratotic
hyperkeratosis, dilated superficial dermal blood vessels, and dermal inflammatory infiltrate.
Additionally, mice deficient to IL-36 or in its receptor IL-36R are protected from IMQ-Mu-Pso
[26]. In turn, IL-1B3, TNFa, and IL-36 activate dDC and induce the production of IL-23, nec-
essary for naive T cells to polarize to Th17, suggesting that IL-23 could be the link between
the innate and adaptive immune response that occur in psoriasis [27]. In fact, it is possible to
obtain psoriasiform skin in wild-type mice with nothing more but the inoculation of recombi-
nant IL-23 or IL-17 [28]. In contrast, IL-35 has a potent immunosuppressive effect on HaCaT
keratinocytes treated with TNF-a and IL-17 suppressing the expression of IL-6, CXCLS8, and
S100A7 [28]. In IMQ-Mu-Pso and K14-VEGF transgenic mice model, IL-35 reduced M1 mac-
rophages (F4/80+CD80+), whereas anti-inflammatory M2 macrophages (F4/80+CD206+) were
increased in the spleen and ear. IL-10-secreting CD4+, FoxP3+, CD25+ T cells were increased
in those tissues, although IL-10-secreting CD25-T cells were also increased [29]. These results
suggest that IL-35 treatment for psoriasis increases M2 macrophages as well as IL-10 produc-
tion but suppresses Th17 cells development, consistent with the effect of IL-35 on Treg expan-
sion, although not all IL-10 was secreted by Treg cells.

2.6. Cellular immunology in psoriasis

The insufficient regulation of specific cellular immune response is also involved in the devel-
opment of psoriasis [30]. In normal conditions, Treg cells regulate the activity of auto-reactive
Th1 and Th17 cells, but in psoriasis Treg cells might not be functional, as was evidenced in
the CD18hypo mouse model [31]. Homozygous PL/] CD18 hypomorphic (CD18hypo)-mice
developed spontaneously psoriasis-like skin in 12- to 14-week-old mice. CD18 is a molecule
that together with CD11a constitutes an adhesion molecule of the (32 integrin family, impor-
tant for the complete function of Treg cells. It has been suggested that CD18hypo mice induce
psoriasis because CD18-low expressing Treg cells, or with a not fully active molecule, cannot
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regulate the activity of auto-reactive Th1 and Th17 cells, since these mice improve when Treg
cells from normal mice are transferred [32]. In CD18hypo mice, psoriatic lesions meliorate
when macrophages are eliminated by the use of clodronate liposomes in the skin [33]. These
results show the importance of Treg cell and macrophages in the evolution of psoriasis.

2.7. Implantable synthetic cytokine-converter cells model

Schukur et al. [34] designed the so-called implantable synthetic cytokine converter cells system
based on the observation that psoriatic patients have high concentrations of TNFa and IL-22,
and on the fact that IL-4 and IL-10 cytokines have an important anti-psoriatic effect. Considering
the previous, they generated by genetic engineering human cells to react to high concentra-
tions of TNFa and IL-22; these cells would be implanted to psoriatic patients and activated by
TNFoa and IL-22 from a psoriatic flare, and as a result, they would produce therapeutic doses
of IL-4 and IL-10 to control inflammation. To achieve the goal, HEK-293T cells were co-trans-
fected with the plasmids pNF«B-hIL-22RA-pA, phCMV-hSTAT3-pA, pSTAT3-mIL-4-pA and
PSTAT3-mIL-10-pA. The authors first confirmed that co-transfected cells produced important
levels of IL-4 and IL-10 when stimulated with TNFa and IL-22 in vitro [34]. TNFa activated the
production of IL-22 receptor, and in turn IL-22 activated STAT3 signaling to induce the pro-
duction of IL-4 and IL-10, to generate an anti-inflammatory environment. When co-transfected
HEK-293T cells were intraperitoneally implanted into mice with IMQ-Mu-Pso the cytokines
associated with the pathogenesis of psoriasis, such as IL-17, IFNa and C-X-C motif chemokine
9 (CXCLY), decreased substantially and a considerable increase in the production of the anti-
inflammatory cytokines IL-4 and IL-10 was observed on day 5. Only the skin of animals with
implanted co-transfected cells containing the antipsoriatic cytokine converter showed reduced
skin lesions, evidenced by the reduction of erythema, scaling, and thickening. This is an inter-
esting approach to treat psoriasis, although the complexity relies on the requirement to co-
transfect cells from every single patient to avoid transplant rejection. Meanwhile, this system
was also evaluated in vitro using blood from psoriatic patients and from healthy individuals,
and interestingly only in blood from psoriatic patients increased levels of anti-inflammatory
cytokines were detected [34].

3. Angiogenic factor in psoriasis

The altered function of angiogenic molecules also produces psoriasis. “Vascular endothelial
growth factor” (VEGF)-transgenic mice [35], “endothelial specific receptor tyrosine kinase”
(K5-Tie2)-transgenic mice [36], and “transforming growth factor beta 1”7 (K5-TGF[{31)-trans-
genic mice [37] are psoriasis animal models that highlight the importance of angiogenesis in
this pathology. VEGF is a crucial factor that mediates the angiogenesis of blood vessels and
is highly expressed in the psoriatic skin lesions. VEGF induces microvascular alterations in
the dermal papillae, which facilitate the development and persistence of the psoriatic lesions
[35]. Moreover, the increased vasculature and permeability provide nutrition to the hyperp-
roliferating keratinocytes and promote the migration of inflammatory cells. The 6-month- old
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K14-VEGF mice develop psoriasis, but if these mice are treated with imiquimod at 8-week old,
the skin thickens, chemokines CXCL-9/10, CCL-20 and CCR6 increase, cytokines 1L-23, IL-17,
TNFa, and (IFN)-y rise, and the cells CD11c+ DCs, Th17, Th1, yd-T increase. In wild-type mice
IMQ-Mu-Pso skin lesions last until day 7 of treatment, but in K14-VEGF mice treated with
imiquimod, all the parameters described above are stable until day 14 [38]. This combined
model IMQ-K14-VEGEF is more appropriate for long-term studies compared to IMQ-Mu-Pso
model, which is only an acute chemical-stimulated model.

Tie2 is the angiopoietin receptor that together with VEGF is essential for proliferation, mat-
uration and for the maintenance of blood vessels. Hyperproliferation of keratinocytes and
abundance of immunological cells infiltration, including Th17 cells, are detected in psoriatic
skin. The over-expression of VEGF is promoted by TGFf{ but also can be regulated by HIF-1a,
as it is over-expressed in the psoriatic skin [36].

4. The role of keratinocytes in psoriasis

4.1. PPAR B/d

The “peroxisome proliferator-activated receptor” (PPAR [3/0) transgenic mice, and the human
keratinocytes autocrine growth factor (amphiregulin) transgenic mice [39, 40] both resemble
psoriasis because they participate in the proliferation and differentiation of keratinocytes [41].
PPAR (/0 receptor is induced by TNFa, contributes to STAT3 phosphorylation, blocks apop-
tosis in keratinocytes, induces angiogenesis, and is up-regulated in human psoriatic skin [42].
In fact, PPAR {3/0 directly induces the differentiation of keratinocytes, and in the transgenic
mouse model, a light augment of Th17 is observed [43].

4.2. NFxB inhibits proliferation in keratinocytes

Genome-wide association studies suggest a link between psoriasis and the NF«B pathway,
and this proposal has been supported by mouse models. Evidence gathered from diverse
studies has shown that NF«B has a growth inhibitory function in the skin. Mice with epi-
dermis-specific deletion of IKK2 (which mediates canonical NFkB activation) develop severe
inflammatory skin disease that is mediated by TNFa, suggesting the critical function of
IKK2-mediated NFkB activity in epidermal keratinocytes to regulate mechanisms that main-
tain the immune homeostasis of the skin [44].

Grinberg-Bleyer, et al. [45] described a murine psoriasis model that lacks the expression of
p65 and c-Rel in epidermal cells. After birth, these mice developed severe psoriasis; early
lesions were well-demarcated, scattered and rigid, with scaly plaques without edematous or
exudative reaction aspect. H&E staining revealed epidermal thickening, hyperkeratosis and
focal parakeratosis, as well as mononuclear infiltrates in the epidermis, which are features of
psoriatic lesions. In this model, psoriatic lesions were resolved 30 days after birth by Treg cells
effect, but when these cells were eliminated by the use of anti-CD25 antibodies, the deficient
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mice showed a worsened pathology and the psoriatic lesions were reversed with anti-TNFa
treatment [45]. Also RelA has a growth-inhibitory role in keratinocytes and prevents their
differentiation [46]. Together, these results indicate that activation of canonical NFkB path-
way in keratinocytes is required for their optimal differentiation and for the maintenance of
immune homeostasis in the skin.

4.3. Prokineticin 2

Prokineticin2 (PK2), also named BvS, is a small 8 KDa protein found in serum and dermis of pso-
riatic patients. PK2 participates in numerous important physiological processes including inflam-
mation, neurogenesis, tissue development, angiogenesis, and even nociception [47, 48]. This peptide
is mainly expressed in brain but can also be found in skin, bone marrow, lymphoid organs,
granulocytes, dendritic cells and macrophages [49]. He et al. [50] found that bacterial products,
including LPS and DNA, promoted in macrophages the production of PK2 and inflamma-
tory factors, suggesting that infection is a primary inducer of PK2. The authors demonstrated
that in macrophages PK2 induced high production of IL-13, and in keratinocytes and fibroblast
co-cultures PK2 induced IL-6, IL-8 and GM-SCF. In vivo PK2 promoted the differentiation of
fibroblast and keratinocytes [51]. Besides, when PK2 was over-expressed in psoriasis-K14-VEGF
transgenic mouse model, psoriatic lesions were gradually aggravated, as evaluated by increase
of redness, swelling, weight, thickness, scaly epidermis, keratinocyte hyper-proliferation, and
increase of IL-13, TNFa, IFNY, IL-12, IL-22, IL-23, IL-17 in the ear; moreover, increase of lymph
node weight was also seen. On the contrary, in psoriatic-K14-VEGF transgenic mouse model
with PK2 down-regulated, the psoriatic lesions were abrogated [50]. The results suggest that PK2
aggravates psoriasis by the promotion of keratinocytes and fibroblasts proliferation, inflamma-
tion, and angiogenesis.

4.4. Tnipl

The big dilemma about psoriasis is whether the root of the problem falls on keratinocytes
or on immunological cells dysfunction. It has been well described that IL-23-producing
myeloid cells and IL-17—producing T cells are abundant in psoriatic skin, and that IL-23 and
IL-17 induce in keratinocytes and fibroblasts high production of chemokines, which in turn,
recruit even more immunological cells creating a feedback loop that worsens the disease.
In keratinocytes and immunological cells, “TNFAIP3-inter-acting protein 1” (Tnip1) down-
regulates the chemokines production induced by IL-17 [50]. Ippagunta et al. [52], using the
IMQ-Mu-Pso model under the Tnip-keratinocyte-specific-deletion mice (Tnip1flox/flox K14-
Cre), found that keratinocytes contribute intrinsically to psoriasis because when keratino-
cytes lost Tnipl function they could not control the production of chemokines induced by
IL-17. Tnip1flox'floxK14-Cre mice developed severe psoriasis when low doses of imiquimod
were used, even at concentrations on which WT mice do not develop psoriasis. Interestingly,
when bone marrow cells from Tnip1-/- mice were transferred to WT mice and treated with
low doses of imiquimod, they did not developed psoriasis, confirming that the lack of func-
tion of Tnipl in keratinocytes and fibroblast, but not in hematopoietic lineage cells, generate
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psoriasis [52]. With these results, the authors provide evidence that specifically skin-resident
keratinocytes contribute causally to psoriasis.

5. In vitro models for the study of psoriasis

As we previously mentioned, animal models have been very useful to dissect the molecular
and cellular mechanisms for psoriasis development. These models have been also advanta-
geous to evaluate new pharmaceuticals, nevertheless the physiology, anatomy and molecular
differences between animal models and humans cause that only around 10% of new treat-
ments assayed on phase I, be really useful in humans [53]. Although humanized models have
also been developed, immunodeficient animals are most commonly used. Alternative meth-
ods have been developed to analyze the effect of new anti-psoriatic drugs; 2D, 2D+membrane,
and 3D cell cultures have been designed [54]. 2D model consists of primary explants of kera-
tinocytes or fibroblasts from psoriatic patients cultured over extracellular matrix proteins to
evaluate cellular proliferation, cellular differentiation and cytokines production [55]. In the
2D+membrane model, two cell types are co-cultured separated by a synthetic membrane to
evaluate the interconnection between two cell types in the pathology [56]. 3D cultures, also
known as organotypic culture system (OCS), allow the growth of complex biological systems
in vitro in a way that resembles part of their normal physiology and function. OCSs are pow-
erful as experimental platforms in preclinical dermatological research, helping to validate
mechanisms of diseases and to test the therapeutic potential of candidate drugs [57]. The new
generation of 3D cultures connected to biosensors or chips allows real-time monitoring of
biological parameters such as loss of water and electrophysiologic parameters [58].

6. Conclusion

The actual hypothesis about the cellular and molecular mechanisms that lead to the develop-
ment of psoriatic lesions has been established by the use of animal models. The use of xeno-
transplants confirmed the important role of immunology in this disease. The studies done in
genetically modified mice that overproduce (transgenic) or lack (knockout) certain proteins
reveal specific protagonists of innate or adaptive immunity, angiogenesis or proliferation for
the development of psoriasis.

In Figure 1, we represent a developing inflammation mechanism generated in the skin of
healthy individuals denoted as a brown cogwheel system, where a trigger induces the innate
and adaptive immune response, and in turn angiogenesis and keratinocytes proliferation
are activated. Every cog represents one participant in inflammation: cell (DCs, macrophages,
iLC IL-17+, Th1, Th17, keratinocytes, between others) or molecule (TLRs, NFxB, fTrCP, IxB(,
Stat3, TNFa, IFNa, IL-12, IL-36, IL-23, Th1, IL-6, Th17, IL-17, CCR6, VEGF, Tie2 TGFf1,
PPARaf, PK2, between others). The red arrows indicate the movement of the cogwheels
for the progression of inflammation. In healthy people, the inflammation is controlled by
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Figure 1. Inflammatory process. The developing inflammation mechanism generated in the skin is represented in this
cogwheel system, where innate immune response, adaptive immune response, angiogenesis and cellular proliferation
are represented in independent but interconnected cogwheels. Brown cogwheels represent inflammatory mechanisms
moving in a pro-inflammatory sense (red arrows), where each cog represents one participant in inflammation (cell or
molecule). Gray cogwheels represent the anti-inflammatory mechanism spinning the wheels in the opposite direction
(blue arrows) to regulate inflammation. The “ghost” cogs (discontinuous lines) represent dysfunctional cells or molecules
that disrupt effectiveness in the control of inflammation, favoring the development of psoriasis. Some antibodies
interfere with the spinning of pro-inflammatory cogwheels, representing therapies with antibodies developed to control
psoriasis. Question marks represent molecules to be discovered.

the activation of anti-inflammatory process after damage reparation. The cells (Treg and
M2 macrophages) and molecules (IxBa, JunB, SOCS-3, IFNR-2, IL-36RA, IL-4, IL-10, IL-35,
CD18, VHL, Tnip-1, between others) involved in the anti-inflammatory process are repre-
sented in the gray cogwheels. The blue arrows indicate the movement of the cogwheels for
the progression of anti-inflammation. The “ghost” cogs (discontinuous lines) represent those
dysfunctional molecules or cells that disrupt effectiveness in the control of inflammation,
favoring the development of psoriasis.

Based on all the facts discussed in this chapter, we can conclude that psoriasis occurs in indi-
viduals with the anti-inflammatory regulation disrupted in immunological but also in non-
immunological skin-resident cells.
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Abstract

Background. Cutaneous psoriasis and psoriatic arthritis increase the risk of cardiovas-
cular diseases though the reasons are not clear. Here we discuss the role of the immune
system in atherosclerosis and of the proinflammatory status in psoriasis and psoriatic
arthritis diseases.

Methods. We performed a Pubmed query covering publications within the last ten years
including epidemiological studies, cross-sectional case-control studies, and reviews.
Articles were selected according critical associations using arthritis, immune-mediated
inflammatory diseases, and psoriasis as key fields. These were crossed and combined with
atherogenesis, endothelial dysfunction, intima-media thickness, subclinical atherosclero-
sis, plaque, thrombosis, thrombus, fibrinolysis, coagulation, and reactive oxygen species,
all closely related to cardiovascular diseases. Both types of disease selected terms were sep-
arately combined with cardiovascular risk factors both non-traditional (innate and adap-
tive pro- and anti-inflammatory immune molecules and cells), and traditional (metabolic
conditions and related molecules).

Results and conclusions. Immune-activated crossroads came out as the main con-
tributors to proatherogenic inflammation in psoriasis and psoriatic arthritis disease.
Traditional and non-traditional cardiovascular risk factors” interactions result from
an active cross-talk between proatherogenic mediators derived from metabolic, vas-
cular and autoimmune joint and skin inflammation in target tissues. Consistently,
psoriasis and psoriatic arthritis diseases offer an invaluable scenario to deepen our
knowledge on atherosclerotic cardiovascular disease.

I m EC H © 2017 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,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNEN
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risk factors

1. Introduction

Traditional cardiovascular risk factors like smoking, diabetes mellitus, hypertension, and
hypercholesterolemia can barely account for the high prevalence of cardiovascular disease.

At the beginning of the last century, Nikolai N. Anichkov demonstrated that cholesterol per
se was able to produce atheromatous lesions in the vascular wall [1]. He also described the
presence of inflammatory cells in the lesions, but these findings were dismissed for many
decades. In 1995, Hansson and others established that atherosclerosis exhibited many features
of a chronic inflammatory process, giving rise to the immune-mediated hypothesis behind ath-
erogenesis [2]. At the time, however, preventive medicine was not a priority. Nowadays, such
discoveries can be highly valuable in immune-mediated inflammatory disorders (IMID) in
general, and in psoriasis (Ps) and psoriatic arthritis (PsA) in particular. It is known that adap-
tive and innate immunity participate in every step of atherogenesis. In fact, both traditional
and non-traditional cardiovascular risk (CVR) factors increase in the course of these diseases
[3]. This provides a comprehensive basis to explain the immune-mediated nature of atherogen-
esis beyond autoimmune condition while outlining the different crossroads of inflammation.

2. Psoriasis and psoriatic arthritis

Psoriasis (Ps) and psoriatic arthritis (PsA) belong to the family of IMID, affecting predomi-
nantly skin and joints. The prevalence of Ps varies between 2 and 3% worldwide with a similar
distribution according to sex [4]. Epidemiological studies show peak incidence between the
second and third decades in life [5]. It has been estimated that 7—42% of Ps patients develop
inflammatory arthropathy, usually manifesting as a mono or asymmetrical oligo-arthritis
[6]. Substantial body of evidence suggests that PsA patients are at higher risk of developing
atherosclerotic cardiovascular disease (CVD) [7-9] and mortality [10, 11]. To date, the patho-
genesis of Ps and PsA remains unknown. Autoantigens have not been identified and the spec-
ificity of infiltrating lymphocytes is still unknown [2]. Genetically predisposed background
and several suspected environmental triggering factors (e.g., infections, drugs, physical, and
emotional stress) have been implicated in the initial stages of these diseases [9]. PsA is consid-
ered a seronegative (rheumatoid factor negative) arthritis. In Ps and PsA, the inflammatory
features/reactions in skin and joints are very similar regarding composition of inflammatory
infiltrates and vascular changes as explained in Figure 1 [12]. Moreover, the cellular infiltrate
is predominantly perivascular and due to mononuclear cells [13].

The contribution of B lymphocytes to Ps and PsA pathogenesis is poorly understood. However,
none of the forms of Ps or PsA have been associated with serum auto-antibodies [14]. In con-
trast, T lymphocytes are the most abundant in both skin and the synovial fluid of joints, with
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Figure 1. Schematic representation of the immune system-derived crosstalk between IMID and metabolic tissue,
with events that worsen cardiovascular risk profile. Chronic inflammation of the skin and joints have many common
immunopathological features, including genetic predisposition, composition of inflammatory infiltrates, vascular
changes, early immune events, and proangiogenicity. Antigen is presented to naive CD4 T cells during immune synapse
in the lymph node. Emerging lymphocytes migrate preferentially to skin and joints, where the above-mentioned
infiltrating T lymphocytes (CD4 and CD8) interact with local APC (Langerhans cells, myeloid-DC, and plasmacytoid-DC)
to produce chronic inflammatory conditions. Local re-activated T cells secrete chemokines and cytokines that amplify
the inflammatory environment, resulting in the formation of psoriatic plaque, induction of cartilage degradation,
and perhaps formation of atherosclerotic plaque. Since the suppressive activity of regulatory T cells is decreased in
both tissue and blood, chronic production of proinflammatory cytokines (IFN-y and TNF-a) crucially contributes to
perpetuate the disease. In addition, deregulated adipose tissue (WAT) that secretes cytokines and chemokynes enhances
systemic inflammatory burden leading to metabolic diseases (diabetes, metabolic syndrome, and dislipemia).

predominance of Tcl (subpopulation of CD8+ cytotoxic T cells that secrete interferon (IFN)
and IL-4), T-helper 1 lymphocyte subpopulation (Th1) and Th17 (IL-17+ T-helper cells) which
interact with dendritic cells, macrophages, and target tissue cells [15]. Positive chemotaxis
is observed between these cells and MCP-1 as found in synovial fluid [16] and skin biopsies
obtained from Ps and PsA patients [17]. The role of lymphocytes in Ps and PsA pathogenesis
is discussed later.

3. Atherosclerosis

Atherosclerosis is a complex inflammatory disease characterized by disturbances in the meta-
bolic and immune system homeostasis that lead to pathogenic chronic progressive vascular
damage and production of atherosclerosis plaque containing macrophages, lymphocytes, and
other immune cells.

Classical knowledge distinguishes between inflammatory and non-inflammatory diseases.
However, this distinction is no longer appropriate following the identification of inflamma-
tory mechanisms associated with the traditionally called “non-inflammatory diseases.”
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Although atherogenesis belonged to this group for several decades, now it is confirmed that
the immune system acts on the endothelial wall and triggers an inflammatory cascade, lead-
ing to a progressive low-grade inflammatory process of the arterial vascular wall in response
to accumulation and oxidation of lipoproteins. Yet, further considerations pinpoint a promi-
nent and severely pathogenic role of the immune system in these diseases [18].

Studies in hypercholesterolemia-induced immune activation in mouse models of atheroscle-
rosis highlight the critical balance between Th1 cells [19] and Treg [20]. Inflammation in the
intima layer appears to be related with protective and pathogenic immune responses against
modified self-antigens in the atherosclerotic plaque [21].

The paradigm of atherosclerosis as an inflammatory disease is widely accepted. Interestingly,
systemic inflammatory rheumatic diseases might share several immune-mediated inflam-
matory pathways with atherosclerosis. In fact, molecules and cells from innate and adap-
tive immune system (described below) mediate chronic inflammatory pathways activation
derived from both diseases interacting in a positive feedback pathogenic circuit.

Increasing evidence suggests that even in clinically heterogeneous diseases, both of them could
share common immunological pathways that might damage the cardiovascular (CV) system
(Table 1). The contribution of chronic inflammation to CVR has mainly been investigated
in rheumatoid arthritis (RA), the prototypical inflammatory disorder [22-24]. Consistently,

Author, year

Number of patients and study profile Findings

Han et al., 2006 [33]

Sattar et al., 2007 [34]

Gonzalez-Juanatey et al., 2007 [35]

Eder et al., 2008 [36]

Tam et al., 2008 [37]

Kimhi et al.,, 2007 [38]

3066 PsA patients vs. clinically
asimptomatic controls matched by
age, sex, and geographic region.

127 patients with active Ps/PsA after
at least first failure with DMARDS
treatment, PsA- with 6 months
duration or more with active arthritis
in 3 or 4 swollen joints. Double-
blind placebo (1 = 42) controlled
study performed with two doses of
Onercept for 12 weeks.

59 PsA patients vs. 59 control
patients without clinically evident
CVD adjusted for age and ethnia.

40 PsA patients compared with 40
controls matched by age, sex, and
CVR factors.

102 PsA patients from Southern
China.

Carotid artery IMT from 47 patients
with PsA were compared with 43
healthy controls matched for age
and sex.

Higher prevalence for CHF, PVD, IHD
atherosclerosis, type II diabetes, HL, and
HTN in PsA patients than controls.

Result compared against baseline before
and after the end of treatment with
Onercept. Results indicate higher CRP,
that positively correlate with reduced
Lp (a); higher ICAM-1; reduced IL6;
reduced Homocysteine; same levels
Apo-1, higher Apo-B, and higher TG.

Carotid artery IMT correlated with age,
time of PsA diagnosis, disease duration,
total cholesterol, and LDL.

Multivariate analysis indicates that
PsA status, age, and TG levels were
associated with IMT and carotid plaque.

Increased prevalence of DM and HTN
was found in PsA group compared with
age- and sex and BMI-matched controls.

The average IMT (mean/standard
deviation) in PsA patients was
significantly higher compared to CP
even after adjustment for age, GR, BMI,
HTN, and HL.
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Author, year Number of patients and study profile Findings

Gladman et al., 2009 [39] 648 patients with Ps and PsA. Enhanced CV risk. Severity of skin
involvement is an independent CVR
factor.

Shang et al., 2011 [40] 94 PsA patients without clinical PsA patients without established CVD
evidence of CVD and 63 healthy and in the absence of TRF have a high
subjects. prevalence of subclinical ED via imaging

studies.

Eder et al., 2013 [29] Cross-sectional study comparing 125  PsA patients suffer from more severe
PsA with 114 Ps patients. subclinical atherosclerosis compared

with Ps patients.This difference is
independent of CVR factors.

Ogdie et al., 2014 [27] Longitudinal cohort study comparing Patients with RA and Ps have increased
8706 PsA, 41,752 RA, 138,424 Psand ~ mortality compared with the GP but
82,258 controls. patients with PsA do not.

Svedbom et al., 2015 [41] The study compared the risk of death Cardiovascular disease was the main
in 39,074 patients with mild and driver of excess mortality patients with

severe psoriasis vs. 154,775 sex-, age- mild and severe psoriasis.
matched referents.

Cea-Calvo et al., 2016 [42] PSO-RISK was a cross-sectional, CVR factors were detected in 27.5%
multicenter, single-visit study of 368 (1 =101) of patients with previously
patients (>18) with Ps on systemic unknown cardiovascular risk factors.
therapy.

Tejon et al., 2016 [43] The study compared age- and sex- Traditional CV risk factors as well
matched case-control study PsA non-inflammatory CV risk factors of the
patients who developed CV events disease were the main predictors of CV
during the study (2010-2014) vs. complications in this PsA population.

control group CV events.

AC: Alcohol consumption; BMI: Body mass index; CAD: Coronary artery disease; CCF: Controlled for confounding
factors; CHF: Congestive heart failure; CP: Control population; CVD: Cardiovascular disease; DM: Diabetes
mellitus; DMARDS: Disease-modifying antirheumatic drugs; ED: Endothelial dysfunction; GR: Gender: GP: General
population; HDL: High-density lipoprotein; HL: Hyperlipidemia; HTN: Hypertension; ICAM-1: Intercellular adhesion
molecule 1; IHD: Ischemic heart disease; IL6: Interleukin 6; LDL: Low-density lipoprotein; Lp (a): Lipoprotein A; MI:
Myocardial infarction; OB: Obesity; PVD: Peripheral vascular disease; TC: Total cholesterol; TG: Triglycerides; TRF:
Traditional risk factors; VLDL: Very low-density lipoprotein.

Table 1. Representative summary of epidemiological studies (prospective and retrospective) linking Ps to associated
Cardiovascular Risk and Comorbidities (RCM), published between 2006 and 2016.

chronic activation of immune-mediated pathways is believed to accelerate or trigger critical
atherosclerosis events in Ps and PsA.

A multidisciplinary expert committee was designated a few years ago in accordance with
European League against Rheumatism (EULAR) suggests apart from the management of
conventional risk factors, an aggressive inflammation suppressive therapy to further reduce
[3] death in PsA patients [25]. Chronic inflammatory state seems to be the potential driv-
ing force behind the accelerated atherogenesis [26]. In this regard, few papers have been
published related to CVR factors (Table 1) [7, 8, 27]. Some representative prospective and
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retrospective epidemiological surveys, published between 2006 and 2015 (Table 1), indicate
that Ps and PsA patients exhibit higher prevalence of myocardial infarction (MI), ischemic
heart disease, hypertension, diabetes, and dyslipidemia compared with normal controls.
Although multiple CVR factors are associated with Ps, key components of the metabolic
syndrome are more strongly connected with more severe Cutaneous psoriasis (PsC) [28].
Recent studies [29] suggest an increased inflammatory burden in PsA compared with Ps
(Table 1). In contrast, the risk of developing a CV event (MI, ischemic stroke, and transient
ischemic attack) was not elevated in early Ps patients in a matched follow-up study, case-
control analysis [30, 31].

4. Inflammatory and classical cardiovascular risk factors

4.1. Inflammatory risk factors

Since a substantial amount of data accumulates in the past of this issue, we provide a brief
insight into the most common inflammation-related and non-inflammatory factors involved
in accelerated atherogenesis in Ps and PsA. As previously mentioned, Ps and atherosclero-
sis have a similar immune innate and adaptive pathogenic hallmark and an active crosstalk
between “traditional” or “non-traditional” (Figure 1) [32].

4.1.1. Innate immunity

Toll-like receptor 2 (TLR-2) and toll-like receptor 4 (TLR-4) trigger receptor-mediated events,
including cytokine-mediated inflammation, are involved in atherosclerosis [44], Ps, and
other pathologies [34]. TLR expression is positively correlated with plasma tumor necrosis
factor-alpha (TNF-a) levels [45]. Cytokine-triggered TLRs activation is known to modulate
major pathological processes, including inflammation, angiogenesis, tissue remodeling, and
fibrosis. Although joints are the most obvious inflammation sites in PsA, proinflammatory
cytokines, most likely TNF-a and interleukin 6 (IL-6), are released in blood circulation and
act on distant organs (immune system, adipose tissue, liver, hematopoietic tissue, skeletal
muscle, glands, and endothelium). These effects are linked to systemic inflammation and lead
to a proatherogenic profile. Cytokines orchestrate endothelial adhesiveness, matrix metallo-
proteinases (MMPs) activation, reactive oxygen species (ROS) production, C-reactive protein
(CRP), fibrinogen, and plasminogen activator inhibitor-1 (PAI-1) release [46].

Indeed, atherogenic lipid alterations, oxidative stress abnormalities, vascular injury repair
failure, arterial stiffness, insulin resistance induction, endothelial dysfunction, hypercoagulable
state, homocysteine elevation, and pathogenic T cell up-regulation could all be attributed in
part to the proinflammatory actions of cytokines. Common inflammatory mechanisms in Ps
and atherosclerosis may be related to other factors by the high number of overlapping mol-
ecules, including cytokines [interleukins (IFN-a, IL-2, IL-6, IL-10, IL-13, IL-15, IL-17, IL-18,
IL-20, and IL-23)], interferon alpha (IFN-ct), Oncostatin M, (TNF-a), chemokines [Fractalkine,
growth-regulated oncogene (GRO) alpha], CCL-3(MIP-1a), CCL-4 (MIP-1a), CCL-11
(Eotaxin), IL-8, MCP-1, monokine induced by interferon gamma (MIG/CXCL9), adipokines
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(Resistin, Leptin, and PAI-1), adhesion molecules (ICAM/LFA-1(leukocyte function-associated
antigen-1), CD154 (OX40L)/CD134 (OX40), epidermal growth factor (EGF), vascular endothe-
lial growth factor (VEGEF), fibroblast growth factors (FGF), and GCSF, co-stimulatory mol-
ecules (CD80, CD28, and CD40/CD40L), lymphocyte profile Th1/Th17 up-regulation, Treg
down-regulation, CTL effect or activity, NK cells, natural killer T (NKT) cells, myeloid den-
dritic cells, plasmacytoid dendritic cells, monocytes/macrophages, mast cells and neutrophils,
complement activation [47], TLR-mediated inflammation (TLR-2, TLR-4, and TLR-9) [27-29],
and other important factors, such as CRP, endothelin-1, inducible nitric oxide synthase
(iNOS), heat shock protein (HSP60, HSP65, and HSP70), matrix metalloproteinases (MMP-2
and MMP-9), and oxidized low-density lipoprotein (LDL) [45, 48, 49]. Some molecules listed
before and other PsA-related serum cytokine patterns have been demonstrated by multiplex
cytokine array systems in Norwegian PsA patients [50, 51]. Few of these cytokines previously
mentioned [52, 53] and their pathogenic contribution at different stages in the pathobiology
of atherothrombosis and PsA are not clear yet [36].

NK cells increase the susceptibility to PsA [51] and the inflammatory infiltrate in psoriatic
skin lesions. Although more studies must be done, emerging evidence supports a role for NK
cells in Ps. Inverse correlation exists between NK cell population and body mass index (BMI).
Therefore, adipose immune cell phenotype and function may provide greater insight into
cardio-metabolic pathophysiology in psoriasis [54, 55].

NKT cells are a heterogeneous subset of T cell lineage lymphocytes that bear NK cell mol-
ecules and T cell receptors, which recognize microbial glycolipids and their own endogenous
mammalian lipids presented by the MHC I-like molecule (CD1d) and have been implicated
in the pathogenesis of various autoimmune diseases including Ps. Due to the numerous func-
tions of NKT cells that link innate and adaptive immunity, their role in Ps is complex and still
elusive. ApoE and LDL receptors have been involved in antigen uptake for presentation to
NKT cells [56] NKT cells may represent a potential new therapy for atherosclerosis [57].

Our knowledge of biologically active serum molecules and cells involved in the pathogenesis
of both PsA and atherosclerosis is still not clear enough. Taken together, cytokines seem to
play a pivotal role as the major link between PsA and atherosclerosis. Compiled data show
that untreated PsA inflammation could produce damage to the CV system even before it
affects the joints [50]. Current evidence suggests that the pathway of inflammation in athero-
sclerosis culminates in altered concentrations of various markers in peripheral blood, includ-
ing oxidative stress molecules [58-60] and markers of vascular inflammation like CRP [59],
IL-6, ICAM-1, and MCP-1 [61].

4.1.1.1. Tumor necrosis factor-a

The pleiotropic cytokine TNF-a is among the most potent mediators of inflammation. Circulating
T lymphocytes and monocyte-derived macrophages isolated from PsA patients produce
increased amounts of TNF-a in comparison with macrophages isolated from healthy controls
[8]. Furthermore, levels of TNF-ot in PsA patients are elevated in the synovial tissue and skin
lesions and correlate with disease activity. TNF-a is a key regulator of vascular homoeostasis
[34], leading to proatherogenic effects, lipid abnormalities, including high LDL cholesterol
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and low HDL cholesterol [62], hypercoagulable state via induction of cell surface expres-
sion of tissue factor (TF) on the endothelial wall and suppress anticoagulant activity via the
thrombomodulin-activated protein C system [63]. The majority of epidermal CTL and Thl
effector lymphocyte populations and molecules are elevated in Ps vulgaris lesions and in cir-
culating blood in psoriatic patients [64]. TNF-a also induces endothelial dysfunction includ-
ing low nitric oxide availability and up-regulation of endothelial adhesion molecules such as
vascular cell adhesion molecule 1 (VCAM-1) [65, 66], a critical early step in atherogenesis. On
the other hand, TNF-a blockade leads to a significant decrease in the levels of lipoprotein a
(Lpa) homocysteine and an increase in apolipoprotein A-I (Apo A-I), triglyceride, and Apo-B
concentration [62]. Long-term use of TNF-a blocking agents interferes with TNF-a function
reducing the high incidence of cardiovascular events and associated vascular complications
in CV diseases [67]. Taken together, the above-mentioned studies confirm a critical role for
TNEF-a in altering a number of well-studied putative vascular, thrombotic, and metabolic risk
parameters (lipids and lipoproteins).

4.1.1.2. Interleukin 6

As an inflammatory cytokine, IL-6 regulates chemokine-directed leukocyte trafficking and
directs transition from innate to adaptive immunity through the regulation of leukocyte
activation, differentiation, and proliferation [68]. During acute and chronic inflammatory
response, macrophages release TNF-a in the presence of a great variety of stimuli, including
atherogenic and poorly characterized arthritogenic factors. TNF-a action on macrophages
triggers the release of more TNF-a and IL1-f3, which stimulate endothelial cells to produce
IL-6 and IL-8. IL-6 and their signaling events contribute to hepatic release of acute-phase
reactants including CRP levels, atherosclerotic plaque development and destabilization [69,
70]. IL-6 may also contribute to atherosclerosis and arterial thrombosis by activating the pro-
duction of tissue factor, fibrinogen and factor VIII; increasing endothelial cell adhesiveness
and stimulating platelet production and aggregation [71]. In addition, IL-6 is produced by
smooth muscle cells (SMC) of many blood vessels and by adipocytes and, together with CRP
and TNF-q, is involved in metabolic syndrome pathophysiology, insulin resistance [72] and
coronary artery disease and the risk of MI [73-76], and cardiovascular mortality [77]. In addi-
tion, IL-6 locally produced in the endothelium and in SMC is an important autocrine and
paracrine regulator of SMC proliferation and migration. IL-6 decreases cardiac contractility
via a nitric oxide (NO)-dependent pathway activating STAT3-dependent anti-inflammatory
signal transduction [78].

Numerous studies show a strong association between IL-6 and joint immune-mediated dis-
eases. In the joint, macrophages and mast cells trigger a proinflammatory cascade in the pres-
ence of unknown stimuli, releasing great amounts of TNF-a, which induce the expression
of IL-1 and IL-6. Mice deficient in mast cells are comparatively resistant in experimentally
induced arthritis. In addition, it is a major promoter of bone resorption in pathological condi-
tions [79]. In particular, IL-6 has a pivotal role in synovitis, bone erosion, and in the systemic
features of inflammation [80].
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In Ps, most available evidence indicates that the pathogenic action of IL-6 is important. In
fact, IL-6 co-localizes with CD45+ perivascular cells within lesional tissue and reverses the
suppressive function of human T-regulatory cells [81].

The successful treatment of certain autoimmune conditions with the humanized antibody
anti-IL-6 receptor (IL-6R) (Tocilizumb) has emphasized the clinical importance of cytokines
that signal through the (3-receptor subunit glycoprotein 130 [82].

IL-6 may, in both cardiovascular and joint-diseases involving Th1/Th17 mechanism:s, alter the
balance between the effector and regulatory arms of the immune system and drive a proin-
flammatory phenotype reinforcing innate and adaptive immune-mediated positive feedback
[83], potentiating the immune effector mechanism. In both arterial disease and Ps/PsA, IL-6
seems to be a critical mediator of long-term chronic inflammation and to have deleterious
effect in the arterial wall and in the joint.

4.1.1.3. Endothelin-1

The family of endothelins (ET) includes three 21-aminoacid isoforms endothelin-1 (ET-1), endo-
thelin-2 (ET-2), and endothelin-3 (ET-3), which have endogenous pressor activity and are
secreted by different tissues and cells. In addition, ET-1 is a vasoactive peptide that induces
vasoconstriction, inflammation, and fibrosis and has mitogenic potential for SMC [84]. In the
skin, ET-1 participates in keratinocyte proliferation, neoangiogenesis, and chemotaxis. Its lev-
els are elevated in psoriatic lesions and serum of patients with Ps [85]. Synovial tissue and
serum of patients with PsA all show strongly enhanced ET-1 receptor expression [86].

4.1.1.4. C-reactive protein

A considerable amount of evidence implicates C-reactive protein (CRP) as a predictive
marker for future CV events and mortality in different settings, particularly under metabolic
syndrome conditions in the general population [87, 88]; CRP has also been implicated as a
direct partaker [7, 89, 90]. In addition, CRP stimulates the production of plaque destabilizing
MMPs and MCP-1, a decrease in the activity of endothelial nitric oxide synthase (eNOS) and
impairment in endothelium dependent vasodilation [91]. In vitro, studies provide evidence
for direct proatherogenic effects of CRP, including increased endothelial dysfunction [92].
Baseline CRP levels were elevated in patients with Ps with and without psoriatic arthritis and
Etanercept, a biologic TNF antagonist, treatment may reduce CRP levels in both groups [93].

4.1.1.5. Adipokines

Interestingly, in metabolic disorders associated with Ps/PsA, inflamed adipose tissue may
enhance inflammatory proatherogenic status via adipokine production (leptin, adiponectin,
and resistin) and cytokine (TNF-a and IL-6) secretion. Adipose tissue influences both natural
and adaptive immunities and links inflammation, metabolic dysfunction, and cardiovascular
disease [94].
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4.1.1.6. Matrix metalloproteinases (MMUPs)

MMPs are endoproteases with collagenase and/or gelatinase activity which exert deleterious
effects on the endothelium integrity and collagen fibers, promoting atherosclerotic plaque
destabilization and accelerating the process of atherothrombosis [95]. MMP-1 serum levels
and gene expression are elevated in PsA [96].

4.1.2. Adaptive immunity

As previously mentioned, Ps/PsA and atherosclerosis share certain common underlying
pathogenic inflammatory mechanisms. Specifically, both are associated with Thl and CTL
(cytotoxic T lymphocyte) effector cell-mediated events in vivo [68], and are elevated in circu-
lating blood [63]. In contrast, the T-regulatory activity is reduced.

4.1.2.1. Cellular immune response

Myeloid dendritic cells can stimulate both memory and naive T cells, and are the most potent
of all the antigen-presenting cells in normal and various pathophysiological conditions [97].
In turn, activated T cells undergo firm adhesion and transendothelial migration to inflamma-
tory focus. Extravasation is orchestrated by the combined action of cellular adhesion recep-
tors and chemotactic factors in a wide variety of cardiovascular and autoimmune disorders
that involve inflammation.

The development and maintenance of psoriatic plaque are dependent on the participation
of infiltrating T lymphocytes (CD4 and CD8) and local antigen-presenting cells (APCs)
(Langerhans cells, myeloid, and plasmacytoid-DC). DCs are increased in psoriatic lesions and
are critically involved in the induction of Thl and Th17 cell proliferation, which, in turn,
release IFN-y and IL-17, respectively. Activated mDCs produce IL-23 [98, 99] and TNF-a.
IL-23 stimulates the secretion of IL-22 by Th17 cells, which may be involved in epidermal
hyperplasia [5]. The effects of IL-17A-producing T-helper 17 (Th17) cells include suppressive
effects of T-regulatory (Treg) subsets, which have also been implicated in both pathologies.
The association of IL-17A with Ps and PsA has been extensively described [98, 99] and a
growing body of evidence suggests that IL-17A might also be involved in atherosclerosis
[100]. IL-17 seems to have a modulatory role in atherosclerosis, but studies available show
contrasting results, which could be attributed to different approaches and models. Coronary
syndrome correlates with increased IL-17 levels [101]. In addition, TNF-a and IL-17 synergis-
tically up-regulate further cytokine transcription in both diseases, Ps and atherogenesis [102].
These observations make IL-17A an interesting therapeutic target to modulate both PsA/Ps
disease activity and atherosclerosis/cardiovascular risk. Obesity may play an important role
by amplifying the inflammation of arthritis through the Th1/Th17 response [103]. Limited
evidence from Ps patients indicates that induction therapy with infliximab, with moderate to
severe plaque Ps, led to decrease in clinical disease scores and circulating levels of Th17, Thl
cells, and associated TNF-a release [104].
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T cell activation is under control from T-regulatory immune cell (Treg) activity via IL-10 and
TGF-{3 [105-107]. Reduced numbers and/or activity of Treg cells may produce hyperactivity
of Th1/Th17 subsets in both pathologies [21, 108, 109]. Ps and coronary artery disease patients
show impaired inhibitory function of Treg [110, 111]. Serum and epidermal levels [105, 106] of
TGF-{ in Ps patients are associated with Ps disease severity [112, 113] and are diminished in low
Ps [5]. In atherosclerosis, high serum levels of TGF-f3 and IL-10 may inhibit plaque formation
[114, 115] and plaque stabilization exerting protective effect due its inhibition of T cells [116].

4.1.2.2. Humoral immune response

Humoral response seems to protect rather than harm the host. Several lines of evidence sup-
port the hypothesis that humoral immunity protects patients against atherosclerosis. First, the
injection of immunoglobulin preparations inhibits atherosclerosis. Second, spleen removal (a
B-cell rich lymphoid organ) seems to deteriorate vascular disease condition. Third, oxidized
LDL plus adjuvant immunization promote atheroprotection [2]. Evidence so far indicates that
atheroprotection is due to a T cell dependent B-cell-mediated mechanism, probably involving
antibody dependent clearance of LDL and humoral dependent regulation of pathogenic T cell
[17]. This atheroprotective response must be confirmed in humans.

4.1.3. Genes related to the innate and adaptive immune system associated with psoriasis and
atherogenesis

Atleast 10 chromosomal locus associated with psoriasis have been identified as PSORS (PSORS,
psoriasis susceptibility) [117]. Additionally, certain human leucocyte antigen (HLAs) are more
common in psoriatic arthritis. HLA alleles that are specific for psoriatic arthritis are HLA-B27
and possibly HLA-B7, HLA-B38, and HLA-B39.

There is a strong association of psoriasis with the HLA-Cw6 allele, which increases 10-20
times the risk of psoriasis and is present in 90% of the patients with early onset psoriasis and
in 50% of those with late onset psoriasis [118].

Some molecules of the innate immune system have an important influence on the pathophysi-
ology of psoriasis, such as TLR2 and TLR4 play a key role in the pathogenesis of autoimmune
diseases, including rheumatoid arthritis, systemic lupus erythematosus, systemic sclerosis,
Sjogren's syndrome, psoriasis, multiple sclerosis, and autoimmune diabetes [119].

Additionally, the expression of TLR2 and TLR4 correlates with the degree and severity of
coronary disease [120, 121] oxidized phospholipids stimulate the TLR signaling pathway to
induce inflammatory cytokine secretion by macrophages and endothelial cells [122].

Anti-CD14 and anti-TLR antibodies significantly inhibit the binding of fluorescein-labeled LDL
to monocytes and interfering with cytokine release [123]. TNF-binding proteins are encoded
by genes unrelated to PSORS, conferring susceptibility to psoriasis. Tumor necrosis factor,
alpha-induced protein 3 (TNFAIP3) and tumor necrosis factor interacting protein 1 (TNIP1)
are related to the inflammatory signal NF-«kB, which regulates the release of TNF-a [124, 125].
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TNFAIP3 promotes the survival of T-CD4 lymphocytes [126]. Certain cytokine genes have
been implicated with psoriasis, including IL-12, IL-23, IL-4/IL-13 [127] conferring an increased
risk of psoriatic arthritis [128].

These genes strengthened the assertion that psoriasis is an immune disorder, as these genes
are linked to both the innate and adaptive immune response [129-131]. In summary, defects
in these genes could amplify an inflammatory response by interfering with normal negative
feedback of the NF-kB signal and therefore would link to psoriasis with other IMID and coro-
nary pathology.

4.2. Non-inflammatory risk factors

Ps, PsA, and atherosclerosis share disturbances in different metabolic pathways involv-
ing insulin-dependent diabetes mellitus (IDDM), dyslipidemia, hypertension, obesity, and
mostly metabolic syndrome, which may be related to an increase in the prevalence of CVD to
their capability of inducing inflammation on the endothelial lining to initiate the process of
atherosclerosis. So far, no pathophysiological mechanism for this association has been identi-
fied [63].

4.2.1. Hypertension

Several studies have found an increase in the prevalence of hypertension in Ps patients, although
the definition of hypertension is very heterogeneous among these studies [117-121, 132]. Other
authors have not observed a significant association between Ps and hypertension [122].

4.2.2. Diabetes mellitus

IDDM is responsible for metabolic alterations, accompanied by chronic inflammation and
endothelium dysfunction. Observational studies show that the risk of IDDM is higher in
patients with Ps compared with a healthy control group. This risk increases with the dura-
tion and severity of Ps and it is not related to a high body mass index (BMI) alone [133]. In
a case-control study from Israel, the risk of diabetes was significantly higher in individuals
with Ps [124]. Similarly, PsA patients have a higher prevalence of IDDM, even after adjusting
for the BMI [125]. TNF-a antagonist therapy in patients with Ps seems to improve insulin
sensitivity in limited preliminary data [126]. Finally, a few isolated cases of Ps patients with
diabetes develop unpredictable hyperglycemia after starting treatment with TNF-a inhibi-
tors [127].

4.2.3. Obesity

Recent studies have shown that obesity may precede the onset of Ps as a risk factor [120],
whereas a higher BMI is associated with more severe skin disease activity [3]. The influence of
obesity on psoriatic diseases is the result of complex interactions of inflammatory and meta-
bolic factors. The proinflammatory cytokines stimulate adipocytes to synthesize neuropep-
tides and more cytokines, which are critical in the pathogenesis of the psoriatic and CVD [69].
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4.2.4. Smoking

Heavy and long-term smoking [128] have been associated with increased Ps risk in both men and
women [129], particularly pustular Ps [116, 117, 120]. Smoking increases oxidative damage, pro-
motes inflammatory changes, and enhances Ps-associated gene expression [121] and CVR [50, 122].

4.2.5. Dyslipidemia

Ps patients have a higher prevalence of dyslipidemia and triglycerides and lower prevalence
of HDL levels. However, associations with total cholesterol and LDL have not been found
statistically significant in a multivariate analysis study [116-118].

4.2.6. Metabolic syndrome

The metabolic syndrome consists of a constellation of clinical features involving abdominal
obesity (waist circumference from >94 cm in men and >80 cm in women), and two or more of
the following clinical situations:

HDL <40 mg/dl in men and 50 mg/dl in women, TG >150 mg/d], fasting blood glucose > 100 mg/
dl, blood pressure > 130/85 mm Hg or treatment for hypertension. The metabolic syndrome is
characterized by increases in the immunological activity of Th1, which suggests it may be associ-
ated with Ps because of shared inflammatory pathways.

Gisondi et al. [134] reported that, among Ps patients without systemic medication, 40-year-old
and older people have a higher prevalence of metabolic syndrome [124].

Recently, Raychaudhuri et al. observed anincreased prevalence of metabolic syndrome in patients
with PsA; DM type 2 [58] and increased risk for CVD and mortality [125-129]. Ps with metabolic
syndrome [130] associates with high serum uric acid levels that correlate with an increased risk
of carotid intima-media thickness (IMT) or with the presence of carotid plaques [131].

5. Common angiogenic factors for Ps and atherosclerosis

Angiogenesis appears to be pathological in some chronic inflammatory diseases, like Ps and
RA. It is possible for reactive homeostatic or pathological angiogenesis to play an important
role in atherosclerosis. Serum levels of proangiogenic cytokines (TGF-f, TNF-a, IL-8, and
IL-17), growth factors, including VEGF, and hypoxia-induced factor-1 have been shown to be
significantly elevated in Ps patients compared to healthy controls [132, 133].

6. Oxidative mechanisms common to atherosclerosis and Ps

Cellular deregulation and damage [51] could be the result of overproduction or insufficient
removal of ROS. In the skin, ROS can be generated either endogenous or exogenously.
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Endogenously, ROS are produced through the electron transport chain and enzymes, such
as cyclooxygenases (COX) [33], lipoxygenases [38], NADPH oxidases [135], and myeloper-
oxidases [39]. Exogenous sources that trigger ROS production include UV radiation and
heavy metals [51]. In Ps, antioxidant defense mechanisms seem to be impaired, including
superoxide dismutases (SODs), glutathione peroxidases, glutathione reductase, catalase,
thioredoxin/thioredoxin reductase system, and metallothioneins. Augmented ROS produc-
tion in the skin leads to downstream molecular events that promote atherosclerosis [51,
136, 137].

The antioxidant activity of vitamin D is well known/widely characterized. The knowledge of
non-classical functions emerges from studies that indicate a close association between a low
vitamin D status and increased risk of IMID and CVD [138]. It is also known that vitamin D
insufficiency induces metabolic, procoagulant, and inflammatory perturbations. Recent stud-
ies indicate that it also increases the risk of MI by promoting established CVR factor-mediated
mechanisms that predispose to atherothrombosis [139].

Immunomodulatory role of vitamin D in human health implicates appropriate signaling for both
innate and adaptive immune responses (T and B lymphocyte function) [140-142] that amplify
inflammation in Ps [143] and promote the development of different types of Treg cells [144].

7. Some lessons from CVD and rheumatic-associated therapies

Whether antirheumatic therapies increase or decrease CV risk is controversial. Glucocorticoids
(GCs) are known to cause hypercholesterolemia, hypertriglyceridemia, weight gain, hyper-
tension, and glucose intolerance, all factors promoting CVD. However, GCs are not ever con-
flicting. In RA patients with a known history of CVD, steroid therapy surprisingly attenuated
the risk of CV death [145]. The mechanism of this apparent discrepancy with GC exposure is
still unknown, but it seems to be related with dose, duration, and intensity of the exposure.

Although coronary artery disease and acute myocardial infarction are inflammatory disorders,
the only drugs with anti-inflammatory effect so far widely used in ischemic heart disease are
aspirin and statins (e.g., atorvastatin and simvastatin).

The contribution of coxibs and most nonsteroidal anti-inflammatory drugs (NSAIDs) to low-
ering CVR is not well established and the evidence available so far is controversial. Multiple
studies provide evidence that methotrexate is protective against CV events and CV mortality,
although the protective benefit is under discussion [146]. Inmunomodulatory or immunosup-
pressive therapies, such as cyclosporine and colchicine, may have benefits in coronary artery
disease [147]. Other studies have found that glucocorticoids plus cytotoxic immunosuppres-
sive agents (azathioprine, cyclosporine, and leflunomide) are associated with an increased
amount of CV events when compared with methotrexate alone [148].

The new targeted biological therapies, such as the suppression of systemic inflammation by
anti-TNF therapies, seem to be associated with concomitant reduction in the risk of CV events
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[149], although the effect of TNF-a antagonists in lowering proatherogenic status needs further
investigation. In addition, cardiovascular therapy drugs could change the proinflammatory
status of PsA patients under treatment with 3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase inhibitors (statins), angiotensin converting-enzyme (ACE) inhibitors, and/or angiotensin II
receptor antagonists (AT-II blockers). Hence, their prescription should be managed cautiously,
especially for patients with a documented CV disease or in the presence of CVR factors.

Other drugs with potential benefits may include the thiazolidinedione (TZD) family, which
produces positive effects on both CVR factors and Ps [14]. Targeted therapeutic interventions
along with an effective control of the inflammation may have more beneficial CV effects than
direct CV toxicity. There is a need for more studies addressing the role of current biological
therapies on patients with a CV risk profile [3].

8. The central role of the immune system

Atherosclerosis is a complex disease but, as specific knowledge increases, the immune system
can be clearly recognized to be involved in all steps of vascular pathology. Both classical
and non-classical CVR factors are closely interconnected in the production of chronic inflam-
mation through loss of immune homeostasis; indeed, either molecules or cells involved in
atherogenesis present altered regulatory and/or effector immune functions, attenuating and
promoting atherogenesis.

Some authors have proposed an autoimmune origin in atherosclerosis [82, 83]. Inmune sys-
tem homeostasis alterations against the patient’s own antigens and the increasing prevalence
of atherosclerosis in immune-mediated diseases, such as diabetes, periodontal disease, sys-
temic sclerosis, antiphospholipid syndrome, RA, SLE, ankylosing spondylitis (AS), and PsA
strongly reinforce the involvement of autoimmune mediators and the key role of inflamma-
tion in atherosclerosis [150]. This autoimmune response to oxidized LDL is a driving force
for cell activation in the human atherosclerotic plaque [151]. The fact that low and high grade
chronic inflammatory disorders present an accelerated progression of atherosclerosis consti-
tutes indirect but critical evidence that strengthens the above-mentioned immune-mediated
inflammation. The Ps/PsA proatherosclerotic profile seems to be related to chronic inflam-
mation through classical and non-classical factors. Important insights reviewed in this article
indicate that most, if not all inflammatory factors, are the result of immune activation and
cytokine-driven inflammation.

For example, Thl, CTL, and Th17 effector cells are the dominant types in the pathogenesis
of the psoriatic and cardiovascular diseases and are the most abundant T lymphocytes in
skin, joints, and human atherosclerotic plaque [63]. In addition, reduced levels of circulating
anti-inflammatory mediators and Treg may increase CV risk in both diseases [146, 152] induc-
ing up-regulation of adhesion molecules [153] and promoting a more procoagulant [154] and
vasoconstrictor phenotype [155]. Although anti-atherogenic humoral response could be veri-
fied, its anti-atherogenic action must be confirmed [2].

105



106  An Interdisciplinary Approach to Psoriasis

Indirect evidence indicating that immune-mediated inflammation is a key regulator in the cross-
road of pathogenesis between Ps/PsA and atherogenesis derives from the role of certain thera-
pies. Some drugs used in the treatment of CV disease, such as statins and ACE inhibitors, have
anti-inflammatory activity. In addition, systemic treatments for Ps that decrease inflammation
also reduce CV risk [156]. TLRs are the best candidates to explain what triggers and sustains the
natural and adaptive immune response, maintaining proinflammatory cytokine gene expression
in chronic inflammation, worsening atherosclerosis [145] in general population and in Ps patients.

Finally, the role of obesity, metabolic syndrome (possible via hypertriglyceridemia and asso-
ciated abdominal adiposity in Ps/PsA patients), and probably DM, in this scenario of severe
Ps and accelerated CVR. Adipose tissue is not just an “endocrine organ.” Now, we know adi-
pocytes express TLRs, which are involved in the innate immune response reacting to exoge-
nous and endogenous stimuli by releasing inflammatory cytokines, adipokines, and other key
mediators of Ps and atherogenesis. In addition, a consistent association was described between
increasing obesity and lower serum 25-hydroxy vitamin D (25D) concentrations [147, 157].

In summary, chronic immune-mediated inflammation plays a key role in the pathogenesis of ath-
erosclerosis in Ps, acting independently and/or synergistically with the conventional risk factors.

Framingham risk score (FRS), which only takes into account traditional CV risk factors for
estimating the 10-year risk of CV events like metabolic syndrome and diabetes, may under-
estimate CVR related to underlying inflammatory factors associated with this disease, also
known as non-traditional risk factors. Improvement by inflammatory suppression argues
strongly for immune-mediated inflammation as the central risk factor for CVD in PsA.
However, many of the studies investigating mechanisms of PsA associated with atherogen-
esis are not definitive or conclusive enough. Larger, more systematic, and controlled studies
are needed to confirm many of the findings previously reviewed.

9. Conclusions

Most evidence reviewed in this chapter strongly supports the hypothesis that the inflamma-
tory immune-mediated pathogenesis is probably the mayor force beyond the atherogenesis,
from its initiation to plaque formation, rupture, and associated thrombotic complications.
Taken together, evidence so far strongly suggests immune-mediated inflammation is the cen-
tral actor in atherogenesis beyond all risk factors, regardless of whether they are “traditional”
or “non-traditional.” Although certain crossroads between immune-mediated inflammation
pathways are activated in general population under cardiovascular risk conditions, it seems
to be potentiated in psoriasis patients and other IMID. This is in agreement with accumulated
evidence so far that indicates an enhanced CVR associated with Ps via both traditional and
non-traditional factors immune-modulation.

Evidence so far suggests that patients with PsA and aggressive clinical presentation of Ps
should be treated more aggressively for CVR prevention and modification. Therefore, selec-
tive long-term anti-atherosclerotic immunomodulation-oriented therapy might improve ath-
erogenesis in both general population and Ps patients.
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The existence of proatherogenic immunological pathways in CID that could damage the CV
system reveals potential targets for more efficient therapies. This much more selective therapy
requires long-term studies until it is available and accurate enough (Figure 2).
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Abstract

Introduction: Psoriasis, a systemic disease with a chronic course, is associated with a
high degree of comorbidities and decreased quality of life.

Aims: The aims of the study were to analyze epidemiological data of a large cohort of
patients diagnosed with psoriasis over 8 years and to assess factors related to psoriasis
severity and impact on quality of life.

Research methods: A transversal study was performed on 1236 persons diagnosed with
psoriasis in an OutPatient Dermatology Center between January 1, 2004 and December
31, 2011.

Clinical examination was done and medical records were complied including: type of
psoriasis, number of body locations at the onset and at the moment of examination,
severity index, family history of psoriasis, comorbidities, past and current treatments,
demographic characteristics, residence, level of education, working status and income,
smoking, and alcohol intake. Linear regression was used for multivariable analysis.

Key results of the chapter: Comorbidities were present in 36.1% of patients with mild
form of psoriasis, 44.05% with moderate forms, and in 19.64% of severe psoriasis.

Onset and clinical examination age, education level, residence, job, gender, and smoking
were significant factors associated with severity of psoriasis.

Keywords: psoriasis, epidemiological data, comorbidities, risk factors, severity index
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1. Introduction

One of the most common T-cell-mediated diseases, psoriasis, is widely spread, potentially
affecting 125 million people, or nearly 3% of the world’s population [1-3]. Reports show that
psoriasis affects as much as 2% of the UK population [4]. A significant number of UK psoriatic
patients have a Dermatology Life Quality Index (DLQI) of >10, indicating that the disease
strongly affects their lives [4]. Social factors such as stigmatization, psychological factors such
as depression, and physical factors such as pruritus, pain, and other comorbidities have a
great impact on the patient’s life [5, 6].

Psoriasis involves high costs in the health-care system, represented by diagnosis, psy-
chological counseling, investigations, treatments, and further research, which cannot
be entirely quantified. A systematic review including 22 studies, published in JAMA
Dermatology 2015, takes a comprehensive look at the cost of psoriasis in the USA by ana-
lyzing the expenses reported between 2008 and 2013, associated with the disease. In 2013,
the US cost of psoriasis was estimated around $112 billion. Researchers have described
four categories of expenses associated with psoriasis. Direct costs represented by doctor’s
appointments, investigations, and therapies, have the highest expenses, estimated to be
$8000 annually per person. The cost of dealing with comorbidities such as heart disease
and depression, extends the costs with almost $5000 per person annually. Indirect costs are
considered absences from work or lost productivity on the job, caused by psoriasis, and
estimated to be upwards of $4000 annually per person. The decreased quality of life with
reduced selfconfidence and substantial stigmatization cannot be quantified or calculated in
terms of cost—impalpable costs. US psoriatic patients would pay a lifetime cost of $11,498
for treatment, relief of physical symptoms, emotional health, and reintegration into society.
The direct psoriasis costs ranged from $51.7 to $63.2 billion, the indirect costs ranged from
$23.9 to $35.4 billion, and medical comorbidities were estimated to be $36.4 billion in 2013
[7]. On the strength of such high costs and the burden of seeking the right therapy, it is
of great importance to assess psoriatic patients with comorbidities associated with severe
disease and decreased quality of life.

Recent studies show that psoriatic patients have relatively higher risks of heart disease,
stroke, hypertension, and diabetes. Furthermore, due to social isolation, patients are
more prone to develop depression and anxiety compared to the general population [4-6,
8]. A national study in Taiwan performed on 51,800 patients diagnosed with psoriasis
revealed a high prevalence ratio (relative risk (RR); [95% confidence interval (CI)]) for
rheumatoid arthritis (3.02; [2.68, 3.41]), alopecia areata (4.71; [2.98, 7.45]), vitiligo (5.94;
[3.79, 9.31]), pemphigus (41.81; [12.41, 140.90]), pemphigoid (14.75; [5.00, 43.50]), heart
disease (1.32; [1.26, 1.37]), hypertension (1.51; [1.47, 1.56]), hyperglyceridemia (1.61; [1.54,
1.68]), diabetes (1.64; [1.58, 1.70]), hepatitis B viral infection (1.73; [1.47, 2.04]), hepatitis
C viral infection (2.02; [1.67, 2.44]), systemic lupus erythematosus (6.16; [4.70, 8.09]), sleep
disorder (3.89; [2.26, 6.71]), asthma (1.29; [1.18, 1.40]), allergic rhinitis (1.25; [1.18, 1.33]),
chronic airways obstruction (1.47; [1.34, 1.61]), lip, oral cavity, and pharynx cancer (1.49;
[1.22, 1.80]), digestive organs and peritoneum cancer (1.57; [1.41, 1.74]), and depression
(1.50; [1.39, 1.61]) [8].
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Psoriasis, a systemic disease with a chronic course, is associated with a high degree of comor-
bidities and decreased quality of life.

Psoriasis can vary tremendously in its severity. A number of studies investigated the factors
that affect severity [9, 10]. They reported significant associations between psoriasis severity
and comorbid diseases [10], male gender, younger age [11, 12], localization of the lesions [13],
the presence of family history of psoriasis [14], smoking, and alcohol consumption [15]. The
factors that affect severity are still not well characterized.

2. An overview of the transversal study

2.1. Aims and objectives of the study: methods and materials

The aim of this study was to evaluate clinical and epidemiological characteristics of the
psoriatic population for establishing prevention strategies and optimal clinical management.

The objectives of this transversal study were to analyze epidemiological data of a large
cohort of patients diagnosed with psoriasis over a period of 8 years and to assess factors
related to psoriasis severity and impact on their quality of life (validated by Psoriasis Area
and Severity Index (PASI) index and DLQI).

All the investigations were conducted in an outpatient clinic specialized for psoriasis and
investigative dermatology, in the north-eastern region of Romania, over a period of 8 years.
Study was performed on 1236 persons diagnosed with psoriasis between January 1, 2004 and
December 31, 2011.

Participants were examined for psoriasis by the same two dermatologists, under similar
conditions. All patients had a complete physical examination and their medical history was
recorded.

Psoriasis was diagnosed by dermatological examination and was confirmed by punch skin
biopsy, when needed. Skin biopsies were performed at a representative psoriatic plaque of
each patient.

In other articles [16, 17], psoriasis is classified as mild, moderate, and severe, based on clini-
cal evaluation tools such as the extent of the affected skin surface. In this study, in order to
quantify the severity of the disease, PASI was used; patients were categorized into mild (PASI:
0.0-4.0), moderate (4.1-9.9), and severe (10 or higher) psoriasis.

Patient data and medical history were collected from the Specialized Psoriasis Clinic, over a
period of 8 years. Written informed consent was obtained from all patients.

The data collected by our dermatologists included the following;:
1. demographic characteristics: gender, date of birth, age of the patients at the moment of

examination, level of education, occupation (jobs distribution, respectively, socioeconomic
status), residence;
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2. psoriasis—clinical-related data: family history of psoriasis, age distribution at the onset of
psoriasis, distribution of psoriatic lesions at the moment of diagnosis and at the moment of
clinical inspection, number of areas involved, symptoms such as pruritus;

3. comorbidities such as thyroid abnormalities, cardiovascular disease (CVD), hypertension,
other concomitant skin disorders, and others;

4. severity of lesions in relation to evolution characteristics: smoking history, alcohol con-
sumption, past and current therapies with topical steroids.

2.1.1. Statistical analysis

All statistical analyses were conducted using Statistical Analysis System software.

Patient data were presented as proportions, standard deviations, means, and ranges. Linear
regression was used for multivariable analysis of factors affecting psoriasis severity. Specified
variables were included in the analysis of index severity. Spearman’s rank coefficient of
correlation was used as a nonparametric measure of dependence. Pearson’s chi-squared test
to quantify differences was used. All statistical tests had a confidence interval of 95% and the
significance level was set at p <0.05.

2.2. Results and discussion
2.2.1. Demographic data
2.2.1.1. Gender distribution

Out of the 1236 patients diagnosed with psoriasis, 669 were men (54.13%) and 567 (45.87%)
were women, showing a predominance of male over female gender (1.18/1).

2.2.1.2. Age distribution at the moment of examination

The highest incidence of the disease was noticed for the age group 30-50 years old (43.12%);
the minimal incidence was over 70 years (5.83%) and under 20 years (5.5%). Statistically 50% of
cases were over 40 years and 25% under 33 years.

The median value for age was 44.94 + 15.84 standard deviation (SD), with a great variability
from 6 to 91 years old. Psoriasis can occur at any age; patients should seek medical advice
regardless of age.

2.2.1.3. Distribution of cases reported to residence

As shown in Table 1, urban patients prevail. People living in villages have low incidence of
psoriasis, reflecting a real reduced number of cases or a smaller addressability to medical care
(Figure 1).
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Residence Nr. cases %
Urban 1036 83.82
Rural 200 16.18
Total 1236

Table 1. Results of the study: number of patients reported to residence.

2.2.1.4. Level of education

The level of education correlates with the prevalence of psoriasis (Table 2). This can be
explained by stress, underlying the western modern lifestyle.

2.2.1.5. Occupational characteristics at the moment of medical examination: jobs distribution,
respectively, socioeconomic status

Present data confirm the high prevalence of psoriasis in working people, especially in stress-
ful activities: engineers, students, professors, managers, drivers, salesmen, and medical staff.
Physical activity, alcohol consumption, smoking, pollution from the working place, repeated
trauma, and irritants are linked to psoriasis on workers.

mUrban HRural
. A

Figure 1. Results of the study: distribution of cases reported to residence.
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Retired persons encounter a frequent diagnosis of psoriasis after a long evolution of the dis-
ease (psoriasis march), even though they allocate time and money in search of medical help.
This can be explained by the fact that chronic infections, comorbidities, and drug administra-
tion could be a potential trigger for psoriasis flares.

2.2.2. Diagnosis of psoriasis and clinical data
2.2.2.1. Family history of psoriasis

Out of the 1236 patients, a positive family history of psoriasis was found in 380 patients (59.37%); of
these, 174 (27.18%) had at least one parent with psoriasis, with a AR of 13.59, while 106 patients
(16.56%) had at least one second-degree relative with psoriasis, and 34 patients (5.31%) had
one-third-degree relative with psoriasis (Figure 2). No parent-of-origin effect in transmission
of psoriasis from affected parent to offspring was observed, and there were no significant
differences in the clinical profiles of the disease between patients grouped by transmission
pattern of psoriasis.

2.2.2.2. Age of the patients at the onset of psoriasis

Results of the study showed the following: 7.77% of patients did not recall the age at which
the first lesions appeared, 46.04% had the first diagnosis of psoriasis somewhere between 10
and 30 years old, and the fewest cases were detected over the age of 50 (11.17%).

The median age at the diagnosis is 29.34 + 15.24 SD, with the youngest patient being 6 months
(neonatal psoriasis) and oldest 76 years.

Statistically 50% of cases were less than 27 years old at the moment of first medical seek and
25% over 39 years old when they accepted psoriasis as a diagnosis (Table 3). Within this
group, there were 104 cases (8.41%) with the onset of psoriasis under the age of 10 and 263
(21.28%) of cases had the first certified diagnosis of psoriasis before 19 years old. The majority
of cases were adult psoriasis 869 (70.31%).

Level of education Nr. cases %
Middle school 54 4.37
College 148 11.97
Vocational school 48 3.88
High school 345 2791
Postsecondary school 47 3.80
Students 182 14.72
University graduates 412 33.33
Total 1236

Table 2. Results of the study: level of education among patients diagnosed with psoriasis.
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Figure 2. Results of the study: family history reported.

Onset age (years) Nr. cases %
Age<10 104 8.41
10 <age <19 263 21.28
Over 20 869 70.31

Table 3. Results of the study: age of the patients at the onset of psoriasis.

Psoriasis has been reported as a chronic disease that begins in one-third of the patients dur-
ing the first two decades of life [18]. Several prevalence studies have published their results
showing that one-third of psoriatic patients develop the disease during childhood [19]. A fast
increase in the incidence rate of psoriasis until the age of 30-35 years was recently reported [20].

Childhood onset of psoriasis was not proven to be a risk factor for higher frequencies of
cardiovascular and metabolic comorbidities during adulthood in a recent French study
[21]. Moreover, the age of onset of psoriasis had no impact on the severity of the disease in
another retrospective study conducted in Greece [22]. No evidence was found that under
18 years may influence the disease severity in later life [23].
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Similar data have been obtained by present analysis: 70.31% of patients enrolled in the study
were diagnosed after the age of 20, only 104 cases (8.41%) had the onset before the age of 10;
263 (21.28%) of cases were diagnosed between 10 and 19 years old.

Psoriasis in children should not be considered as underreported because parents seek for
medical care for their children at the first signs of skin injury. Children with psoriatic arthritis
(PsA) were not included in the study.

2.2.2.3. The distribution of psoriatic lesions at the moment of diagnosis (Single lesion or multiple
distributions of cutaneous manifestations declared by patients)

The majority of cases (91.18%) had a unique lesion of psoriasis when they were first diagnosed,
multiple locations being much rarer (8.82%). Among the unique first clinical signs, most of the
patients (28.07%) reported scalp being involved, followed by elbows (11.89%), palms (7.93%),
feet (7.12%), and trunk (5.18%). A significant number of persons involved in the study were
not able to remember the first location of psoriasis (10.36%).

2.2.2.4. The distribution of psoriatic lesions at the moment of clinical inspection (Single lesion or
multiple distributions of cutaneous manifestations)

The majority of patients (82.85%) had multiple skin lesions at the moment of clinical inspection
(Table 4).

The distribution of psoriasis was recorded. Active lesions were noted on the scalp, face, trunk,
anogenital area, arms, legs, hands, feet, or nails, that is, in 10 different locations (Figure 3):

Nr. cases %

Nail psoriasis 165 13.35
Psoriatic arthritis 309 25.00
Koebner phenomena 173 14.00
Scalp psoriasis 681 55.10
Gutate psoriasis 146 11.81
Superior limbs 788 63.75
Inferior limbs 736 59.55
Trunk 462 37.38
Face 55 4.45
Palmo-plantar 205 16.59
Others 265 21.44
Total 1236

Table 4. Results of the study: distribution of multiple skin lesions at the moment of clinical inspection.
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Figure 3. Distribution of multiple skin lesions at the moment of clinical inspection.

2.2.2.5. Number of areas involved at the moment of clinical inspection (By single or multiple
cutaneous lesions)

Out of the 1236 patients enrolled in the study, an approximately equal distribution was observed
among patients with solitary lesion or two, three, or four body areas involved (Table 5).
More generalized forms were very rare (Figure 4).

2.2.2.6. Evolution of psoriatic lesions from diagnosis to present clinical inspection

Few patients (1.21%) with multiple onset lesions later turned to have unique lesions, while
7.61% of them preserved the initial multiple lesions; 15.94% of patients with onset single lesions
remained with a unique cutaneous psoriasis stigma (the same of different location) (Table 6).

The vast majority of cases (75.24%) with declared unique psoriatic lesion at the onset of the
disease developed multiple skin manifestations over short or long periods of time.

The statistical report shows no marked relationship between the lesions location at the time
of the first diagnosis of psoriasis and at the moment of onset evaluation (r = 0.1406, x*=1.018,
p=0.312, 95% CI).

The comparison between unique onset lesion and multiple lesions at the moment of clinical
examination is presented in (Table 7).

2.2.2.7. Symptoms: pruritus and psoriasis

Previous dermatology dogma suggested that atopic dermatitis is itchy and psoriasis is not!
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Location Nr. cases %
Unique lesion 212 17.15
Multiple lesions 1024 82.85
Two body areas 266 21.55
Three body areas 244 19.74
Four body areas 240 19.41
Five body areas 155 12.54
Six body areas 76 6.15
Seven body areas 30 243
Eight body areas 12 0.97
10 body areas 1 0.08
Total 1236

Table 5. Number of areas involved.

Figure 4. Body areas frequently involved.

The aim of the present study was to assess the incidence of pruritus in patients diagnosed
with psoriasis (Figure 5); data were collected based on patients’ responses and pruritus was
certified by declaration.
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Onset unique lesion ~ Nr. cases % Associations of Nr. cases %
multiple lesions at the
onset of evaluation

Unknown 128 10.36 Scalp, auxiliary 1 0.08
Scalp 347 28.07 Scalp, presternal 2 0.16
Elbows 147 11.89 Scalp, elbows 9 0.73
Palms 98 7.93 Scalp, elbows, knees 1 0.08
Feet 88 7.12 Scalp, face 3 0.24
Trunk 64 5.18 Scalp, knees 2 0.16
Hands 51 4.13 Scalp, intraauricular 3 0.24
Knees 34 2.75 Scalp, feet 1 0.08
Goutate 23 1.86 Scalp, buttocks 1 0.08
Abdomen 18 1.46 Scalp, trunk 5 0.40
Fingers 16 1.29 Trunk, axillary 1 0.08
Plantar 16 1.29 Trunk, face 1 0.08
Face 12 0.97 Trunk, palms 1 0.08
Thighs 11 0.89 Trunk, fingers 1 0.08
Retroauricular 11 0.89 Trunk, knees 1 0.08
Perimaleolar 10 0.81 Elbows, palms 5 0.40
Erythrodermic 9 0.73 Elbows, knees 42 3.40
Periumbilical 9 0.73 Elbows, palms 2 0.16
Occipital 6 0.49 Elbows, feet 4 0.32
Cervical 8 0.64 Elbows, plantar 1 0.08
Palpebral 4 0.32 Palms, fingers 1 0.08
Retrooccipital 4 0.32 Palms, pretibial 1 0.08
Genital 3 0.24 Palms, dorsal aspect 1 0.08
of the hands
Buttocks 3 0.24 Palms, occipital 1 0.08
Preauricular 2 0.16 Palmo-plantar 6 0.49
Lumbo-sacral 2 0.16 Knees, plantar 1 0.08
Temporal 2 0.16 Knees, pretibial 2 0.16
Frontal 1 0.08 Knees, dorsal 1 0.08
aspects of the hands
Knees, buttocks 1 0.08
Dorsal aspects of the 4 0.32

hands, feet
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Onset unique lesion ~ Nr. cases % Associations of Nr. cases %
multiple lesions at the
onset of evaluation

Dorsal aspects of the 1 0.08
hands, face
Plantar, abdomen 1 0.08
Cervical, 1 0.08
retroauricular
Total 1127 Total 109
Table 6. Number of areas involved.
Onset location Location at the moment of examination Total
Unique location Multiple locations
ONSET: unique location 197 930 1127
15.94% 75.24%
ONSET: multiple location 15 94 109
1.21% 7.61%
Total 212 1024 1236

Table 7. The number of psoriatic lesions found in time of diagnosis as compared with the number found at clinical
inspection.

Pruritus was admitted by 293 persons (23.7%) and denied by 943 (76.3%). The presence and
intensity of pruritus were independent of age, gender, marital status, family history of psoria-
sis, job, level of education, type of psoriasis, alcohol, smoking, duration of the disease, number
of lesions, and severity index.

Pruritus may be unrecognized and underestimated by the patients and/or medical staff.
2.2.3. Comorbidities
2.2.3.1. Comorbidities: overview

Comorbidities present at the moment of diagnosis and/or in the medical history of patients
(Figure 6, Table 8).

Out of the 1236 patients enrolled in the study, 59.22% (732 psoriatic patients) had no comor-
bidities at the moment of diagnosis or in their medical history (Table 8).

2.2.3.2. Comorbidities: psoriasis and psoriatic arthritis

Psoriatic arthritis is a chronic, inflammatory, seronegative form of arthritis occurring in subjects
with psoriasis. PsA usually occurs over the age of 40 and it affects both sexes equally [24, 25].
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Figure 5. Results of the study: pruritus and psoriasis.
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Figure 6. The number of patients with present/absent comorbidities at the moment of diagnosis and/or in their medical
history.

The incidence and prevalence of PsA among patients with psoriasis varies between different
studies based on the variety of criteria and methods used to study PsA such as patient history,
questionnaires, Moll and Wright or Caspar and Grappa classification criteria [26]. Prey et al.
published a review where prevalence ranged from 2.04 to 26% and 5.94 to 25% when evaluat-
ing PsA using only rheumatologic diagnostic criteria [26].

Likewise, geographical variations in PsA were notified: Europe and North America present
higher PsA prevalence ranging between 20.6 and 30% compared with Asia where PsA is sig-
nificantly lower (8.7%) as seen in a large study of 1149 patients, in Argentina the prevalence
rate was found to be 17%, whereas in Brazil 35% [27-31].

135



136  An Interdisciplinary Approach to Psoriasis

6%°0 9 9seasIp Iseaiq d1SAd0IqI] 80°0 1 1€19910[0D J2due)) €0 ¥ SOLIYME PIOjewnayy]
$9°0 8 §3s£0 uerrea 80°0 1 JIadueDd jsealq ¥20 I mnon
[4%8 i SNI2IN eWOoIqL] 800 13 aseasIp unj3poH 89'1 %4 uoneruIay dsic|
80°0 1 sIsoLPwopuy 91°0 z I90UeD [BIIAID) 91°0 z a3eyrIoway dLnsen)
910 4 sisowny 80°0 I stsareders) onsedg $9°0 8 symsen
800 1 erurradsoozy 80°0 1 9SEISIp uosunjIeJ 16°C 9¢ 10 onpdo
0%°0 g 3[201pAH 80°0 1! SnISuIuBN 960 4 siso[no1aqn,
80°0 1 erdojos Tenonsa, 800 1 snonderidas snyeig 800 1 puepAy 154> orjedapy
uonayur
80°0 1 1061 Areurm sruory) 80°0 1 stsATered amuejuy 80°0 1 Jarrred snira g snuedspy
sprydauomniawor3d

80°0 1 JTUoIYD) 0F0 S 90]S DTWAYDS] $20 ¢ s1sojea)s onedar]
80°0 1 sIsaInuy 80°0 1 A1981ms uojooeIaN 910 z SISOULIID I9AI]
91°0 Z sprydauopAd otuory) 0%0 S eruray reumguy ¥2C o4 snneday oruoryp d1xo ],
€0 6 SISEIUHI] [EUY] 6%0 9 AwoyoareaQ 950 L D sneday sruory)
€0 i4 siseny Lrerg 80°0 I AwoparaisAH 80°0 oL g snneday druonyd
G9°0 8 sunsAd3[0ypd SO 80°0 1 Awopsusldg 8T1 9T Ay1s9q0 pIqIoN
910 z eIWIDY [eI[Iquif) 8T'1 91 Aw0309384£39[10D) W1 Q]  QWOIPUAS dIjoqeldwsAq
800 I eruIay [ejery $0'T €1 Awoyaprouspy ¥20 € juapuadap-ursut Zq
v20 € snpeanued dwory) 080 01 Awoyoarep3Lury 6L€ Ly nza
80°0 I SWOIpUAS 113410 800 3 awy 9I'L 0T 9SBASIP 11e3Y DIWAYDS]
80°0 I 1249) Aepy 80°0 I PUIOPD BPUMY A 81 erunpAyzs£p serpred
91°0 Z spIsnuIg 80°0 1 QwoIpuAs [[oAT 66 [z4) uorsuajrad Ay ety
800 13 SHIUIYI BBV 910 4 BLIEDIN DTUOIY D TT6s TeL juasqy

% N sanIpIqIowo) % N sanIpIqIOUo) % N sanIpIqIOUro)




137

Clinical and Epidemiological Factors Predicting the Severity of Psoriasis

http://dx.doi.org/10.5772/intechopen.68728

"Apn3ys ayj ur paajoaur sjuatied onjerrosd Suoure sanTPIQIOUWIOD [RISULN) g A[qRL

eruadojfooquronyy
800 I onpedorpy 800 1 9SEISIP SeILdD)
800 1 epyiq eurdg 20 € Uy 910 < streqid sisojeray
9T'0 14 1100 stsod4jog 90 z peIRIRD ¥20 € eadESOY
80°0 1 SHIPIO}SEW DIUOIYD) 80°0 1 rUIOONE[D) 20 € spIsoAwojeuwIa(]
80°0 1 asdejoxd omsen 80°0 1 erdonoured ALy 91°0 4 ejeare eadory
80°0 I Aygedounay
800 1 eayIoUdWE £1epU0dag 800 ! snueydarg 080 01 o3I
800 1 19pIOSIp Te[NqusIA 800 1 sp1anUn{uodojeIR 20 € 103108 pro1hyf,
€0 6 wsiprordypod Ay
800 1 s1AeIS eruaseA N 080 01 SIOPIOSIP dLIpeIyPAS $9°0 8 Awoyoaprordyf,
AydonsAp
80°0 1 Te[NISIW SUURYIN(] 910 4 o urzAfoydans-nuy 80°0 1 SHIPIOIAY) SUNWWIONY
sprdukreyd
800 1 S1501372s A1dnNIA ¥20 I3 [eoooooydeams g 910 z onorApuods [ed1a1a)
eurdue
80°0 1 UOISNJJd [eINS[ ] ¥20 ¢ snoaoejnd-snojewrayAig 910 z sHIEAW0a)SO
xezoyjowmnaud
80°0 1 snosuejuodg 80°0 1 9SELASIP S,UoI1D) 80°0 1 ye13 SNOSTUBW 99Uy
670 9 SHIYPUOI] IO 800 1 Ayedousre [eraydrag 910 z SHLIYHE DHRLIOS
AduspIgnsur
880 11 PUIYISY 'l ) STIOUDA DTUOID 800 1 SISO
0%'0 S erwd[edod Ay o1uory) 80°0 1 I90uED JLI)SED) 80°0 1 I9A9J dTRWINAY
80°0 1 ewouape Aremjig 80°0 1 JIodued PIoIAY], €0 ¥ snrApuods SursorAyuy
% N safIpIqIowo) % N sanIpIqrowo) % N safIprqrouwro)




138  An Interdisciplinary Approach to Psoriasis

In our study, the estimated PsA prevalence based on rheumatologic evaluation (Moll and
Wright criteria) was 0.16% among 1236 patients with psoriasis (Table 9), NOT in accord with
several European revisions.

An extensive study in Germany on 1511 patients revealed a total PsA prevalence of 20.5% [31].
In Greece, a retrospective analysis on 278 patients with psoriasis revealed that PsA prevalence
was 30%. This subgroup of patients with PsA showed significantly higher rates of comorbidities
including CVD, hypertension, diabetes mellitus type 2, and hypercholesterolemia compared to
non-PsA patients [24]. Other studies show PsA prevalence ranging between 0.17 and 0.35% in
the general Greek population [32, 33]. Other two publications report remarkably lower rates of
PsA prevalence among patients with psoriasis, 7.23% in Croatia, respectively, 9.3% in Serbia [26].

2.2.3.3. Comorbidities: coexistence of psoriasis with other skin diseases at the moment of diagnosis

Out of the 1236 patients enrolled in the study, only 26 psoriatic patients had other skin dis-
eases at the moment of diagnosis (Table 10), including 10 with vitiligo, 3 with dermatomyosi-
tis, 3 with Rosacea, and 2 with Alopecia areata.

2.2.3.4. Comorbidities: coexistence of psoriasis with cardiovascular diseases at the moment of diagnosis

Psoriasis has been associated with high cardiovascular morbidity and mortality. Recent stud-
ies suggest that psoriasis, particularly if severe, has a 58% increased risk of major adverse
cardiovascular events such as arrhythmia, myocardial infarction, or stroke, and has a 57%
increased risk of cardiovascular death, beyond the risk of death associated with traditional
cardiovascular risk factors [34-36].

Of the 1236 patients enrolled in the study, 162 psoriatic patients had cardiovascular diseases
at the moment of diagnosis (Table 11), great majority accusing arterial hypertension.

Coexistence of rheumatologic diseases Nr. cases %
Disc herniation 21 1.68
Gout 3 0.24
Rheumatoid arthritis 4 0.32
Ankylosing spondylitis 4 0.32
Rheumatic fever 1 0.08
Osteitis 1 0.08
Psoriatic arthritis 2 0.16
Knee meniscus graft 1 0.08
Osteomyelitis 2 0.16
Cervical spondylotic 2 0.16
Total 68/1236

Table 9. Coexistence of psoriasis with other rheumatologic diseases.
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2.2.3.5. Comorbidities: prevalence of thyroid abnormalities among psoriatic patients

Of the 1236 patients diagnosed with psoriasis, only 22 were spotted with thyroid abnormali-
ties (Table 12).

Coexistence of other skin diseases Number of cases %
Vitiligo 10 0.80
Alopecia areata 2 0.16
Dermatomyositis 3 0.24
Rosacea 3 0.24
Keratosis pilaris 2 0.16
Dermatitis herpetiformis 1 0.08
Chronic urticaria 2 0.16
Lyell syndrome 1 0.08
Quincke edema 1 0.08
Acne 1 0.08
Total 26/1236

Table 10. Coexistence of psoriasis with other skin diseases.

Cardiovascular diseases Nr. cases %
Arterial hypertension 124 9.92
Cardiac dysrhythmia 18 1.44
Ischemic heart disease 20 1.16
Total 162/1236

Table 11. Cardiovascular diseases among psoriatic patients involved in the study.

Thyroid abnormalities Nr. cases %

Autoimmune thyroiditis 1 0.08
Thyroidectomy 8 0.64
Hypothyroidism 9 0.73
Thyroid goiter 3 0.24
Thyroid cancer 1 0.08
Total 22/1236 1.77

Table 12. Coexistence of thyroid abnormalities at patients diagnosed with psoriasis.
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2.2.3.6. Comorbidities: psoriasis and tuberculosis

In this transversal study, the incidence of tuberculosis was quantified from the medical his-
tory and at the moment of the clinical examination for patients diagnosed with psoriasis. Of
the 1236 patients diagnosed with psoriasis, over a period of 8 years (2004—2011) comorbidities
were present in 40.78% of cases, and 12 of them (0.97%) had a history of tuberculosis: 5 were
men (41.67%), 8 cases of pulmonary tuberculosis (66.67%), 2 pleural effusions (16.67%), 1 gen-
ital tuberculosis (8.34%), and 1 case of kerato-conjunctivitis (8.34%). Of the 12 patients with
psoriasis and past tuberculosis, 1 had arterial hypertension and chronic nephritis, 1 obesity,
1 erythema nodosum, and 1 with gastric carcinoma (Figure 7).

Psoriasis could represent an independent risk factor for tuberculosis, because a high prevalence
was reported in recent studies: 18.0% —Bordignon et al. [37]. In another study, latent tubercu-
losis infection was more reported in psoriasis (50%) than inflammatory bowel disease patients
(24.2%), prior to the onset of any anti-tumor necrosis factor (TNF)-a treatment [38].

2.2.4. Evolution characteristics
2.2.4.1. Severity of lesions in relation to risk factors

The number of psoriatic lesions is in direct relation with the risk factors, including residence,
gender, index severity, presence of comorbidities, alcohol intake, smoking, work status, and
family history of psoriasis (Table 13).

2.2.4.2. Severity of lesions in relation to risk factors: smoking and psoriasis

Most of the patients enrolled in the study were nonsmokers, by declaration (Figure 8) but there
is a significant correlation between the smoking and the severity of the disease (r = 0.254,

X*=10.49, p =0.00527, 95% CI).
12 patients with tuberculosis

. S : g (0,97%)

-

PSORIASIS

V

Figure 7. Tuberculosis among psoriatic patients involved in the study.
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Location

Unique lesion

Multiple lesions

Nr. patients

%

Nr. patients

%

Urban residence
Rural residence

Male gender

Female gender

Mild psoriasis
Moderate psoriasis
Severe psoriasis
Comorbidities absent
Comorbidities present
Alcohol consumer
Nonalcohol consumer
Nonsmoker

Smoker

Pupil/student

Worker

Retired

Social assisted

Jobless

Family history absent

First-degree relatives

diagnosed with psoriasis

Second-degree relatives
diagnosed with psoriasis

Third-degree relatives
diagnosed with
psoriasis

Fourth-degree relatives
diagnosed with
psoriasis

192
20
103
109
132
65
15
135
77
45
167
171
41
45
130
20

16
150
38

15

7

2

18.53
10
15.40
19.22
24.63
13
7.5
18.44
15.28
10.98
20.22
19.06
12.09
3.64
10.52
1.62
0.08
1.29
17.22

19.00

13.04

19.44

14.29

844
180
566
458
404
435
185
597
427
365
659
726
298
137
622
129
27

109
721
162

100

29

12

81.47
90
84.60
84.60
75.37
87.00
92.50
81.56
84.72
89.02
79.78
80.94
8791
11.08
50.32
10.44
2.18
8.82
82.78

81.00

86.96

80.56

85.71

Table 13. Number of lesions in relation to risk factors (residence, gender, index severity, presence of comorbidities,
alcohol intake, smoking, work status, and family history of psoriasis).

2.2.4.3. Severity of lesions in relation to risk factors: alcohol intake (by declaration) and psoriasis

Of 1236 patients with psoriasis, alcohol consumption was declared by 410 persons, represent-

ing 33.17% of all (Table 14).
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Hnonsmoker  Msmoker l

8

Figure 8. Results of the study: smokers and nonsmokers involved in the study.

Alcohol consumption Nr. cases %
Positive 410 33.17
Negative 826 66.83
Total 1236

Table 14. Results of the study: number of patients in relation with alcohol consumption.

2.2.4.4. Severity of lesions in relation to PASI

The number of psoriasis lesions correlates with (Table 15):
* age at the moment of clinical examination (F = 8.902, p = 0.0029);
e residence in rural area (x* = 8.589, p = 0.00338, 95% CI);
¢ alcohol intake (x*=16.47, p = 0.00005, 95% CI);
¢ smoking (x*=8.408, p = 0.00373, 95% CI);
¢ occupation: workers/pupils/students (x> =14.11, p = 0.0069, 95% CI).
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2.2.4.5. Severity of lesions in relation with topical steroids

Topical steroids: most of the patients were several years treated with steroids topically before
presenting to the clinical appointment (Table 16).

2.3. Correlations with the severity of psoriasis (Risk factors)

Severity index of the disease at the moment of clinical examination (Table 17) are as follows:

Within psoriasis patients, 43.37% were diagnosed with mild form of the disease, 40.45% with
moderate, and only 16.18% with severe type.

2.3.1. Correlations between demographic data and the severity index of psoriasis
2.3.1.1. Gender distribution versus severity index

There is a strong correlation between gender and severity of the disease (r = 0.378, p = 0.00023,
X*>=16.706, p = 0.00024, 95% CI) (Table 18). Among severe cases, 19.8% were men and only
11.82% women, in comparison with mild cases where 47.62% were women (Figure 9).

Parameter/factor PASI index-correlation Number of psoriatic
lesions-correlation

Onset age Yes No

Age at the moment of clinical Yes Yes

examination

Gender (male) Yes No

Residence in rural area Yes Yes

History family of psoriasis Yes No

Presence of comorbidities Yes No

Alcohol and smoking Yes Yes

Work status-education Retired persons/jobless Workers/pupils-students

Table 15. Results of the study: severity of lesions in relation to PASI.

Topical steroids Nr. cases %
Yes 1073 86.81
No 110 8.90
Unknown 53 4.29
Total 1236

Table 16. Results of the study: number of patients treated with topical steroids.
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Type of psoriasis Nr. cases %

Severe (PASI > 10) 200 16.18

Moderate (PASI: 3/5-10) 500 40.45

Mild 536 43.37

Total 1236

Table 17. Results of the study: severity index of the disease.

Psoriasis severity Gender of the patient Total
Male Female

Mild 266 270 536
39.76% 47.62%

Moderate 270 230 500
40.36% 40.56%

Severe 133 67 200
19.88% 11.82%

Total 669 567 1236

Table 18. Gender distribution versus severity index.

-
mmale ufemale

Figure 9. Gender distribution among patients involved in the study.
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Our data support a male predominance in all forms of psoriasis (54.13% versus 45.87%) and
greater severity in men (Table 19).

2.3.1.2. Age of patients at the moment of clinical examination versus severity index

The mean (medium) age of patients presents important differences reported to the severity of
the disease (F = 45.780, p < 0.01, 95% CI) (Figure 10), with small values for mild cases (41.11 +
16.07 SD) and greater values for severe cases (53.06 + 13.82 SD) (Table 20).

df=2 Chi-square x* p 95% confidence interval
Pearson Chi-square— x* 16.70615 0.00024

M-L Chi-square 16.99982 0.00020

Correlation coefficient (Spearman -0.378898 0.00023

Rank R)

Table 19. Results of the study: correlations between gender distribution and the severity index.

Categ. Box & Whisker Plat: AGE

F2,1233)=45.7807, p=0.0000;
Kruskal-Wallis-H(2,1238) = 87.1554, p=0.0000

age [year]
B
o

b Mean
[] MeantSE
" MesnsSD

mild moderate w|yYErE

PSORIASIS SEVERITY

Figure 10. Mean (medium) age of patients at the moment of clinical examination.
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Psoriasis is a disease of all ages but predominant around 40 years of age; early psoriasis (man-
ifesting before 40 years of age) is associated with increased severity index, while late psoriasis
(manifesting after 40 years of age) appears to be milder (Table 21). We do not see the peak
in the age groups 20-30 and 40-50, but there is a quite uniform distribution starting with the
age group 20 and ending with age group 60 years old (Figure 11). The most active age group
30-50 years is affected by psoriasis (Table 22).

Psoriasis Media age Media Dev.std Er.std Min Max Q25 Median Q75
-95% +95%

Severe 53.06 51.13 54.99 13.82 0.98 12.00 88.00 43.50 53.50 63.00
Moderate  45.79 4447 4711 15.01 0.67 13.00 91.00 34.00 45.00 57.00
Mild 41.11 39.74 4247 16.07 0.69 6.00 89.00 29.00 40.00 52.00
All Groups 44.94 44.05 4582 15.84 0.45 6.00 91.00 33.00 44.00 57.00

Table 20. Age of patients at the moment of clinical examination versus severity index.

F (95% confidence interval) P
Levene Test of Homogeneity of Variances 3.034166 0.048474
Brown-Forsythe Test of Homogeneity of Variances 2.843525 0.058602
Test ANOVA 45.78075 0.000000

Table 21. Test ANOVA —results.

Categ. Boue & Whisker Plet age of cnset
F2,1127) = 11.0949, p = 0.00001;
Fruscal-Wallis-H(2.1140) = 24,8081, p = 0.00000

45 | N

.|

age of onset [year)
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|
\i
o
L
Iv\

25 b

15| —

= Mesn
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mild mederata avere I MeanssD

PSORIASIS SEVERITY

Figure 11. Mean (medium) age of patients at the onset of disease.
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Unequal N HSD test p (95% confidence interval)
Mild versus moderate 0.000025
Mild versus severe 0.000022
Moderate versus severe 0.000027

Table 22. Results of the unequal N HSD test: correlations between age of patients and the severity index.

2.3.1.3. Age of the patients at the onset of psoriasis versus severity index

The first diagnosis of psoriasis was made at the age 10-30 for the most of the patients and the
percentage of psoriasis de novo falls with age (Table 23). This could mean that majority of
patients were diagnosed previously or they do not seek special care in the older age. Our find-
ings suggest that there is a march over time toward greater severity in the disease.

The medium of age of onset shows statistical differences related to severity of psoriasis (F =
11.69, p = 0.000009, 95% CI): for mild forms were 27.15 + 14.92 SD (Table 24), for moderate
cases 29.95 + 15.07 SD, and for severe cases 33.17 + 15.07 SD (Table 25).

Psoriasis Mediaage Media Dev.std  Erstd Min Max Q25 Median Q75

-95% +95%

Mild 27.15 25.79 28.52 15.20 0.70 1.00 72.00 16.00 25.00 36.00
Moderate  29.95 28.58 31.32 15.07 0.70 0.50 76.00 18.00 27.00 40.00
Severe 33.17 31.07 35.26 14.92 1.06 3.00 70.00 22.00 32.00 43.00
All groups 29.34 28.45 30.22 15.24 0.45 0.50 76.00 18.00 27.00 39.00

Table 23. Age of patients at the onset of psoriasis versus severity index.

F (95% confidence interval) 4
Levene Test of Homogeneity of Variances 0.108982 0.896756
Brown-Forsythe Test of Homogeneity of Variances 0.060732 0.941079
Test ANOVA 11.69489 0.000009
Table 24. Test ANOVA —results.
Unequal N HSD test p (95% confidence interval)
Mild versus moderate 0.012604
Mild versus severe 0.000029
Moderate versus severe 0.032170

Table 25. Results of the unequal N HSD test: correlations between age of patients at the onset of psoriasis and the
severity index.
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2.3.1.4. Distribution of cases reported to residence/location versus severity index

The present study confirms the higher prevalence of psoriasis in urban area, but mild cases
were diagnosed compared with severe and untreated forms seen in people living in rural
areas (Figure 12). Explanations can be found in reduced accessibility of people living in vil-
lages far away from a specialized medical center; long period of no treatments especially in
milder forms considering the disease an esthetic problem rather than a disease; stress-less life,
open air activity with many hours of sun bathing/exposure; different nutrition habits (less
industrialized and processed food, less meat, and more vegetables), type of water, skin-care
practices, tobacco, alcohol, smaller exposure to drugs, and other chemicals (Table 26).

Major association exists between index severity and residence of the patients (r = 0.319, p =
0.0037, x*>=9.507, p = 0.0086, 95% CI). Although the prevalence of psoriasis is higher in urban
area, mild cases are diagnosed, severe and untreated forms are seen in people living in rural
areas (Table 27).

2.3.1.5. Level of education versus severity index

High level of education was recognized in patients severely affected by psoriasis. Persons in
worrying conditions were related to income/job such as retired people, with no income or
social-assisted developed severe forms of psoriasis (Table 28).

uPSORIASIS SEVERITY - moderate
uPSORIASIS SEVERITY - severe

= PSORIASIS SEVERITY - mild l}

OEECEC

rural

urban

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

Figure 12. Residence distribution among patients involved in the study.
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Psoriasis severity Urban Rural Total

Mild 469 67 536
45.27% 33.50%

Moderate 406 94 500
39.19% 47.00%

Severe 161 39 200
15.54% 19.50%

Total 1036 200 1236

Table 26. Residence versus severity index.

df=2

Chi-square x>

p (95% confidence interval)

Pearson Chi-square—x?

M-L Chi-square

Correlation coefficient (Spearman Rank R)

9.507847
9.698231
0.3191024

0.00862
0.00784
0.00317

Table 27. Results of the study: correlations between residence distribution and the severity index.

Level of education Psoriasis severity Total
Mild Moderate Severe

Middle school 19 23 12 54
35.19% 42.59% 22.22%

College 46 72 30 148
31.08% 48.65% 20.27%

Vocational school 13 23 12 48
27.08% 47.92% 25.00%

High school 124 158 63 345
35.94% 45.80% 18.26%

Postsecondary school 20 15 12 47
42.55% 31.91% 25.53%

Students 121 56 5 182
66.48% 30.77% 2.75%

University graduates 193 153 66 412
46.84% 37.14% 16.02%

Total 536 500 200 1236

Table 28. Level of education versus severity index.
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Level of education points out a strong correlation with severity (r =-0.413, p <« 0.01); patients
with less than 12 years of school presented more cases with psoriasis type moderate-severe
(Table 29). Although high educated persons, with university degree are more often diagnosed
with psoriasis, cases are less severe.

Although higher education suggests a higher prevalence of psoriasis, a lower level of educa-
tion correlates strongly with moderate-severe forms of psoriasis.

Education may be related to multiple confounding factors including alcohol intake, smoking,
and access to specialized dermatological care.

2.3.1.6. Jobs distribution/income versus severity index

Among pupils and students, the most frequently diagnosed form of psoriasis was mild one
(66.48%), severe disease being reported to only 2.75%, while persons without any occupation
presented severe psoriasis 24.16%, respectively, 24% (Table 30). Moderate forms were seen in
retired persons (43.62%) and jobless (42.4%). Jobless patients had worse severity (x*=66.67, p
< 0.01, 95% CI) (Table 31).

df=12 Chi-square x> p (95% interval de incredere)
Pearson Chi-square— x* 77.51211 0.00000
M-L Chi-square 85.73127 0.00000
Correlation coefficient (Spearman Rank R) -0.4139638 0.00000

Table 29. Results of the study: correlations between level of education and the severity index.

Job Psoriasis severity Total
Mild Moderate Severe

Pupil/student 121 56 5 182
66.48% 30.77% 2.75%

Employee 313 316 123 752
41.62% 42.02% 16.36%

Retired 48 65 36 149
32.21% 43.62% 24.16%

Social assisted 12 10 6 28
42.86% 35.71% 21.43%

With no income 42 53 30 125
33.60% 42.40% 24.00%

Total 536 500 200 1236

Table 30. Jobs distribution versus severity index.
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df=8 Chi-square x* p (95% confidence interval)
Pearson Chi-square— x? 66.67419 0.00000

M-L Chi-square 73.96201 0.00000

Correlation coefficient (Spearman Rank R) 0.3056883 0.000

Table 31. Results of the study: correlations between jobs distribution and the severity index.

2.3.2. Correlations between clinical data and the severity index of psoriasis
2.3.2.1. Family history of psoriasis versus severity index

There was a positive family history of psoriasis in 29.53% of subjects, 16.18% first-degree rela-
tives, 9.30% second-degree, 2.91% third-degree, and 1.13% fourth-degree (Table 32).

A family history of psoriasis was associated with greater disease severity (r = -0.448, x* =
18.32, p =0.01893, 95% CI) (Table 33).

2.3.2.2. The distribution of (unique/multiple) psoriatic lesions at the moment of clinical inspection
versus severity index

The results (Table 34) prove the absence of an important correlation between the severity
index and type of lesions at the onset of psoriasis (unique/multiple lesions) (r = 0.0249, p =
0.381, 95% CI) (Table 35). One can notice that in 19.27% cases of severe psoriasis, patients
describe multiple lesions at the first diagnosis (Figure 13).

2.3.3. Correlations between comorbidities and the severity index of psoriasis
2.3.3.1. Presence of general comorbidities versus index severity

Comorbidities were present in 36.1% of patients with mild form of psoriasis, 44.05% with
moderate forms, and in 19.64% of severe psoriasis (Figure 14, Table 36).

Psoriasis Family history Total

severity Absent First degree Second degree Third degree  Fourth degree

Mild 361 95 60 14 6 536
41.45% 47.50% 52.17% 38.89% 42.86%

Moderate 368 79 29 19 5 500
42.25% 39.50% 25.22% 52.78% 35.71%

Severe 142 26 26 3 3 200
16.30% 13.00% 22.61% 8.33% 21.43%

Total 871 200 115 36 14 1236

Table 32. Results of the study: family history versus severity index.
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df=8 Chi-square x* P (95% confidence interval)
Pearson Chi-square— x? 18.32477 0.01893

M-L Chi-square 19.13866 0.01414

Correlation coefficient (Spearman Rank R) -0.44809 0.011536

Table 33. Results of the study: correlations between family history and the severity index.

Psoriasis severity Onset location of psoriasis Total
Unique location Multiple locations

Mild 492 44 536
43.66% 40.37%

Moderate 456 44 500
40.46% 40.37%

Severe 179 21 200
15.88% 19.27%

Total 1127 109 1236

Table 34. Results of the study: distribution of psoriatic lesion(s) versus severity index.

df=2 Chi-square x* p (95% confidence interval)
Pearson Chi-square— x? 0.9511274 0.62154
M-L Chi-square 0.9196143 0.63141
Correlation coefficient (Spearman Rank R) 0.0249217 0.38135

Table 35. Correlations between the distribution of (unique/multiple) psoriatic lesions and the severity index.

The results (r =0.41, x*>=18.79, p = 0.00008, 95% CI) confirm a strong association between the
presence of comorbidities and severity of psoriasis (Table 37).

2.3.3.2. Comorbidities: appendectomy versus index severity

Appendectomy (Table 38, Figure 15) does not correlate with severity index of psoriasis
(r=-0.0096, x*=0.967, p = 0.616, 95% CI) (Table 39).

2.3.4. Correlations between evolution characteristics and the severity index of psoriasis
2.3.4.1. Risk factors: alcohol consumption versus index severity

Severe forms of psoriasis were found in patients with declared chronic alcohol intake (21.22%),
while mild forms were depicted within non-consumers (47.94%) (Table 40, Figure 16).
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Figure 13. The distribution of (unique/multiple) psoriatic lesions among patients involved in the study.
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Figure 14. The distribution of comorbidities among patients involved in the study.
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Psoriasis severity Comorbidities Total
Absent Present

Mild 353 183 536
48.22% 36.31%

Moderate 278 222 500
37.98% 44.05%

Severe 101 99 200
13.80% 19.64%

Total 732 504 1236

Table 36. Results of the study: comorbidities versus severity index.

df=2 Chi-square x* p (95% confidence interval)

Pearson Chi-square— x? 18.79107 0.00008

M-L Chi-square 18.86543 0.00008

Correlation coefficient (Spearman Rank R) 0.4108901 0.00001

Table 37. Correlations between comorbidities and severity index.

Psoriasis severity Appendectomy Total
Present Absent

Mild 106 430 536
41.57% 43.83%

Moderate 110 390 500
43.14% 39.76%

Severe 39 161 200
15.29% 16.41%

Total 255 981 1236

Table 38. Results of the study: (comorbidities) appendectomy versus severity index.

Statistically, a correlation between alcohol intake and index severity is proved (r =-0.48, x> =

24.30, p < 0.01, 95% CI) (Table 41).

2.3.4.2. Risk factors: smoking versus index severity

Smokers are prone to severe forms of psoriasis (17.7%), and non-smokers with less severe

ones (Table 42, Figure 17).

Smoking and severity of psoriasis highly correlate (r = 0.254, x> = 10.49, p = 0.00527, 95% CI)

(Table 43).
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Figure 15. Number of patients with appendectomy among patients involved in the study.
df=2 Chi-square x* p (95% confidence interval)
Pearson Chi-square— x? 0.9677348 0.61640
M-L Chi-square 0.9633761 0.61774
Correlation coefficient (Spearman Rank R) -0.009627 0.73528

Table 39. Correlations between number of patients with appendectomy and severity index.

Psoriasis severity Alcohol consumption Total
Declared Not declared

Mild 140 396 536
34.15% 47.94%

Moderate 183 317 500
44.63% 38.38%

Severe 87 113 200
21.22% 13.68%

Total 410 826 1236

Table 40. Results of the study: alcohol consumption versus severity index.

2.3.5. Multivariable analysis of factors implicated in severity of psoriasis

In multivariate analysis, age at the moment of clinical examination (r = 0.83, p <« 0.01), age
of onset (r =-0.69, p = 0.000053, 95% CI), education level (r = -0.588, p = 0.0037), residence (r
=0.688, p = 0.0156, 95% CI), job (r = 0.671, p = 0.0328, 95% CI), gender (r = -0.45, p = 0.0394,
95% CI), and smoking (r = 0.597, p = 0.044, 95% CI) were significant factors associated with
severity of psoriasis (Table 44).
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Figure 16. Alcohol consumption among patients involved in the study.

df=2

Chi-square x*

P (95% confidence interval)

Pearson Chi-square— x? 24.30044 0.00001

M-L Chi-square 24.36224 0.00001

Correlation coefficient (Spearman Rank R) -0.489582 0.000

Table 41. Correlations between alcohol consumption and severity index.

Psoriasis severity Smoking Total
Nonsmoker Smoker

Mild 414 122 536
46.15% 35.99%

Moderate 343 157 500
38.24% 46.31%

Severe 140 60 200
15.61% 17.70%

Total 897 339 1236

Table 42. Results of the study: smoking versus severity index.
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Figure 17. Smoking among patients involved in the study.

df=2 Chi-square x* p (95% confidence interval)
Pearson Chi-square — x? 10.49251 0.00527

M-L Chi-square 10.60180 0.00499

Correlation coefficient (Spearman 0.252514 0.00417

Rank R)

Table 43. Correlations between smoking and severity index.

Partial correlation Confidence Std.Err. (Beta) B Std.Err.B ¢ p (95% confidence
psoriasis severity versus  interval (Beta) interval)
Intercept -4.43329  10.37951 -0.42712  0.669374
Gender -0.45016 0.031288 -0.9429 0.04574 -2.06153  0.039482
Age at the moment of 0.831591 0.048523 0.1777 0.00226 7.86419 0.000000
clinical examination

Age of onset -0.692912 0.047558 -0.922 0.00227 -4.05634  0.000053
Multiple lesions 0.023369 0.028032 0.06017 0.07217 0.83367  0.404642
Education -0.588659 0.030502 -0.3359 0.01156 -2.90666  0.003725
Job 0.67100 0.031403 0.4553 0.02131 2.13671 0.032836
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Partial correlation Confidence Std.Err. (Beta) B Std.Err.B ¢ p (95% confidence
psoriasis severity versus  interval (Beta) interval)
Location 0.68837 0.028427 0.3510 0.05579 2.42157 0.015611
Family history -0.013668 0.028332 -0.01158 0.02400 -0.48244  0.629586
Comorbidities -0.034033 0.028512 -0.00023 0.00019 -1.19362  0.232876
Alcohol -0.052250 0.033016 -0.8041 0.05081 -1.58256  0.113803
Smoking 0.59732 0.029716 0.9691 0.04821 2.01006 0.044662

Table 44. Multivariable analysis of factors implicated in severity of psoriasis.

3. Conclusion

Our study has several strengths.

First of all, the study includes a high number of patients with psoriasis followed over a period
of 8 years: 1236 persons were enrolled in the study.

Second, over a period of 8 years, detailed and updated information regarding a large vari-
ety of factors throughout the cohort follow-up was collected, thus allowing data correlation
between psoriasis and various factors and/or different comorbidities.

Third, correlation between psoriasis and different factors permitted the investigation of
potential associations over long durations such as the analysis of the association of psoriasis
with several different comorbidities, demographic data, psoriasis severity.

Some limitations of this study include the following: it was performed only on Caucasians
from predominantly the same region in Romania; therefore, generalizing the results to other
ethnicities may be partial.

The study was conducted in an outpatient clinic specialized for psoriasis over a period of 8
years, so an increased number of patients diagnosed with psoriasis earlier had to self-report
medical history with a small proportion of missing data. Despite this retrospective characteris-
tic, the recall and the high completion rate for all questions on psoriasis were highly accurate.

Psoriasis is a common chronic systemic disease (not a simple skin disorder), spread world-
wide, with a reported prevalence varying from 0.09 to 11.43% [39]. Psoriasis can touch any
age, with a great variability: from 6 to 91 years old. The number of years should not be a rea-
son for medical advice restriction.

This complex disease, with unknown cause, has many trigger factors, unpredictable course,
severe comorbidities, and a great impact on quality of life. Further research is needed to
identify these comorbidities and to take into consideration when evaluating the burdens of
psoriasis such as costs, impact on quality of life, and integration of psoriatic patient in the
society,therefore to be able to recommend the best management and treatment.
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Abstract

Psoriasis is a chronic inflammatory autoimmune disease that involves the skin, nails, joints
and other organs, being a systemic disease. Regardless of the clinical form, sonography
can be effectively used to complete the clinical diagnosis.

Aim: The identification of non-invasive sonographic markers for the assessment of the
severity of the disease and the efficacy of various therapies. Our study involved two
research directions: (a) clinical and imagistic assessment of the skin and nail psoriasis
lesions and (b) the imagistic evaluation of the therapeutic efficacy in psoriasis plaques and
nail psoriasis by acquirement of sonographic images prior and after various therapies.

Methods: In our prospective study, we used a multimodal evaluation of the disease,
based on a non-invasive approach: clinical exam, dermoscopy, conventional and high
frequency sonography, Doppler, power Doppler and elastography.

Conclusions: Ultrasonography is an important tool for the non-invasive assessment of
psoriatic lesions. It offers specific markers related to morphology, elasticity and blood
supply of the lesions, improving the diagnosis and monitoring of the skin and nail lesions.

Keywords: psoriasis, ultrasound, skin, nails, therapy
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1. Introduction

Sonography is a routine method used in clinical medicine in fields such as internal medicine,
gastroenterology and gynaecology. In the past 2-3 decades, sonography has extended its util-
ity to the field of clinical dermatology. This non-invasive method offers in ‘real time’ morpho-
logical details about the skin structure and its specific conditions. It is important to mention
that histology still remains the gold standard for the assessment of the skin structure and
diagnosis of its associated pathology. Despite this, researchers are permanently looking for
new non-invasive methods for the skin assessment, which can offer similar, identical or new
markers to the histological ones, in order to improve the clinical and differential diagnosis, as
well as to optimize the evaluation of the efficacy of various therapies. There is a wide range of
ultrasound devices with frequencies ranging from 5 to 100 MHz. In the range of 5-10 MHz,
real-time B-mode sonography is successfully applied as a non-invasive diagnostic tool in inter-
nal medicine. High-frequency ultrasound (HFU) systems using frequencies ranging from 20
to 100 MHz can be used for the study of the integumentary system and for research purposes
[1-3]. High-frequency sonography devices can vary from a resolution of 72 um and a penetra-
tion depth of 35 mm up to a resolution of 15 pm and a penetration depth of 0.8-1.5 mm [4].

These examination techniques can provide the clinician with important information about
the axial and lateral extension of tumoural and inflammatory processes of the skin and the
subcutaneous fatty tissue and are therefore of special interest in the diagnosis and monitoring
of skin conditions under various therapies [5, 6].

1.1. Sonography: general considerations

Sonography has proven to be a useful non-invasive imaging method for the study of the skin
[1]. The recent development of high-frequency ultrasound (HFU) transducers has led to a
vast range of applications in dermatology, such as the evaluation of inflammatory diseases
(psoriasis, scleroderma), tumours and skin ageing and so on [7]. Several studies have proven
similarities between ultrasound (US) and histological sections [8]. The inclusion of ultrasound
among the procedures used for the dermatological diagnosis is an attempt to replace the inva-
sive procedures such as biopsies, with non-invasive ones as much as possible. The motivation
for the extensive use of HFU derives from its ability to reveal the skin components in detail,
up to 1.5 cm in depth, to assess the axial and lateral extension of various lesions, the inflam-
matory processes, as well as the efficacy of different local therapies [9].

The main ultrasonographic techniques used in dermatology in present times are conventional
ultrasound (CUS) and high-frequency ultrasound (HFU) [10, 11]. The integumentary system
can be explored both with conventional imagistic equipments and specialized dermatological
devices.

The conventional ultrasound (CUS) skin examination can be performed with 7.5-13 MHz trans-
ducers offering an axial and lateral resolution of 0.2 mm and an ultrasonic depth of up to 5-7
cm. The B-mode is the recommended method for profound structures, but it can also identify
skin and nail structures under specific conditions. The Doppler or power Doppler examination
is important for the identification of blood vessels, an important feature for the discrimination
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between inflammatory or tumoural lesions. The Doppler technique can identify the presence
of vascular signal, describes the distribution and characterizes the microcirculation (speed of
the blood, pulsatile index, resistivity index). Power Doppler has a higher sensitivity than colour
Doppler allowing the detection of smaller velocities. The method is particularly useful for the
examination of superficial structures [12]. Spectral Doppler techniques allow the differentia-
tion between venous and arterial flow and the measurements of specific parameters “in real
time’, such as velocity (V), pulsatile index (IP) or resistive index (IR). Combining greyscale
ultrasound with Doppler ultrasound allows the assessment of skin and skin lesions includ-
ing morphology, size, shape, margins, macrocirculation, microcirculation and elasticity [13].

High-frequency ultrasound (HFU) with more than 13 MHz transducers can characterize the
integumentary system with greater precision [14]. According to literature data and our own
experience, HFU has multiple applications both in the clinical and research field:

- Identification of the histological skin layers (epidermis, dermis, hypodermis).
- Histology of the nails and identification of its components (nail plate, nail bed).
- Assessment of the interphalangeal joint structures involved in inflammatory diseases.

- Identification, qualitative and quantitative monitoring of the cutaneous alterations induced
by the senescence process.

- Monitoring of various chronic inflammatory skin conditions and the efficacy of different
local therapies [15-17].

Optimising the sonographic diagnosis requires modern techniques and devices, which is why
ultrasonography is constantly evolving in a number of directions. For example, HFU with 100
MHz transducers, currently used only for research purposes, has an axial resolution of 11 pm,
a lateral resolution of 30 um and allows visualisation up to a depth of 2 mm [9].

Elastography is a technique, which can assess the elasticity of soft tissues during application
of mechanical compression. Because tumours are 5-28 times stiffer than normal surrounding
tissue, qualitative elastography or strain ratio elasticity are techniques that may improve the
diagnostic accuracy or monitoring of treatment efficacy [18, 19].

Sonoelastography (SE) may depict the stiffness of the tissues. Compared with manual palpa-
tion, SE is considered as a semi-quantifiable method using a visual scale score to evaluate the
focal lesion [20].

The strain-ratio technique compares the strain of a region of interest in a focal lesion with the
strain of the surrounding tissue. The strain ratio elastography measures the axial displace-
ment of tissue caused by mechanical stress in real time. The elastogram may be displayed as
a colour overlay on the B-mode picture [21].

The newest shear wave elasticity (SWE) or transient elastography is similar to strain elastography,
but instead of using the transducer pressure to compare the stiffness in an ultrasound image
measuring changes in strain, a higher intensity pulse is transmitted to produce shear waves,
which extend laterally from the insonated structure [22]. This stiffness is believed to start
from the early stages of cancer development. Visualization of stiffness data could enable early
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stage differentiation of benign and malignant tissue. In addition, the elasticity of the tissue
varies significantly under the influence of inflammation or congestion. Therefore, elastogra-
phy is a reliable method for assessing the level of inflammation and congestion in various
skin disorders and monitoring of the therapeutic efficacy; that is why ultrasonography may
also be considered as a virtual knife, a stethoscope and a palpation device in the hand of a
dermatologist.

Because in dermatology, most of the diagnoses are made by visual inspection and palpation
of the skin, the sonographic assessment of the patients diagnosed with psoriasis represents a
new approach of the disease, offering new, specific and non-invasive additional information
[23, 24].

2. Sonographic anatomy of the skin and nails

2.1. The healthy skin

The skin is the most superficial organ of the body. It represents an area of relating to the exte-
rior world. Along with its appendages (hair follicles, nails), the cutaneous organ represents
a great morphological and functional complex structure, displaying particular and unique
ultrasonographic features.

Skin disorders have a highly characteristic distribution pattern, which reflects regional differ-
ences related to structure, topography, blood supply and distribution of appendages. From
histological point of view, the skin consists of three well-defined structures named epider-
mis, dermis and hypodermis, which can be separated into sonographic equivalents. Figure 1
shows sonographic images taken with transducers of different MHz.

The epidermis is a stratified squamous keratinized epithelium which appears as a continuous
hyperechoic line with homogeneous thickness, or as a bilaminar hyperechoic parallel line in the
thicker palmar and plantar areas [25].

Figure 1. Sonographic diagram of the skin. (a) Skin sonography taken with an 18-MHz transducer and (b) skin sonography
taken with a 22-MHz transducer (skin-scan).
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The dermis is represented by a dense connective tissue, situated between the epidermis and
hypodermis. With a variable thickness of 0.6-2 um in the palms and soles, the dermis is the
structure, which induces the thickness of the epidermis. Dermis is a connective tissue rich
in collagen and elastic fibres, which are responsible for the echogenicity of the structure. It
appears as an echogenic band subdivided into two regions: the papillary superficial dermis
located beneath the epidermis appears less echogenic due to a decreased amount of collagen
fibres and the reticular dermis, more echogenic due to the higher amount of collagen fibrils
assembled in mature collagen fibres [25, 26].

The hypodermis is the subcutaneous cellular tissue consisting of adipocytes organized in lob-
ules and separated by connective tissue septa. In ultrasound, it appears as a hypoechoic struc-
ture separated by hyperechoic fibrous septa.

The blood vessels are represented by thin (<1 mm) and easily compressible venules and arte-
rioles situated in the hypodermis or in the deep dermis. These small vessels appear as thin
anechoic tubular structures in conventional ultrasonography. In the normal healthy thin skin,
the superficial vessels are identified by power Doppler as small colour dots [27].

2.2, The healthy nail unit

The nails, located on the distal phalanx of each finger, are composed of plates of heavily com-
pacted, highly keratinized cells termed nail plate (NP), lying on the dermis, termed nail bed
(NB). The nails develop from cells of the nail matrix, situated beneath the proximal nail fold.
The stratum corneum of the proximal nail fold forms the eponychium or cuticle, which extends
from the proximal end up onto the nail for about 1 mm. The distal end of the nail plate is not
attached to the nail bed which becomes continuous with the skin of the finger. Near this junc-
tion there is an accumulation of keratinised cells, named hyponychium [28]. All these compo-
nents display characteristic sonographic images are illustrated in Figure 2.

The nail plate (NP) appears as two hyperechoic parallel lines, displaying in between a thin
virtual hypoechoic line (dark grey) called interplate space. The nail bed (NB) and the matrix
are hypoechoic, usually turning slightly hyperechoic in the proximal region beneath the nail

BG:12 DRE™ CO
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Figure 2. Ultrasonographic image of the healthy nail. Nail sonogram (18 MHz), showing the superficial hyperechogenic
NP and the underlying hypoechogenic NB containing blood vessels.
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matrix. The nail folds present the same ultrasonographic skin features with less adipose lob-
ules in the subcutaneous tissue. The bone margin appears as a distinct hyperechoic line and
corresponds to the dorsal bony margin of the distal phalanx. Doppler ultrasound or power
Doppler detects the presence of low-velocity blood flow in the nail bed [13, 29].

According to Essayed et al., in nail psoriasis, the distal loss of the nail interplate space is more
frequent, when compared to onychomycosis where the proximal loss of the interplate space
is more frequent. In addition, they found a NB thickness greater than 1.85 mm at thumb level,
which could be used to discriminate patients with psoriatic nails from onychomycosis with
an accuracy, sensitivity and specificity of 73, 64 and 72%, respectively. According to the same
group, the presence of three lines at the level of the nail plate could be an important ultrasono-
graphic sign which may help in differentiating between psoriatic nail and onychomy-cosis [30].

3. Psoriasis

Psoriasis presents with a large spectrum of clinical features and evolution. According to litera-
ture data, about 1/3 of the patients have moderate to severe disease (PASI index >10) involving
more than 10% of the body surface [31]. With a prevalence of 1-3%, the condition can occur
in all age groups; however, it primarily arises in adulthood, with no gender predilection [32].
Psoriasis can also affect the nails, entheses and joints, leading to the development of a destruc-
tive inflammatory arthropathy seen in 25-34% of patients with psoriasis, named psoriasis
arthritis (PsA) [33]. The pathogenesis of psoriasis is multifactorial and still not fully under-
stood. Several lifestyle factors have also been associated with morbidity in psoriasis.

3.1. Classification and morphology of psoriasis

Psoriasis can be classified by morphology and by the pathogenetic mechanism. The common-
est form of disease is plaque psoriasis, atfecting about 80% of the patients [34]. It is character-
ized by thick, erythematous plaques with silvery, shiny deposits of scales. In this case, the
erythematous scaly plaques tend to remain stationary or to progressively enlarge, affecting
especially scalp, knees, elbows or lower back [35]. The clinical aspect of the psoriasis skin
plaque is illustrated in Figure 3.

Inverse psoriasis usually affects the skin folds, especially the regions under the armpits, the
abdominal skin fold, the breast area or the gluteal cleft; in this situation, the plaques are thin-
ner and there is no or minimal scaling.

Guttate psoriasis usually emerges acutely following a bacterial or viral infection of the upper
ways. It usually presents with small round scaly plaques scattered across the entire skin sur-
face; it either resolves with infection or progresses to the development of psoriasis vulgaris [37].

Pustular psoriasis is characterized by a disseminated outburst of sterile pustules, accompa-
nied sometimes by recurrent episodes of fever. It constitutes a less frequent clinical pattern.
If the entire integument is affected, the condition is called ‘generalized (von Zumbusch)
type’. Acrodermatitis continua of Hallopeau is a rare, localized form of palmoplantar pustular
psoriasis, often unresponsive to treatment. It usually emerges with pustules on erythematous,
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Figure 3. Clinical and histological features of psoriasis plaques. (a) Clinical aspect of a well-demarcated erythematous
psoriatic plaque covered with ‘silvery” scales (University Clinic Ulm, Clinic for Dermatology and Allergic diseases); (b)
schematic structure of psoriasis-affected skin with thickened stratum corneum due to a differentiation disturbance of
keratinocytes, elongated rete ridges due to the hyperproliferation of the stratum spinosum, parakeratosis (no loss of
nuclei of keratinocytes in the stratum corneum) and acanthosis (thickening of the epidermis) [36].

scaly patches of the distal phalanges of fingers and toes. The frequent involvement of the nail
bed and matrix leads to severe nail dystrophy [38].

Erythrodermic psoriasis is the generalized form of the disease, where the entire integument is
highly erythematous and covered by superficial scales. Patients usually also develop fatigue,
myalgia, fever and chills.

Nail psoriasis emerges in about 61% of cases of cutaneous psoriasis. In less than 5% of cases,
the involvement of the nails may appear without cutaneous plaques. The classical manifes-
tations of the nail apparatus include pitting, trachyonychia, leukonychia, Beau ’s lines and
transverse grooves. The nail bed and hyponychium can present with onycholysis, oil drops,
subungual hyperkeratosis and at the distal nail bed splinter haemorrhages may occur [34].
The clinical aspect of nail psoriasis is illustrated in Figure 4.

Psoriatic arthritis is an inflammatory disease in which the cutaneous psoriasis plaques coexist
with arthritis usually in the absence of rheumatoid factor [39]. The estimated prevalence of
psoriatic arthritis among patients with psoriasis is 4-42% (typically) and 80% of patients with
psoriatic arthritis present nail psoriasis.

Figure 4. Clinical aspect of nail psoriasis. Pitting, onycholysis, discoloration, periungual lesions.
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3.2. Sonography of the psoriasis plaque

Sonography of the psoriasis plaque reveals different features accordingly to the inflammatory
process in psoriasis (Figures 5 and 6):

Thickening of the epidermis (hyperechogenic band) and dermis (echogenic or hypoecho-
genic band) as one of the most common features.

Hypoechoic band in the upper dermis, particularly detectable in the most active stages of
the disease; the hypoechoic band corresponds to the thicker stratum corneum of the epider-
mis of the psoriasis plaque and is associated with the local inflammatory reaction.

Increased dermal blood flow (vasodilatation) within the lesion (colour Doppler, power
Doppler) due to the local inflammatory process.

Reduction of epidermal and dermal thickness and the thinning/disappearance of the hy-
poechoic band at the superficial dermis level as indicators of therapeutic efficacy.

Slightly increased tissue stiffness (elastography) compared to the surrounding healthy skin
(induced by the inflammatory reaction) and a decrease of the lesion stiffness after topical
or oral therapies; the tissue stiffness increases in inflammatory processes; it is not specific
to psoriasis, can be however of great value for the assessment of the anti-inflammatory
therapy in psoriasis [21].

The clinical and sonographic features of active and chronic stationary psoriasis lesions are
illustrated in Figure 5.

Figure 5. Clinical and sonographic images of active inflammatory and chronic stationary psoriasis plaques. (a) Active
inflammatory, infiltrated red plaques covered by silvery scales; (b) thick hyperechoic epidermis, thin hypoechoic band
in the upper dermis, thick echogenic and hypervascularised dermis; (c) pale red and less infiltrated stationary psoriasis
plaque; (d) thickening of the epidermis and dermis with a thin hypoechoic subepidermal band and no blood vessels
identified by Doppler.
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Figure 6. Sonoelastographic appearance of a psoriasis plaque. Slightly blue appearance of the skin lesion, codifying the
increase in the stiffness due to the local inflammatory process, compared to the healthy surrounding skin.

The local changes of the tissue elasticity corresponding to a psoriasis plaque are revealed in
Figure 6.

Related to the therapeutic approach in psoriasis patients, our group used high-frequency
ultrasound to investigate the skin reaction after topical therapy with low potency steroids (cor-
tisone) and natural extracts of cranberry and black elderberry, showing that ultrasound can
evaluate with great accuracy the changes in psoriasis plaques induced by various topical
therapies [16, 17]. We assessed in a comparative manner the anti-inflammatory effect of the
natural extracts of cranberry and black elderberry and of cortisone with control lesions only
treated with emollients. We could demonstrate by using high-frequency ultrasound a signifi-
cant improvement of the psoriasis lesions following local therapy with the above-mentioned
products. Our results showed a significant decrease of the dermal echogenicity as well as a
decrease of the dermal thickness at the level of the treated plaques, due to the decrease of the
local inflammatory infiltrate.

3.3. Sonography of nail psoriasis

Psoriatic onychopathy can be the single manifestation of psoriasis or precede the psoriatic plaques
in the skin. About 80% of patients with psoriatic arthritis present nail psoriasis [40]. Ultrasound
can identify nail changes in psoriasis; however, the finding varies according to the phase of
activity of the disease, going from the early inflammatory phase to the late fibrous phase [30].
The most common sonographic features revealed by sonography in nail psoriasis are as follows:

- increased thickness and decreased echogenicity of the NB (Figure 7);

- focal hyperechoic spots in the ventral plates;
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- loss of definition of the dorsal and ventral nail plate;
- wavy plates and thickening of the dorsal and ventral plates;

- increased blood flow in the proximal NB with low flow arterial vessels especially during
the active phases of disease;

- decreased blood flow in the late phase especially in the middle and distal NB;

- preserved distal interplate space of the NP (loss of interplate space proximally in onycho-
myecotic nails);

- thickening of the nail bed (NB thickness > 2 mm as a cut-off value to differentiate between
psoriatic nails and healthy nails) [30].

3.4. Sonography of the distal nail joints in psoriasis

In patients with psoriasis arthritis (PsA), the immunological process at joint level is very simi-
lar to that in the skin [39]. The process occurs in the deep layer of the synovial membrane
whose cells begin to proliferate. The histology of PsA reveals a more intense hyperaemia
when compared to rheumatoid arthritis (RA). Inflammatory lesions of tendon and ligament
entheses are common in PsA [39]. Five clinical manifestations of PsA were described by
Gladman et al. considering that the clinical manifestations are quite distinctive and different
from rheumatoid arthritis (RA) [41].

PsA spinal lesions and sacroiliac joint lesions are asymmetric. Involvement of the smaller
joints of the hands and feet, especially of the distal interphalangeal joints, seems to be a
characteristic feature. According to the same authors, the lesions are accompanied by pro-
liferative lesions of bone tissue located at erosion margins, a very characteristic sonographic
sign [42].

The sonographic features of PsA were described by using different equipments: greyscale
ultrasound, colour Doppler; power Doppler (power Doppler technique visualizes slow flow
in soft tissue, but unlike colour Doppler it does not provide the direction and velocity of blood

Figure 7. Sonography in nail psoriasis. (a) Nail psoriasis and psoriatic arthropathy with thickening of the NB, irregular
wavy nail plates, hyperechoic spots in the nail plate, prominent synovium, anechoic fluid (greyscale). (b) Nail psoriasis
with irregular nail plate (NP) and intense Doppler signal in the NB.
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flow); contrast agents show the microcirculation in real time, providing a dynamic assessment
of lesion vascularity [43].

The most common sonographic features of PsA are as follows:

- prominent synovium, as a form of an intra-articular mass with echogenicity comparable to
soft tissues and non-compressible;

- anechoic fluid;

- periarticular erosions commonly in the interphalangeal joints, appearing as tiny disconti-
nuities of regular bone margins;

- tendinopathy as hypo or heterogeneous echogenicity at the insertion sites of the tendinous
even in subclinical stages;

- increased blood flow in the synovium on colour Doppler imaging in active phases [44].

Various sonographic techniques can therefore be effectively used in order to compare different
sonographic parameters as an evaluation marker of therapeutic effectiveness. Power Doppler
is important for allowing the slow flow detection allowing the visualisation of increased vas-
cularity within inflamed tissue. The method has been used for the semi-quantitative assess-
ment of inflammatory processes (synovial hyperemia) [45].

By means of Doppler, the number of coloured pixels before and after therapy can be evalu-
ated as an indicator of therapy efficacy. The evaluation of treatment effectiveness by spectral
Doppler is based on assessing different parameters of which the peripheral flow resistance
quantified as resistive index (RI) is more important.

According to literature data, normal peripheral blood flow in the osteoskeletal system is char-
acterised by high values of the IR and the diastolic phase of blood flow is not observed (RI=1)
[39]. The blood flow resistance within inflamed synovium decreases. By contrast, a normalisa-
tion of the RI values appears following therapy [24]. The flow in normal synovial membrane,
tendons and entheses remain undetectable [39].

4. Study

4.1. Objective

The aim of our study is to identify non-invasive sonographic markers for the assessment of
chronic stationary psoriasis plaques and nail psoriasis and for the evaluation of the therapeu-
tic efficacy of various local treatments. We have focused on this issue taking into consideration
the research done in the field of imagistic skin assessment as well as our own experience.
Thus, during the past 2-3 years, our work involved two research directions:

- A clinical and imagistic assessment of patients suffering from chronic stationary plaque
psoriasis and nail psoriasis.

- An imagistic evaluation of the therapeutic efficacy by acquirement of sonographic images
before and after different topical therapies.
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4.2, Methods

In our prospective controlled study, we used a multimodal evaluation of the disease, based
on a non-invasive approach: clinical examination, dermoscopy, conventional and high-fre-
quency ultrasound, colour Doppler, spectral Doppler, power Doppler and elastography.

The study included a total of 74 patients, 46 females and 28 males, aged between 19 and 63
years, with a duration of disease of 6-39 months before admission to the study. The diagnosis
of plaque psoriasis with or without nail involvement was made by an experienced dermatolo-
gist based on clinical findings. Another group of 30 healthy subjects, 13 females and 17 males,
aged 18-59 years, were included as the control group. Patients suffering from autoimmune
diseases, diabetes, onychomycosis smokers were excluded from the study, since these condi-
tions might have an influence on the peripheral circulation especially at nail bed level.

All subjects, patients and healthy control participants underwent a sonographic examination,
performed by an experienced sonographer, using transducers ranging from 13 to 20 or 40
MHz, in order to better identify structural details.

Sonographic images were taken from the psoriatic skin lesion, healthy surrounding skin,
healthy and psoriatic nails. In the healthy control group, the sonographic images of the nails
were taken from the same fingers: the thumb and index. On the psoriasis plaque, the cen-
tre and the margin of the lesion together with the surrounding normal skin were examined
before and after therapy. In the psoriasis group, sonograms were taken from nails with clini-
cal signs of psoriasis as well as apparently healthy nails.

In all our examinations, the ultrasound probe was perpendicularly placed over the region of
interest, covered with a large amount of gel in order to provide the best acoustic interface. Each
area was examined in greyscale mode in order to identify the morphological and structural
parameters, with Doppler techniques and elastography. Part of our work concerning the role
of ultrasound in the assessment of the therapeutic efficacy in plaque psoriasis patients was
already published [16, 17, 21]. Therefore, in this study, we focused on the examination of the
nail apparatus. The parameters of interest were the morphology of the nail unit, the thickness
of the nail plate and nail bed, the blood flow distribution, the measurement of the resistive
index (IR) and pulsatility index (IP). Data description and data analysis were performed using
Microsoft Excel and PSPP 0.10.2. The hypothesis testing was performed by means of t-tests for
independent samples, with Bonferroni correction for multiple comparisons. Informed con-
sent was obtained from each patient included in our study. The study protocol was approved
by the Ethical Committee of the institution.

4.3. Results and discussion

The sonograms of the skin showed differences between healthy skin and the psoriasis plaque.
The sonography of the psoriasis plaques revealed: a thicker epidermis, a thicker dermis, with
detectable blood vessels only in the active lesions as well as a focal hypoechoic band in the
upper dermis compared to the healthy skin. Active lesions are the erythematous infiltrated
psoriasis patches appeared for less than 6 months, covered with thinner scales, allowing a
better penetration of the ultrasound.
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No blood vessels were identified in the healthy skin. Similar aspects were described by other
authors [24]. According to literature data, our work revealed that the thickness of the epi-
dermis and dermis, the presence and the intensity of the Doppler signal and the presence of
the hypoechoic subepidermal band are imagistic markers, which characterize the psoriasis
plaque and allow an effective monitoring of the therapeutic efficacy. The ultrasonographic
evaluation in psoriasis completes the clinical diagnosis, being sometimes essential for the dif-
ferential diagnosis of various dermatoses (eczema, scleroderma, erythematous lupus, etc.).

The sonograms of psoriatic nails revealed an increased thickness of the NP and NB in psoria-
sis onychopathy, compared to healthy control nails, but with no statistical significance. The
same observations were communicated by Essayed et al. [29]. According to literature data,
the thickness of the nail bed could be a morphologic marker for a subclinical nail involvement
and a good parameter for the evaluation of the therapeutic efficacy [46].

The blood supply of the nail bed as well as blood velocity (V), pulsatility index (PI) and resistive
index (RI) were investigated by colour Doppler, spectral and power. We found an interesting
distribution of the blood vessel parameters in the NB according to the local inflammatory
process. We measured all data mentioned above and established the mean values for each of
them in every group of interest.

In the control group, all parameters mentioned were taken from the same fingers (thumb
and index). We noticed that the thickness of the nail plate has an average of 0.55 mm, being
slightly higher in men (statistically not significant). The average thickness of the nail bed
was slightly higher in left-handed persons. This can be explained by the fact that left-handed
people, using mainly their left hand for daily activities, can develop a local hypervascularity
state at the level of the nail bed, leading to a structural reorganization and consequent thick-
ening of the nail matrix.

Concerning the distribution of the blood vessels at nail bed level, we identified following
aspects:

- In healthy nails, we identified few thin blood vessels especially in the middle part and distal
extremity of the NB; power Doppler revealed tiny vascular spots in the whole NB.

- In psoriasis patients without clinical nail involvement, we identified larger colour spots corre-
sponding to dilatation of blood vessels according to the local inflammation status.

- In 21 psoriasis patients with nail involvement having clinical changes and an evolution longer than
19 months, the blood supply was reduced and present especially at the proximal NB region.

The variation of the mean values of the sonographic parameters is presented in Table 1.

Concerning the IP parameter, we found a discrete increase in psoriasis patients without nail
involvement (due to a minimal local inflammatory process) and almost double values in
patients with nail involvement. The highest values were observed in patients having changes
in the associated distal interphalangeal joints. The data is displayed in Figure 8.

The IP index is known to display increased values in the periphery due to the presence of the
pre-capillary sphincters, as it is the first parameter to undergo a change at the beginning of
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Average values in control Psoriasis patients without nail Psoriasis patients with nail
group changes changes
Vm average 4.49 [1.3-8.49] 5.28 [1.3-10.23] 5.99 [0.9-13.48]
IP average 1.34 [0.52-2.79] 1.31 [0.39-2.04] 2.36 [1.44-3.98]
IR average 0.66 [0.41-1.12] 0.64 [0.28-0.79] 0.98 [0.83-1.75]

Table 1. Average values of blood velocity, IP and IR in the control group, patients with psoriatic nail changes and
without nail changes.

Wi Pafmardioey inalas (1]

Figure 8. The evolution of IP parameter during the clinical stages of the psoriasis. The pulsatile index (IP) measured at
the nail level increases slightly in patients with skin plaque psoriasis and reach high values in patients with clinical nails
involvement.

the local inflammatory process. Therefore, a slight increase of the IP is noticed at the level of
the nail bed, due to the existence of a subclinical inflammatory process. In chronic situations
where fibrosis settles in, IP continues to increase reaching almost double values. IP values
above 2 can be seen in patients displaying the involvement of the distal interphalangeal joints
(synovitis, articular erosions). Therefore, the IP index can be considered a predictor marker
for the progression of the disease towards nail psoriasis and involvement of the distal inter-
phalangeal joint.

Concerning the IR parameter, the value slowly decreases from 0.66 to 0.64 in patients without
nail involvement and increases in patients with clinical nails changes to 0.98 (Figure 9).

IR, IP and the blood velocity are imagistic markers, which can quantify the microcirculation
at the level of the nail bed. In psoriasis patients with no nail involvement, a subclinical inflam-
matory status can be identified at the level of the nail bed, quantified by an increase of the IP
value and a decrease of the IR. Clinical nail changes in psoriasis represent the morphological
expression of an intense inflammatory process (IP > 1.3), which induces a local fibrosis of the
tissue with a slow increase of the IR (IR > 0.64). According to Ovistgaard et al., inflammatory
processes also involving the inflammation of the joint synovia display a decreased IR, which
tends to normalize after therapy [47].

Further clinical, imagistic and histological studies are required to better characterize the accu-
racy and relevance of the studied parameters as potential signs of disease progression, risk of
complications” development and efficacy of various therapies in psoriasis.
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Figure 9. The evolution of the IR parameter according to the clinical stages and local inflammation process of disease.

To our knowledge, this is the first imagistic study quantifying the microcirculation at nail bed
level in psoriasis, by measuring the values of the vascular parameters (IP, IR). We consider IP
and IR as two imagistic parameters which can be objectively used for the diagnosis as well as
for the long-term evaluation of various therapies.

5. Conclusions

Ultrasonography is an important non-invasive tool, which completes the clinical diagnosis in
skin pathology. It offers new and specific ‘real time” markers, which allow the assessment of
the extension, evolution, risks and long-term therapeutic efficacy in inflammatory skin disor-
ders such as psoriasis. Ultrasound has become an invaluable tool for dermatologists for daily
clinical practice, offering at the same time multiple new research perspectives.
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Abstract

Psoriasis is a chronic systemic, immune-mediated disorder of unknown aetiology, usually
presenting with typical inflammatory skin lesions and/or joint manifestations, but sys-
temic inflammation that may lead to the development of co-morbidities may also be
present. First-line therapy encompasses local cutaneous treatment and phototherapy, but
with more severe symptoms or systemic course, systemic treatment with methotrexate
(MTX), immunosuppressant cyclosporine, retinoid acitretin or biologicals may be used.
Treatment response varies between patients in terms of efficacy and/or toxicity, which
could, among other reasons, be due to genetic differences between patients. Approximately
10-30% of patients experience adverse drug reactions with MTX treatment, leading to
discontinuation of MTX mostly due to hepatotoxicity. Around 15% of patients experience
adverse events when treated with biologicals; however, the most frequent reason for dis-
continuation is inefficacy or loss of the initially favourable response over time. Inefficacy
or occurrence of adverse drug reactions cannot be predicted, so genetic biomarkers of
drug response in combination with clinical data could be helpful in treatment planning.
Several polymorphic genes have already been associated with treatment outcome, most
of them involved in drug metabolism, transport and target pathways. Genetic biomark-
ers could be helpful in personalized care of psoriasis patients in order to prevent adverse
events or predict inefficacy of a certain drug.

Keywords: psoriasis, pharmacogenetics, genetic polymorphisms, personalized

medicine, methotrexate, biologic agents

1. Introduction

Psoriasis is a chronic systemic immune-mediated disorder of which etiopathogenesis is not
yet fully understood, though there is evidence of genetic, immunologic and environmental
factors playing a role in the development and the severity of the disease. The most common
symptoms involve typical inflammatory skin lesions, but systemic inflammation may also be
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present [1, 2]. Psoriatic arthritis (PsA) is the most frequent systemic manifestation that can
accompany the skin lesions and occurs in up to 40% of patients [3]. Systemic inflammation is
also one of the reasons for the occurrence of many other comorbidities in patients with pso-
riasis, such as metabolic syndrome which includes obesity, type 2 diabetes, hypertension and
dyslipidaemia, cardiovascular diseases, chronic inflammatory bowel disease and also cancer
in some cases [4]. Furthermore, lower quality of life and psychological disorders are also more
frequent among psoriasis patients as compared to general population [5, 6]. It is proven that
lifestyle, including diet, smoking and alcohol consumption, influences the occurrence and the
course of psoriasis and the comorbidities [7]. Elevated body mass index and visceral fat can
also increase the probability of more progressive course of the disease [7].

The severity of the disease is evaluated by the Psoriasis Area and Severity Index (PASI) score
that takes into account the area of the affected skin, the thickness of skin plaques and the
severity of inflammation. PASI score is calculated before the treatment strategy is chosen and
is also used to monitor the treatment response. The response to treatment is considered to
be good when PASI has decreased for at least 75% from the baseline score in 3-6 months
after the first dose was administered (PASI75) [8]. The minimum treatment goal is usually
set at PASI decreasing for at least 50% from the baseline score (PASI50). If PASI50 is not met,
the treatment plan is usually changed [9]. However, PASI only evaluates the dermatological
manifestations of the disease and neglects the psychological aspect. Therefore, Dermatology
Life Quality Index (DLQI) is also assessed with a questionnaire to evaluate the impact of
psoriasis on a patient’s physical, psychological and social well-being. The treatment goal is to
achieve DLQI of zero to one after 2-4 months of treatment, but if this cannot be achieved, at
least DLQI below five should be aimed for [9].

The patient’s response to systemic psoriasis treatment cannot be predicted. Furthermore, the
interindividual variability in the treatment response is quite extensive and adverse events occur
frequently [6]. A study conducted 3 years ago discovered that approximately 75% of traditional
systemic drugs are discontinued after 143 days of treatment (p < 0.0001), mostly because of
adverse events (p < 0.001) [8]. Besides the choice and the dose of the drug and patient’s compli-
ance to treatment, many other factors may influence the treatment response, such as patient’s
demographic characteristics (age, gender, body mass, ethnicity), the severity of the disease,
concomitant treatment with other drugs, patient’s diet, alcohol consumption, cigarette smok-
ing as well as comorbidities. However, a lot of attention has been lately focused on the role of
genetic factors that may influence the course of the disease and treatment response [10, 11].
Several pharmacogenetics studies were performed to assess the influence of genetic factors
on treatment response, mainly investigating the interindividual variability in genes involved
in drug metabolism, transport and mechanisms of action and the association between genetic
variability and the efficacy of treatment and the occurrence of adverse events [7, 12].

1.1. Genetic factors are associated with treatment response

Our genetic characteristics are encoded in our genome [13]. Interindividual differences between
people are due to differences in less than 1% of genomic DNA sequence between unrelated
individuals. Different variants of the same gene or genetic locus are called alleles. A variant is
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called a polymorphism when there are at least two alleles present in the population and the fre-
quency of the less prevalent allele is more than 1%. A great majority of variants are due to single
nucleotide polymorphisms (SNPs), which means that alleles differ only in one nucleotide. In
addition to SNPs, deletions, insertions, duplications of nucleotides or longer sequences, mic-
rosatellites, changes in variable number of tandem nucleotide repeats (VNTR) and others may
account for genetic polymorphism. Genetic polymorphisms may influence the process of tran-
scription, translation and/or function of proteins. If variants change the binding site for differ-
ent regulatory proteins, transcription may be altered. Amino acids are encoded as a sequence of
three nucleotides, called codons. If a polymorphism changes a codon, another amino acid can
be incorporated into a protein, which can change the characteristics and function of a protein.
Insertion of only one nucleotide causes frame shift, which results in a premature stop codon
and non-functional protein. The same happens after a stop codon is formed in the middle of
an exon or when SNPs alter mRNA splicing. Gene deletions may cause depletion of proteins
while, on the other hand, gene duplications lead to excess of the encoded protein [14].

Genetic polymorphisms may also influence expression and function of proteins involved in
drug metabolism and transport as well as drug targets and their effector pathways. Because
of that, genetic polymorphisms may influence patients’ response to drugs and the occurrence
of adverse effects. Pharmacogenetics studies the associations between genetic polymorphisms
and the course of disease and response to treatment. The aim of this chapter is to summarize
the current knowledge on pharmacogenetic polymorphisms that may influence the response
to systemic treatment in patients diagnosed with psoriasis. Such polymorphisms have been
investigated as predictive biomarkers of treatment response that would support personalized
treatment approaches in patients with psoriasis.

2. Pharmacogenetics of systemic psoriasis treatment

2.1. Low-dose methotrexate

Methotrexate (MTX) is an immunomodulatory drug that is widely used in the treatment of
psoriasis and PsA and is frequently the first-line systemic treatment for these two indications.
It is usually orally administered once per week in doses of 7.5-30 mg [9]. Good response to
treatment is achieved in approximately 50% of cases [8]. On the other hand, from 10 to 30% of
patients have to discontinue the treatment because of adverse drug reactions. These include
nausea, malaise, gastrointestinal ulcers, depression, infections, nephrotoxicity and most
importantly hepatotoxicity and bone marrow suppression [9]. Adverse events are usually
mild and can be eliminated by dose reduction. However, some adverse events may be severe
or even life-threatening and cannot be predicted. This is the reason why patients treated with
MTX are monitored very closely, and liver and kidney functions and blood status have to be
checked regularly [8]. With the low doses used for psoriasis treatment, MTX plasma concen-
trations are too low to be measured, so drug monitoring cannot be used to predict the occur-
rence of adverse events. It has been therefore proposed that genetic polymorphisms should be
investigated as predictors of response to treatment, either efficacy or toxicity [15-17].
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MTX is a folate analogue and as such inhibits folic acid metabolism. Folic acid is a donor of
methyl group in the process of deoxythymidylate synthesis that is required for DNA syn-
thesis and cell proliferation as well as donor of methyl groups for methionine synthesis that
directs the methyl group towards methylation reactions [18].

MTX enters the cell through the reduced folate carrier SLC19A1 and is activated by folylpoly-
glutamate synthase that adds glutamate moieties to the molecule. MTX polyglutamate pri-
marily inhibits dihydrofolate reductase (DHFR), thus inhibiting also thymidylate synthase
(TYMS) reaction, which results in inhibition of DNA synthesis. Indirectly it inhibits also other
enzymes of folate metabolic pathway and methylation reactions, such as methylentetrahydro-
folate dehydrogenase (MTHFD1), methylentetrahydrofolate reductase (MTHFR), methionine
synthase (MS) and methionine-synthase reductase (MSR) (Figure 1) [19].

MTX is also adenosine pathway inhibitor. It inhibits the enzyme 5-aminoimidazole-4- car-
boxamide ribonucleotide (AICAR) transformylase (ATIC), which results in elevated levels of
AICAR. AICAR inhibits adenosine deaminase (ADA) and this consequently leads to higher
intercellular concentrations of adenosine. Adenosine is released into circulation, and its bind-
ing to adenosine receptors on the target cells contributes significantly to the anti-inflamma-
tory effects of MTX (Figure 1) [18].
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Figure 1. Schematic view of MTX mechanism of action on folate and adenosine pathway. SLC19A1—reduced folate
carrier, MTX—methotrexate, ABC—ABC transporters (ATP dependent), FPGS—folypolyglutamate synthase, GGH—
gamma-glutamyl hydrolase, MTXglu—methotrexate polyglutamate, DHFR—dihydrofolate reductase, THF—
tetrahydrofolate, MTHFD1—methylentetrahydrofolate dehydrogenase, SHMT1—serine hydroxymethyltransferase,
MTHFR —methylentetrahydrofolate reductase, MTR —methionine synthase, MTRR —methionine synthase reductase,
TYMS—thymidylate synthase, DHF —dihydrofolate, dTMP —deoxythimidine monophosphate, dUMP —deoxyuridine
monophosphate, AICAR—>5-aminoimidazole-4-carboxamide ribonucleotide, ATIC—AICAR transformylase, THF —
tetrahydrofolate, FAICAR —5-formamidoimidazole-4-carboxamide ribotide, ITP—inosine triphosphate, IMP—inosine
monophosphate, AMP—adenosine monophosphate, AS—adenylosuccinate, AMPD1—AMP deaminase, ITPA —inosine
triphosphatase, ADA —adenosine deaminase.
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Cells are protected from toxic effects of MTX by transmembrane transporters ABC (ATP-binding
cassette), especially ABCB1, ABCC2 and ABCG2. They are ATP dependent, and they actively
pump MTX out of the cell. On the other hand, solute carriers (SLC), such as SLC19A1 and
SLCO1B], facilitate MTX transport in the direction of the concentration gradient (Figure 1) [19].

Most of the genes coding for the enzymes in folate and adenosine pathway as well as for folate
and MTX transporters are polymorphic. As genetic polymorphisms may lead to differences
in expression and activity of enzymes, polymorphisms in the genes coding for the above
mentioned proteins (transporters and enzymes) contribute to interindividual variability
in therapeutic response and toxicity profile of drugs among patients. Several of the above
mentioned polymorphic genes were already studied in relation to MTX treatment response
in rheumatoid arthritis (RA) and cancer, but studies regarding psoriasis are scarce. Studies
pointing out positive associations between polymorphisms and response to MTX in psoriasis
and PsA are listed in Table 1.

Genes Variants p-value Predicted effect Reference
Efficacy
TYMS 1534743033 28-bp 0.048 Carriers of the 3R allele [20]
repeat susceptible to poor response
to MTX
ABCC1 1rs35592 0.008 Homozygotes for the major  [25]
¢.1219-176T>C allele respond better to MTX
152238476 0.02
€.3391-1960G>A
1528364006 0.02
c.4009A>G
ABCG2 rs13120400 0.03 Minor allele associated with  [25]
c.1194+928A>G better response to MTX
rs17731538 0.007 Major allele associated with
€.204-1592C>T better response to MTX
DHFR 151232027 0.02 Minor allele associated with [15]
2.80619201G>A better response to MTX
Toxicity
SLC19A1 rs1051266 c.80A>G 0.025 A allele associated with [20]
occurrence of adverse
events
0.03 A allele associated with [25]
toxicity
MTHFR rs1801131 c¢.1298A>C  0.042 C allele associated with [20]
Glu429Ala lower risk of hepatotoxicity
rs1801133 c.677C>T  0.04 Homozygotes for the minor [15]
Ala222Val allele more susceptible to

liver toxicity
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Genes Variants p-value Predicted effect Reference
TYMS 1534489327 0.015 Polymorphism increases the [20]
nt.1494del6 risk for hepatotoxicity
1534743033 28-bp 0.0025 3R allele increased risk
repeat for adverse events in
patients without folic acid
supplementation
ATIC rs2372536 ¢.347C>G  0.038 G allele associated with [20]
increased risk for MTX
discontinuation due to
adverse events
0.01 Homozygotes for the major  [22]
allele more susceptible to
MTX toxicity
154672768 0.02 Homozygotes for the major  [22]
¢.1660-135G>A allele more susceptible to
MTX toxicity
ABCC1 152238476 0.01 Homozygotes for the major  [25]
€.3391-1960G>A allele more susceptible to
toxicity
153784864 0.03 Carriers of at least
c.616-1641G>A one major allele more
susceptible to toxicity
15246240 0.0006 Homozygotes for the major
€.616-7942A>G allele more susceptible to
toxicity
153784862 0.002 Homozygotes for the major
c.615+413G>A allele more susceptible to
toxicity
151967120 0.01 Carriers of at least
c.489+409G>A one major allele more
susceptible to toxicity
rs11075291 0.008 Carriers of at least
c.49-3198G>A one major allele more
susceptible to toxicity
ADORA2A rs5760410 0.03 Homozygotes for the major  [25]
g.24815406G>A allele more susceptible to

toxicity

Table 1. Genetic polymorphisms in folate and adenosine pathway and MTX transporters associated with MTX treatment
outcome in patients with psoriasis or psoriatic arthritis.

2.1.1. Genetic variability in folate pathway and MTX treatment

The direct target of MTX within folate pathway is DHFR that converts dihydrofolic acid into
tetrahydrofolic acid (Figure 1). It is therefore surprising that the impact of DHFR polymor-
phisms on the efficacy and toxicity of treatment of cutaneous psoriasis have not been studied
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yet. However, a study that included 281 patients with PsA showed association between the
minor allele of the rs1232027 polymorphism (35289G>A) and MTX efficacy (p =0.02; OR =2.99).
Patients with rs1232027 A allele had a statistically significant better response to MTX [15].

TYMS is one of the key enzymes providing deoxythymidylate for DNA synthesis, thus
enabling cell proliferation. Two common functional polymorphisms in TYMS gene could
influence therapeutic response to MTX [20]. rs34743033 polymorphism in the promoter region
(5'UTR) is due to a double or triple tandem 28 bp repeat (2R and 3R). Because the 3R allele
is associated with increased transcription/translation of the gene, rs34743033 may contribute
to elevated activity of the enzyme and lead to depletion of the substrate for homocysteine
methylation (Figure 1). The second most studied TYMS polymorphism, rs34489327, is due to
a 6 bp deletion at nucleotide 1494 in the 3'UTR (3'UTR 6bp del) and leads to decreased TYMS
formation [21]. The presence of 3R allele (homozygous or heterozygous variant genotype) was
significantly related to poor response to treatment (OR = 2.96; p = 0.048), in fact carriers of 3R
allele were three times less likely to respond to MTX. Furthermore, among psoriasis patients,
the 3R allele was significantly (p = 0.029) more frequent in non-responders (64%) compared
to responders (50%). On the other hand, 3'UTR 6bp del allele did not show any association
with MTX efficacy. After including only patients not receiving folic acid supplementation,
both 5'UTR 3R and 3'UTR 6bp del alleles were more frequent in non-responders compared
to responders, but association with treatment response was not significant [20]. The TYMS
3'UTR 6bp del polymorphism showed significant association with occurrence of adverse
events (p = 0.025), irrespective of folic acid supplementation. When researchers excluded
patients who received folic acid supplementation, both polymorphisms (2R/3R repeat and
6 bp deletion) appeared to influence adverse events occurrence. Patients with TYMS 5'UTR
3R/3R genotype had 13-fold (OR = 13.2) higher chance of experiencing any adverse event,
15-fold (OR = 15.75) higher chance of developing hepatotoxicity and 12-fold (OR = 11.8)
higher chance of experiencing a symptomatic adverse event compared to patients with other
genotypes. TYMS 5'-UTR 3R allele also conferred risk for MTX discontinuation (p = 0.033) in
this group of patients. The 3'UTR 6bp del was more frequent in patients experiencing adverse
events or symptomatic adverse events, which may be due to the reduced mRNA expression
caused by this polymorphism. Among patients with no concomitant folate supplementation,
carriers of 3'UTR 6bp del polymorphism had an eight-fold (OR = 8.4) increased risk of devel-
oping elevated ALT levels [20]. Folic acid supplementation during MTX treatment is thus
important for decreasing the risk of adverse events.

MTHER is the central enzyme in folate pathway as it is responsible for the conversion of
5,10-methylentetrahydrofolate, which is a substrate for TYMS, to 5-methyltetrahydrofolate,
which is a substrate for homocysteine remethylation (Figure 1). The most studied
polymorphisms in MTHFR gene are rs1801133 (c.677C>T, p.Ala222Val) and rs1801131
(c. 1298 A>C, p.Glu429Ala), which cause reduced activity of the enzyme. Homozygous (IT) or
heterozygous (CT) genotypes of the MTHFR 677C>T decrease the enzyme’s activity by 70 or
40%, respectively. Furthermore, a homozygous (CC) genotype of the 1298 A>C polymorphism
decreases the enzyme’s activity for 40%. Due to decreased enzyme activity, patients hetero-
zygous for these polymorphisms could be more susceptible to MTX-induced adverse events
[21]. In the first pharmacogenetic study of psoriasis patients that included 203 patients
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followed for 3 months after the initiation of treatment, 104 patients experienced at least one
adverse event and, out of those, 67 patients (33%) had to discontinue the therapy. The most
common adverse event was nausea (35%), closely followed by abnormal transaminase levels
(30%). This study reported lower risk of developing hepatotoxicity in patients with 1298C
allele (p =0.042) and in patients with double heterozygosity 677CT/1298 AC not receiving folic
acid supplementation [20]. On the other hand, the frequency of MTHFR polymorphisms did
not differ significantly between responders and non-responders [20]. Similarly, no associa-
tion was found between MTHFR 677T allele and MTX efficacy in another study that included
330 patients, of which 250 were classified as responders and 80 as non-responders [22]. PsA
patients carriers of MTHFR 677TT genotype suffered higher risk for hepatic adverse events
compared to non-carriers (OR = 2.53; p = 0.04) [15].

Polymorphisms in MTHFD1, MTR and MTRR genes were not studied in psoriasis patients
yet, although they were associated with MTX toxicity in RA patients in some of the studies
[19, 23].

2.1.2. Genetic variability in adenosine pathway and MTX treatment

MTX directly inhibits ATIC, the key enzyme in the adenosine pathway (Figure 1). The
consequentaccumulation of AICAR indirectly leadstoaccumulation of adenosinein circulation,
which acts as an anti-inflammatory factor. The most studied genetic polymorphism in ATIC
is rs2372536 (c.347C>G, p.Thr116Ser), which changes the codon, so serine is incorporated into
the protein instead of threonine. According to various studies, this polymorphism does not
affect patient’s response to MTX, and its frequency does not differ between responders and
non-responders, but it did have a slight influence on the occurrence of adverse events, espe-
cially nausea, elevated alanine and aminotransferase levels. Patients who discontinued the
MTX therapy had a higher frequency of the 347G allele (p = 0.038), but genotype distribu-
tion was not significantly different. Carriers of ATIC 347G allele had 1.6-fold increased risk
of discontinuing the treatment because of adverse events [10, 20]. A study by Warren et al.
investigated several ATIC polymorphisms and also found association with the outcome of
MTX therapy. Two polymorphisms, in particular, rs2372536 and rs4672768, were associated
with MTX toxicity (p = 0.01 and p = 0.02, respectively) [22].

ADA is the enzyme inhibited because of accumulation of AICAR following MTX treatment.
A functional polymorphism ADA rs73598374 (c.22G>A, p.Asp8Asn) lowers the enzyme
activity and may be thus associated with higher efficacy of MTX. The association between this
polymorphism and toxicity and efficacy of MTX was, however, not confirmed in psoriasis
patients [20].

No other polymorphic genes in adenosine metabolic pathway were investigated in psoriasis
patients. However, in Slovenian patients with RA, several other genes in adenosine pathway
were studied. AMPD1 rs17602729 (c.34C>T, p.GIn45Ter) polymorphism was associated
with better response to MTX. On the contrary, ITPA rs1127354 polymorphism (c.94C>A,
p.Pro23Thr) that may decrease the release of adenosine into the circulation was associated
with poor response to MTX [24].
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The anti-inflammatory effect of adenosine is directly related to its binding to the adenosine
receptors (ADORA). Only one pharmacogenetic study investigated adenosine receptors so
far and included 374 patients with chronic plaque psoriasis, who had been treated with MTX
for at least 3 months. No significant association was detected between polymorphisms in
ADORAT1 gene for adenosine receptor Al and ADORA2A gene for adenosine receptor A2a
and the efficacy of MTX. However, there was one polymorphism, ADORA2A rs5760410, that
was associated with higher probability of adverse events (p = 0.03) [25].

2.1.3. Genetic variability in folate and MTX transport and MTX treatment

Polymorphisms in transporters may influence intracellular MTX levels and, thus, also influence
therapeutic effect. SLC19A1 (RFC1) is a reduced folate carrier, which facilitates the MTX transport
into the cell. Many studies investigated the most common functional polymorphism in SLC19A1
(REC1) gene, rs1051266 (c.80G>A, p.His27Arg) and its influence on MTX treatment outcome.
According to some studies, this polymorphism influences toxicity but has no effect on efficacy
[20, 25]. On the contrary, studies in RA patients showed a better response to MTX in carriers of
80AA genotype [21]. Psoriasis patients with documented adverse events had a higher frequency
of 80A allele (p = 0.025) in either homozygous or heterozygous state, so the effect was dominant
(p = 0.049). When specific adverse events were analysed, SLC19A1 (RFC1) 80A allele was associ-
ated with higher risk for hepatotoxicity (p = 0.053) and symptomatic side effects (p = 0.043). Also,
an epistatic effect of the loci, RFCI and TYMS, was observed. Two-loci genotype RFC1 80A/TS
3'-UTR 6bp del increased the risk of symptomatic side effects nearly three-fold (OR = 2.86). In
addition, two-loci genotype RFC1 80A/ATIC 347G increased the risk for MTX discontinuation
(p = 0.0076). Even the RFC 80A allele alone increased the risk of discontinuation in patients not
receiving folic acid supplementation [20]. A weak association of this polymorphism to the onset
of toxicity (p = 0.03) was shown in the study by Warren et al. [25]. However, in PsA, rs1051266
polymorphism was related neither to efficacy nor to toxicity of MTX [15].

On the other hand, polymorphisms in genes coding for the efflux ABC transporters showed
association with efficacy as well as toxicity. In the study by Warren et al.,, two polymorphic
transporter genes were investigated in psoriasis patients: ABCC1 and ABCG2. In ABCCI,
40 polymorphisms were tested and three of them were associated with MTX efficacy. The most
significant one was rs35592 (p = 0.008), the other two were rs2238476 (p = 0.02) and rs28364006
(p =0.02). For all the three polymorphisms, the homozygosity for wild-type (major) allele was
associated with better response to MTX. They also tested 12 ABCG2 SNPs and two of them,
1517731538 and rs13120400, were associated with response to MTX although the effect was very
small. In the case of rs17731538, the wild-type (major) allele was associated with better response
(p=0.007; OR =2.1), whereas in the case of 1513120400 the minor allele was associated with bet-
ter response (p = 0.03; OR = 1.8) [25]. When investigating the influence on toxicity, six ABCC1
SNPs were found to be associated with MTX adverse events. The strongest correlation was
found with polymorphisms rs246240 (p = 0.001; OR = 2.2) and rs3784862 (p = 0.002; OR = 2.1),
in both cases homozygotes for the major allele were at increased risk for toxicity. Carriers of
these polymorphisms had up to two-fold higher risk of experiencing an adverse drug reaction,
irrespective of the type of the adverse event. Furthermore, the correlation between the onset of
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toxicity and rs2238476 was also observed. Carriers of two copies of the rs2238476 major allele
had a higher chance of experiencing adverse events (p = 0.01; OR =2.49). On the other hand, the
investigated polymorphisms in ABCG2 gene were not associated with toxicity [25].

2.2. Cyclosporine

Cyclosporine is an orally administered systemic immunosuppressive drug that may be used to
treat the most resistant forms of psoriasis, especially the plaque-type diseases [9]. It inhibits the
first phase of T-lymphocyte activation, thus decreasing the levels of inflammatory cytokines,
among them interleukin-2 (IL2) and interferon- gamma (IFNG) [26]. It is usually administered
in doses of 2.5-5 mg/kg of body weight/day [9]. The current knowledge on cyclosporine phar-
macogenetics comes from studies in recipients of solid organ transplants. Bioavailability and
clearance of the drug are influenced by polymorphic P-glycoprotein (ABCB1) in gastrointes-
tinal tract and CYP3A4 and CYP3A5 in the liver, suggesting that these polymorphisms could
also influence the response to cyclosporine treatment in psoriatic patients [27, 28]. There was
only one pharmacogenetic study performed on psoriasis patients treated with cyclosporine,
and it focused only on ABCB1 polymorphisms (Table 2). In this study, rs1045642 (3435C>T)
was associated with response to cyclosporine (OR = 2.995; p = 0.0075). The frequency of the
minor T allele was found to be higher in the non-responders group, which means that T allele
carriers have lower chance of good response [29].

2.3. Acitretin

Acitretin is a vitamin A derivative that belongs to the second-generation retinoids [30]. It reduces
proliferation of epidermal keratinocytes and promotes their differentiation. It is also used as an
anti-inflammatory agent. It is administered orally in doses of 0.5-0.8 mg/kg daily. Usually, it is used
in combination with topical treatment as well as phototherapy [9]. Studies pointing out positive
associations between polymorphisms and response to acitretin in psoriasis are listed in Table 3.
The most widely studied polymorphisms lie in the gene coding for vascular epidermal growth fac-
tor (VEGF). Angiogenesis, especially inappropriate vascular expansion, is indeed a common patho-
genic component of psoriasis. Two polymorphisms within VEGF, rs2010963 and rs833061, have
been implicated in diseases with strong angiogenic background [31]. Beside the influence on treat-
ment response, they may also influence the time of onset of the disease [32, 33]. rs833061 was associ-
ated with response to treatment in patients with early onset chronic plaque psoriasis. The frequency
of rs833061TT genotype was higher in patients who were non-responsive to acitretin compared to

Genes Variants p-value Predicted effect Reference
Efficacy
ABCB1 rs1045642 ¢.3435C>T  0.0075 Minor T allele [29]
pllel1145= associated with
poor response to
cyclosporine

Table 2. Genetic polymorphism associated with response to cyclosporine treatment in patients with psoriasis.
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good responders (p = 0.04). Patients with the TT genotype were almost twice as likely to not respond
to therapy as to respond. On the other hand, rs833061 TC genotype frequency was increased in the
group of patients that responded well to acitretin compared to non-responders (p = 0.01). Patients
with TC genotype were almost twice as likely to respond to therapy as to fail [31]. However, no
association was found between rs2010963 and therapeutic response [31].

Another study performed on a group of Italian patients found an association between the
HLA-G genotype and response to acitretin. HLA-G 14 bp del allele (p = 0.008; OR = 7.74)
and del/del genotype (p = 0.05) were more frequent in responders compared to non-
responders [34]. Another pharmacogenetic study investigated polymorphisms in the gene
coding for apolipoprotein E (APOE). No association with treatment response was found for
polymorphisms APOE rs429358 and rs7412 [35].

2.4. Biologic drugs

Biologic drugs specifically bind to their target, usually inflammation mediators or their recep-
tors, and inhibit their action, which results in anti-inflammatory effect. Biologics used in treat-
ment of psoriasis mainly inhibit tumour necrosis factor alpha (TNFa) and several interleukins
(IL)—IL17, IL12 and IL23. Among the biologics used for psoriasis treatment, infliximab,
adalimumab, etanercept are TNFa inhibitors, while ustekinumab is an IL12/23 inhibitor and
secukinumab is IL17 inhibitor [36, 37].

Biologic drugs are relatively safe and well tolerated. Adverse events occur only in appro-
ximately 15% of patients, but the symptoms are usually not severe and are not the reason
for discontinuation [38]. The most common adverse events are injection-site reaction (pain,
erythema, itching and haemorrhage) and different infections, mostly of upper respiratory
tract [9]. However, according to a study performed by Levin et al., 48% of patients discontinue
treatment due to reasons not related to toxicity [8].

Genes Variants p-value Predicted effect Reference
Efficacy
VEGF rs833061 c.-958C>T  0.04 TT genotype increased [31]

the risk of poor response
to acitretin

0.01 TC genotype increased
the chance of favourable
response to acitretin

HLA-G 14 bp DEL 0.008 DEL allele associated [34]
with better response to
acitretin

0.05 DEL/DEL genotype is
associated with better
response to acitretin

Table 3. Genetic polymorphisms associated with response to acitretin treatment in patients with psoriasis.
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A study conducted in 2015 that included 4309 patients treated with different biologics
for 12 months showed that patients experienced dose escalations and discontinuations,
restarting the same biologic or switching to a different one. Approximately one-third of
patients had their doses increased until month 6 and 39% until month 12 of treatment.
On the other hand, half of these patients also discontinued the biologic drug or reduced
the dose [6]. This indicates that many patients do not achieve sufficient response or lose
an initially favourable response over time. Pharmacogenetic studies have investigated
several polymorphisms in genes coding for the targets of biologic drugs and their signal-
ling pathways regarding their contribution to interpatient and intrapatient variability in
treatment response to biologics in patients with RA, PsA, Chron’s disease and spondylo-
arthritis (SA). However, such studies have been rarely performed exclusively in psoriasis
patients [39].

2.4.1. Pharmacogenetics of anti-TNFa treatment

The most widely used biologic drugs for systemic psoriasis treatment are TNFa blockers.
It is therefore not surprising that the majority of pharmacogenetic studies focused on
polymorphisms in the gene coding for TNFa (TNF). TNFa levels are increased in affected
skin and serum of patients and correlate well with disease severity measured with PASI score.
TNFa inhibition can reduce the symptoms of the disease [40]. Studies pointing out positive
associations between polymorphisms and response to anti-TNFa therapy in psoriasis and

PsA are listed in Table 4.
Genes Variants p-value Predicted effect Reference
Efficacy
TNFa 151799724 c.-857C>T 0.002 C allele associated with better response  [49]
to etanercept
0.004 Patients with CT/TT genotypes showed  [47]
greater improvements in PASI score
1rs361525 c.-238A>G 0.049 Patients with GG genotype achieved [47]
PASI75 more frequently after 6 months
of anti-TNFa therapy
0.03 G allele associated with better response  [48]
to etanercept
151799964 c.-1031T>C 0.041 Patients with TT genotype [47]
demonstrated superior improvements
in PASI after 6 months of therapy
rs80267959 0.0136 G allele favours better response to [63]
c.186+123G>A etanercept in PsA patients
rs1800629 c.-308G>A 0.001 GG genotype associated with better [48]
response to etanercept
TNFRSF1B 151061622 c.676T>G 0.001 T allele associated with better response  [49]
p-Met196Arg to etanercept

0.05 G allele associated with poor response  [52]
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Genes Variants p-value Predicted effect Reference
TNFAIP3 rs610604 ¢.987-152G>T  0.05 G allele associated with better response  [53]
to anti-TNFa therapy
0.007 T allele associated with better response  [54]
to etanercept
TRAILR1 rs20575 ¢.626G>C 0.048 CC genotype associated with better [66]
p-Arg209Thr response to infliximab in PsA
TNFR1A 18767455 c.36A>G 0.04 AA genotype associated with better
p.Prol2= response to infliximab in PsA
IL23R rs11209026 c.1142G>A  0.006 Patients with GG genotype achieved [47]
p-Arg381GIn more frequently PASI 90 at 6 months
IL6 rs1800795 c.-237C>G <0.05 Carriers of t C allele respond better to [55]
therapy
IL-17F 18763780 c.482T>C 0.0044 TC genotype associated with no [56]
p-Hisl61Arg response to adalimumab at 6 months
0.023 TC genotype associated with better
response to infliximab at 3 months
0.020 TC genotype associated with better
response to infliximab at 6 months
IL17RA rs4819554 c.-947G>A 0.03 AA genotype associated with better [67]
response at12 weeks
HLA-C rs10484554 0.007 C allele associated with better response  [54]
£.2609009C>T to adalimumab
TRAF3IP2 rs13190932 ¢.220C>T 0.041 G allele associated with better response
p-Arg74Trp to infliximab
HLA-A 159260313 g.1428637T>C 0.05 TT genotype associated with better
response to adalimumab
FCGR2A rs1801274 c.497A>G 0.03 Patients homozygous for high-affinity ~ [57]
p-His131Arg allele had a higher chance of achieving
PASI75 after 3 months of therapy
0.034 PsA patients with high-affinity genotype [64]
respond better to anti-TNFa drugs
(etanercept) after 6 months of therapy
FCGR3A 15396991 ¢.841T>C 0.02 Patients homozygous for high-affinity ~ [57]
p-Vall58Phe allele had a higher chance of achieving
PASI75 after 3 months of therapy
0.018 T allele associated with better response  [58]
to etanercept
PDE3A- rs3794271 0.0031 AA genotype associated with better [59]
SLCO1IC1 c.50+1078G>A response to etanercept
0.00034 A gender-specific (males) association [65]
between G allele and poor response
found in PsA patients
CD84 156427528 c.*1738A>G  0.025 GA genotype associated with better [60]

response to etanercept
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Genes Variants p-value Predicted effect Reference

SPEN rs6701290 <0.05 Associated with anti-TNFa drug [62]
¢.84-10630G>A response in a GWAS

JAG2 rs3784240 c.475+782C>T

MACC1 152390256 ¢.*2687G>A

GUCY1B3 rs2219538
c.77+2269G>A

PDE6A rs10515637

¢.2507-1067T>C

CDH23 rs10823825
€.2290-538T>C

SHOC2 rs1927159
€.704-13438A>C

LOC728724 rs7820834

g.129238197T>C
ADRA2A 1rs553668
€.450+33966C>T
KCNIP1 14867965
€.88+96839A>C
Toxicity
IL23R rs11209026 c.1142G>A  0.005 AG genotype associated with [61]
p-Arg381GIn development of paradoxical
psoriasiform reactions
FBXL19 rs10782001 0.028 GG genotype associated with
c.1361+720G>A development of paradoxical
psoriasiform reactions
CTLA4 rs3087243 ¢*1421G>A  0.012 AG/GG genotype associated
with development of paradoxical
psoriasiform reactions
SLC12A8 rs651630 c.1706-272C>T  0.011 TT genotype associated with
development of paradoxical
psoriasiform reactions
TAP1 rs1800453 c.1307A>G 0.018 AG genotype associated with

development of paradoxical
psoriasiform reactions

Table 4. Genetic polymorphisms associated with response to anti-TNFa therapy in patients with psoriasis or psoriatic
arthritis.

The most frequently investigated candidate gene is TNF and rs1800629 (c.-308G>A) within it.
The polymorphism, which is located in the promoter region of TNF gene, gained attention
because it was associated with TNFa secretion and circulating levels [21]. Many studies
have reported the association of this polymorphism with different traits, such as increased
susceptibility to psoriasis and PsA, earlier onset of the disease or poor prognosis of the
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disease [41]. Zhu et al. performed a meta-analysis of 26 studies, which included 2159 pso-
riasis patients, 2360 patients with PsA and more than 2000 controls. They evaluated three
SNPs in promoter region of TNFa, rs1800629 (c.-308G>A), 1s361525 (c.-238A>G) and rs1799724
(c.-857T>C). They confirmed a protective influence of the polymorphic allele c.-308A. The
polymorphic alleles of the other two frequently investigated polymorphisms also showed
association with increased risk for psoriasis and PsA [42]. Another meta-analysis included
nine studies with a total of 692 patients with RA. The main objective was to determine the
influence of the TNF c.-308A allele on the response to TNFa inhibitors. The frequency of the
TNF c.-308A allele was 22% in responders and 37% in patients not responding to treatment,
irrespective of the choice of the TNFa inhibitor, which indicates that presence of c.-308A
was associated with a poor response to the drug (p = 0.000245) [43]. This observation was in
agreement with the findings of Mugnier et al. that showed better response to infliximab in
RA patients with c.-308 GG genotype as compared to the patients with c.-308 AA/AG geno-
type [44]. Moreover, Guis et al. observed that RA patients homozygous for c.-308 G allele
respond better to etanercept than heterozygous patients [45]. Seitz et al. evaluated response
of RA, PsA and SA patients to infliximab, adalimumab and etanercept and came to the same
conclusion as the above mentioned studies [46].

Other TNF promoter polymorphisms besides rs1800629 (c.-308G>A) were also investigated,
among them were rs361525 (c.-238A>G), 151799724 (c.-857T>C) and rs1799964 (c.-1031T>C).
Better improvement in PASI score after 6 months of treatment with anti-TNFa drugs was
achieved in psoriasis patients with TNF -238GG, -857CT/TT and -1031TT genotypes [47].
SNPs in TNF promoter were evaluated also by De Simone et al., and rs361525 (-238G allele;
p =0.03) and rs1800629 (-308GG genotype; p = 0.001) were found to be associated with good
drug response [48].

Researchers expanded their interests also to polymorphisms in other genes in TNFa pathways.
A study performed on 80 Greek patients with psoriasis investigated polymorphisms in TNF
(c-238G>A, ¢.-308G>A and c.-857C>T), tumour necrosis factor receptor superfamily 1A gene
(TNFRSF1A rs7674559, ¢.36A>G) and tumour necrosis factor receptor superfamily 1B gene
(TNFRSF1B 151061622, c.676T>G). In total, 63 patients were responders and 17 non-responders.
Carriers of TNF -857C (p = 0.002) and/or TNFRSF1B 676T (p = 0.001) alleles responded signifi-
cantly better to etanercept treatment than non-carriers, while no SNPs were associated with
response to infliximab or adalimumab [49]. Ongaro et al. reported poorer response to anti-TNFa
therapy in RA patients with TNFRSF1 676TG genotype as compared to patients with 676TT
genotype [50]. Recently, a meta-analysis investigated TNFRSF1B (rs1061622) and TNFRSF1A
(rs7674559) polymorphisms in psoriasis patients. The investigated TNFRSF1A polymorphism
showed no association with treatment response, but TNFRSF1B 676T allele was associated with
better response [51]. Another recent study published in 2015 included 518 psoriasis patients
and 480 healthy controls, but only 90 patients were treated with biologic drugs. In agreement
with previous studies, they also observed higher frequency of TNFRSF1B 676G allele in non-
responders, and 151061622 polymorphism was shown to be associated with higher risk for the
disease and poor response to anti-TNFa and anti-IL12/23 drugs [52].

Polymorphisms within gene coding for tumour necrosis factor alpha-induced protein 3
(TNFAIP3) were also associated with the response to biologics. A cohort of 433 patients with
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psoriasis and PsA was tested for two TNFAIP3 SNPs, rs2230926 and rs610604. The results
showed that rs610604G allele was associated with better response to etanercept, infliximab
and adalimumab, when patients treated with all these drugs were analysed together (p = 0.05;
OR = 1.50), but only to etanercept, when each drug treatment was analysed separately
(p = 0.016; OR = 1.64). In addition, rs2230926 T allele and rs610604 G allele were also predic-
tors of a better outcome. Unfortunately, researchers were unable to reproduce these results in
a smaller cohort [53].

Furthermore, polymorphisms in genes encoding several interleukins and their receptors were
investigated in psoriasis patients treated with anti-TNFa drugs. A study that included 109
psoriasis patients investigated polymorphisms in IL12B (rs6887695 and rs3212227) and IL23R
(rs7530511 and rs11209026). Carriers of the rs11209026 GG genotype showed better response
at 6 months of anti-TNFa treatment compared to non-carriers. This study also showed the
association of HLA-Cw6 haplotype with worse outcome [47]. Another association with HLA
loci was observed by Masouri et al. who reported the association of HLA-C rs10484554 poly-
morphism with good response to adalimumab (CC or CT genotype, p = 0.007). In the same
study, also TRAF3IP2 rs13190932, TNFAIP3 rs610604 and HLA-A 1s9260313 were associated
with good response to infliximab, etanercept and adalimumab, respectively [54]. In another
small study of 60 psoriasis patients, a polymorphism in the IL6 promoter (rs1800795) was
investigated. Homozygotes and heterozygotes for IL6 rs1800795 C allele responded better
to therapy [55]. IL-17F rs763780 was also investigated for the association with treatment out-
come. This SNP was associated with no response to adalimumab after 6 months (TC genotype,
p=0.0044) and with better response to infliximab after 3 and 6 months (TC genotype; p = 0.023
and p = 0.020, respectively) [56]. IL17RA rs4819554 polymorphism was associated with better
response after 12 weeks in carriers of AA genotype compared to AG and GG carriers (p =0.03).

Genes for Fc gamma receptors were also investigated for their association with response of pso-
riasis patients to anti-TNFa drugs. Patients homozygous for high-affinity alleles of two variants
FCGR2A-H131R (rs1801274) and FCGR3A-V158F (rs396991) had a higher chance of achieving
PASI75 after 3 months of therapy [57]. FCGR3A rs396991 was also evaluated by Mendrinou et
al. who showed that T allele could be a marker of better response to etanercept [58]. Moreover,
a positive association was found between PDE3A-SLCO1C1 rs3794271AA genotype and PASI
score in patients treated with etanercept [59]. Association between the CD84 genotypes and
response to biologics was also evaluated. CD84 rs6427528 polymorphism with its heterozygous
GA genotype (p = 0.025) was associated with better response to treatment with etanercept [60].

A study performed by Cabaleiro et al. revealed an association between certain polymorphisms
and occurrence of paradoxical psoriasiform reactions after treatment with anti-TNFa ther-
apy. Polymorphisms in five genes: IL23R rs11209026, FBXL19 rs10782001, CTLA4 rs3087243,
SLC12A8 rs651630 and TAP1 rs1800453 were associated with the development of this adverse
reaction to anti-TNFa treatment [61].

Another approach to identify novel loci and SNPs associated with response to anti-TNF«a
drugs included genome-wide association study (GWAS) approach. A small GWAS study was
recently performed that included 65 psoriasis patients prospectively followed for 12 weeks.
This study identified 10 SNPs in 10 different genes that could be associated with drug response:
cadherin-related 23 (CDH2), soc-2 suppressor of clear homolog (SHOC2), adrenoceptor alpha
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2A (ADRA2A), phosphodiesterase 6A (PDE6A), Kv channel interacting protein 1 (KCNIP1),
spen family transcriptional repressor (SPEN), jagged 2 (JAG2), metastasis associated in colon
cancer 1 (MACC1), guanylate cyclase 1, soluble, beta 3 (GUCY1B3) and long intergenic non-
protein coding RNA 977 (LOC728724) gene [62]. However, all these SNPs still await to be
replicated in independent patient cohorts.

Several studies have also investigated association of genetic polymorphisms with anti-TNF«x
treatment outcome in PsA cohorts. A study investigating the association of an intronic
polymorphism at the position c.+489 of TNF gene (rs80267959) with response to treatment with
etanercept reported better response in PsA patients carrying G allele compared to non-carriers
(p = 0.0136) [63]. Furthermore, PsA patients with high-affinity FCGR2A His/His and His/Arg
genotypes responded better to anti-TNFa drugs (etanercept) at 6 months of treatment compared
to patients with low-affinity genotypes (p = 0.034) [64]. A gender-specific association between
polymorphic rs3794271 G allele and poor response was reported at the PDE3A-SLCOI1CI locus
(p =0.00034) [65]. Other candidate genes for prediction of treatment response were suggested,
including genes coding for death receptors, such as tumour necrosis factor-related apoptosis
inducing ligand receptor 1 (TRAIL-R1). TRAIL-R1 (rs20575, 626G>C) and TNFR1A (rs767455,
36A>G) were investigated in a study of 55 PsA patients treated with TNFa blocker infliximab.
This study concluded that TRAILR1 626CC (p = 0.048) and TNFR1A 36AA (p = 0.04) genotypes
may be associated with better response after 3 months of infliximab treatment [66].

2.4.2. IL12/23 inhibitors

Ustekinumab is a human monoclonal antibody directed against interleukins IL12 and IL23.
Studies of polymorphisms affecting patients’ response to these inhibitors are scarce, but
some of them, listed in Table 5, pointed out positive associations. A cohort of 51 patients
with psoriasis treated with ustekinumab was tested for three polymorphisms, including the
HLA-Cw6 positivity, TNFAIP3 rs610604 polymorphism and LCE3B/3C gene deletions. Better
and faster response to ustekinumab was observed in HLA-Cw6 positive patients, while no
significant association with response was observed for the other two investigated genes [68].
Another larger study confirmed the role of HLA-Cw6 as Chui et al. reported that HLA-Cw6
positive patients were more likely to achieve PASI50, 75 and 90 after 28 weeks of treatment
[69]. On the other hand, Galluzzo et al. suggested that a combination of genetic factors
predicts response to ustekinumab better than a single factor. The presence of IL12B rs6887695
GG genotype in the absence of IL12B rs3212227 AA genotype in HLA Cwo6 positive patients
increased the chance of better treatment outcomes [70].

Another study found association between the TNFRSF1B 151061622 G allele and poor response
to anti-IL12/IL23 drugs (p = 0.05) [52]. Furthermore, study in a cohort of 70 psoriasis patients
treated with ustekinumab reported an association between the IL-17F rs763780 TC genotype
and no response to ustekinumab after 3 and 6 months of treatment (p = 0.022 and p = 0.016,
respectively) [56]. IL12B rs3213094 polymorphism was also investigated for association with
response to ustekinumab and CT genotype was recognized as a predictor of better response
to the drug (p = 0.017) [60]. In the same study, TNFAIP3 rs610604 GG genotype was associated
with poor response to ustekinumab (p = 0.031) [60]. Association between two polymorphisms in
ERAPIgene, 15151823 and rs26653, and good response to ustekinumab was also reported [54].
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Genes Variants p-value Predicted effect Reference

Efficacy

IL-17F 15763780 c.482T>C 0.022 TC genotype [56]
p-His161Arg associated with no

response at 3 months

0.016 TC genotype
associated with no
response at 6 months

IL12B rs3213094 0.017 CT genotype [60]
c.89-432G>A associated with
favourable response
TNFAIP3 rs610604 0.031 GG genotype
c.987-152G>T associated with poor
response
HLA-C Cw6POS/NEG 0.008 Cw6POS patients [68]
respond better and
faster
0.035 Cw6POS patients [69]
respond better
TNFRSF1B 151061622 ¢.676T>G 0.05 G allele associated [52]
p-Met196Arg with poor response
ERAP1 15151823 0.026 CC genotype [54]
C.-454-1169A>C associated with better
response
1526653 ¢.380G>C 0.016 GG genotype
p-Argl27Pro associated with better
response

Table 5. Genetic polymorphisms associated with response to ustekinumab in patients with psoriasis.

3. Future perspectives

Large heterogeneity in patients’ response to therapy calls for new molecular predictors of
treatment response. We have searched the current literature to compile a comprehensive
review of today’s knowledge on genetic variants that may influence the outcome of psoriasis
systemic treatment. A rather small number of studies were performed so far, and, although
some of the results are encouraging, even larger number of studies shows inconsistent or even
conflicting results. The investigated patient cohorts were with a few exceptions rather small
and the number of evaluated polymorphisms limited. The future studies should expand the
range of polymorphisms investigated by either looking into other pathways besides the ones
directly involved in drug mechanisms, such as metabolism and transport, though they cer-
tainly are important in treatment response. Great interindividual variability in treatment out-
come among patients could also be associated with heterogeneous pathology. Not all of the
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patients have the same pathogenesis, although they present with similar symptoms. Genetic
defects in various pathways could be causative of the disease or support disease occurrence,
and these defects in so-called susceptibility genes should also be checked regarding their
influence on treatment outcome. The heterogeneity in pathogenesis could also be the reason
for inconsistency in pharmacogenetic studies conducted so far. The hypothesis-free approach
of the GWAS studies could help to overcome these obstacles and help to elucidate genetic
factors associated with both disease pathways and treatment responses; however, such stud-
ies should include large number of well-characterized patients. Furthermore, the identified
predictors of the course of the disease and of the treatment response should be validated in
independent patient samples.

Such validated pharmacogenetic biomarkers would enable us to characterize patients
with psoriasis by their genetic characteristics and not just their phenotype and would
allow for a more targeted approach to pharmacotherapy. The patients could be stratified
according to their genetic defects affecting the molecular mechanisms of the disease in
combination with genetic defects in pathways of drug metabolism and transport as well as
in drug targets and effector pathways. Pharmacogenetic factors should also be combined
with clinical data to find the most suitable way of stratifying patients into groups eligible
for certain treatment strategies. If a physician would be able to predict patient’s response
based on pharmacogenetic polymorphisms, problems of inefficacy and toxicity could be
overcome by choosing the right drug and dose for a particular patient. This would also
help to lower the cost of the treatment and, what is more important, relieve some of
the patient’s psychological burden, which is often overlooked in psoriasis. Methods for
genotyping are fast, reliable, relatively cheap and suitable for use in diagnostic labora-
tories. Despite the costs that would be spent on implementation of new genetic analysis
methods into everyday clinical practice, pharmacogenetics-based personalized treatment
approach would probably lower the expenses of psoriasis treatment due to more rational
pharmacotherapy.

4. Conclusions

Personalized medicine is emerging as the innovative approach also in psoriasis treatment. A
general belief that every drug can help every patient is getting obsolete. However, to be able
to properly tailor the patient’s treatment, consistent biomarkers of the treatment outcome
must be identified and validated. In psoriasis treatment, the search for such biomarkers is
still in its beginnings. In this chapter, we summarized the current knowledge on genetic pre-
dictors of response to MTX, cyclosporine, acitretin and biologic drugs. Several studies have
already identified some of the genetic variants associated with response to a particular drug,
but none of the genetic polymorphisms within these genes were recognized as specific enough
to be used in clinical practice so far. However, some promising candidates for predictors of
treatment response were identified that could be used in personalized treatment of psoriasis
patients if validated in further studies.
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Abstract

Used in the psoriasis therapy for over 30 years, methotrexate belongs to the non-bio-
logical medication class. Its continued use must be studied in the context of the modern
unprecedented powerful pharmacological and medical development, due to the particu-
larly, even uniquely fast development of biologicals, which assume an extremely impor-
tant role in cutting-edge medicine. This status has turned biosimilars and all related
matters into an outstanding challenge not only for researchers worldwide but also for
other medicinal product-associated fields such as development of regulatory standards
and pharmacovigilance, to mention the most important. However, against a comparable
high-risk background, compounded by the additional danger of serious cumulative tox-
icity, methotrexate therapy continues to be recommended mainly for patients suffering
from severe psoriasis, seriously affecting their quality of life.

Keywords: methotrexate, biosimilars, psoriasis, benefit, toxicology

1. Introduction

Known since ancient times (judging by descriptions of typical lesions found in mummified
bodies, as early as the Christian era), psoriasis is a frequent autoimmune disease mostly causing
chronic inflammation of the skin, through other manifestations are not uncommon. Psoriasis is
mediated by T-cells and as such is the more frequently encountered human disease of its class.
Since the very beginning and as far as the late Middle Ages, because of its mistaken diagnosis as
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leprosy and subsequent isolation of patients, it was accompanied by significant social and eco-
nomic burden. Further in history, at the beginning of the nineteenth century, scientists finally
observed and mentioned its association with joint impairment (now known as arthropathic
psoriasis) (1818, Jean-LouisAlibert) [1, 2]. The socio-economic impact of psoriasis has however
been preserved [3], in the context of the generally severely impaired quality of life, as well as of
forms refractory to treatment and frequent occurrence of comorbidities, accentuated by the fact
that permanent cure for psoriasis is a goal yet to be accomplished.

Nowadays, some 2-3% of the population is affected, with too little dissimilarity between the
two genders. From the perspective of race factors, studies conducted worldwide have shown
0.7% prevalence among individuals of African descent, relatively low frequency in native
South-American populations as well as bimodal distribution as regards the age for its onset [4].

With regard to psoriasis-associated risks suggested by the results of epidemiological studies,
the prevalence of various comorbidities and mortality seems rather high [5, 6]. Among the
related comorbidities, mentioning due to psoriatic arthritis, chronic inflammatory intestinal
disease and psychiatric and psychosocial disorders, as the most common; however, cardio-
vascular comorbidities (obesity, diabetes, dyslipidemia, hypertension as well as coronary dis-
ease) [7-10] have also more recently been shown to arise from psoriasis-induced metabolic
changes. In this respect, research has found increased myocardial infarction risk for younger
patients suffering from severe forms of psoriasis [11].

The clinical profile in psoriasis consists of erythematous and scaling lesions, distributed in
various patterns and regions of the body. At the same time, a range of individual clinical
phenotypes may be noted such as vulgar, pustular, inverted, erythrodermic and guttate. In
5-20% of the cases, psoriasis involves the joints and the nails [12]. A comparative look at pre-
mature onset or type I and type II or delayed onset psoriasis (arising between the ages of 50
and 60 or later), one should notice the former's more frequent family background of DR7 and
HLA-Cw6 and the disease, as well as type I tendency to more significant dissemination and
more frequent relapses [4, 12].

Psoriasis is known to be triggered and/or aggravated by such factors as trauma, drugs, infec-
tions, alcoholism and smoking [13, 14]. Given that psoriasis may not be yet cured, progress
has mainly focused on suppression of the systemic inflammatory response and general dis-
ease signs, which are considered sufficient to allow symptom-free conditions for longer peri-
ods of time, as well as on development of therapies for accompanying diseases.

Not all has been fully clarified in relation to psoriasis pathogenesis mainly due to the involve-
ment of complex factors of immunologic, environmental and genetic nature. Immune contri-
bution to pathogenesis may be derived from the finding that former bone marrow transplant
recipients from a donor with psoriasis also developed the disease; this has been further cor-
roborated with the improvement of the disease observed subsequent to ablation followed by
bone marrow transplant from psoriasis-free patients as well as by successful therapy using
methotrexate, TNF-a inhibitors and cyclosporine [15-17].

Keratinocyte dysfunction is a result from tissue damage triggered by anomalous immuno-
logical response. This dysfunction can be observed in the more than 50 times increase of the
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mitotic activity of basal keratinocytes in the psoriatic skin, resulting in reduced migration
time (3-5 days as compared to the regular 28-30 days) from the basal to the corneal stratum
[15, 18]. Histopathological examinations typically reveal parakeratosis, acanthosis, hyperker-
atosis, accompanied by loss of the granular layer, elongation of epidermal ridges, vascular
dilation, dermal-epidermal infiltrate and angiogenesis. In addition, which is a key for his-
topathological diagnosis, Munro's micro-abscesses are present, consisting of a sub-corneal
aggregation of neutrophils [16, 19].

2. An overview of psoriasis therapy

Depending on the type and degree of severity as well as on the area of skin involved, age
of the patient, costs, therapeutic management of psoriasis mainly consists of phototherapy,
involving UV exposure of the skin, topical approaches and systemic medication but selection
of the most effective treatment from the numerous therapeutic approaches is challenging.

Mainly consisting of application of ointments and creams to the skin, topical therapy is gen-
erally resorted to in cases of mild disease and formerly relied on use of keratolytic agents or
emollients intended to help shed off or hydrate the skin. In keeping with further research
developments, this type of treatment has increasingly targeted underlying proliferation of
T-cell, therefore including vitamin D, coal tar, retinoids and topical calcineurin inhibitors.

For more severe forms, light-therapy and systemic treatments have been developed. Medication
with systemic action administered orally or by injection includes the use of conventional
drugs such as cyclosporine, acitretin, methotrexate and hydroxyurea, however associates with
more prominent risk of serious adverse reactions, particularly for long-term treatment. One
approach that has proved successful in improved and prompter effectiveness has consisted in
combining all such therapies, achieving suppression of the disease and mitigation of adverse
reactions. More recently, this has further been boosted by development of new, more targeted
drug carrier systems. Development and increase of biological drugs and gene therapy have
currently further supplemented therapeutic approaches with essentially ground-breaking new
modalities, though none of them curative.

3. Medicinal products for systemic medications

3.1. Non-biological medication

3.1.1. Methotrexate — Overview

Methotrexate (MTX), a folic acid antagonist, has been used as non-biological medication in
psoriasis therapy for longer than 30 years. Its use has proved successful in both treatment of
psoriasis as such and of psoriatic arthritis and nail disease.
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Though first used before introduction of routine conduct of randomized clinical trials and
therefore still wanting in efficacy and safety data MTX is widely used in both mono- and com-
bination dermatologic therapy predominantly for psoriatic arthritis and psoriasis, but also for
dermatomyositis, sarcoidosis and pyoderma gangrenosum [17, 20, 21].

First authorised for psoriatic therapy in 1972, methotrexate was accordingly indicated, with
no specification of the minimum body surface, for severe, refractory to topical therapy and
phototherapy, and debilitating forms, therefore used in patients with functional disability
arising from unresponsive scalp disease, palmoplantar disease or other severe, limited pso-
riasis forms.

Used in line with the standards established in guidelines published as early as 1972 and con-
tinually updated up to 1998 [22], MTX has proved successful in the treatment of pustular,
plaque, guttate and erythrodermic psoriasis.

Furthermore, in 1988, MTX further received approval for the treatment of rheumatoid arthri-
tis, the dedicated standards developed by the American College of Rheumatology (ACR),
not requesting prior liver biopsy, which in fact were later eliminated from the guidelines for
dermatologic use as well. However, the latter do not mention mandatory patient monitoring
for possible liver toxicity resulting from methotrexate use [23]. At the same time, the issue of
possible MTX liver toxicity is counteracted by such means as appropriate individual evalua-
tion of patients’ medical status, disease severity, quality of life, and psychological standing for
proper selection and monitoring.

At the same time, MTX is used for cancer treatment, although in much larger dose than for
dermatologic purposes:

Common approaches for MTX administration are as follows [24]:

* Conventional low-dose therapy, as follows:

dose: 15-50 mg/m? body surface area;

frequency: weekly, as one/several doses;
- administration route: intramuscularly/intravenously.

Head and neck cancer:

dose: 40-60 mg/m? body surface area;

frequency: weekly, once;

administration route: intravenous bolus injection.

* Intermediate-dose therapy, as follows:

dose: 100-1000 mg/m? body surface area;

frequency: single dose.

Cancer of the bladder, advanced squamous epithelial: intermediate dose, 100-200 mg/m?>.
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* High-dose therapy, as follows:

- mostly in malignant diseases, e.g. acute lymphatic leukaemia, malignant lymphoma, meta-
static choriocarcinoma, osteogenic sarcoma;

- dose: 1000 mg or more/m? body surface area;
- frequency: over a 24-hour period.

Folinic acid should be started at 10-15 mg (6-12 mg/m?), 12-24 hours after MTX therapy
initiation.

Since 1998, a therapeutic approach of psoriasis has undergone remarkable changes, brought
about by unprecedented expansion of basic and clinical research, leading to development
of biologic agents such as alefacept, efalizumab, etanercept, infliximab, adalimumab and
ustekinumab, which have all been approved for the treatment of psoriasis.

In comparison to biological drugs, even considering the costs of pre-treatment liver biopsy and
blood monitoring, MTX is significantly less expensive, which explains why proof of intolerance
or lack of responsiveness to methotrexate is a prerequisite for certain insurance companies.

However, considering the long-term aspect of psoriasis management and the associated issue
of possible haematologic or hepatic toxicity with methotrexate, and not withstanding reduced
costs, targeted therapies allowed by biologic drugs are more viable alternative treatment
options to methotrexate.

3.1.2. Efficacy of methotrexate in the treatment of psoriasis

MTX has been used effectively on patients suffering from widespread forms of psoriasis,
unresponsive to phototherapy or topical therapy or disabling psoriasis [22].

The pharmacological action of MTX interferes with DNA consists and suppresses the immune
system, resulting in notable slowing down the accumulation of dead skin cells.

Regarding actual administration, MTX is taken orally, in one weekly dose, either as a single
dose or as three doses separated by 12 hours. Folic acid (a B vitamin) may also be adminis-
tered as a concomitant supplement.

Generally, to reduce MTX toxicity, 5-10 mg folic acid weekly is recommended by most rel-
evant reviews and guidelines; however, there is general agreement among them that ‘the
evidence base is insufficient to determine the optimum dose’ and that there may be “potential
need for higher dosages, with the currently higher dosed methotrexate’ [25].

Effects on the disease can be observed within several weeks from treatment initiation, as the
condition of the skin starts to improve, full improvement to set in regularly in 2-3 months’
time. To completely clear the disease, possible remaining plaques may be treated by topical
application of other specific medication or UVB/PUVA phototherapy may be applied. This is
also recommended when the MTX dose has to be reduced for toxicity reasons, combination
with additional medication, e.g. a retinoid, is also an option.
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Patients on MTX require close monitoring consisting of chest X-rays, regular blood tests or
liver biopsy for more conclusive outcomes, as a result of possible damage to the liver and
kidney functions or decrease of the body's capacity to produce white and red blood cells and
platelets. Also, it should be borne in mind that MTX and specific metabolites intracellular
accumulation leads to depletion of the folate store [26, 27].

The risk of adverse reactions may be dose dependent or vary with the route of adminis-
tration (lower in parenteral administration) [28]. However, care should be exercised since
doses under 15 mg/week may prove ineffective considering the therapeutic goal for disease
control.

3.1.3. MTX contraindications and adverse reactions

Generally, MTX use is restricted by the risk of organ toxicity. Therefore, use of MTX for pso-
riasis is an absolute contraindication in:

(a) Pregnancy or by women planning to become pregnant and their partners, because of MTX
teratogenic effect. In fact, conception is to be avoided both during methotrexate therapy
and for at least 3 months afterwards for males or for one ovulatory cycle for females;

(b) Nursing;

(c) Significant leukopenia, anaemia or thrombocytopenia.

In a number of cases, MTX may not be reasonably used for psoriasis treatment. Thus, MTX
should be avoided for patients with [29]:

(a) Active or recurrent hepatitis, cirrhosis or markedly deteriorated liver function, in the con-
text of known liver toxicity potential of MTX; therefore, function tests are standard, as
well as close monitoring in the case elevations are observed.

In the same respect, excessive alcohol consumption is also an issue—despite the scarcity
of data to substantiate any definite limits for alcohol, which allows recommendations to
vary from total prohibition of alcohol to permitted consumption of no more than drinks/
day, liver damage associated with a history of alcoholism is undeniably problematic.

Also, in relation to MTX potential for liver toxicity, the drug is contraindicated in the case
of other hepatotoxic drugs are used at the same time, which usually requires even closer
liver function monitoring;

(b) Abnormal kidney functioning; a significantly lower dose may be required, taking into
account that the kidneys are the main excretion route for MTX (ca. 85%);

(c) Active forms of infectious diseases, particularly chronic infections such as advanced
HIV infection or active untreated tuberculosis, prone to exacerbation resulting from
MTX immunosuppressive effects; therefore, in the case of patients on MTX developing
an infection, the drug may be withheld temporarily.
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The same may apply for immunosuppressed patients, but not to those using biologic thera-
pies, for instance.

(d) Obesity, with >30 body mass index;

(e) Diabetes mellitus;

(f) Recent vaccination, particularly for live vaccines;
(

g) Unreliable patient, which once more highlights the importance of psychological evalua-
tion for patient selection for MTX therapy.

In the context of the above relative contraindications, cases may however arise when the ben-
efits of MTX outweigh its inherent risks. Therefore, therapy decisions should be made for
each individual patient, based on their specific status and background. For an obese patient
with diabetes, for instance, who would benefit from short-term MTX therapy, the relative
contraindication may be waived due to the short-term character of the therapy.

In MTX, there are three primary concerns for the physician, i.e. myelosuppression, hepa-
totoxicity and pulmonary fibrosis, as shown in a study conducted by the United Kingdom
Committee on the Safety of Medicines on 164 possibly methotrexate-associated deaths
reported during 1969-2004. Among these, 41% were attributable to myelosuppression, 18%
to pulmonary fibrosis and only 0.5% to liver toxicity [30]. Though the risk of MTX-associ-
ated pulmonary fibrosis in the treatment of psoriasis is much lower than for rheumatoid
arthritis (explaining why chest X-rays are not mandatory for routine baseline studies),
development of pulmonary symptoms should be duly taken into account and pulmonary
fibrosis should be considered [31, 32].

Hepato- and haematologic MTX effects may commonly manifest such as anorexia, nausea,
stomatitis, malaise and fatigue, mainly right on administration. As shown by clinical experi-
ence, such manifestations may be avoided or alleviated by changing the administration route
to subcutaneous or intramuscular injection or the time of administration to bedtime, supple-
mentation of folates or dose-splitting.

Other adverse reactions have lately been identified and researched due to the more thorough
study of the disease triggered by the introduction of biologic therapy and more sustained con-
duct of post-marketing surveillance studies, formerly obscured by the lack of closer scrutiny
of MTX. Thus, such reactions as reactivation of hepatitis and tuberculosis and development
of lymphoma (especially associated with the Epstein-Barr virus) have also been added to the
list of potential toxicities [33-36].

In addition, as reported from a recent study conducted in the general population, a 50%
increased risk of malignancy could also be observed, more precisely, the respective rise
related to a fivefold increase in non-Hodgkin lymphoma, a threefold increase in melanoma
and an almost threefold increase in lung cancer [37], which requires mandatory increased
physician care for the unexpected in patients on immunosuppressive therapy in general.
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Unexpected benefits are also possible in MTX side effects, such as its demonstrated protec-
tive effect as anti-inflammatory medication against cardiovascular disease in certain patients
[38, 39], which is important for the overall benefit/risk balance of MTX.

3.1.4. MTX haematologic toxicity

In respect of haematologic toxicity, the main recognised risk factors of MTX therapy are renal
impairment, advanced age, absence of folate supplementation, drug interactions as well as
medication errors. Given that most part of the data on myelosuppression has been derived
from patients with rheumatoid arthritis, the relative risk of myelosuppression in MTX treat-
ment for psoriasis may only be inferred. Current literature suggests that, in properly moni-
tored psoriasis patients and in the absence of risk factors for haematologic toxicity, cases of
clinically significant myelosuppression only rarely occur. Even with low-dose weekly MTX,
however, rare, pancytopenia and significant cytopenia are a permanent possibility in the
presence haematologic risk factors, impaired renal function or even medication errors [40,
41]. This once again speaks for the importance of regular monitoring of haematologic toxic-
ity by complete blood cell counts. For patients without risk factors, the monitoring routine
should consist of a first repeat laboratory check within a 2-week period. Taking into account
the possibility of pancytopenia in 4-6 weeks after increase of the MTX dose, as reported in
some cases, monitoring should become more frequent in dose changes; in fact, according to
some experts’ opinion, complete blood cell counts should be best undertaken at least every
4 weeks [29]. Overtime and in patients with consistently stable conditions, the frequency of
laboratory monitoring may decrease to 1-3-month intervals.

Given the higher significant renal impairment risk even at single weekly MTX doses, the glo-
merular filtration rate should be calculated even for patients with normal blood creatinine
and urea nitrogen levels but at renal insufficiency risk because of age or decreased muscle
mass considerations. In patients with known or at risk of impaired kidney function, careful
monitoring should be a permanent concern and second doses or any dose increases should
only be given after prior laboratory checks.

As medication interactions are an important source of adverse effects as well, in order to
avoid error, patients should routinely be instructed to the proper use of MTX therapy.

3.1.5. MTX hepatotoxicity

In respect of MTX hepatotoxicity, the issue of liver biopsy has remained a subject of debate
among physicians involved in MTX therapies for both theumatoid arthritis and psoriasis. The
opinion prevails among rheumatologists that, particularly in healthy patients, liver biopsy
is not necessary [42]. To that stricter dermatology guidelines argue that hepatic toxicity is
greater in psoriasis patients, partly relying on the confirmed higher incidence of rheumatoid
arthritis among women, less in the habit of alcohol consumption and therefore at liver dam-
age risk than men. On the other hand, as confirmed by recently published updates, higher
liver damage incidence for psoriasis patients results from common risk factors such as obe-
sity, diabetes, alcoholism as well as previous exposure to hepatitis and liver toxins [42-45].
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This is corroborated with histopathologic features of MTX-induced liver toxicity, which are
roughly similar to the liver histology pattern common in hyperlipidemic, obese or diabetic
patients or to non-alcoholic steatohepatitis (NASH). Clinical practice has in fact shown that,
compared to no-risk psoriasis patients, NASH risk factors likely aggravate pre-existing NASH
and eventually contribute to development of liver fibrosis even at lower MTX cumulative
doses for psoriasis therapy. Such risk factors may represent inherent psoriatic patient pheno-
types increasing hepatotoxicity risk. Provided controls of such confounding variables were
introduced in studies conducted, MTX-associated liver injury rate in psoriatic patients would
probably be roughly similar to that encountered in rheumatoid arthritis patients [43, 46, 47].
All the above come to highlight that the necessity of the liver biopsy is a matter of individual
patient condition and medical background and should be judged on a case-by-case ground.

As current guideline standards recommend for practice, based on their risk factors for liver
injury, patients intended for MTX therapy should be divided into two groups, i.e. no-risk
versus risk patients. In the former group, the risk of fibrosis is lower and similar to rheuma-
toid arthritis, which makes them eligible for application of ACR criteria for MTX monitoring
(i.e. liver function evaluation every 1-3 months and liver biopsy in the case of elevation of
5-9 serum AST levels over a 12-month period or of serum albumin decline below the normal
range against normal nutritional status and well-controlled disease), a practice-validated rou-
tine schedule allowing for safe reduction of biopsies performed [48].

According to other recent data, the first liver biopsy in patients without pre-existing hepa-
totoxicity risk factors should be performed on use of a 3.5-4.0 g in place of the 1.0-15 g
cumulative MTX, routinely recommended for pre-existing risk factors [43, 49, 50]. In low-risk
patients on MTX, for normal values found in history of liver conditions, physical examina-
tion and liver laboratory tests, the decision whether or not to perform liver biopsies should
be individual and rely on relative risk evaluation. Further monitoring options for patients on
3.5-4.0 g cumulative dose consist of application of ACR guidelines and continued monitoring
with no biopsy, conduct of a first biopsy at the 3.5-4.0-g level, or stopping MTX altogether
or, if feasible, switching the therapy to some alternative treatment, if possible. In the case of
normal results in the first biopsy, further liver biopsies in low-risk patients are conducted in
line with the ACR guidelines-recommended timeframes.

It is generally agreed that management of patients with one or several hepatic fibrosis risk
factors should be conducted in line stricter guidelines. Therefore, the presence of significant
risk factors should first of all trigger consideration of the feasibility of therapy consisting of a
different systemic agent. Next, a risk/benefit evaluation should be undertaken for each indi-
vidual risk patient, to weigh the benefits against the risks of MTX therapy.

In the case of likely MTX benefits exceeding possible risks, liver biopsy is advisable on incep-
tion of the therapy. Biopsy results permitting, MTX may be started although, in a small num-
ber of patients, it would likely stop in 2-6 months after initiation mostly because of adverse
effects or lack of clinical efficacy. In light of this possibility, the pre-treatment liver biopsy may
be postponed until after this ‘trial’ period, as there are no data indicative of clinically signifi-
cant liver disease triggered by short or several-month MTX treatment. In the case of antici-
pated long-term therapy or for patients with persistent significant abnormalities in laboratory
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liver values, the initial biopsy is recommendable. In patients with acknowledged risk factors
for liver disease, the liver biopsy should be repeated at a 1.0-1.5 g cumulative dose. Higher
risk patients also require repeated biopsy with every MTX additional 1.0-1.5 g. However, as
liver biopsy is not without risks, the procedure may not be appropriate or may be referred
to another time in case, for the individual in question, risks of the biopsy per se outweigh the
benefits; anyway, the risk of advanced fibrosis and that of liver biopsy complications should
be carefully balanced.

However, although an important matter in itself, there is no screening tool for liver fibrosis
available, allowing for relatively safe and effective decision on whether or not to use liver
biopsy in the management of patients on MTX or at least decrease its need. Various other
means have been tested in that respect, such as ultrasonographic tests and radiographic
imaging techniques, but these have been mostly unsuccessful. More recently, measurement
of a potential marker has been also tried, i.e. the amino-terminal peptide of procollagen III
(PIIINP), and comparative results have shown a sevenfold decrease in the number of biopsies
in the group managed with application of the Manchester PIIINP guidelines as compared to
the group for which the 1998 American Academy of Dermatology guidelines were applied
[51]. Such results were later supported by an additional study showing the possibility of com-
plete biopsy exclusion provided the PIIINP values remained stable [52]. Accordingly, this test
is used as a monitoring tool for hepatic fibrosis by most practicing dermatologists in the UK
and formal testing is currently put on hold in the US. One other additional aspect highlighted
by the British study on PIIINP is the difference in characteristics among commercially avail-
able PIIINP kits [53, 54].

Lately, the potential MTX-associated hepatic fibrosis and cirrhosis have been shown to be
considerably less aggressive than initially estimated [55, 56]. At the same time, there is
an observable tendency for adverse events to mostly occur in patients with internal abnor-
malities associated with other diseases. More specifically, risks such as gallbladder perfora-
tion, hemoperitoneum subcapsular haemorrhage and pneumothorax are lower in psoriatic
patients than in those with other diseases [57].

3.2. Therapies involving biological and biosimilars

In the same way as for rheumatoid arthritis, development of biologicals has been a ground-
breaking event for the treatment of psoriasis, leading to unprecedented success in therapeutic
approach of moderate-to-severe forms of psoriasis and psoriatic arthritis. In that respect, even
if not considered first-line treatments, biologic agents such as etanercept, adalimumab, inflix-
imab and ustekinumab have been approved as second-line therapies for psoriasis, whereas
golimumab has been approved for psoriatic arthritis therapy.

Clinical practice with biologicals has revealed their higher efficacy and tolerability in com-
parison to traditional systemic therapies [58], even in cases of refractory disease and expressly
indicated for use in the so-called high-need patients, unresponsive or intolerant to all other
available and approved systemic agents, MTX and cyclosporine included, or who cannot pos-
sible use such conventional systemic agents for reason of pre-existing disease [59].
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In addition, biologicals do not generally carry the same toxicity burden of toxic chemical or
pharmacological adverse effects. Most related side effects are due to the specific biological
properties of a given preparation, and result from neutralization of the biological activity of
their target molecules, such as TNF-a or IL-12/IL-23.

Psoriasis treatment can now rely on agents such as the TNF-a antagonist etanercept, adali-
mumab and infliximab, and on ustekinumab, a p40-antagonist. An additional issue brought
about by immunological properties of the novel biological therapies is the occasional need to
switch between therapies because of immunological side effects such as severe local reactions
or secondary loss of activity [60].

In fact, developments have been both rapid and uneven: on the one hand, biologicals men-
tioned above are currently standard for a certain group of psoriatic patients, and specific
guidelines have been developed [60, 61] whereas, on the other hand, in spite of their undeni-
able usefulness, biological drugs are yet not in wide use for psoriasis treatment [61], partly
because of practitioner's lack of awareness about their use for psoriasis and more importantly
because of their comparative high costs.

This issue of cost effectiveness (the same benefit obtained with lower treatment costs) has
prompted development of biosimilar alternatives following expiry of patents for biologi-
cals; thus, in the context of a cost minimisation process, the appropriate products would
be determined by price only [59]. Such so-called biosimilars as erythropoietin prepara-
tions and growth hormones have been developed in recent years for use in certain indica-
tions [62, 63]. In fact, an increasing range of pharmaceutical companies, mostly Asian, have
already developed biosimilar drugs relying on evidence derived from controlled clinical
trials [64].

In biosimilars, the therapeutic protein is obtained by recombinant technology, and its struc-
ture is similar to that of the original biological product (‘the reference drug’); this accounts for
their very name— biosimilars'. In addition, the pharmacological effects of the biosimilar as
well as its mechanism of action are presumed identical to those of the reference [65].

If compared to drugs developed by chemical synthesis, the molecular weight of biosimilarsis
is higher and their molecular structure is very complex. Although identical to amino acid
sequence, their tertiary and quaternary structures may be heterogeneous, impacting their
respective efficacy and safety profiles. Although similar in concept, biosimilars as copies of
biologicals and generics as copies of chemically synthesized drugs must be treated in the
same way, a fact clearly recognised by regulatory measures for assessment of preclinical data
of both the EMA and the FDA.

In the same way as for generics and original drugs, since their very proposal as alternatives,
the issue has been raised with regard to the extent that a structurally similar imitation of
a drug could actually present identical efficacy and safety as the original [66]. It has been
argued that variations in manufacturing processes may result in alterations of clinically rel-
evant properties, likely to affect the finished product and subsequently monoclonal antibod-
ies. But even if successful in part only, biosimilars would lead to significant reduction in drug
costs as well as to a re-structuring of the pharmaceutical market.

221



222 An Interdisciplinary Approach to Psoriasis

The limitations of biosimilars would thus consist of possibly diminished reduced efficacy
and higher risk potential from new side effects arising from such manufacturing variations
[67]. Critical assessment of functional differences between biosimilars and their reference
biological drug is essential for successful therapy and treatment safety.

Biosimilars display several biological characteristics, giving rise to specific consequences for
clinical use. In biologicals and accordingly in biosimilars as well, proteins are formed by pro-
tein folding, resulting in a complex three-dimensional structure [65]. The biotechnological
manufacturing process may induce batch-to-batch variations in the tertiary and quaternary
structure even within a single production line [53, 65]. In addition, change in conditions at the
manufacturing site or even switch from one site to another have often negatively impacted
the quality and stability of biological drugs (according to [68]). The case has become known
of the transfer to a company's new facility of the manufacture of efalizumab, a biological drug
specifically designed for psoriasis treatment, which induced differences of such a scale in bio-
logical characteristics that prompted an FDA request for new phase III study meant to assess
and reconfirm bioequivalence [69].

Such clinically relevant variations in manufacture of a biosimilar have also been reported for
erythropoietin, for instance, with the alteration of protein characteristics, resulting from dif-
ferent properties of ionic bonding [70].

Respective risk of the modified therapeutic effect is even greater in the case of biosimilars
introduced as a de novo production line.

However, the reverse is also true, and biosimilars may have improved properties in compari-
son to the original, and this is the case of the so-called biobetters, provided improvements are
subjected to systematic research and implementation.

With regard to the ability of biological drugs to elicit an intended or unintended immunologi-
cal response (immunogenicity), this is of special importance for this type of medicines, due to
their marked immunogenic capacity resulting from their molecular structure (protein, poly-
peptide) [71]. Typically, the immunogenicity and biological functions of proteins are a result
of both covalent bonds and their native tertiary structure [72]. From the perspective of bio-
similars, though not yet fully demonstrated, it cannot reasonably be assumed that alterations
to the tertiary structure, however structurally minimal but significant as regards function,
are unable to determine changes in immune responses, giving rise to autoimmune or allergic
complications [70, 72-74]. On the other hand, the possibility also exists for the biological drug
to prove excessively effective or become inactivated form of an immune reaction.

In the context of the high specificity of processes for the manufacturing of biologicals, they
cannot possibly be fully replicated for manufacture of their biosimilars. The differences may
arise from various sources, such as selection of production site as well as of cell lines, the
manner of cell nutrition, fermentation conditions, the production temperature and environ-
ment, etc. [66] and they can each alter the recombinant drug's effectiveness, stability and
tolerability [75, 76]. Even when subjected to close monitoring and careful compliance with
strict quality in the production process, variability in product quality (i.e. the integrity of the
finished product) cannot be routinely excluded [77].
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In addition, variability of biological activity may also derive from its marked sensitivity to
such environmental physical conditions as phases, temperature or shearing forces, to changes
in the manufacturing process resulting in variable enzyme activity as well as to formulation
changes [78]. Under the circumstances, it may reasonably be assumed that the drug's safety
may also undergo some degree of influence and safety studies are therefore needed to test
their behaviour in everyday use [79, 80].

In order to specifically determine the implications for clinical practice with biosimilars in
psoriasis treatment, longitudinal studies are necessary, which has prompted both dermatolo-
gists and rheumatologists to require study of biosimilars in long-term registries as per their
indications for use [68, 81]. An initiative in the respect is the PsoBest, conducted in Germany
[82] as well as worldwide, with comparable registries [83, 84].

To counteract the possibility of diminished reduced efficacy and higher risk potential from
new side effects in biosimilars, as early as 2004, the European Medicines Agency (EMA),
followed by the U.S. Food and Drug Administration (FDA) developed legal and regulatory
requirements (the consolidated Directive 2001/83/EC) and guidelines applicable to their
development, evaluation and marketing, based on submission of preclinical data and clinical
characteristics. As the time for patent expiry for biological drugs approved for psoriasis treat-
ment draws nearer (e.g. the U.S. patents for etanercept was issued in 2012, for adalimumab in
2016 and infliximab in 2014), the market will be open for biosimilars, which requires urgent
clarification of actual meaning and implications for healthcare regulation in general and for
dermatology in particular. Therefore, a description is useful related to future introduction of
biosimilars in the treatment of psoriasis and psoriatic arthritis, making use of current regula-
tory requirements and published data.

The same as for conventional medication, EU regulations require authorisation of biologi-
cals and biosimilars. Centrally, scientific assessment is conducted by the European Agency's
Committee for Medicinal Products for Human Use (CHMP) [85]; assessment may result in
a recommendation on whether the medicine should be marketed, adopted by the EMA and
transmitted to the European Commission which grants a marketing authorisation, applicable
to all EU member states.

However, when it comes the evaluation of clinical bioequivalence, the EMA and the FDA
have different perspectives: the EMA only requires evidence of pharmacodynamic and phar-
macokinetic equivalence, with additional evidence of clinical bioequivalence from random-
ized clinical studies being necessary in uncertain cases only [68], whereas the FDA insists on
bioequivalence being supported by clear factual information, resulting from clinical studies.

The EMA and FDA approaches for post-marketing surveillance are similar in that both
require conduct of non-interventional safety trials after marketing.

EMA guidelines have been developed in relation to the quality of biologicals, stating preclini-
cal and clinical requirements, as well as product specifications [76-88]. According to EMA
guidelines, biosimilars should be deemed specifically different from generics and use of
approval procedures for generics is prohibited in relation to biosimilars. Further provisions
regard the manufacturer's obligation to conduct clinical studies [89] seeking to demonstrated
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similarity of quality, safety and efficacy between the biosimilar and its biological reference
drug. The same similarity must apply to the formulation, concentration and mode of admin-
istration of the therapeutic substance. Such data are derived for assessment purposes from
preclinical experiments, both in vitro and in vivo, as well as from clinical studies conducted on
patients or healthy volunteers; however, the amount of data required for biosimilars is less
extensive than for the original biological.

At the same time, the biosimilar manufacturer is required to submit a risk management plan,
focusing on safety specifications as well as a pharmacovigilance plan and a risk minimisation
plan.

A further regulatory request for biosimilars is that they should allow for clear identification, for
instance by use of distinct brand names or non-proprietary names, which allow for clear docu-
mentation, particularly in what concerns reports of potential adverse reactions and side effects.

The EMA's appointed (co)-rapporteurs undertake a scientific assessment of the documen-
tation submitted in support of the application for biosimilar authorisation, on a case-by-
case basis. Positive assessment opinion results in grant of a marketing authorisation by the
European Commission.

Provided certain conditions are met, the EMA allows for extrapolation of initially approved
clinical indications for which they can provide evidence. This is of particular importance for
psoriasis, which, because of the widely varying characteristics of the disease, patient fea-
tures and similarities of risk profiles between psoriasis and rheumatoid arthritis, for instance,
requires critical evaluation of claims of analogies between indications [81, 90, 91].

Exchangeability and substitution are also of importance with regard to the biological refer-
ence drug-biosimilar relation; exchangeability is the term used to refer to the possibility of
replacement based on medicinal and pharmaceutical characteristics between a drug devel-
oped for a specific indication and a different substance with identical effects. This is only
feasible when the substitute drug has same quality, safety and efficacy features as the substi-
tuted one. In pharmaceutical practice in Germany, for instance, drugs may be substituted if
the substitute has been approved in relation to reference product, and no difference could be
established with regard to original substance or their manufacturing process. In that context,
taking into account the differences in manufacturing processes of biosimilars and their result-
ing immunological and pharmacological characteristics, identity with the reference in terms
of active ingredients may be ruled out [92].

Currently, the clinical consequences of repeated substitutions with biosimilars, either between
themselves or for a biological, are only reviewed in few clinical studies [92]. This has prompted
the EMA recommendation that the decision as to which of the two, the original biological
drug or its biosimilar, should be given should be the sole choice of the treating physician.
This has been preceded by measures of national authorities such as the Drug Commission of
the German Medical Association, which has issued a warning against substitution of biotech-
nological drugs for one another in the absence of medical reviews. Substitution of an original
biological product with its biosimilars is only possible on explicit request by the patient's
physician.
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Also pertaining to substitution and exchangeability, one very important aspect is that, partic-
ularly where patients with chronic disease and clear immunological origins such as psoriasis
are involved, uncontrolled product switching and the so-called “product hopping’ should be
avoided.

With regard to the pharmacovigilance aspects of biologicals and biosimilars, their total range
of immunogenicity and associated reactions remains yet to be researched and described: data
from clinical studies and trials need to be complemented with information from actual health-
care practice [93]. The capacity of biosimilars to induce immune responses needs to be stud-
ies after their actual placement on the market and the same pharmacovigilance provisions
should apply to biosimilars as to their reference. This obligation requires conduct of post-mar-
keting studies, mainly designed as controlled patient registries. In that respect, the EMA has
also developed a comprehensive post-marketing pharmacovigilance program applicable to
biosimilars, consisting of performance of a post-marketing safety study and implementation
of a risk management plan, including:

- Spontaneous reporting of potential side effects associated with use of a biosimilar after
their reporting by patients themselves or healthcare professionals;

- Preparation of Periodic Safety Update Reports (PSURs);

- Preparation of post-authorisation safety studies (PASS) (also known as phase IV studies)
[94].

Pricing issues are also relevant for biosimilars, which, although considered less costly in
comparison to their biopharmaceutical reference, because of the considerable research and
development financial investments (currently, 80-120 million Euros), to which costs of bio-
technological production sites must be added, do not in fact bring about a very great differ-
ence as price is concerned (not exceeding 20-25% less than the biopharmaceutical reference).

All the aspects considered, introduction of biosimilars into therapy, psoriasis treatment
included, will undergo constant increase after patent expiry for original. The process will how-
ever increase the need for information from healthcare professionals, carers and patients alike.

4. MTX therapeutic benefits versus toxicology emergencies

In psoriasis therapy, low MTX doses are rarely associated with toxicity, and in most cases this
only occurs because of non-compliance with the recommended guidelines [95].

However, the risk of MTX toxicity increases when additional MTX is administered sooner
than provided for by the routine planned weekly dose [96], as, for instance, in the case of out
of self-administration outside therapeutic protocol of a higher, consecutive dose, acting as
precipitating factor.

MTX toxicity may be observed by its effects on the skin (ulcerations), the gastrointestinal
mucosa, as well as at liver, kidney and bone marrow levels. Limitation of toxicity-related skin
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ulcerations to psoriatic plaques is likely the result of higher MTX uptake by the hyperprolif-
erative psoriatic plaques as compared to the normal skin. The influence of toxicity may be
assessed by both evaluation of change of membrane fluidity at the cellular level [97, 98], as
well as in vivo, by confocal microscopy [99].

MTX-induced pancytopenia may occur in renally impaired patients as well as in cases of folic
acid deficiency, infection and hypoalbuminemia but also as a result of concomitant drug use
(e.g. trimethoprim) and advanced age [100].

Additional features of MTX toxicity are mucositis and myelosuppression, the likely cause of
the latter being advanced age [101], concomitant NSAID use and careless use of the prescribed
MTX dose; in other cases, this may be a result of renal dysfunction not identified prior to
treatment initiation. However, inadvertent MTX dosage is the major contributory factor for
MTX toxicity found in clinical practice, which strongly speaks for mandatory avoidance of
MTX self-administration and appropriate patient instruction in that respect as well against
combination of MTX with other drug without prior medical counselling.

MTX toxicity potential may be enhanced by use of generally renotoxic drugs which either
decrease MTX renal elimination (e.g. cyclosporine, aminoglycosides, nonsteroidal anti-
inflammatory agents, probenecid, sulfonamides, salicylates, colchicines, penicillins and cis-
platin) or induce MTX displacement from protein binding sites in the plasma (as is the case of
salicylates, sulfonamides, probenecid, phenytoin, barbiturates, sulfonylureas, retinoids and
tetracyclines). Use of NSAID for joint pain can contribute to MTX toxicity.

Methods for MTX quantification also exist, as both a parent compound and mostly as MTX
polyglutamate forms, responsible for its effect [102, 103].

To avoid toxicity, over-the-counter availability of MTX should be prohibited.

5. Discussion

Development of biological medicines has brought about new therapeutic options for psoriasis
and other inflammatory diseases, which have proved successful in the therapy of moderate-
to-severe and severe forms of plaque psoriasis alike.

Although giving rise as novel therapeutic agents to concerns related to their efficacy and
safety, innovative pharmacobiologicals such as etanercept, adalimumab, infliximab, ixeki-
zumab, ustekinumab and secukinumab, to mention a few, clinical practice has proved their
short- and long-term efficacy and remarkable tolerability.

The process is currently replicated with regard to emerging biosimilars, developed for treat-
ment of the same conditions as their original reference. Suspicions as to their safety and effi-
cacy should be lifted by the undeniable outcomes derived from in-depth clinical trials already
conducted and clinicians should more resolutely make use of their demonstrated capacities.
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In an overall context of unmatched medical and pharmacological development, mainly char-
acterised by the uniquely fast pace of research and findings in the area of biologicals and
biosimilars, these currently play a remarkable role in advanced medicine. However, this has
also raised a challenge for both international researchers, developers, manufacturers and
for other drug-related regulatory fields such as the development of standards and pharma-
covigilance, as the most important. This is further enforced by the expectation that, at least
in Europe, biosimilars would lead to 15-30% cost reduction in use of biological therapeutic
agents.

With regard to the therapeutic benefits-toxicological emergencies ratio particularly in psoriatic
patients, there is a common concern related to possible association of MTX therapy with toxic-
ity in various forms, of which some are serious and, in rare cases, may even include patient
death.

Because of their implication for clinical practice, two aspects should be particularly outlined
in relation to MTX toxicity: firstly, there is their potential to manifest at any time during the
treatment, which calls for constant monitoring; secondly, the importance of the MTX dose or
the dosing frequency for determining the risk for both toxicity and its severity.

MTX-induced toxic effects of special concern are severe skin reactions, hepatotoxicity (with
both acute and chronic forms, with liver fibrosis and cirrhosis), acute haematological toxicity,
lymphoproliferative disorders and severe opportunistic infections, lung disease and serious
gastrointestinal toxicity.

Given this relatively high-risk context, further complicated by the additional threat posed by
the potential for serious cumulative toxicity, MTX therapy is generally to be used mainly for
patients with severe psoriasis, whose quality of life is seriously affected by their disease as
well as for cases where proper disease control cannot be accomplished by use of topical thera-
pies. As a further minimisation measure, MTX dose reductions and off-treatment periods
should be applied whenever possible.

Undeniably, a therapeutic advantage due to relatively low costs of therapy complemented
by ease of oral administration, in the presence of potential to achieve reasonable safety and
tolerance, use of MTX has to be considered against its serious toxicity potential, which may be
kept under control by careful patient selection and individual assessment of the benefit-risk
balance for each psoriasis patient, accompanied by routine monitoring and strict compliance
with monitoring guidelines.
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