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Preface

By virtue of the dynamic nature of the scientific process, the description of the type, pathogene‐
sis and treatment of a disease is always a work in progress. Each day new research shapes and
refines our understanding of disease processes; an attempt to describe the current scientific un‐
derstanding provides merely a snapshot of a body of knowledge that is constantly changing.
However, characterizing a disease using homeostatic and physiological terms allows the crea‐
tion of a framework to convey the most up-to-date theories while maintaining the potential for
their evolution.

The complex nature of any disease can similarly be unveiled through understanding the histori‐
cal context of our current understanding, examining prevailing hypotheses and extrapolating
horizons for new research. To develop a framework for understanding of psoriasis and its evolu‐
tion, the first perception to be changed is the prevalent teleological view of pathogenesis. The
general notion that psoriasis is one disease with one mechanism must be changed. This model
full of logic and consequences does not apply in many other areas of medical and non-medical
science. However, the belief that certain phenomena are best explained in terms of purpose rath‐
er than cause infest the medical scientific field. As such, it is necessary to move to a new ap‐
proach to describing the relationship among immune system, other systems and environment.

For better development of this book about psoriasis, the main objective was to provide insights on
the types, causes, and treatments of this prevalent humans disease. Any successful program of
knowledge transference has to discuss the pivotal role of some of these aspects of immunopatho‐
physiology, how our understanding of its mechanism evolved, and how to block or revert the
effect of a specific immunological disequilibrium. Through this, the aim is to explain some facts of
modern science that might be useful for clinicians to understand the basis of psoriasis. Moreover,
an important goal is to dispel some misinformation that might have a negative impact on the use of
new immunomodulators and medications available. Treatment basis and therapeutic response
experience strongly supports the use of immunomodulators as important modalities in the treat‐
ment of many diseases in all fields of medicine. Studies with these therapeutic agents, which act in
different steps of the inflammatory cascade, have also shown significant efficacy in psoriasis.

This approach might substantially improve the transference of disease knowledge for physicians
and is intended to improve the quality of medical services that endorses training of excellence
and assesses the qualifications of physicians, most of whom will be naïve to clinical dermatologi‐
cal practices.

Enjoy the book.

Hermenio Lima, MD PhD
McMaster University, Canada
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Chapter 1

Psoriasis — Types, Causes and Medication

F.Z. Zangeneh and F.S. Shooshtary

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/54728

1. Introduction

Although the skin disease psoriasis was first recognized as a distinct disease as early as 1808
[1], its pathogenic mechanisms have eluded investigators for decades, its definition by
Ferdinand von Hebra as a distinct entity dates back only to the year 1841 and estimates of its
prevalence around 2-3% of the general population, and is characterized by an exaggerated
proliferation of keratinocytes secondary to an activated immune system. The incidence is
highest at the age of 20–39 years in males and 40–59 years in females, with an equal male-to-
female ratio [2]. Psoriasis clinically manifests as raised, well defined erythematous plaques
with irregular borders and silvery scales, affecting the upper and lower extremities equally,
but with a predilection for the elbows, knees, scalp, and trunk. Psoriasis vulgaris or plaque
psoriasis accounts for almost 90% of the dermatological presentation of the disease, but several
other forms, including guttate, inverse, erythrodermal, pustular, and palmoplantar psoriasis
may occur, as well as nail involvement. Psoriasis may have significant systemic involvement,
which is underscored by the coexistence of various clinical disorders, including eye, cardio‐
vascular, and intestinal problems, metabolic syndrome, and joint inflammation. It has a very
high negative impact on quality of life, requires long-term treatment which usually has a high
social and economic impact and is also associated with a decreased life span [3] [4].

2. Psoriasis types

Psoriasis classification

No one classification of psoriasis satisfies all the mentioned requirements. Usually, criteria are
intermingled (Table 1), and subclasses are nonexclusive. Similar problems exist with the
clinical classification of psoriatic arthropathy [5].

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

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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Morphologic aspects of

elementary lesions

Pustular, non-pustular but also plaque, nummular, guttate, gyrate, rupioid,

elephantine, ostraceous, etc.

Degree of inflammation Mainly inflammatory vs mainly hyperkeratotic

Pattern distribution Extensory, inverse, seborrhoeic, widespread

Extent One site (scalp, nail, etc.), many sites, generalized

Time of first onset Early vs late onset

Velocity of propagation Stable, unstable, eruptive

Table 1. Features which have been considered in different classifications of psoriasis [6]

Classification criteria based on purported etiology rank higher in formalization compared with
purely morphological ones.

2.1. Classifying psoriasis: The spectrum of clinical varieties

Psoriasis, a papulosquamous skin disease, has several different types, including: psoriasis
vulgaris (common type), guttate psoriasis (small, drop like spots), inverse psoriasis (in the
folds like of the underarms, navel, and buttocks), and pustular psoriasis (pus-filled, yellowish,
small blisters). When the palms and the soles are involved, this is known as palmoplantar
psoriasis.

2.2. Psoriasis vulgaris (chronic stationary psoriasis, plaque-like psoriasis)

The commonest type of psoriasis, accounting for 90% of all cases, is psoriasis vulgaris, in which
papulosquamous plaques are well-delineated from surrounding normal skin. The plaques are
red or salmon pink in color, covered by white or silvery scales and may be thick, thin, large or
small (Figure 1). They are most active at the edge: rapidly progressing lesions may be annular,
with normal skin in the centre. Plaques are usually distributed symmetrically, and occur most
commonly on the extensor aspects of elbows and knees; scalp (where they rarely encroach
beyond the hairline), lumbosacral region, and umbilicus. Active inflammatory psoriasis is
characterized by the Koebner phenomenon, in which new lesions develop at sites of trauma
or pressure [7].

2.2.1. Classification of psoriasis vulgaris according to phenotype: plaque-type psoriasis

There is also variation of features of psoriasis dependent on anatomical sites. Until the reasons
for this variation are fully understood, they are proposed to be recorded as a phenotypic entity,
although subsequently they may be shown to be part of a common pathogenetic mechanism.
A further distinction arises according to the age of onset of plaque psoriasis [8]. Henseler and
Christophers are credited with identifying two ages of onset: type I occurring at or before the
age of 40 years—this accounts for approximately 75% of patients; and typeII presenting after
the age of 40 years, with a distinct peak at 55–60 years [9].

Psoriasis - Types, Causes and Medication4

2.2.2. Plaque-type psoriasis: Chronic plaque psoriasis

As a consequence, chronic plaque psoriasis is the form of the disease entered into clinical trials
and the object of the majority of investigations of genetics and pathogenesis of psoriasis. It is
characterized by red, scaly, discoid lesions varying in size from 0.5 cm in diameter to large con‐
fluent areas on the trunk and limbs (Figure 1). There is a sharp line of demarcation between a
plaque and clinically normal, uninvolved skin. Longitudinal studies of individual plaques
have demonstrated that plaques are dynamic [10] with an active and expanding edge, some‐
times to the extent that the advancing edge may become annular (Figure. 2) leaving clinically
normal skin in the centre of the original plaque. The variety of plaque is characterized by well-
demarcated plaques with a loosely adherent silvery-white scale, which preferentially affect the
elbows, knees, lumbosacral area, intergluteal cleft, and scalp. Occasionally, pustular lesions
may appear in the plaque (so-called psoriasis with pustules). Chronic plaque psoriasis is the
most common variety of psoriasis, representing about 70% to 80% of psoriatic patients [11].

Figure 1. Typical plaque of Psoriasis Vulgaris.

Figure 2. Annular psoriasis showing clearance in centre of plaque.

Psoriasis — Types, Causes and Medication
http://dx.doi.org/10.5772/54728
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Under the heading of plaque psoriasis, it is proposed to include, as subdivisions, a new, more
logical nomenclature of phenotypes associated with specific anatomical sites, distribution, size
and thickness of plaques [8].

2.2.3. Site-specific variants of Psoriasis Vulgaris (PV)

Site-specific variants of psoriasis vulgaris exist. Flexural (inverse) psoriasis in intertriginous
sites is shiny, red, and typically devoid of scales (figure 3); sebopsoriasis, which can be
confused with seborrhoeic dermatitis, has greasy scales and occurs in eyebrows, nasolabial
folds, and postauricular and presternal sites. Psoriasis vulgaris will probably prove to be
several closely related but phenotypically and genotypically distinct conditions [8].

Flexural/intertriginous: Inverse psoriasis (Flexural Psoriasis or Psoriasis of the Skin Folds) is
usually located in the skin folds: i.e. armpits, under the breasts, skin folds around the groin and
between the buttocks. It is particularly subject to irritation from rubbing and sweating because
of its location in skin folds and tender areas (Figure 3). Plaques are thin, have minimal scale and
a shiny (nonscaly) surface commonly accompanied by secondary fissuring and/or maceration.
The major clinical manifestation of inverse psoriasis is sharply demarcated erythematous pla‐
ques, with varying degrees of infiltration, which often tend to itch and burn [12]. The most com‐
mon lesions are found in inguinal, submammary, interglutaeal, umbilicus and genital folds,
whereas the popliteus and axillae are rarely involved. The humidity and heat typical of these
sites, together with the combination of local traumatic factors often associated with infections
caused by dermatophytes and Candida albicans, together contribute to the development of
psoriasis in accordance with the Koebner phenomenon. The Koebner phenomenon is an indi‐
cator of disease activity, may have a prognostic value, and is associated with early onset of
psoriasis [13]. The Koebner phenomenon was first described by Heinrich Koebner (1838–1904)
and refers to the fact that in people with certain skin diseases, especially psoriasis, trauma is fol‐
lowed by new lesions in the traumatized but otherwise normal skin, and these new lesions are
clinically and histopathologically identical to those in the diseased skin [14].

Figure 3. Flexural psoriasis, notes the relative lack of scale.

Psoriasis - Types, Causes and Medication6

Seborrhoeic: Seborrhoeic psoriasis (‘sebopsoriasis’), so called because of its similarity in
morphology and anatomical distribution to seborrhoeic dermatitis, may occur either in
isolation or associated with plaque psoriasis elsewhere. Sites of involvement are the nasolabial
folds (Figure 4), medial cheeks, nose, ears, eyebrows, hair line, scalp, presternal and inter‐
scapular regions. Characteristically the lesions are thin, red and well-demarcated (somewhat
like intertriginous psoriasis) with variable degrees of scaling.

Figure 4. Seborrhoeic psoriasis, nasolabial, ‘greasy’ appearance and finely scaled.

Scalp: The scalp is frequently the site of initial presentation and is the commonest anatomical
site to be involved by psoriasis. Morphologies range from discrete plaques to total scalp
involvement with either thick plaques or scaly nonthickened areas almost identical to sebor‐
rhoeic dermatitis. Sites of predilection include the immediate postauricular area and occiput.
An important and fascinating observation is that the scalp lesions rarely extend > 2 cm beyond
the hairline. Compared with psoriasis elsewhere, scalp involvement is frequently asymmetri‐
cal (Figure 5).

Figure 5. Psoriasis of the scalp.

Palms/soles (nonpustular): Palmoplantar pustulosis, consisting of yellow-brown, sterile
pustules on palms and soles, is still described in textbooks of dermatology as a subtype of
psoriasis. About 25% of people with palmoplantar pustulosis also have chronic plaque
psoriasis. The disease has different demographics to psoriasis vulgaris in that patients are
predominantly women (9:1 female: male ratio) and either current or previous smokers (95%)
and onset occurs in the 4th or 5th decades of life (Figure 6) [15].
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Seborrhoeic: Seborrhoeic psoriasis (‘sebopsoriasis’), so called because of its similarity in
morphology and anatomical distribution to seborrhoeic dermatitis, may occur either in
isolation or associated with plaque psoriasis elsewhere. Sites of involvement are the nasolabial
folds (Figure 4), medial cheeks, nose, ears, eyebrows, hair line, scalp, presternal and inter‐
scapular regions. Characteristically the lesions are thin, red and well-demarcated (somewhat
like intertriginous psoriasis) with variable degrees of scaling.

Figure 4. Seborrhoeic psoriasis, nasolabial, ‘greasy’ appearance and finely scaled.

Scalp: The scalp is frequently the site of initial presentation and is the commonest anatomical
site to be involved by psoriasis. Morphologies range from discrete plaques to total scalp
involvement with either thick plaques or scaly nonthickened areas almost identical to sebor‐
rhoeic dermatitis. Sites of predilection include the immediate postauricular area and occiput.
An important and fascinating observation is that the scalp lesions rarely extend > 2 cm beyond
the hairline. Compared with psoriasis elsewhere, scalp involvement is frequently asymmetri‐
cal (Figure 5).

Figure 5. Psoriasis of the scalp.

Palms/soles (nonpustular): Palmoplantar pustulosis, consisting of yellow-brown, sterile
pustules on palms and soles, is still described in textbooks of dermatology as a subtype of
psoriasis. About 25% of people with palmoplantar pustulosis also have chronic plaque
psoriasis. The disease has different demographics to psoriasis vulgaris in that patients are
predominantly women (9:1 female: male ratio) and either current or previous smokers (95%)
and onset occurs in the 4th or 5th decades of life (Figure 6) [15].
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Figure 6. Plantar involvement by plaque psoriasis.

2.3. Guttate psoriasis

Psoriasis affects approximately 2% of the world population, and of these cases, 2% manifest
as guttate psoriasis [16]. Guttate means "drop" in Latin; aka Teardrop Psoriasis, Raindrop
Psoriasis or Psoriasis Exanthematic) is the second most common type of psoriasis. Guttate
psoriasis (GP), an important clinical variant, most frequently occurs in adolescents and young
adults. It is characterized by the sudden onset of widely dispersed small red scaly plaques
mainly over the trunk and proximal limbs. The symptoms of GP are numerous small, red,
drop-like spots which cover a large portion of the skin. Spots have an abundant scaling. Lesions
are usually located on the trunk, arms, legs and scalp. GP can clear up without treatment or
disappear and resurface in the form of plaque psoriasis. GP is especially common in children
or young adults with a family history of psoriasis and follows streptococcal infection and/or
acute stressful life events [17]. Guttate flares in patients with established psoriasis vulgaris
(PV) are also frequently observed. These observations, taken together with investigative
studies, indicate an important pathogenetic link between GP and PV [15]. GP is often associated
with a preceding streptococcal throat infection or a rise in anti-streptococcal serum titer [16]
[18]. Bacterial streptococcal infections (strep throat, chronic tonsillitis) or a viral respiratory
infection usually precede and trigger the first signs of Guttate Psoriasis in persons predisposed
to psoriasis. Herein, Dr. Loh in 2012 reports a case that suggests such an association. This 15-
year-old girl presented with a case of acute guttate psoriasis shortly after the onset of mono‐
nucleosis. The structural characteristics of her eruption and her skin biopsy findings are
consistent with guttate psoriasis (Figure 7).
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Figure 7. Clinical photographs of the abdomen with guttate psoriasiform papules and plaques. A,Unmagnified image.
B, Image at higher unspecified magnification [19].

2.4. Pustular psoriasis: In a population survey of psoriasis, pustular lesions were reported
at any time during the course of psoriasis by about 20% of patients [11]

Generalized pustular psoriasis: Patients with generalized pustular psoriasis (GPP) may have
preexisting plaque psoriasis or develop it after pustular episodes. Acute episodes may be
triggered in patients with plaque psoriasis by irritating topical therapy or abrupt corticosteroid
withdrawal [20]. At the onset of an attack of acute GPP (von Zumbusch type) the skin becomes
very red and tender. There may be fever and systemic symptoms such as anorexia and nausea.
Within hours, myriads of pinhead-sized pustules appear, studding the erythematous back‐
ground (Figure 8). Pustules may become confluent, producing lakes of pus. Subsequently, the
pustules dry out, and the skin peels off, leaving a glazed, smooth erythematous surface on
which new crops of pustules may appear [21]. GPP should be distinguished from acute
generalized exanthematic pustulosis, a self-limiting febrile drug reaction usually resolving in
2 weeks after withdrawal of the suspected agent, characterized by pinpoint nonfollicular
pustules on erythematous patches mainly involving folds. Single necrotic cells in the epider‐
mis, eosinophils, and vasculitic changes in the dermis are peculiar pathologic features [22] [23].
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Figure 8. Early phase of generalized pustular psoriasis with edematous plaques and pustules.

Localized pustular psoriasis: Besides so-called psoriasis with pustules (sometimes referred to
by the misleading term “localized form of generalized pustular psoriasis”), 2 main clinical
varieties are reported as localized pustular psoriasis: acrodermatitis continua of Hallopeau
and palmoplantar pustulosis.

Acrodermatitis continua, also known as dermatitis repens, is a rare, chronic, pustular eruption
of the fingers and toes (Figure 9). Often, it begins after a localized trauma starting at the tip of
a single digit [24].

Palmoplantar pustulosis: is characterized by hyperkeratosis and clusters of pustules over the
ventral aspects of hands and/or feet (Figure 10). Classification of palmoplantar pustulosis
within the spectrum of psoriasis is controversial. The disease predominates in women (more
than 70% of patients are women) and is much more strongly associated with smoking than
plaque psoriasis [25]. Palomar-plantar pustulosis (PPP) generally appears between the ages of
20 and 60. PPP causes large pustules to form at the base of the thumb or on the sides of the
heel. In time, the pustules turn brown and peel. The disease usually becomes much less active
for a while after peeling.

Psoriasis - Types, Causes and Medication10

Figure 9. Acrodermatitis continua showing crops of pustular lesions at the tips of the fingers.

Figure 10. Palmoplantar pustulosis.

2.5. Erythrodermic psoriasis

As already mentioned, plaque psoriasis is a rather stable disorder. The transition to a more
extensive involvement, due to frequently unidentifiable triggering factors, is frequently
marked by the onset of an inflammatory phase with predominant erythema and limited scaling
associated with itching and rapidly progressing lesions. This unstable psoriasis may some‐
times evolve to whole-body involvement. The erythrodermic phase is dominated by general‐
ized erythema, loss of peculiar clinical features of psoriasis, and skin failure, that is, inability
to maintain homeostatic functions [26]. Erythrodermic psoriasis characterized by severe
scaling, itching, and pain that affects most of the body, erythrodermic psoriasis disrupts the
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body's chemical balance and can cause severe illness (Figure11). This particularly inflamma‐
tory form of psoriasis can be the first sign of the disease, but often develops in patients with a
history of plaque psoriasis.

Figure 11. Erythrodermic psoriasis.

2.6. Nail psoriasis

Approximately 50% of all patients with psoriasis develop characteristic nail changes as a
clinical correlate of psoriatic inflammation of the nail matrix and/or nail bed. The most frequent
signs of nail psoriasis are pitting and distal onycholysis [27]. Clinical manifestations range
from pitting, yellowish discoloration, and paronychia, to subungual hyperkeratosis, onychol‐
ysis, and severe onychodystrophy (Figure 12) [28].

Figure 12. Yellowish discoloration of fingernails.

Psoriasis - Types, Causes and Medication12

2.7. Psoriatic arthritis

Psoriatic arthritis (PsA) is a chronic inflammatory joint disease occurring in 6–39 % of patients
with psoriasis with a prevalence of PsA in the general population of about 0.1–0.25 % [29] [30].
Based on the several common clinical and radiological features, PsA is considered as a member
of the family of spondyloarthritides [31]. This type of arthritis can be slow to develop and mild
or it can develop rapidly. PsA can be a severe form of arthritis with prognosis similar to that
of rheumatoid arthritis (RA) [32]. Psoriatic arthritis (PsA) is characterized by focal bone
erosions mediated by osteoclasts at the bone–pannus junction. Importantly, 80% of patients
with psoriatic arthritis have nail psoriasis (Figure13) [33]. Recognition of bone as an active
organ that interacts with its environment is a relatively new development. In the pathogenesis
of bone destruction associated with rheumatoid arthritis, the synovium is a site of active
interplay between immune and bone cells. The interaction between T cells and osteoclasts is
a critical issue in the field of osteoimmunology [34]. Further differentiate mechanisms of bone
resorption and repair in PsA and RA and likely will uncover additional therapeutic targets [35].

Figure 13. Psoriatic arthritis hand changes over time.

3. Pesoriasis causes

Psoriasis – Pathogenesis

Today, psoriasis is recognized as the most prevalent autoimmune disease caused by inappro‐
priate activation of the cellular immune system. There are two main hypotheses about the
process that occurs in the development of Psoriasis. The first considers psoriasis as primarily
a disorder of excessive growth and reproduction of skin cells. The problem is simply seen as
a fault of the epidermis and its keratinocytes and is characterized by hyperproliferation with
incomplete differentiation of epidermal keratinocytes and decreased keratinocyte apoptosis.
The second hypothesis sees the disease as being an immune-mediated disorder (immunosup‐
pressant medications can clear psoriasis plaques) in which the excessive reproduction of skin
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cells is secondary to factors produced by the immune system. T cells become active, migrate
to the dermis and trigger the release of cytokines which cause inflammation and the rapid
production of skin cells. It is not known what initiates the activation of the T cells. That work
initially pointed towards a major role of T lymphocytes as inducers of the disease phenotype
and the pathogenic contribution of this cell type has now been tested through clinical studies
of more than a dozen immune modifying biological agents in patients with psoriasis. The
inflammatory cytokines such as tumor necrosis factor (TNF) are likely to play major pathogenic
roles in this disease and that other types of inflammatory leucocytes may also serve key
pathogenic functions. Here we will review some recent works on psoriasis that advances our
overall understanding of disease pathophysiology regarding neuroendocrine immunology.
The concept of Psoriasis & Supersystems considers site of recognition, skin barrier in the
sympathetic nervous (beta2 adenoceptors) and immune systems.

Psoriasis & supersystems

The brain and the immune system, or the “supersystems”, a term recently coined by Tada
(1997), are the two major adaptive systems of the body [36]. Although the immune system has
been often regarded as autonomous, the last two to three decades provided strong evidence
that the central nervous system (CNS) receives messages from the immune system and vice
versa messages from the brain modulate immune functions. Thus, the brain and the immune
system are involved in functionally relevant cross-talk, whose main function is to maintain
homeostasis [37]. In psoriasis it seems that the most important components of these supersys‐
tems are ß2 adenoceptors and tumor necrosis factor alpha (TNFα). Recent studies show that
the ß2-adrenergic receptor is specifically associated with the homeostasis of skin barrier. Ca
has critical role in this function. Increasing evidences indicate that TNF may have immuno‐
suppressive effects, since long-term exposure to TNF can directly prevent the activation of T
cells. ß2-adrenergic receptor interacts with TNFα which is evaluated in below, respectively.

3.1. Skin’s barrier function

3.1.1. Homeostasis of skin barrier: Self-referential system

The skin barrier homeostatic function is a self-referential system because it is always moni‐
toring its original function, i.e., water impermeability. This function is regulated by the
peripheral function [38]. Epidermal homeostasis is understood as the maintenance of epider‐
mal tissue structure and function by a fine tuned regulatory mechanism balancing proliferation
and cell loss by desquamation and apoptosis [39]. Stem cells of the basal layer or stratum basal
in the epidermis have a crucial role in maintaining tissue homeostasis by providing new cells
to replace those that are constantly lost during tissue turnover or following injury [40]. cAMP
and calcium influence the formation and maintenance of barrier function [41].

3.1.2. Skin: An indispensable and protective barrier

The first protective barrier is provided by the skin, our largest organ. It serves as the interface
between the organism and the outside world and it serves many functions, such as the retention
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of body fluids, maintenance of body temperature, and protection against UV-light, chemical
influxes, wounds, and the invasion of micro-organisms. The protective barrier function is
performed by the keratinocytes of the epidermis, which are continuously produced by
proliferating stem cells of the basal layer or stratum basal and differentiate during a 14 day
journey towards the surface [42].

3.1.3. Skin: Epidermal barrier capacity (lipid/protein polymer structure)

Stratum corneum (SC) & Ceramides (family of lipid molecules)

Epidermal barrier capacity is controlled by lipids that fill the extracellular space of the skin's
surface layer-the stratum corneum. Lipid synthesis for skin barrier function takes place within
the keratinocytes in all nucleated epidermal layers. Lipids are stored within the epidermal
lamellar bodies (secretory organells) or keratinosomes, which are ultrastructurally visible at
the level of the upper spinous layer and in the granular layer. In the outermost granular layer,
the contents of lamellar bodies are secreted into the intercellular domains of the stratum
granulosom–stratum corneum interface. Lamellar bodies mainly contain phospholipids,
glucosylceramides and cholesterol as well as hydrolytic enzymes, which convert phospholi‐
pids, glucosylceramides and sphingomyelinase to free fatty acids and ceramides. Then,
lamellar bodies cause in the formation of an impermeable, lipid-containing membrane that
serves as a water barrier and is required for correct skin barrier function. The Stratum Corneom
(SC) contains three types of lipids -- ceramides, cholesterol and free fatty acids. These lipids
have different chemical compositions and different functions throughout the body. There are
nine different types of ceramides in the Stratum Corneom, conveniently named ceramide 1
through ceramide 9, and they account for 40-50% of the lipids in this outermost layer. A
ceramide is composed of sphingosine and a fatty acid. Ceramides are found in high concen‐
trations within the cell membrane of cells. They are one of the component lipids that make up
sphingomyelin, one of the major lipids in the lipid bilayer. Ceramide can actually act as a
signaling molecule. The most well-known functions of ceramides as cellular signals include
regulating the differentiation, proliferation, programmed cell death (PCD), and apoptosis
(Type I PCD) of cells [43].The proliferation rate of keratinocytes to corneocytes is matched by
the shedding of old corneocytes at the SC [44] and skin tissue maintains a steady number of
SC layers regardless of age [45].

Desquamation, the process of cell shedding from the surface of the stratum corneum, balances
proliferating keratinocytes that form in the stratum basale. These cells migrate through the
epidermis towards the surface in a journey that takes approximately fourteen days. During
cornification, the process whereby living keratinocytes are transformed into non-living
corneocytes, the cell membrane is replaced by a layer of ceramides which become covalently
linked to an envelope of structural proteins (the cornified envelope). This complex surrounds
cells in the stratum corneum and contributes to the skin's barrier function [41]. SC serves as
the principal barrier against the percutaneous penetration of chemicals and microbes and is
capable of withstanding mechanical forces [46].

Stratum corneum (SC) & Proteases (kallikrein family of serine proteases)
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Interestingly, two major proteases of stratum corneum SCCE/KLK7/hK7 and SCTE/KLK5/hK5
together can destroy three major components of the corneodesmosomes: DSC1, DSG1 and
CDSN [47]. These enzymes belong to kallikrein family of serine proteases. Their expression
starts in suprabasal keratinocytes where their inactive precursors undergo a processing by an
unidentified trypsin-like protease [48]. In stratum corneum, these enzymes appear in the
intercellular spaces suggesting their involvement in the desquamation [49]. Recent discoveries
have highlighted the importance of various proteases, protease-inhibitors, and protease targets
as key players in epidermal barrier function [50]. It has become clear in recent years that serine
proteases have an important role in epidermal homeostasis, and the signaling cascades are
gradually being identified [41].

3.1.4. Skin: Epidermal proteases

The specific differentiation program in stratified skin requires a specialized proteolytic system
to detach the corneocytes from each other without causing a barrier defect. A number of
different proteases have been reported to be involved in the desquamation process and to
contribute to the barrier function of the skin. Based on their proteolytic domain, proteases are
classified into serine, threonine, cysteine, aspertate, metallo, and glutamate proteases. Espe‐
cially serine proteases (SPs) seem to be involved in epidermal permeability barrier homeostasis
as it was reported that SP activity was increased after acute barrier disruption and that
blockade by topical SP inhibitors accelerated barrier recovery after acute abrogation [51].

3.1.5. Skin: Adherent junction proteins (Epidermal junction)

The Epidermal junction (EJ) plays a crucial role in the formation and maintenance of epithelial
and endothelial barriers. The EJ is a complex basement membrane synthesised by basal
keratinocytes and dermal fibroblasts. It plays a fundamental role as a mechanical support for
the adhesion of the epidermis to the dermis and regulates the exchanges of metabolic products
between these two compartments; besides, it serves as a support for keratinocytes migration
during wound healing, and is traversed by various cell types (LC, lymphocytes...) during
immunologic and inflammatory processes [52]. Basal keratinocytes are connected to adjacent
cells by several types of intercellular junctions (including gap and adherens junctions), the
most characteristic of which are the desmosomes. Formation of adherens junctions and
desmosomes requires extracellular calcium [53].

Summary 1: Psoriasis & skin’s barrier function

Although the Psoriasis is a multifactorial disease, the studies show that disruption the
homeostasis in skin’s barrier is the main factor. Several factors interfere of hemostatic estab‐
lishment in skin. 1) Heterogeneous Structure (lipid/protein) of this barrier that is the main
cause of hemostasis. This two compartment structures is renewed continuously and when the
barrier function is damaged, it is repaired immediately. 2) Several proteases important for
desquamation (skin shedding). 3) The Epidermal junction (EJ) plays a crucial role in the
formation and maintenance of epithelial and endothelial barriers. Formation of adherens
junctions and desmosomes requires extracellular calcium. Raising the calcium concentration
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in the cell culture medium from 0.05 to 1.2mM [53] stimulates keratinocytes to form strong
cell-cell adhesions in vitro. 4) In epidermal keratinocytes, both extracellular and intracellular
Ca++ is reported to be important to cell differentiation and proliferation.

3.2. Skin’s sympathetic fibers: Neuroendocrin regulation

The skin is a complex organ containing afferent and efferent neural networks, glands, blood
vessels, smooth muscle elements, connective tissues and immune cells, many of which are
modulated by catecholamines and glucocorticoid hormones. Glucocorticoids and catechola‐
mines reach skin tissues as circulating hormones and catecholamines are released in skin by
projections of the sympathetic nervous system. The sympathetic division of the autonomic
nervous system within the skin is supplied by postganglionic fibers of the paravertebral chain
ganglia. Catecholamines also are produced locally by keratinocytes [54] [55].

3.2.1. Skin’s Beta2 adrenergic receptors (β-ARs)

Beta2 adrenergic receptors were identified in keratinocytes more than 30 years ago, but their
function in the epidermis continues to be elucidated [56]. The β-adrenergic (β-ARs) agonists
are capable of modulating the two distinct components of keratinocyte directional migration
via divergent signaling pathways: 1) migration rate via a cAMP-independent, mitogen-
activated-protein-kinase-dependent pathway [57] and 2) galvanotaxis by a cAMP-dependent
one. Previous data have shown that both endogenous and exogenous catecholamines act to
attenuate the permeability response to various inflammatory mediators via β1- [58] and β2-
adrenoceptors [59] [60] [61] [62]. Additionally, because β-adrenergic agonists and antagonists
modulate both keratinocyte migration and galvanotaxis, they could be valuable tools for
controlling reepithelialization and restoration of barrier function, an essential component of
the wound healing process.

3.2.2. β-ARs signaling cascade

In skin, it has been proposed that epinephrine activates keratinocyte beta2AR to modulate
calcium influx and begin the differentiation cascade crucial to the native architecture of the
epidermis [54]. The beta2AR desensitizes upon repeated activation through several mecha‐
nisms, including downregulation of the number of beta2AR receptors [63] [64]. Indeed,
beta2AR expression is more highly expressed at the basal layers of the epidermis and decreases
in expression toward the stratum corneum [54], suggesting that epinephrine may be activating
the receptor to increase intracellular calcium levels and induce differentiation.

3.2.3. β2 adrenergic receptor (β-ARs): Phosphodiesterase

The cyclic nucleotide phosphodiesterases comprise a group of enzymes that degrade the phos‐
phodiester bond in the second messenger molecules cAMP and cGMP. They regulate the local‐
ization, duration, and amplitude of cyclic nucleotide signaling within subcellular domains.
The PDE superfamily of enzymes is classified into 11 families, namely PDE1-PDE11, in mam‐
mals. PDEs have different substrate specificities. Some are cAMP-selective hydrolases (PDE4, 7
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gradually being identified [41].

3.1.4. Skin: Epidermal proteases

The specific differentiation program in stratified skin requires a specialized proteolytic system
to detach the corneocytes from each other without causing a barrier defect. A number of
different proteases have been reported to be involved in the desquamation process and to
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as it was reported that SP activity was increased after acute barrier disruption and that
blockade by topical SP inhibitors accelerated barrier recovery after acute abrogation [51].

3.1.5. Skin: Adherent junction proteins (Epidermal junction)

The Epidermal junction (EJ) plays a crucial role in the formation and maintenance of epithelial
and endothelial barriers. The EJ is a complex basement membrane synthesised by basal
keratinocytes and dermal fibroblasts. It plays a fundamental role as a mechanical support for
the adhesion of the epidermis to the dermis and regulates the exchanges of metabolic products
between these two compartments; besides, it serves as a support for keratinocytes migration
during wound healing, and is traversed by various cell types (LC, lymphocytes...) during
immunologic and inflammatory processes [52]. Basal keratinocytes are connected to adjacent
cells by several types of intercellular junctions (including gap and adherens junctions), the
most characteristic of which are the desmosomes. Formation of adherens junctions and
desmosomes requires extracellular calcium [53].
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Although the Psoriasis is a multifactorial disease, the studies show that disruption the
homeostasis in skin’s barrier is the main factor. Several factors interfere of hemostatic estab‐
lishment in skin. 1) Heterogeneous Structure (lipid/protein) of this barrier that is the main
cause of hemostasis. This two compartment structures is renewed continuously and when the
barrier function is damaged, it is repaired immediately. 2) Several proteases important for
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mines reach skin tissues as circulating hormones and catecholamines are released in skin by
projections of the sympathetic nervous system. The sympathetic division of the autonomic
nervous system within the skin is supplied by postganglionic fibers of the paravertebral chain
ganglia. Catecholamines also are produced locally by keratinocytes [54] [55].
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Beta2 adrenergic receptors were identified in keratinocytes more than 30 years ago, but their
function in the epidermis continues to be elucidated [56]. The β-adrenergic (β-ARs) agonists
are capable of modulating the two distinct components of keratinocyte directional migration
via divergent signaling pathways: 1) migration rate via a cAMP-independent, mitogen-
activated-protein-kinase-dependent pathway [57] and 2) galvanotaxis by a cAMP-dependent
one. Previous data have shown that both endogenous and exogenous catecholamines act to
attenuate the permeability response to various inflammatory mediators via β1- [58] and β2-
adrenoceptors [59] [60] [61] [62]. Additionally, because β-adrenergic agonists and antagonists
modulate both keratinocyte migration and galvanotaxis, they could be valuable tools for
controlling reepithelialization and restoration of barrier function, an essential component of
the wound healing process.

3.2.2. β-ARs signaling cascade

In skin, it has been proposed that epinephrine activates keratinocyte beta2AR to modulate
calcium influx and begin the differentiation cascade crucial to the native architecture of the
epidermis [54]. The beta2AR desensitizes upon repeated activation through several mecha‐
nisms, including downregulation of the number of beta2AR receptors [63] [64]. Indeed,
beta2AR expression is more highly expressed at the basal layers of the epidermis and decreases
in expression toward the stratum corneum [54], suggesting that epinephrine may be activating
the receptor to increase intracellular calcium levels and induce differentiation.

3.2.3. β2 adrenergic receptor (β-ARs): Phosphodiesterase

The cyclic nucleotide phosphodiesterases comprise a group of enzymes that degrade the phos‐
phodiester bond in the second messenger molecules cAMP and cGMP. They regulate the local‐
ization, duration, and amplitude of cyclic nucleotide signaling within subcellular domains.
The PDE superfamily of enzymes is classified into 11 families, namely PDE1-PDE11, in mam‐
mals. PDEs have different substrate specificities. Some are cAMP-selective hydrolases (PDE4, 7
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and 8); others are cGMP-selective (PDE5, 6, and 9). A phosphodiesterase type 4 inhibitor, com‐
monly referred to as a PDE4 inhibitor, is a drug used to block the degradative action of phos‐
phodiesterase 4 (PDE4) on cyclic adenosine monophosphate (cAMP). It is a member of the
larger family of PDE inhibitors. The PDE4 family of enzymes is the most prevalent PDE in im‐
mune cells. They are predominantly responsible for hydrolyzing cAMP within both immune
cells and cells in the central nervous system [65]. Since the late 1980s, PDE4 inhibitors have been
under investigation as anti-inflammatory therapies against asthma and chronic obstructive
pulmonary disease. Due to the broad anti-inflammatory activity of PDE4 inhibitors, their pos‐
sible use in the treatment of atopic dermatitis and psoriasis was examined.

3.2.4. β2 adrenergic receptor (β-ARs): cAMP & Calcium

In psoriasis, keratinocytes within the psoriatic lesions demonstrate a low cAMP response to
ß2-AR activation [66]. These findings point to a role for the cutaneous ß2-AR network in
maintaining epidermal function and integrity. Moreover, it has also been shown that ß2-AR
density in the human epidermis depends on the calcium concentration [67] [54], where
undifferentiated keratinocytes express approximately 7500 AR per cell and differentiated
keratinocytes express only 2500 receptors underlining an important function for the 2-AR in
the differentiation process in human skin [68]. Stimulation of the beta2-AR leads to a transient
increase in the keratinocyte intracellular calcium concentration [69] [70] and this likely occurs
through several signaling cascades. The mean increase in intracellular calcium of psoriatic
keratinocytes was significantly reduced compared with control keratinocytes when intracel‐
lular calcium stores were mobilized from endoplasmic reticulum with thapsigargin (an
inhibitor of the endoplasmic reticulum Ca2+ ATPase was used to empty the Ca2+ stores from
endoplasmic reticulum) [71].

Summary 2: Psoriasis & β2 adrenergic receptor (β-ARs)

It has already been established that the skin is an important peripheral neuro-endocrine-
immune organ that is tightly networked to central regulatory systems. These capabilities
contribute to the maintenance of peripheral homeostasis. Skin cells and skin as an organ
coordinate and/or regulate not only peripheral but also global homeostasis. Activation of the
sympathetic system is the most common studied in literature, but other possibilities have to
be considered, like impairment of epidermal barrier function, which is already described. ß2-
AR density in the human epidermis depends on the calcium concentration and calcium plays
an important part in the regulation of proliferation and differentiation of keratinocytes.

3.3. Skin’s immunity function: Keratinocytes as immune sentinels

Keratinocytes can sense pathogens and mediate immune responses to discriminate between
harmless commensal organisms and harmful pathogens. Keratinocytes are continuously in
contact with external stimuli and have the capacity to produce several soluble mediators.
Pathogen-associated molecular patterns (PAMPs) are recognized, among others, by Toll-like
receptors (TLRs). Epidermal keratinocytes express several TLRs, located either on the cell
surface (TLR1, TLR2, TLR4, TLR5 and TLR6) or in endosomes (TLR3 and TLR9) [72]. Kerati‐
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nocytes are also an important source of chemokines and express chemokine receptors, and
therefore can modulate an immune response by attracting different cell types into the skin.

3.3.1. Keratinocytes as a secretory organ of cytokines

Keratinocytes produce a wide array of cytokines, including tumor necrosis factor and inter‐
leukin 1α (IL-1α), IL-1β, and IL-6. Disruption of the permeability barrier increases the expres‐
sion of these cytokines [73] [74]. Studies in mice deficient in these cytokines or their receptors
have shown delays in permeability barrier recovery after acute disruption, suggesting that the
increased cytokine production facilitates barrier repair [75] [76]. Cytokines are well known to
stimulate lipid synthesis and metabolism, and one could anticipate that an increase in
epidermal lipids induced by cytokines could facilitate lamellar body formation and permea‐
bility barrier recovery [75] [77] [78].

3.3.2. Sympathetic regulation of innate immunity

Activation of the sympathetic nervous system (noradrenergic nerves and adrenal medulla)
exerts a potent anti-inflammatory action upon the innate immune system. Adaptive immune
cells are known to express primarily the β2AR, while innate immune cells appear to express
the β2AR, a1AR, and a2AR. In the case of adaptive immune responses, however, signals from
the brain are transmitted back to the periphery, primarily via activation of the HPA and the
SNS [79]. The magnitude of an adaptive immune response appears to be regulated by the
release of norepinephrine within the direct vicinity of activated CD4+ T cells and B cells located
within lymphoid tissue. The released norepinephrine stimulates the β2AR expressed on the
immune cells to regulate the level of gene activity. The immune cell self-regulated immune
response develops and progresses normally with the participation of norepinephrine to
regulate the level of the response in an attempt to maintain immune homeostasis [80]. The
importance of sympathetic nervous system has been studied in skin disorders. In vitiligo, there
is a dysregulation of catecholamine biosynthesis with increased plasma and epidermal
noradrenaline levels associated with high numbers of β2-ARs in differentiating keratinocytes
and with a defective calcium uptake in both keratinocytes and melanocytes. In atopic eczema,
a point mutation in the β-AR gene could alter the structure and function of the receptor, thereby
leading to a low density of receptors on both keratinocytes and peripheral blood lymphocytes
[81]. In psoriasis, β-ARs are downregulated, because the increased circulating levels of
catecholamines have been observed in psoriatic patients [82] [83] [84] and a 10-fold increase
in the expression of the Phenylethanolamine N-methyltransferase (PNMT), the epinephrine
sythetic enzyme is also found in basal keratinocytes in involved psoriatic epidermis [85]. It is
tempting to propose that long-term exposure to increased levels of catecholamines, in the
circulation or locally derived by the keratinocytes themselves, in combination with increased
desensitization of beta 2AR in individuals, may predispose to psoriasis. Cathecolamines
regulate the immune system at regional, local and systemic levels via adrenergic receptors
expressed on immune cells [86] and interestingly, β-AR blockers may cause this inflammatory
autoimmune skin disease [87] [88].
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under investigation as anti-inflammatory therapies against asthma and chronic obstructive
pulmonary disease. Due to the broad anti-inflammatory activity of PDE4 inhibitors, their pos‐
sible use in the treatment of atopic dermatitis and psoriasis was examined.

3.2.4. β2 adrenergic receptor (β-ARs): cAMP & Calcium

In psoriasis, keratinocytes within the psoriatic lesions demonstrate a low cAMP response to
ß2-AR activation [66]. These findings point to a role for the cutaneous ß2-AR network in
maintaining epidermal function and integrity. Moreover, it has also been shown that ß2-AR
density in the human epidermis depends on the calcium concentration [67] [54], where
undifferentiated keratinocytes express approximately 7500 AR per cell and differentiated
keratinocytes express only 2500 receptors underlining an important function for the 2-AR in
the differentiation process in human skin [68]. Stimulation of the beta2-AR leads to a transient
increase in the keratinocyte intracellular calcium concentration [69] [70] and this likely occurs
through several signaling cascades. The mean increase in intracellular calcium of psoriatic
keratinocytes was significantly reduced compared with control keratinocytes when intracel‐
lular calcium stores were mobilized from endoplasmic reticulum with thapsigargin (an
inhibitor of the endoplasmic reticulum Ca2+ ATPase was used to empty the Ca2+ stores from
endoplasmic reticulum) [71].

Summary 2: Psoriasis & β2 adrenergic receptor (β-ARs)

It has already been established that the skin is an important peripheral neuro-endocrine-
immune organ that is tightly networked to central regulatory systems. These capabilities
contribute to the maintenance of peripheral homeostasis. Skin cells and skin as an organ
coordinate and/or regulate not only peripheral but also global homeostasis. Activation of the
sympathetic system is the most common studied in literature, but other possibilities have to
be considered, like impairment of epidermal barrier function, which is already described. ß2-
AR density in the human epidermis depends on the calcium concentration and calcium plays
an important part in the regulation of proliferation and differentiation of keratinocytes.

3.3. Skin’s immunity function: Keratinocytes as immune sentinels

Keratinocytes can sense pathogens and mediate immune responses to discriminate between
harmless commensal organisms and harmful pathogens. Keratinocytes are continuously in
contact with external stimuli and have the capacity to produce several soluble mediators.
Pathogen-associated molecular patterns (PAMPs) are recognized, among others, by Toll-like
receptors (TLRs). Epidermal keratinocytes express several TLRs, located either on the cell
surface (TLR1, TLR2, TLR4, TLR5 and TLR6) or in endosomes (TLR3 and TLR9) [72]. Kerati‐
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nocytes are also an important source of chemokines and express chemokine receptors, and
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Keratinocytes produce a wide array of cytokines, including tumor necrosis factor and inter‐
leukin 1α (IL-1α), IL-1β, and IL-6. Disruption of the permeability barrier increases the expres‐
sion of these cytokines [73] [74]. Studies in mice deficient in these cytokines or their receptors
have shown delays in permeability barrier recovery after acute disruption, suggesting that the
increased cytokine production facilitates barrier repair [75] [76]. Cytokines are well known to
stimulate lipid synthesis and metabolism, and one could anticipate that an increase in
epidermal lipids induced by cytokines could facilitate lamellar body formation and permea‐
bility barrier recovery [75] [77] [78].

3.3.2. Sympathetic regulation of innate immunity

Activation of the sympathetic nervous system (noradrenergic nerves and adrenal medulla)
exerts a potent anti-inflammatory action upon the innate immune system. Adaptive immune
cells are known to express primarily the β2AR, while innate immune cells appear to express
the β2AR, a1AR, and a2AR. In the case of adaptive immune responses, however, signals from
the brain are transmitted back to the periphery, primarily via activation of the HPA and the
SNS [79]. The magnitude of an adaptive immune response appears to be regulated by the
release of norepinephrine within the direct vicinity of activated CD4+ T cells and B cells located
within lymphoid tissue. The released norepinephrine stimulates the β2AR expressed on the
immune cells to regulate the level of gene activity. The immune cell self-regulated immune
response develops and progresses normally with the participation of norepinephrine to
regulate the level of the response in an attempt to maintain immune homeostasis [80]. The
importance of sympathetic nervous system has been studied in skin disorders. In vitiligo, there
is a dysregulation of catecholamine biosynthesis with increased plasma and epidermal
noradrenaline levels associated with high numbers of β2-ARs in differentiating keratinocytes
and with a defective calcium uptake in both keratinocytes and melanocytes. In atopic eczema,
a point mutation in the β-AR gene could alter the structure and function of the receptor, thereby
leading to a low density of receptors on both keratinocytes and peripheral blood lymphocytes
[81]. In psoriasis, β-ARs are downregulated, because the increased circulating levels of
catecholamines have been observed in psoriatic patients [82] [83] [84] and a 10-fold increase
in the expression of the Phenylethanolamine N-methyltransferase (PNMT), the epinephrine
sythetic enzyme is also found in basal keratinocytes in involved psoriatic epidermis [85]. It is
tempting to propose that long-term exposure to increased levels of catecholamines, in the
circulation or locally derived by the keratinocytes themselves, in combination with increased
desensitization of beta 2AR in individuals, may predispose to psoriasis. Cathecolamines
regulate the immune system at regional, local and systemic levels via adrenergic receptors
expressed on immune cells [86] and interestingly, β-AR blockers may cause this inflammatory
autoimmune skin disease [87] [88].
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3.3.3. Psoriasis & immune system

Psoriasis is a chronic inflammatory, immune-mediated skin disease, which affects 2%-3% of
the population worldwide [89]. Psoriasis was until recently regarded as a T-cell-driven disease
with presumed (auto) immune mechanisms as its primary cause [90] [91].

3.3.4. Psoriasis & the innate immune system

The innate immune system provides the first line of defense against infection by detecting the
presence of invading pathogens in a non-specific manner. Cells of the innate immune system
include macrophages, dendritic cell (DC), monocytes, neutrophils, mast cells, natural killer
(NK), NKT cells and γδ T cells. Innate immune cells recruit additional leukocytes to the site of
inflammation by releasing cytokines and chemokines. Many innate immune cells can also
directly kill invading pathogens. In addition, the innate immune system plays a crucial role in
the initiation and direction of the adaptive immune response. Mechanisms regulating barrier
integrity and innate immune responses in the epidermis are important for the maintenance of
skin immune homeostasis and the pathogenesis of inflammatory skin diseases [92].

3.3.5. Is psoriasis a result of the bidirectional communication between the nervous and immune systems?

The existence of an association between the brain and immunity has been documented. Data
show that the nervous and immune systems communicate with one another to maintain
immune homeostasis. Activated immune cells secrete cytokines that influence central nervous
system activity, which in turn, activates output through the peripheral nervous system to
regulate the level of immune cell activity and the subsequent magnitude of an immune
response. One key mechanism responsible for such coordination involves the autonomic
nervous system (norepinephrine), which serves as the messenger from the mind to the body
for all organ systems, including the immune system [93]. The antigen-activated immune
system regulates CNS activity through the release of cytokines that bind to receptors located
peripherally on the vagus nerve or sympathetic nerve terminals or centrally within the CNS
or at the blood-brain barrier. Subsequently, the CNS communicates back to the immune system
by activating the SNS or the HPA to release the neurotransmitter norepinephrine or a corti‐
costeroid hormone, respectively. Lymphocytes express receptors that bind norepinephrine
and corticosteroids, providing a mechanism for these ligands to activate intracellular signaling
pathways, which regulate the level of immune cell activity. A bidirectional communication
between the nervous and immune systems is to maintain homeostasis, whether this requires
an increase or decrease in immune cell activity. Also, skin-brain axis fMRI studies on patients
with psoriasis have revealed that the processing of facial expressions of disgust is significantly
impaired in subjects with psoriasis as compared with normal controls in that blood flow in the
anterior insular cortex is reduced. This appears to be a coping mechanism [94].

Summary 3: Psoriasis & neural immunoregulation

The brain and the immune system are the two major adaptive systems of the body. During an
immune response the brain and the immune system “talk to each other” and this process is es‐
sential for maintaining homeostasis. Two major pathway systems are involved in this cross-
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talk: the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system
(SNS). This overview focuses on the role of SNS in neuroimmune interactions, an area that has
received much less attention than the role of HPA axis. Evidence accumulated over the last 20
years suggests that norepinephrine (NE) fulfills the criteria for neurotransmitter/neuromodu‐
lator in lymphoid organs. The immune cell self-regulated immune response develops and pro‐
gresses normally with the participation of norepinephrine to regulate the level of the response
in an attempt to maintain immune homeostasis. Cathecolamines regulate the immune system
at regional, local and systemic levels via adrenergic receptors expressed on immune cells.

3.4. Psoriasis comorbidities: Overactivity of sympathetic nervous system

The more common comorbidities include psoriatic arthritis and anxiety/depression disorder
[95] [96]. More recently, psoriasis has also been reported to be associated with metabolic
disorders including obesity, dyslipidaemia and diabetes [97] [98]. Moreover, an increased
mortality from cardiovascular disease in patients with severe psoriasis has been documented,
and psoriasis may confer an independent risk of myocardial infarction especially in young
patients [99].

3.4.1. Psoriasis & metabolic syndrome

Recent studies of epinephrine stimulation at the β2 adrenergic receptor reveal important
potential long-term beneficial effects in the metabolic syndrome [100]. The association between
psoriasis and metabolic disorders such as obesity, dyslipidemia, and type 2 diabetes has shown
that severe psoriasis might be associated with increased mortality rate due to cardiovascular
disorders [97] [98] [101].

3.4.2. Psoriasis & cardiovascular disease

The study by Gelfand et al. in 2006 indicated that patients with psoriasis are more likely than
the general population to have diabetes, high cholesterol, and other “traditional” risk factors
for heart disease [99] [102]. Recent studies suggest that psoriasis, particularly if severe, may be
an independent risk factor for atherosclerosis, myocardial infarction (MI), and stroke. Mehta et
al. in 2010 conducted a cohort study using the General Practice Research Database to deter‐
mine if severe psoriasis patients have an increased risk of cardiovascular (CV) mortality [103].

3.4.3. Shared risk factors

The existence of shared risk factors between psoriasis and both CV and metabolic conditions
has been shown in several epidemiological studies which demonstrate that the same co-
morbidities are present in psoriasis patients, regardless of age or ethnicity [104] [105].

Summary 4: Conclusive remarks

This review shows that the overactivity of sympathetic nervous system occurs in Psoriasis
disease. Abnormalities of β-ARs in their expression, signaling pathway, or in the generation
of endogenous catecholamine agonists by keratinocytes have been implicated in the patho‐
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nervous system (norepinephrine), which serves as the messenger from the mind to the body
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system regulates CNS activity through the release of cytokines that bind to receptors located
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or at the blood-brain barrier. Subsequently, the CNS communicates back to the immune system
by activating the SNS or the HPA to release the neurotransmitter norepinephrine or a corti‐
costeroid hormone, respectively. Lymphocytes express receptors that bind norepinephrine
and corticosteroids, providing a mechanism for these ligands to activate intracellular signaling
pathways, which regulate the level of immune cell activity. A bidirectional communication
between the nervous and immune systems is to maintain homeostasis, whether this requires
an increase or decrease in immune cell activity. Also, skin-brain axis fMRI studies on patients
with psoriasis have revealed that the processing of facial expressions of disgust is significantly
impaired in subjects with psoriasis as compared with normal controls in that blood flow in the
anterior insular cortex is reduced. This appears to be a coping mechanism [94].
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The brain and the immune system are the two major adaptive systems of the body. During an
immune response the brain and the immune system “talk to each other” and this process is es‐
sential for maintaining homeostasis. Two major pathway systems are involved in this cross-
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talk: the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system
(SNS). This overview focuses on the role of SNS in neuroimmune interactions, an area that has
received much less attention than the role of HPA axis. Evidence accumulated over the last 20
years suggests that norepinephrine (NE) fulfills the criteria for neurotransmitter/neuromodu‐
lator in lymphoid organs. The immune cell self-regulated immune response develops and pro‐
gresses normally with the participation of norepinephrine to regulate the level of the response
in an attempt to maintain immune homeostasis. Cathecolamines regulate the immune system
at regional, local and systemic levels via adrenergic receptors expressed on immune cells.

3.4. Psoriasis comorbidities: Overactivity of sympathetic nervous system

The more common comorbidities include psoriatic arthritis and anxiety/depression disorder
[95] [96]. More recently, psoriasis has also been reported to be associated with metabolic
disorders including obesity, dyslipidaemia and diabetes [97] [98]. Moreover, an increased
mortality from cardiovascular disease in patients with severe psoriasis has been documented,
and psoriasis may confer an independent risk of myocardial infarction especially in young
patients [99].

3.4.1. Psoriasis & metabolic syndrome

Recent studies of epinephrine stimulation at the β2 adrenergic receptor reveal important
potential long-term beneficial effects in the metabolic syndrome [100]. The association between
psoriasis and metabolic disorders such as obesity, dyslipidemia, and type 2 diabetes has shown
that severe psoriasis might be associated with increased mortality rate due to cardiovascular
disorders [97] [98] [101].

3.4.2. Psoriasis & cardiovascular disease

The study by Gelfand et al. in 2006 indicated that patients with psoriasis are more likely than
the general population to have diabetes, high cholesterol, and other “traditional” risk factors
for heart disease [99] [102]. Recent studies suggest that psoriasis, particularly if severe, may be
an independent risk factor for atherosclerosis, myocardial infarction (MI), and stroke. Mehta et
al. in 2010 conducted a cohort study using the General Practice Research Database to deter‐
mine if severe psoriasis patients have an increased risk of cardiovascular (CV) mortality [103].

3.4.3. Shared risk factors

The existence of shared risk factors between psoriasis and both CV and metabolic conditions
has been shown in several epidemiological studies which demonstrate that the same co-
morbidities are present in psoriasis patients, regardless of age or ethnicity [104] [105].

Summary 4: Conclusive remarks

This review shows that the overactivity of sympathetic nervous system occurs in Psoriasis
disease. Abnormalities of β-ARs in their expression, signaling pathway, or in the generation
of endogenous catecholamine agonists by keratinocytes have been implicated in the patho‐
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genesis of cutaneous diseases such as atopic dermatitis, vitiligo and psoriasis. These studies
suggest that mainly the localization of Beta2-adrenergic receptors in the epidermis and play
an important part in the calcium dynamics and barrier homeostasis of epidermal keratinocytes
[106].The decrease expression of beta2 adrenergic receptor mRNA in involved psoriatic
epidermis shown by RT-PCR [107]. Together, these findings suggest that the downregulation
of the number of beta adrenergic receptors, rather than an inherent defect in the receptor itself,
is the mechanism that is responsible for the reduced beta-adrenergic responsiveness seen in
psoriatic epidermis. This decreased response to endogenous agonists then results in a decrease
in intracellular cAMP and thus an increase in keratinocyte proliferation. This downregulation
can be about overactivity of sympathetic nervous system. Polimorphism studie show that
inactivity of Beta2 adrenoceptor is the main cause in this disorder. Beta2 antagonists wreck
this condition and reduction of cAMP could cause disruption in skin barrier hemostasis.
Freund et al. in 2012 have used boron-based molecules to create novel, competitive, reversible
inhibitors of phosphodiesterase 4 (PDE4). The co-crystal structure reveals a binding configu‐
ration which is unique compared to classical catechol PDE4 inhibitors, with boron binding to
the activated water in the bimetal center. These phenoxybenzoxaboroles can be optimized to
generate submicromolar potency enzyme inhibitors, which inhibit TNF-α, IL-2, IFN-γ, IL-5
and IL-10 activities in vitro and show safety and efficacy for topical treatment of human
psoriasis [108]. However, it may be that currently utilized therapies also work by modifying
this signaling pathway. For example, vitamin D, currently used as a topical treatment of
psoriasis, has been shown to increase the generation of cAMP in response to betaAR agonists
[109] Glucocorticoids, the mainstay of topical therapy for psoriasis, increase both the expres‐
sion of beta2AR in keratinocytes, and the generation of cAMP in response to agonists [110].
UVB irradiation, another mainstay in the treatment of psoriasis, has been shown to increase
beta2AR-mediated cAMP accumulation [111].

4. Psoriasis — Medication

Psoriasis is skin disease with unknown etiology. There is no cure for psoriasis, but there are
many treatments that can decrease the symptoms and appearance of the disease.

Treatment options

In general, there are three treatment options for patients with psoriasis: Phototherapy, topical
and systemic. A combination of therapies is often recommended. Combining various topical,
systemic and light treatments often allows lower doses of each and can result in increased
effectiveness.

4.1. Topical treatment: Topical drugs

First line management of adult mild-to-moderate adult plaque psoriasis is with topical
treatment, including vitamin D analogues and topical corticosteroids. Topical therapies are
indicated for patients whose affected area is < 10% of the body surface area (BSA). Topical
vitamin D analogues (VD) and topical steroids (TS) are both widely used topical treatments
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for psoriasis. Calcipotriol is a vitamin D analogue that regulates epidermal cell proliferation
and differentiation, as well as production and release of pro-inflammatory cytokines. TS
present a wide range of biological effects such as inhibition of the recruitment and migration
of inflammatory cells, modulation of cytokine synthesis, chemokines release and regulation
of DNA synthesis [112].Topical corticosteroids are available in different potencies and
formulations but despite more than 40 years of experience, their use remains mostly based on
individual experience. Published guidelines often specify the place of topical steroids within
psoriasis treatment strategies [113] [114] [115] but not the efficacy and practical modalities of
use. It should be noted that the majority of adverse events seen with topical therapies are
cutaneous rather than systemic in nature and that the risk–benefit ratio for these patients is
better with topical therapies than with biological [116].

4.2. Light therapy (phototherapy)

Solar ultraviolet (UV) radiation has been used since ancient times to treat various diseases.
This has a scientific background in the fact that a large number of molecules (chromophores)
in different layers of the skin interact with and absorb UV. These interactions may have both
positive and negative biological implications. Most of the positive effects of solar radiation are
mediated via ultraviolet-B (UVB) induced production of vitamin D in skin [117]. In our day’s
phototherapy is a valuable option in the treatment of many psoriatic and nonpsoriatic
conditions, including atopic dermatitis, sclerosing skin conditions such as morphea, sclero‐
derma, vitiligo, and mycosis fungoides [118]. UVB radiation reaches the epidermis and the
upper dermis where it is absorbed by DNA, trans-urocanic acid (trans-UCA), and cell
membranes [119]. Absorption of UVB by nucleotides leads to the formation of DNA photo‐
products, primarily pyrimidine dimers. UVB exposure reduces the rate of DNA synthesis. In
addition, UVB radiation causes photoisomerization of trans-UCA to cis-UCA which has
immunosuppressive effects. Furthermore, UV radiation can affect extranuclear molecular
targets (cell surface receptors, kinases, phosphatases, and transcription factors) located in the
cytoplasm and in the cell membanes [119]. Keratinocytes, circulating and cutaneous T
lymphocytes, monocytes, Langerhans cell, mast cells and fibroblasts are all targeted by
narrowband UVB [119]. Narrowband UVB induces also local and systemic immunosuppres‐
sive effects which may particularly contribute to the beneficial effects of this light source. UVA
radiation penetrates more deeply into the skin than UVB, and reaches not only epidermis, but
also dermis with blood vessels affecting dermal dendritic cells, dermal fibroblasts, endothelial
cells, mast cells, and granulocytes [120]. UVA radiation is absorbed by pyridine nucleotides
(NAD and NADP), riboflavins, porphyrins, pteridines, cobalamins and bilirubin [120]
Porphyrins and riboflavins are photosensitizers. UVA effects are dominated by indirect DNA
damage caused by reactive oxygen species such as singlet oxygen. The ability of UVA radiation
to cause skin erythema is approximately 103 to 104 times lower than that of UVB. As UVA-1
is even less erythematogenic than broadband UVA much higher doses of UVA-1 can be
tolerated by the patients. UVA-1 phototherapy works mainly through induction of apoptosis
of skin infiltrating T cells, T-cell depletion and induction of collagenase-1 expression in human
dermal fibroblast [121] [122].
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genesis of cutaneous diseases such as atopic dermatitis, vitiligo and psoriasis. These studies
suggest that mainly the localization of Beta2-adrenergic receptors in the epidermis and play
an important part in the calcium dynamics and barrier homeostasis of epidermal keratinocytes
[106].The decrease expression of beta2 adrenergic receptor mRNA in involved psoriatic
epidermis shown by RT-PCR [107]. Together, these findings suggest that the downregulation
of the number of beta adrenergic receptors, rather than an inherent defect in the receptor itself,
is the mechanism that is responsible for the reduced beta-adrenergic responsiveness seen in
psoriatic epidermis. This decreased response to endogenous agonists then results in a decrease
in intracellular cAMP and thus an increase in keratinocyte proliferation. This downregulation
can be about overactivity of sympathetic nervous system. Polimorphism studie show that
inactivity of Beta2 adrenoceptor is the main cause in this disorder. Beta2 antagonists wreck
this condition and reduction of cAMP could cause disruption in skin barrier hemostasis.
Freund et al. in 2012 have used boron-based molecules to create novel, competitive, reversible
inhibitors of phosphodiesterase 4 (PDE4). The co-crystal structure reveals a binding configu‐
ration which is unique compared to classical catechol PDE4 inhibitors, with boron binding to
the activated water in the bimetal center. These phenoxybenzoxaboroles can be optimized to
generate submicromolar potency enzyme inhibitors, which inhibit TNF-α, IL-2, IFN-γ, IL-5
and IL-10 activities in vitro and show safety and efficacy for topical treatment of human
psoriasis [108]. However, it may be that currently utilized therapies also work by modifying
this signaling pathway. For example, vitamin D, currently used as a topical treatment of
psoriasis, has been shown to increase the generation of cAMP in response to betaAR agonists
[109] Glucocorticoids, the mainstay of topical therapy for psoriasis, increase both the expres‐
sion of beta2AR in keratinocytes, and the generation of cAMP in response to agonists [110].
UVB irradiation, another mainstay in the treatment of psoriasis, has been shown to increase
beta2AR-mediated cAMP accumulation [111].

4. Psoriasis — Medication

Psoriasis is skin disease with unknown etiology. There is no cure for psoriasis, but there are
many treatments that can decrease the symptoms and appearance of the disease.

Treatment options

In general, there are three treatment options for patients with psoriasis: Phototherapy, topical
and systemic. A combination of therapies is often recommended. Combining various topical,
systemic and light treatments often allows lower doses of each and can result in increased
effectiveness.

4.1. Topical treatment: Topical drugs

First line management of adult mild-to-moderate adult plaque psoriasis is with topical
treatment, including vitamin D analogues and topical corticosteroids. Topical therapies are
indicated for patients whose affected area is < 10% of the body surface area (BSA). Topical
vitamin D analogues (VD) and topical steroids (TS) are both widely used topical treatments
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for psoriasis. Calcipotriol is a vitamin D analogue that regulates epidermal cell proliferation
and differentiation, as well as production and release of pro-inflammatory cytokines. TS
present a wide range of biological effects such as inhibition of the recruitment and migration
of inflammatory cells, modulation of cytokine synthesis, chemokines release and regulation
of DNA synthesis [112].Topical corticosteroids are available in different potencies and
formulations but despite more than 40 years of experience, their use remains mostly based on
individual experience. Published guidelines often specify the place of topical steroids within
psoriasis treatment strategies [113] [114] [115] but not the efficacy and practical modalities of
use. It should be noted that the majority of adverse events seen with topical therapies are
cutaneous rather than systemic in nature and that the risk–benefit ratio for these patients is
better with topical therapies than with biological [116].

4.2. Light therapy (phototherapy)

Solar ultraviolet (UV) radiation has been used since ancient times to treat various diseases.
This has a scientific background in the fact that a large number of molecules (chromophores)
in different layers of the skin interact with and absorb UV. These interactions may have both
positive and negative biological implications. Most of the positive effects of solar radiation are
mediated via ultraviolet-B (UVB) induced production of vitamin D in skin [117]. In our day’s
phototherapy is a valuable option in the treatment of many psoriatic and nonpsoriatic
conditions, including atopic dermatitis, sclerosing skin conditions such as morphea, sclero‐
derma, vitiligo, and mycosis fungoides [118]. UVB radiation reaches the epidermis and the
upper dermis where it is absorbed by DNA, trans-urocanic acid (trans-UCA), and cell
membranes [119]. Absorption of UVB by nucleotides leads to the formation of DNA photo‐
products, primarily pyrimidine dimers. UVB exposure reduces the rate of DNA synthesis. In
addition, UVB radiation causes photoisomerization of trans-UCA to cis-UCA which has
immunosuppressive effects. Furthermore, UV radiation can affect extranuclear molecular
targets (cell surface receptors, kinases, phosphatases, and transcription factors) located in the
cytoplasm and in the cell membanes [119]. Keratinocytes, circulating and cutaneous T
lymphocytes, monocytes, Langerhans cell, mast cells and fibroblasts are all targeted by
narrowband UVB [119]. Narrowband UVB induces also local and systemic immunosuppres‐
sive effects which may particularly contribute to the beneficial effects of this light source. UVA
radiation penetrates more deeply into the skin than UVB, and reaches not only epidermis, but
also dermis with blood vessels affecting dermal dendritic cells, dermal fibroblasts, endothelial
cells, mast cells, and granulocytes [120]. UVA radiation is absorbed by pyridine nucleotides
(NAD and NADP), riboflavins, porphyrins, pteridines, cobalamins and bilirubin [120]
Porphyrins and riboflavins are photosensitizers. UVA effects are dominated by indirect DNA
damage caused by reactive oxygen species such as singlet oxygen. The ability of UVA radiation
to cause skin erythema is approximately 103 to 104 times lower than that of UVB. As UVA-1
is even less erythematogenic than broadband UVA much higher doses of UVA-1 can be
tolerated by the patients. UVA-1 phototherapy works mainly through induction of apoptosis
of skin infiltrating T cells, T-cell depletion and induction of collagenase-1 expression in human
dermal fibroblast [121] [122].
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Sunlight: Already several thousands of years ago sunlight (heliotherapy) was used to treat a
variety of skin conditions in Egypt, Greece and Rome [123]. Ultraviolet (UV) light is a wave‐
length of light in a range too short for the human eye to see.

UVB phototherapy: Controlled doses of UVB light from an artificial light source may improve
mild to moderate psoriasis symptoms. UVB phototherapy, also called broadband UVB, can be
used to treat single patches, widespread psoriasis and psoriasis that resist topical treatments.

Narrowband UVB therapy: A newer type of psoriasis treatment, narrowband UVB therapy
may be more effective than broadband UVB treatment. It's usually administered two or three
times a week until the skin improves, then maintenance may require only weekly sessions.

Goeckerman therapy: The combination of UVB treatment and coal tar treatment is known as
Goeckerman treatment. The two therapies together are more effective than either alone
because coal tar makes skin more receptive to UVB light.

Photochemotherapy: Photochemotherapy involves taking a light-sensitizing medication
(psoralen) before exposure to UVA light. UVA light penetrates deeper into the skin than does
UVB light and psoralen makes the skin more responsive to UVA exposure.

Excimer laser: This form of light therapy, used for mild to moderate psoriasis, treats only the
involved skin. A controlled beam of UVB light of a specific wavelength is directed to the
psoriasis plaques to control scaling and inflammation. Healthy skin surrounding the patches
isn't harmed.

Pulsed dye laser: Similar to the excimer laser, the pulsed dye laser uses a different form of
light to destroy the tiny blood vessels that contribute to psoriasis plaques.

Systemic treatment: Oral or injected medications

Patients with moderate to severe disease generally require systemic agents (e.g. cyclosporin,
methotrexate, oral retinoids, fumaric acid esters) to control their disease adequately. The
severity of psoriasis traditionally has been evaluated by objective measurement of the extent
of the body surface affected and consideration of the subtype of psoriasis, degree of disability,
and feasibility of topical therapy [124].

Retinoids:  Several systemic retinoids (derivatives of vitamin A) have been developed for
the treatment of psoriasis. Systemic retinoids are known to have immunosuppressive and
anti-inflammatory  activity  and  to  modulate  epidermal  proliferation  and  differentiation
[125].  As  mentioned  previously,  clinical  data  suggest  that  combination  retinoid–PUVA
therapy may be more effective than either treatment alone, and may minimize the toxici‐
ties associated with each modality through dose-sparing or independent chemopreventive
effects [126] [127].

Methotrexate (MTX): It was introduced as a therapy for psoriasis in 1958 (Edmomudson
et  al.,  1958).  Taken orally,  methotrexate  helps psoriasis  by decreasing the production of
skin cells and suppressing inflammation. It may also slow the progression of psoriatic ar‐
thritis in some people. Methotrexate is generally well tolerated in low doses. Hepatic fib‐
rosis typically occurs after total cumulative MTX doses of at least1.5 g. [128]. The risk of
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hepatotoxicity may decrease if MTX is given in short courses and rapidly discontinued af‐
ter clinical improvement [129].

Cyclosporine: It was first used (inadvertently) for the treatment of psoriasis in 1979 [130].
Cyclosporine suppresses the immune system and is similar to methotrexate in effectiveness.
Major toxicities associated with cyclosporin therapy include nephrotoxicity, hypertension and
immunosuppression

Fumaric acid esters (FAE): Oral FAE therapy for psoriasis was first reported in 1959. Dime‐
thylfumarate, and its metabolite monomethylfumarate, appear to be the principal active
components of Fumaderm®. Treatment with dimethylfumarate and/or monomethylfumarate
produces a beneficial shift towards Th2-like cytokine secretion associated with a reduction in
peripheral lymphocytes (primarily T cells) [131] and inhibits the proliferation of epidermal
keratinocytes in patients with psoriasis. Haematological changes, notably leucopenia, lym‐
phopenia and eosinophilia, are frequently observed during FAE therapy [132].

Tumour necrosis factor alpha (TNFα) inhibitors: It is known that TNF alpha is elevated in
both the skin and synovium of psoriatic patients and the effectiveness of its blockade by these
two agents in psoriasis and Psoriatic arthritis (PsA) confirms its role in their pathogenesis.
TNFi (infliximab, etanercept and adalimumab) revolutionised the treatment of autoimmune
diseases such as rheumatoid arthritis (RA), ankylosing spondylitis (AS), Crohn's disease (CD)
and plaque psoriasis. Anti-TNF alpha therapy has proved to have disease-reducing activity in
PsA and psoriasis and appears to be well tolerated [133]. The widespread use of TNFalpha
antagonists in recent years has led to the recognition of paradoxical adverse effects, defined
as the onset or exacerbation of disorders that are usually improved by TNFalpha antagonists
[134]. During these treatments, cutaneous adverse effects may occur like eczema, lupus,
alopecia areata or psoriasis, which represents a paradoxical adverse effect.Then, therapy with
TNF α inhibitors can be associated with paradoxical reactions. They are considered a class
effect of these drugs, and their incidence ranges from 1 to 5%, with paradoxical psoriasis
(psoriasis vulgaris, palmoplantar pustulosis, scalp psoriasis and their combinations) being
most frequently reported [135].

Phosphodiestrase inhibitors:  Phosphodiesterases  play a  pivotal  role  in  degrading cyclic
nucleotides (cGMP, cAMP),  key second messengers in all  cells.  Particularly cAMP plays
an important regulatory role in virtually all the cell types involved in the pathophysiolo‐
gy of  allergic  and inflammatory diseases  including asthma and chronic  obstructive pul‐
monary disease,  but  also skin diseases including atopic  dermatitis  and psoriasis.  Of  the
cAMP-degrading PDEs, PDE4 is the one that has been studied most extensively in recent
years.  PDE4 is abundant,  and is the major cAMP-degrading isoenzyme in almost all  in‐
flammatory and immune cells.  In  spite  of  varied structurallasses,  highly  selective  PDE4
inhibitors  have  the  same  quality  in  suppressing  several  pro-inflammatory  mechanisms
likecytokine generation and secretion, superoxide generation, degranulation, IgE produc‐
tion,  proliferation,  histamine  generation  and  chemotaxis  [136]  [137].  The  PDE4  family
comprises four genetically distinct  subtypes (PDE4 A-D).  These subtypes differ  with re‐
spect  to  their  regulatory behaviour and tissue expression patterns.  The search for  selec‐
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Sunlight: Already several thousands of years ago sunlight (heliotherapy) was used to treat a
variety of skin conditions in Egypt, Greece and Rome [123]. Ultraviolet (UV) light is a wave‐
length of light in a range too short for the human eye to see.

UVB phototherapy: Controlled doses of UVB light from an artificial light source may improve
mild to moderate psoriasis symptoms. UVB phototherapy, also called broadband UVB, can be
used to treat single patches, widespread psoriasis and psoriasis that resist topical treatments.

Narrowband UVB therapy: A newer type of psoriasis treatment, narrowband UVB therapy
may be more effective than broadband UVB treatment. It's usually administered two or three
times a week until the skin improves, then maintenance may require only weekly sessions.

Goeckerman therapy: The combination of UVB treatment and coal tar treatment is known as
Goeckerman treatment. The two therapies together are more effective than either alone
because coal tar makes skin more receptive to UVB light.

Photochemotherapy: Photochemotherapy involves taking a light-sensitizing medication
(psoralen) before exposure to UVA light. UVA light penetrates deeper into the skin than does
UVB light and psoralen makes the skin more responsive to UVA exposure.

Excimer laser: This form of light therapy, used for mild to moderate psoriasis, treats only the
involved skin. A controlled beam of UVB light of a specific wavelength is directed to the
psoriasis plaques to control scaling and inflammation. Healthy skin surrounding the patches
isn't harmed.

Pulsed dye laser: Similar to the excimer laser, the pulsed dye laser uses a different form of
light to destroy the tiny blood vessels that contribute to psoriasis plaques.

Systemic treatment: Oral or injected medications

Patients with moderate to severe disease generally require systemic agents (e.g. cyclosporin,
methotrexate, oral retinoids, fumaric acid esters) to control their disease adequately. The
severity of psoriasis traditionally has been evaluated by objective measurement of the extent
of the body surface affected and consideration of the subtype of psoriasis, degree of disability,
and feasibility of topical therapy [124].

Retinoids:  Several systemic retinoids (derivatives of vitamin A) have been developed for
the treatment of psoriasis. Systemic retinoids are known to have immunosuppressive and
anti-inflammatory  activity  and  to  modulate  epidermal  proliferation  and  differentiation
[125].  As  mentioned  previously,  clinical  data  suggest  that  combination  retinoid–PUVA
therapy may be more effective than either treatment alone, and may minimize the toxici‐
ties associated with each modality through dose-sparing or independent chemopreventive
effects [126] [127].

Methotrexate (MTX): It was introduced as a therapy for psoriasis in 1958 (Edmomudson
et  al.,  1958).  Taken orally,  methotrexate  helps psoriasis  by decreasing the production of
skin cells and suppressing inflammation. It may also slow the progression of psoriatic ar‐
thritis in some people. Methotrexate is generally well tolerated in low doses. Hepatic fib‐
rosis typically occurs after total cumulative MTX doses of at least1.5 g. [128]. The risk of
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hepatotoxicity may decrease if MTX is given in short courses and rapidly discontinued af‐
ter clinical improvement [129].

Cyclosporine: It was first used (inadvertently) for the treatment of psoriasis in 1979 [130].
Cyclosporine suppresses the immune system and is similar to methotrexate in effectiveness.
Major toxicities associated with cyclosporin therapy include nephrotoxicity, hypertension and
immunosuppression

Fumaric acid esters (FAE): Oral FAE therapy for psoriasis was first reported in 1959. Dime‐
thylfumarate, and its metabolite monomethylfumarate, appear to be the principal active
components of Fumaderm®. Treatment with dimethylfumarate and/or monomethylfumarate
produces a beneficial shift towards Th2-like cytokine secretion associated with a reduction in
peripheral lymphocytes (primarily T cells) [131] and inhibits the proliferation of epidermal
keratinocytes in patients with psoriasis. Haematological changes, notably leucopenia, lym‐
phopenia and eosinophilia, are frequently observed during FAE therapy [132].

Tumour necrosis factor alpha (TNFα) inhibitors: It is known that TNF alpha is elevated in
both the skin and synovium of psoriatic patients and the effectiveness of its blockade by these
two agents in psoriasis and Psoriatic arthritis (PsA) confirms its role in their pathogenesis.
TNFi (infliximab, etanercept and adalimumab) revolutionised the treatment of autoimmune
diseases such as rheumatoid arthritis (RA), ankylosing spondylitis (AS), Crohn's disease (CD)
and plaque psoriasis. Anti-TNF alpha therapy has proved to have disease-reducing activity in
PsA and psoriasis and appears to be well tolerated [133]. The widespread use of TNFalpha
antagonists in recent years has led to the recognition of paradoxical adverse effects, defined
as the onset or exacerbation of disorders that are usually improved by TNFalpha antagonists
[134]. During these treatments, cutaneous adverse effects may occur like eczema, lupus,
alopecia areata or psoriasis, which represents a paradoxical adverse effect.Then, therapy with
TNF α inhibitors can be associated with paradoxical reactions. They are considered a class
effect of these drugs, and their incidence ranges from 1 to 5%, with paradoxical psoriasis
(psoriasis vulgaris, palmoplantar pustulosis, scalp psoriasis and their combinations) being
most frequently reported [135].

Phosphodiestrase inhibitors:  Phosphodiesterases  play a  pivotal  role  in  degrading cyclic
nucleotides (cGMP, cAMP),  key second messengers in all  cells.  Particularly cAMP plays
an important regulatory role in virtually all the cell types involved in the pathophysiolo‐
gy of  allergic  and inflammatory diseases  including asthma and chronic  obstructive pul‐
monary disease,  but  also skin diseases including atopic  dermatitis  and psoriasis.  Of  the
cAMP-degrading PDEs, PDE4 is the one that has been studied most extensively in recent
years.  PDE4 is abundant,  and is the major cAMP-degrading isoenzyme in almost all  in‐
flammatory and immune cells.  In  spite  of  varied structurallasses,  highly  selective  PDE4
inhibitors  have  the  same  quality  in  suppressing  several  pro-inflammatory  mechanisms
likecytokine generation and secretion, superoxide generation, degranulation, IgE produc‐
tion,  proliferation,  histamine  generation  and  chemotaxis  [136]  [137].  The  PDE4  family
comprises four genetically distinct  subtypes (PDE4 A-D).  These subtypes differ  with re‐
spect  to  their  regulatory behaviour and tissue expression patterns.  The search for  selec‐
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tive inhibitors of PDE4 as novel anti-inflammatory drugs has continued for more than 30
years and almost  two decades have passed since targeting PDE4 became a focus in the
development  of  novel  therapeutics  for  pulmonary  inflammatory  diseases.  The  develop‐
ment  of  PDE4  inhibitors  with  PDE4B  selectivity  has  been  considered  a  promising  ap‐
proach  because  much  evidence  demonstrates  that  ablation  or  inhibition  of  PDE4B
produces a broad spectrum of anti-inflammatory effects while minimizing unwanted side
effects [138] [139].  Nazarian et al.’s studies in 2009 showed that AN-2728 (PDE4) is well
tolerated  and  demonstrates  significant  effects  on  markers  of  efficacy,  with  results  that
were comparable to positive controls.  AN-2728 appears to have good therapeutic poten‐
tial,  although  further  and  larger  trials  are  required  to  assess  the  long-term  safety  and
characterize the broad utility of this drug [140]. Nevertheless, the impact of PDE4B-selec‐
tive inhibitors on inflammatory diseases awaits further clinical trials. Several PDE4B and
PDE4D selective inhibitors have been designed and synthesized, and their effects on in‐
flammation  are  under  investigation.  Although  several  compounds  have  demonstrated
therapeutic  effects  in  diseases  such  as  asthma,  COPD,  atopic  dermatitis  and  psoriasis,
none have reached the market. A persistent challenge in the development of PDE4 inhibi‐
tors  has  been drug-induced gastrointestinal  adverse effects,  such as  nausea.  Despite  the
challenges  and  complications  that  have  been  encountered  during  the  development  of
PDE4 inhibitors,  these  drugs may provide a  genuinely  novel  class  of  anti-inflammatory
agents,  and there are several  compounds in development that  could fulfill  that  promise
[141]. McCann et al., in 2012 showed oral Apremilast targets PDE4 inhibitor, modulates a
wide array of inflammatory mediators involved in psoriasis and psoriatic arthritis, includ‐
ing decreases in the expression of inducible nitric oxide synthase, TNF-α, and interleukin
(IL)-23 and increases IL-10. In phase II studies of subjects with psoriasis and psoriatic ar‐
thritis,  apremilast  reversed  features  of  the  inflammatory  pathophysiology  in  skin  and
joints and significantly reduces clinical  symptoms. The use of an oral targeted PDE4 in‐
hibitor for chronic inflammatory diseases, like psoriasis and psoriatic arthritis, represents
a novel treatment approach that does not target any single mediator,  but rather focuses
on  restoring  a  balance  of  pro-inflammatory  and  anti-inflammatory  signals  [142].  Now,
several PDE4B and PDE4D selective inhibitors have been designed and synthesized, and
their effects on inflammation are under investigation.

In summary: Managing psoriasis

Currently,  there  is  no  universal  standard  of  care  for  patients  with  moderate  to  severe
psoriasis,  and the  benefits  and risks  of  systemic  therapy must  be  weighed carefully  for
each patient to ensure optimal management of psoriasis symptoms and minimization of
acute and cumulative toxicities [143].  Whether the symptoms are mild,  moderate,  or se‐
vere, the optimal treatment plan is the one the patient is most likely to follow. For those
with localized disease, topical therapy is a suitable first choice. Phototherapy is generally
the first-line treatment for patients with extensive psoriasis or disabling symptoms. When
phototherapy is not feasible or is  ineffective,  systemic treatments with conventional oral
agents  or  biologics  are  indicated  [144].  Psoriasis  is  a  common skin  disorder  that  needs
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long-term management,  not  only because of  its  prevalence but  also because of  the pro‐
found impact it can have on quality of life.
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tive inhibitors of PDE4 as novel anti-inflammatory drugs has continued for more than 30
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flammation  are  under  investigation.  Although  several  compounds  have  demonstrated
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hibitor for chronic inflammatory diseases, like psoriasis and psoriatic arthritis, represents
a novel treatment approach that does not target any single mediator,  but rather focuses
on  restoring  a  balance  of  pro-inflammatory  and  anti-inflammatory  signals  [142].  Now,
several PDE4B and PDE4D selective inhibitors have been designed and synthesized, and
their effects on inflammation are under investigation.
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psoriasis,  and the  benefits  and risks  of  systemic  therapy must  be  weighed carefully  for
each patient to ensure optimal management of psoriasis symptoms and minimization of
acute and cumulative toxicities [143].  Whether the symptoms are mild,  moderate,  or se‐
vere, the optimal treatment plan is the one the patient is most likely to follow. For those
with localized disease, topical therapy is a suitable first choice. Phototherapy is generally
the first-line treatment for patients with extensive psoriasis or disabling symptoms. When
phototherapy is not feasible or is  ineffective,  systemic treatments with conventional oral
agents  or  biologics  are  indicated  [144].  Psoriasis  is  a  common skin  disorder  that  needs
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1. Introduction

Psoriasis, a chronic papulosquamous inflammatory skin disease, was originally thought of as
a primary disorder of epidermal keratinocytes, but is later on recognized as one of the
commonest immune-mediated disorders [1, 2]. Although psoriasis starts with the involvement
of skin, but limiting this disease to a skin problem is rather a restrictive approach. Psoriasis
has been linked to a number of other diseases especially metabolic derangements and arthritis
[3-5]. The disease imparts a huge socio-economic burden [6, 7] and the diagnosis of psoriasis
is purely based on clinical features. Depending upon the type of psoriasis, onset may be abrupt
or slowly progressive. Although it may appear at any age, but majority of patients experience
the first episode before the age of 40 years and is uncommon before 10 years [8]. The population
based study at Mayo Clinic, suggest that psoriasis tends to appear at an earlier age in females
compared to males [9]. A study by Henseler et al. suggested that many psoriatic patients show
bimodal distribution i.e. peak between 16-22 years and later between 57-60 years [2, 10].

2. Epidemiology of psoriasis

Psoriasis shows a worldwide prevalence. The estimate of prevalence psoriasis varies among
different ethnic groups and also by geographical location, more common in colder northern
zone compared to tropical zone and has been reported to vary in between 0 to 11.8% [11, 12].
Several confounding factors need to be taken into consideration for analyzing the prevalence
data of psoriasis namely: method of ascertainment (population based, clinic based, question‐
naire based), age and type of prevalence estimated (point, period, lifetime) [8, 13]. Taking into
consideration of the confounding factors, the prevalence of psoriasis is highest in northern
Europeans and almost absent in aboriginal population of south America [11]. In United States,
the prevalence of psoriasis ranges between 2.2% to 2.6% and is lower in African-american
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compared to Caucasians. The prevalence rate of psoriasis in China and Japan is low than
European ethnicity and in India it ranges between 0.5% to 2.3% [8, 13-15].

3. Latent, minimal and overt psoriasis

The course of the disease in the same individual is not uniform over time. It may range from
apparently healthy to minor signs to overt clinical manifestations. No diagnostic test is
available to predict future psoriasis development, that’s why the diagnosis of “latent psoriasis”
in individuals without a previous history of the disease remains impossible. On the other hand,
the diagnosis of “minimal psoriasis” largely depends on subjective variation due to lack of
validated criteria. The minor signs of psoriasis, which are also known as ‘stigmata of psoriasis’
are described in Table 1, but their contribution to overt psoriasis remains unknown.

Hyperkeratotic plaques on the exterior surface without scaling

Keratolysis like lesions of the palms and soles

Eczematous patches on palms and soles

Severe dandruff

Nail pitting

Sterile multiple paronychia

Subungual hyperkeratosis and onycholysis without fungal infection

Recalcitrant scaly otitis externa

Intertrigo with sharp marginated erythema

Sharply marginated penile erythema without fungal infection

Table 1. Stigmata of psoriasis [16]

4. Classifying psoriasis: The clinical spectrum

Psoriasis is a disease of coexisting signs and symptoms characterized by scaly, erythematous
lesions with sharply demarcated margins. It’s interesting to note that scaling prevails in the
stable chronic plaque stage of psoriasis and erythema predominates in the unstable progress‐
ing lesions of guttate psoriasis. The lesions are itchy and bleed easily. One of the classical sign
of psoriasis is the ‘Auspitz’ sign, characterized by pinpoint bleeding when outer scales are
removed from psoriatic plaques. Psoriasis cannot be classified based on a single factor and
generally involves differentiation of lesions based on: a. morphology of the lesions, b. degree
of inflammation, c. distributing patterns of the lesions, d. extent of body surface involvement,
e. first onset and f. velocity of propagation [17].

Psoriasis - Types, Causes and Medication40

4.1. Chronic plaque psoriasis

This is the commonest form of psoriasis, represents 70-80% of psoriatic patients and is also
known as Psoriasis vulgaris. The patient presented with sharply demarcated round-oval, or
nummular (coin-sized) plaques with a loosely adherent silvery white scale, specially affecting
the elbows, knees, lumbosacral areal, intergluteal cleft and scalp (Figure 1 & 2). The lesions
usually begin as erythematous macules or papules, extend peripherally, and coalesce to form
plaques. Woronoff’s ring, a white blanching ring may be observed in the skin surrounding a
psoriatic plaque [18, 19]. The gradual peripheral extension of the plaques resulting in different
configurations including:

a. psoriasis gyrate: predominantly curved linear pattern

b. annular psoriasis: ring like lesions develop secondary to central clearing

c. psoriasis follicularis: presence of tiny scaly papules at the openings of pilosebaceous
follicles

Occasionally, presence of lesions on the scalp and face makes it difficult to separate this variety
from seborrheic dermatitis (sebopsoriasis). There are two distinct morphological subtypes of
plaque psoriasis: Rupioid and Ostraceous. Rupioid plaques resembles limpet shells, small (2-5
cm in diameter) and highly hyperkeratotic. Ostraceous psoriasis is characterized by hyper‐
keratotic plaques, relatively concave centres, resembles oyster shells. Scale is typically present
in psoriasis, is characteristically silvery white, and can vary in thickness. Removal of scale may
reveal tiny bleeding points (Auspitz sign). The amount of scaling varies among patients and
even at different sites on a given patient. Apart from its usual presentation, chronic plaque
psoriasis sometimes affecting the flexures such as inframammary, axillary and perineal region
known as inverse psoriasis. Inverse psoriatic lesions have minimal or no scales and appear as
red, shiny, well demarcated plaques and may be confused with candidal, intertrigo, and
dermatophyte infections.

The lesions are steady over time and as they regress, they start with central clearing with a
peripheral activity margin which produces an annular or polycyclic appearance of the lesions.
Central clearing is sometimes associated with hypopigmentation. Although the lesions are
benign but may be complicated by appearance of inflammation with pustules and peripheral
extension of the lesions.

4.2. Guttate psoriasis

Guttate psoriasis came from the Greek word ‘gutta’, which means droplet. Guttate psoriasis
accounts for 2% of the total psoriasis [19]. This variety is distinguished by its acute onset of
round erythematous exanthem (2-10 mm diameter) over the trunk and extremities in a
centripetal fashion. The number of lesions may vary from 5 to more than 100 (Figure 3).
Although the disease has a self limiting course, but a certain percentage of individuals may
evolve to chronic plaque psoriasis. It is often reported that about 10% of psoriatic patients with
the chronic plaque psoriasis have flares of guttate lesions during the course of their disease
[18]. Guttate psoriasis commonly affect children or young adults with family history of
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psoriasis and may follow streptococcal infection and/or acute stressful life events [20]. It is
estimated that there is a 40% increased risk of developing chronic psoriasis after a bout of
guttate variety [21]. It’s quite interesting to note that chronic plaque psoriasis and guttate
psoriasis appear to be genetically similar with a strong association to the PSORS1 genetic locus,
which is also a major determinant of Psoriasis vulgaris [22, 23].

4.3. Generalized pustular psoriasis (von Zumbusch)

Generalized pustular psoriasis is rare and represents active, unstable disease. Population
survey reports that almost 20% of patients have pustular lesions superimposed on lesions of

Figure 1. Localized plaque psoriasis

Figure 2. Generalized plaque psoriasis
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chronic plaque psoriasis at any time during the course of the disease [16]. However, only 2-5%
of psoriatic patients have predominant pustular variety, having only pustules dominating the
clinical picture [24]. Acute generalized pustular psoriasis generally develops after an irritant
topical treatment of plaque psoriasis or due to abrupt corticosteroid withdrawal [25, 26]. Onset
of an acute generalized pustular psoriasis is characterized by red and tender skin with systemic
symptoms like fever, anorexia and nausea. Within hours, innumerable pustules appear with
an erythematous background. Later on pustules become confluent creating ponds of pus with
severe systemic symptoms. Consequently, the pustules dry and skin exfoliates producing a
glazed erythematous surface where new crops of pustules might appear. There may be
geographic tongue, polyarthritis and cholestasis associated with generalized pustular psoria‐
sis [27]. Patients with generalized pustular psoriasis often need hospitalization for manage‐
ment. With remission of acute episodes, patient either follows an erythrodermic state or may
produce plaque like lesions. Rarely, pustular psoriasis may appear during first six months of
pregnancy, being called impetigo herpetiformis [28].

4.4. Localized pustular psoriasis

Localized pustular psoriasis includes two clinicaly distinct varieties: acrodermatitis continua
of Hallopeau and palmoplantar pustulosis.

Acrodermatitis continua (dermatitis repens): A rare pustular eruption of the fingers and toes
initiated after a localized trauma starting at the tip of a single digit [29]. Subsequently, the
pustules become confluent and may spread proximally to involve the dorsal aspects of the
hands, forearms and feet. Eventually, patients may develop osteolysis of the distal phalanx
and associated onychodystrophy and anonychia of the involved digits. Sometimes the pustules
become generalized.

Palmoplantar pustulosis: The characterizing feature of this variety is hyperkeratosis and clusters
of sterile, yellow pustules on a background of erythema and scaling, affecting the ventral aspect
of palms and/or soles. The pustules are tender and form dark brown color with adherent scales
or crust. It is frequently associated with psoriatic nail involvement. In almost 25% cases, it is

Figure 3. Guttate psoriasis
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and associated onychodystrophy and anonychia of the involved digits. Sometimes the pustules
become generalized.

Palmoplantar pustulosis: The characterizing feature of this variety is hyperkeratosis and clusters
of sterile, yellow pustules on a background of erythema and scaling, affecting the ventral aspect
of palms and/or soles. The pustules are tender and form dark brown color with adherent scales
or crust. It is frequently associated with psoriatic nail involvement. In almost 25% cases, it is
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associated with psoriasis vulgaris, but it is now believed that palmoplantar pustulosis may
not be a form of psoriasis due to lack of genetic association with PSORS1 locus. Moreover, it
is predominant in women and is strongly associated with smoking [23, 30]. This disease has
been associated with pustulotic arthroosteitis involving the anterior chest wall, sacroiliitis, and
peripheral synovitis [31, 32]. Palmoplantar pustulosis is also an element of SAPHO syndrome,
characterized by synovitis, acne, pustulosis, hyperostosis, and osteitis [33].

4.5. Erythrodermic psoriasis

Psoriatic erythroderma is characterized by extensive involvement of the skin by active
psoriasis and represents in one of the two forms (Figure 4). In one form, chronic plaque
psoriasis gradually progress and involve extensive body surface. In the second form which is
more serious, erythroderma is a manifestation of unstable psoriasis, which is precipitated by
triggers such as infection, tar, drugs and withdrawal of corticosteroids. This unstable form of
psoriasis is characterize by prominent erythema and loss of characteristic clinical features of
psoriasis [34]. Erythroderma impairs the thermoregulatory capacity of the skin resulting in
hypothermia, high output cardiac failure, and metabolic changes, which needs immediate
inpatient care.

Figure 4. Erythrodermic psoriasis

4.6. Psoriatic nail disease

In psoriasis, finger nails are more commonly affected than toe nails. ‘Pitting of nail’ i.e. small
pits in the nail plate are the commonest finding, resulting from defective nail formation in the
proximal portion of the nail matrix. In addition, the nail may detach from the nail bed known
as onycholysis and ‘oil-spots’ i.e. orange-yellow areas can be seen beneath the nail plate (Figure
5). Moreover, the nail plate may become, thickened, dystrophic, discolored and yellow,
keratinous material may collect under the nail plate, which is known as subungual hyperker‐
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atosis. In most psoriatic patients, minor nail changes are observed and major nail abnormalities
are usually associated with psoriatic arthritis and scalp involvement [19, 35].

5. Extension of the psoriatic spectrum beyond skin

Psoriasis is a systemic, chronic inflammatory disorder, occuring due to complex interplay of
genetic, environmental and immunologic factors, predominantly affecting skin but can involve
any organ systems of the body. Epidemiological studies in Caucasian and Asian populations
show that patients with psoriasis suffer from other chronic inflammatory conditions with
overlapping pathology, such as rheumatoid arthritis and inflammatory bowel disease, more
frequently than patients without psoriasis [36, 37].

Psoriatic arthritis is a chronic inflammatory arthritis affecting about 5–25% of patients with
psoriasis. The prevalence varies from 20–420 per 100,000 population across the world except
in Japan where it is 1 per 100,000 [38]. Psoriatic arthritis has been defined as “an inflammatory
arthritis occurring during the course of psoriasis and characterized by negative rheumatoid
factor” [5]. Although arthritis typically occurs in fourth and fifth decade, no age is exempted
with cases involving young children and elderly. There is no gender bias and both sexes are
affected with a male to female ratio varying from 0.7:1 to 2.1:1. In majority of the patients (49–
75%), arthritis follows chronic psoriasis of about 7–12 years duration. This follows onset of
skin and joint disease in 10–37% patients simultaneously and lastly it can precede psoriasis in
6–18% [39-46]. Psoriatic arthritis is most commonly associated with psoriasis vulgaris.
Conventionally, psoriatic arthritis can affect both the peripheral joints as well as the axial
skeleton; thus, the joint involvement has been grouped into different subtypes. The original
Moll and Wright classification criteria divided psoriatic arthritis into five subtypes: distal
interphalangeal (DIP) predominant, symmetrical polyarthritis, single or few fingers or toe

Figure 5. Nail changes
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joints involved (asymmetrical oligoarthritis and monoarthritis), predominant spondylitis, and
arthritis mutilans [47].

Psoriasis can be associated with a range of co-morbidities that include metabolic diseases, such
as diabetes and cardiovascular (CV) diseases, tumors of specific sites, such as, lung cancer,
colon cancer, and kidney cancer [48] and psychological disorders such as depression [49-55].
These comorbidities might influence patients’ health and quality of life (QoL), and contribute
to the 3 to 4 year reduction in life expectancy in patients of severe psoriasis [56]. There have
been associations of psoriasis with smoking and increased body mass index [4, 57], which may
influence clinical severity and prognosis. Established psoriasis has been associated with the
several components of the metabolic syndrome, including hypertension, dyslipidemia,
obesity, and impaired glucose tolerance [3, 49, 58]. It has been reported that suppression of the
inflammatory process may reduce the cardiovascular risk in patients with psoriasis and
rheumatoid arthritis [59, 60].

6. Grading the severity

Psoriasis, unlike many chronic disorders, does not emerge steadily toward a definite outcome,
and therefore it is difficult to do staging of the disease by natural history [61]. Simple outcome
measures like clinical remission, number of hospital admissions or ambulatory consultations
and major disease flare-ups may affect disease severity. Measurement of disease severity only
based on assessing skin area involvement at a point of time, has large limitations as it does not
provide any direct information on the disease in terms of psychologic or social consequences.
Moreover, differences between different pattern distributions or clinical subgroups in psoriasis
except chronic plaque psoriasis, are inadequately addressed by these indices. The example for
such measures is the Psoriasis Area and Severity Index (PASI), which was developed as an
outcome measure in clinical trials on oral retinoids in 1978 [16, 62].

In this perspective, Quality of life (Qol) measures have the advantage of considering the
multidimensional nature of disease assessment and outcome, which generally includes
evaluation of disease related discomfort, level of disability and social disruption. However
there is a limitation of their confirmation against a gold standard and the characterization of
severity thresholds. Their use in clinical studies is still very limited. Qol refers to quantitative
estimates acquired through standardized questionnaires exploring the relevant dimensions of
the patient's life in terms of physical, social, and psychologic well being, that may be affected
by the disease [63, 64]. Among the instruments designed for specifically assessing psoriasis
are the Psoriasis Disability Index [65] and the Psoriasis Life Stress Inventory [66].

European Medicines Agency developed a set of criterion based on clinical features of psoriasis,
involving a change in disease management from no treatment to topical and systemic modal‐
ities. These criterions are based on certain definitions which were developed to standardize
assessment in randomized clinical trials. The definitions take into account; degree of skin
involvement and patient’s opinion as for example 1) Minimal disease with few isolated lesions
and disease in remission with no psoriatic lesions, 2) Mild disease with PASI<10% and well
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controlled with topical treatment, 3) Moderate disease with PASI>10% and can be treated
topically, 4) Moderate to severe disease with PASI>10% and failure of topical therapy or
PASI<10% with disabling lesions in face, hands and feet, 4) Severe disease with PASI>20% or
PASI>10% and <20% with disabling lesions in face, hands and feet and 5) Psoraisis with
guarded prognosis including Generalized pustular psoriasis and psoriatic erythroderma [67].
A careful distinction between severe diseases versus disease affecting Qol severely has relevant
implications in disease management. Studies report that patients with mild psoriasis having
a severe impact on Qol can benefit from psychologic support than systemic drugs to suppress
disease activity [62].

7. Disease prognosis

Due to its chronicity and incurability, psoriasis has a comparatively higher prevalence in the
general population. Generally, with age, the point prevalence and the lifetime prevalence is
anticipated to increase but in many studies it was shown that prevalence does not increase or
even diminish with age [17]. This may be due to increased mortality among psoriatic patients
later in life as compared to general population. Association with smoking and other comor‐
bidities might contribute to such a drift [68]. It has also been reported that Qol indices might
decline in long run independent of treatment [69]. Moreover, the progression of the skin lesions
does not follow a pattern and the extent of skin involvement might range erratically from none
to generalized body involvement. However, according to population surveys, most patients
experience mild to moderate symptoms [70] and the percentage of patients reporting systemic
therapies and/or hospitalization is no more than 20% [18].

The disease course is a bit unpredictable with spontaneous remissions and exacerbations with
disease severity increasing in the winter and improving in the summer months. Again, there
may be a disease flare up during sun exposure. The prevalence of photosensitive psoriasis
according to a cross sectional survey was about 5.5% in patients who have type 1 skin, have a
positive family history, in advanced age group and having psoriasis on their hands [71].
Moreover, psoriasis is reported to improve with pregnancy and aggravate during post partum
period [72].

8. Differential diagnosis

The papulosquamous diseases which are considered in the differential diagnosis of psoriasis
includes tinea infections, pityriasis rosea, and lichen planus. Psoriatic lesions are distinct from
these entities being very well circumscribed, circular, red papules or plaques with a grey or
silvery-white dry scale. In addition, psoriatic lesions are typically distributed symmetrically
on the scalp, elbows, knees, lumbosacral area, and in the body folds. Psoriasis may develop at
the site of trauma, known as Koebner’s phenomenon.

Acute generalized exanthematic pustulosis, a self limiting febrile drug reaction usually
resolving in 2 weeks after withdrawal of the suspected agent must be differentiated from
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generalized pustular psoriasis. Acute generalized exanthematic pustulosis is characterized by
pinpoint nonfollicular pustules on erythematous patches mainly involving body folds, with
single necrotic cells in epidermis, eosinophils and vasculitic changes in the dermis [73, 74].

9. To conclude

Psoriasis is an enigmatic disease involving a complex interplay of genetic, immunological and
environmental factors. Advancement of science and technology has led to the identifications
of many checkpoints in the disease course and pathology, which quite effectively has led to
the development of novel therapeutic targets to limit disease progression. However, despite
extensive research ino this disease the exact pathogenesis and clinical course of the disease is
still unknown. Thus there is always a need for better diagnostic criteria, severity assessments
and disease related Qol measures for determining long term outcomes of this elusive disease.
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1. Introduction

By virtue of the dynamic nature of the scientific process, the description of the pathogenesis
of a disease is always a work in progress. Each day new research shapes and refines our
understanding of disease processes; an attempt to describe the current scientific understanding
provides merely a snapshot of a body of knowledge that is constantly changing. However,
characterizing a disease using homeostatic and physiological terms allows the creation of a
framework to convey the most up-to-date theories while maintaining the potential for their
evolution.

The complex nature of psoriasis can similarly be unveiled through understanding the historical
context of our current understanding, examining prevailing hypotheses, and extrapolating
horizons for new research. To develop a framework for understanding the pathogenesis of
psoriasis and its evolution, the first perception to be changed is the prevalent view of the
immune system. The general notion of the immune system as a defense arrangement that
protects us against the microorganisms must be changed. This view results from a reduction
of the process itself and, as mentioned by Dr. Nelson Vaz, are features derived from the birth
of the immunology [1]. Immunology, as a scientific field, is new in the history of medicine.
Immunology developed in a century marked by the First and Second World War and Cold
War tension. Hence, many models to exemplify the immunological concepts were simplified
and described in relation to war affairs to facilitate the understanding of this science. In this
model, if a microorganism attacks a human being, the individual advocates the use of the
immune system to counteract. Another simple aspect is the teleology that prevails in the
immune science. For example, the T lymphocyte exists to kill cells infected with intracellular
parasites. This model full of logic and consequences does not apply in many other areas of

© 2013 Fallen et al.; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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medical and non-medical sciences. As such, it is necessary to move to a new approach to
describing the relationship between the immune system and environment. In this new
paradigm, the immune system does not react, but rather interacts with the environment, and
this contact is made through the skin and mucous membranes. This interaction, causal or not,
can have different results. In most cases, there is a balance, imperceptible to other sensory
systems, which is characterized by the integrity of what we call health. Thus, homeostasis
disorders or imbalances lead to disease. This seems obvious when written, but this search for
stability has continuity for the duration of the life of a given organism. If we consider the
immune system a sensorial system, it interacts with the modifications of the environment,
detects this information of change, and responds with adjustments to maintain homeostasis.
You might reduce this view by comparing it to an engine that runs under different types of
fuel mixture. It detects the different fuel composition and changes the compression ratio of the
cylinder for better efficiency to keep the car moving.

For better observation of this psoriasis pathogenesis, we will make a technical simulation of
the immune system in a specific situation. This simulation will cover various aspects of
immune response, spanning from the beginning of the inflammatory response, to specific
immune response through the development of psoriasis. Here, under a historical perspective
and comparing with a chess game, the main objective is to provide insights on the central role
of some of these cytokines and immunological pathways in psoriasis pathophysiology.
Through this, the aim is to explain some facts of modern immunodermatology that might be
useful for clinicians to understand the basis of the immunology of psoriasis. Moreover, an
important goal is to dispel some misinformation that might have a negative impact on the use
of new immunomodulators and medications available for use by physicians. Treatment basis
and therapeutic response experience strongly supports the use of immunomodulators as
important modalities in the treatment of psoriatic arthritis and plaque psoriasis. Studies with
these therapeutic agents, which act in different steps of the psoriatic inflammatory cascade,
have also shown significant efficacy. [2].

Directly targeting this inflammatory cascade, blocking specific cytokines is a modern treatment
option for psoriasis and other autoimmune diseases [3]. The rationale for this therapy arises
from pathophysiology; in different autoimmune diseases there is an increase in production of
proinflammatory cytokines by the immune system. Inflammatory cytokines, like many other
cytokines, have an important role in both maintaining health and participating in disease
manifestation [4]. This chapter discusses the pivotal role of some of these cytokines in psoriasis
pathophysiology, how our understanding of its mechanism evolved, and how blocking the
effect of a specific cytokine might substantially improve the disease condition.

2. Pre–biologic immunological history of psoriasis

Psoriasis is a common skin disease with extra-cutaneous manifestations. It is characterized by
chronic inflammation of the skin with changes in the maturation of keratinocytes, which is
manifested by the hyperproliferation of the epidermis. Moreover, inflammatory reaction can

Psoriasis - Types, Causes and Medication58

be found in other systems of the same patient. However, this disease is mediated by T
lymphocytes, orchestrated by orchestration multigenic and environmental factors. The altered
immune system is essential for the inflammation present in both the skin and other organs. A
concept of a multi-systemic disorder involving different organs of the patient and reflects a
better understanding of the complex pathophysiology of this disease [2].

The concept of biological therapy for psoriasis has been derived from its etiopathogenesis. As
in a chess game, these new forms of treatment have evolved from an integration of the
knowledge of interactions between the immune system cells (pieces) and its cytokines
(movements) that initiates the pathologic processes and ultimately leads to the development
of the clinical features of psoriasis.

In ancient records, the initial causes of psoriasis were attributed to multiple sources ranging
from the divine power to racial associations [5]. An unknown infectious organism was
indicated as a source of psoriasis in 1927 [6]. Later, its etiology was described as primarily and
essentially an epidermal problem, independent of immunologic phenomena [7]. The main
objective of cytotoxic drugs developed in the 20th century, such as methotrexate, was to reduce
keratinocyte proliferation. Immunological studies on psoriatic patients identified changes in
humoral immune reactions as part of the overall problem but not the cause [8, 9]. Efficacy of
the cytotoxic drugs in the late 1960s paved the road for ideas about the role of the immune
system in psoriasis [10, 11]. Further investigations in the 1970s revealed the role of immuno‐
logic factors in psoriasis. However, the dominant thought was that psoriasis was a disease of
faulty epidermopoiesis due to impaired autocontrol mechanisms [12]. Hunter et al. wrote
“More work on cell turnover and its regulation will give the clue to psoriasis” [13].

Other studies in the 1970s revealed the role of immunologic factors in psoriasis. Histopatho‐
logic examination of psoriatic lesions showed a striking resemblance to cellular inflammatory
reactions observed in allergic contact dermatitis [14]. A selective immunosuppressant effect
was the initial hypothesis used to describe the pathological cellular immune response [15].
Soon thereafter, the discovery of a soluble factor that played an important role in keratinocyte
proliferation helped to form the cytokine-based theory for the induction/maintenance of the
inflammatory and proliferative cascades of psoriatic lesions [16]. Subsequently, an integrated
theory explaining the etiopathogenesis of psoriasis came into play: in a genetically susceptible
patient, immunological factors trigger rapid turnover in the epidermis resulting in the
development of psoriasis [17].

The fundamental confirmation that any defect of the skin is not sufficient by itself to maintain
a psoriatic lesion occurred in the subsequent decade. Some studies confirmed that T cells and
soluble factors could stimulate keratinocyte proliferation. Immunophenotyping of psoriatic
lesions showed mixed T lymphocyte (TL) cell populations (CD4 and CD8) and Langerhans
cells (LCs) distinct from normal skin [18]. This cellular infiltrate changed with topical or
systemic treatment [19, 20]. In another study, failure of plasma exchange and leukapheresis
ruled out the major participation of humoral immune system in the pathogenesis of psoriasis
[21]. Thus, the cellular arm of the immune system was implicated in psoriasis for the first time
during the 1980s [22].
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was the initial hypothesis used to describe the pathological cellular immune response [15].
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inflammatory and proliferative cascades of psoriatic lesions [16]. Subsequently, an integrated
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lesions showed mixed T lymphocyte (TL) cell populations (CD4 and CD8) and Langerhans
cells (LCs) distinct from normal skin [18]. This cellular infiltrate changed with topical or
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during the 1980s [22].

Psoriasis as a Chess Board — An Update of Psoriasis Pathophysiology
http://dx.doi.org/10.5772/53580

59



During the 1990s, research on immunopathogenesis of psoriasis thus focused on the cellular
and the cytokine components of the immune system. Researchers observed that an influx of
activated T lymphocytes, mainly CD4+, HLA-DR+, Interleukin (IL)-2 receptor - CD25+ T cells,
was one of the earliest events of psoriasis [23]. Based on Mosmman and Coffman’s publication
[24], these T lymphocytes were classified as T helper (Th) type 1 cytokine producers (Th1) [25].
They produce Interferon (IFN)-γ, IL-2, and Tumor Necrosis Factor (TNF)-α cytokines and
implied that a cellular type 1 reaction was responsible for psoriasis (Figure 1). The observation
of the historical evolution of the extra-cutaneous manifestations of psoriasis and their patho‐
genesis confirms the idea of a multi-organ disease with complex immunological pathways [2].

Figure 1. Time line of development of psoriasis pathophysiology: From unknown to epidermal problem through Im‐
munological disease.

3. Psoriasis: Many pieces and movements on a complex chessboard

Psoriasis plaque is induced and maintained by multiple interactions between cells of the skin
and immune system. It seems that the pathogenesis of psoriasis could involve a stage of cellular
infiltration resulting in epidermal (keratinocyte) proliferation. Each inflammatory pathway
(IL-12/Th1, IL-23/Th17, and IL-22/Th22) has its impact on psoriasis development [26]. The
different pathways are based on the fact that T helper cells can be skewed towards mutually
exclusive subtypes on the basis of the cytokine environment [27, 28]. The process of T lym‐
phocyte reactivation results from interaction of T cells with the resident antigen presenting
cells (APCs) found in plaque psoriasis, which in turn determines the cytokine environment
and Th1/Th17/Th22 pathway.

The primary etiopathogenesis of an autoimmune disease, or the activation of Th1/Th17/Th22
pathways, is the dysregulation of immune system activation since the development of
autoreactive lymphocytes occurs in the same basic manner as lymphocyte activation. The
understanding of this process or processes is very important to maintain the balance of the
normal performance of the immune system. Briefly, it is comparable to the process to find the
moment where one player lost the chess game based on the retroactive analysis of his moves.
Cytokines are the possible moves of different pieces of the game. Many pieces can produce the
same movement but with different results. The moves are the key players in generating or
establishing a specific immune system reaction. Therefore, blocking cytokines that maintain
autoimmune activity has become one the most successful strategies for autoimmunity therapy.
A new balance can be established with the removal of a key piece or blocking of a lethal move
so that the critical players are removed from the chessboard of an autoimmune response.
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As with any other disease involving the immune system, psoriatic manifestation begins with
Antigen-Presenting Cells (APC) activation by an unknown trigger. Different factors including
infections, trauma, medications, and emotional stress can initiate the initial phase of the
disease. Such factors can activate keratinocytes to release cytokines such as IL-1 and TNF-α,
initiating the effector phase of psoriasis by activating resident skin macrophages and Dendritic
Cells (DCs). DCs migrate to the regional lymph node, which initiates T lymphocyte activation
in response to the stimuli. This is part of the working model of the immune synapse of T cells
in psoriasis, integrating T cell signaling pathways in autoimmunity [29]. This association leads
to the production of IL-12/Th1/IFN-γ pathway. Many molecules in the plasma membrane of
both cells, other than the Major Histocompatibility Complex (MHC) and T Cell Receptor (TCR),
are involved in this phase and can be used as a target molecule for the treatment of psoriasis.
The most important molecules are ICAM-1, LFA-3, and CD80/CD86 in the DC and LFA-1, CD2,
and CD28 in the T cell, respectively. Alefacept, a fusion protein used for psoriasis treatment,
blocks T cells activation by interfering with CD2 on the T cell membrane, thereby blocking the
costimulatory molecule LFA-3/CD2 interaction [30]. Furthermore, it has recently been
discovered that IL-27 suppressed macrophage responses to TNF-α and IL-1β, thus identifying
an anti-inflammatory function of IL-27 [31].

Continuing the evolving complex immunological chess game, the activated T lymphocyte Th1
cytokine producers leave the lymph node and migrate to the skin where cytokines like TNF-
α, produced by keratinocytes and activated DCs, facilitate T lymphocyte diapedesis into the
dermis and epidermis [32]. The TNF-α induces the skin immune cell infiltration by inducing
chemokines and upregulating adhesion molecules on the endothelial cells of dermal vessels.
Adhesion molecules such as CLA and LFA-1 on the T lymphocyte membrane and E-selectin
and ICAM-1 on the endothelial cell membrane are involved in this process. Efalizumab, a
Humanized Anti-CD11a, Anti-LFA-1 molecule has been used in psoriasis treatment by
blocking the TL migration to the skin [33]. In summary, dendritic cells and effector T-cells are
important in the development of the psoriatic lesion, and cytokines produced by these cells
stimulate keratinocytes to proliferate and increase the migration of inflammatory cells into the
skin, promoting epidermal hyperplasia and inflammation [34].

3.1. Chessboard: The skin’s influence on psoriasis development

The primary cause of psoriasis has not been not found. Factors such as genetics and environ‐
mental exposure are now recognized to play a role in psoriasis development. Certainly,
autoimmunity does not appear to be the only, or necessary, component to the development of
psoriasis. However, psoriasis is a manifestation of skin immune reactions. Inflammation is a
key feature of pathogenesis, with all inflammatory cell types implicated in psoriasis pathology
by multiple interactions between cells of the skin or from other organs and the immune system.
Nonetheless, the etiology of psoriasis as an epidermal problem or a disease of faulty epider‐
mopoiesis due to impaired autocontrol mechanisms is not completely wrong. Keratinocyte-
derived inflammatory molecules ampliy skin immune responses associated with psoriasis, and
contribute to the disease process and clinical phenotype [35]. Psoriatic keratinocytes respond
aberrantly to cytokines and show altered intracellular signaling pathways [36].
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pathways, is the dysregulation of immune system activation since the development of
autoreactive lymphocytes occurs in the same basic manner as lymphocyte activation. The
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normal performance of the immune system. Briefly, it is comparable to the process to find the
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so that the critical players are removed from the chessboard of an autoimmune response.

Psoriasis - Types, Causes and Medication60

As with any other disease involving the immune system, psoriatic manifestation begins with
Antigen-Presenting Cells (APC) activation by an unknown trigger. Different factors including
infections, trauma, medications, and emotional stress can initiate the initial phase of the
disease. Such factors can activate keratinocytes to release cytokines such as IL-1 and TNF-α,
initiating the effector phase of psoriasis by activating resident skin macrophages and Dendritic
Cells (DCs). DCs migrate to the regional lymph node, which initiates T lymphocyte activation
in response to the stimuli. This is part of the working model of the immune synapse of T cells
in psoriasis, integrating T cell signaling pathways in autoimmunity [29]. This association leads
to the production of IL-12/Th1/IFN-γ pathway. Many molecules in the plasma membrane of
both cells, other than the Major Histocompatibility Complex (MHC) and T Cell Receptor (TCR),
are involved in this phase and can be used as a target molecule for the treatment of psoriasis.
The most important molecules are ICAM-1, LFA-3, and CD80/CD86 in the DC and LFA-1, CD2,
and CD28 in the T cell, respectively. Alefacept, a fusion protein used for psoriasis treatment,
blocks T cells activation by interfering with CD2 on the T cell membrane, thereby blocking the
costimulatory molecule LFA-3/CD2 interaction [30]. Furthermore, it has recently been
discovered that IL-27 suppressed macrophage responses to TNF-α and IL-1β, thus identifying
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and ICAM-1 on the endothelial cell membrane are involved in this process. Efalizumab, a
Humanized Anti-CD11a, Anti-LFA-1 molecule has been used in psoriasis treatment by
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The primary cause of psoriasis has not been not found. Factors such as genetics and environ‐
mental exposure are now recognized to play a role in psoriasis development. Certainly,
autoimmunity does not appear to be the only, or necessary, component to the development of
psoriasis. However, psoriasis is a manifestation of skin immune reactions. Inflammation is a
key feature of pathogenesis, with all inflammatory cell types implicated in psoriasis pathology
by multiple interactions between cells of the skin or from other organs and the immune system.
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Heterogeneous functions of other skin resident cells, such as fibroblasts and endothelial cells,
may also contribute to the pathogenesis of psoriasis [37]. Furthermore, leukocytes that infiltrate
skin lesions have been shown to be involved in the pathogenesis of this disease [38]. Despite
parallels to the chicken and egg causality dilemma, all of these contribute to the presentation
in patients suffering from psoriasis that is later observed by clinicians.

3.2. Immunopathogenesis of psoriasis is a teleological model

From the previous data, it is well known that the immunopathogenesis of psoriasis is complex.
It involves alterations in the innate and acquired immunologic system. In the most accepted
models, cells of the skin when activated produce immunological mediators that act upon the
cells of the specific immune system. The action is amplified by the opposite direction [39].

The most studied theories about autoimmune disease etiology associate the immune dysre‐
gulation and loss of tolerance due to the impact of environmental factors on genetically
susceptible individuals. The literature has always highlighted the importance of the microor‐
ganism in the lack of immune homeostasis in psoriasis. The linkage of antigens of infectious
agents to the toll like receptors can activate keratinocytes and other cells to release innumerous
chemokines, cytokines and growth factors. Activated keratinocytes are capable of recruiting
and activating T cells. Therefore, infections are considered an important component that can
unleash the manifestation of psoriasis[40].

3.3. Dissociation between immunopathogenesis and immunological concepts

In accordance to the actual immunopathogenesis models for psoriasis, the skin is the body’s
primary defense against external invasion. However, the keratinocytes, in defending the body
against the microorganism, induces the migration of cutaneous lymphocyte-associated antigen
(CLA) positive T cells. Finally, T cells play a central role in initiating and perpetuating the
immunological mechanisms of psoriasis [41].

In this context, the possibility arises that endogenous, normal, housekeeping self-proteins
might be epitopic targets in autoimmune responses in psoriasis. The transition from self-
reactivity to the autoimmune pathology appears to be mediated by a complex network of
overlapping phenomena [42]. However, all studies about the antigen identification in psoria‐
sis, like in many other autoimmune diseases, did not find an optimal autoantigen for studying
the relationship between similarity level and immune responses [43].

Therefore, the actual models of immunopathogenesis of psoriasis break the specificity basic
statement of immunology. There are historical reasons for the dissociation between immuno‐
pathogenesis models and immunology concepts. Immunology emerged as a biomedical
science, concerned with host defense and production of anti-infectious vaccines. Ehrlich’s side-
chain theory explained the anti-infectious protection granted by vaccines and serotherapy [44].
It was the first steps of the development of initial cognitive metaphors, such as recognition and
memory.

The clonal selective theory of antibody formation in the 1950s was a new evolution and the
initiation of neo-Darwinism in Immunology. The selective theories of antibody formation
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resulted from the union of Immunology with Darwin’s theory of evolution. They also ampli‐
fied the “Defensive metaphors". Lymphocytes are supposed to respond specifically to stimuli.
Except for brief moments of activating or inhibiting interactions, lymphocytes are believed to
act independently from each other. Therefore, the immune system defends the body by
amplification of specific lymphocytes.

3.4. Defensive metaphor

In seeking to understand the unknown, mysterious, or abstract, the human mind draws
comparisons to the known, familiar, and concrete. When these comparisons are made explicit,
we call them metaphors or analogies. Scientists draw on metaphors when struggling with
phenomena that defy easy observation, such as the immune system. Immunology developed
many metaphors based on the scenario of its development. The naissance of immunology was
marked by the great World Wars and the Cold War tension. Consequently, immunological
concepts were simplified and described as war affairs.

The war metaphor for the immune response is appealing, in part, because it seems to create a
deeper understanding of the rules that direct the immune system actions. The consequence of
immunologists’ fondness for war metaphors, the authentication of the models has hardly been
tapped. However, any metaphors used to explain the immune system evoke intuitive notions
of strategy, skill and competition. Rarely do they indicate a deep understanding of the
particular clinical variation present in the arenas of medical life.

The underlying principle in this framework is the immune system as a "defense system.” When
it is said that the immune system defends the body, there is the use, intentionally or not, of a
metaphor. This is also a teleological argument (from the Greek τέλος for "end", "purpose", or
"goal"). Teleological argument is a knowledge or explanation about a fact that relates to a final
question. Teleological reasoning is an anthropomorphic interpretation used in science.
Therefore, it is given that there is an end or a function for the biological being or immune
system. However, there is not much teleological argument in physics or other natural science
fields. Do you know any reason why the earth gravitates around the sun?

Immunologists are in a comparable position to use metaphors inasmuch as the cellular and
molecular relationships that form the immune response are things that cannot readily be seen.
Famous and basilar modern immunological metaphors include viewing the immune system
as a planning body at a multidimensional space in which the lymphocytes are developing
defensive strategies against invaders or irritants. Another side of this favorite metaphor is that
of the main reason why bacteria invade the bodies is because those bodies harbor environments
where the bacteria can survive and multiply. The immune system protects the body from
invaders like bacteria, viruses and parasites.

There are consequences to this metaphor interpretation. The immune system does not act as
one structure or system. A system is described as a collection of elements connected to each
other in such a way that acting upon one element has repercussions upon all the others.
Lymphocytes are supposed to respond independently specifically to antigen stimuli. There‐
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fore, lymphocytes do not interact with the organism or with other lymphocytes. They are clonal
units. Thus, lymphocytes cannot organize themselves in a system.

In the actual stage of the clonal selection theory acceptance and consequent metaphor inter‐
pretation, the proposition of significantly different concepts or description of the immune
system have been excluded from the scientific media. The net result of such a theoretic
narrowness is the characterization of a massive variety of cellular or molecular independent
components involved in immunological activity. Therefore, the expansion, contraction and
regulation of specific clones of lymphocytes are insufficient to generate all known immuno‐
logical phenomena. Finally, the lack of a different view about the immune system followed in
a flagrant inability to create new vaccines, to understand and treat allergies or autoimmune
diseases as psoriasis.

3.5. Game theory as a new proposal for immunopathogenesis of psoriasis

Does the interpretation of the data in immunology, as it is today, represent the only possible
way to have an immune response? Is there a new model where the immune system can be
explained and the immunopathogenesis of autoimmune diseases as psoriasis can be inter‐
preted? This is a logical question that should follow the previous assumptions.

Consistent with the position that the details of a immune response matter, any other proposi‐
tion begins by reviewing and incorporating the accepted rules, constraints, and properties
available for the immune system - the Immunology game’s inner logic. The application of game
theory to Immunology thinking is our new proposition to explain autoimmune diseases and
other immunologic responses. The objective here is to begin taking games seriously as potential
sources of insight into the relationship that determines the Immune system.

Game theory is a set of concepts aimed at decision making in situations of competition and
conflict, as well as of cooperation and interdependence, under specified rules [45]. Game theory
metaphors began with the idea regarding the existence of mixed-strategy towards equilibrium.
The discordant note of this view of game theory with the actual immunological response is the
prevailing opinion among game theorists that any interaction will eventually converge to Nash
equilibrium predictions under the right conditions. Although the initial application of game
theory to immunology does not involve any of the requirements of the Nash equilibrium, the
human homeostasis conforms nicely to predictions of the Nash equilibrium or relevant
refinement. Absence of homeostasis or disease is the lack of stability in the immune system
concept.

Researchers are starting to realize that this simplistic view of the immune system as defensive
system needs a radical rethink [46]. The focus has been less on equilibria that correspond to a
notion of rationality or teleologism, but rather on ones that would be maintained by evolu‐
tionary forces. In this new view, the skin has no longer been thought of as a mere physical
barrier to attack by pathogens. Recent studies suggest the interplay between the skin's resident
microorganisms, known collectively as the skin microbiome, and immune mediated organ-
specific diseases [47]. Increasingly, it has been recognized that disruptions in the commensal
microflora may lead to immune dysfunction and autoimmunity. Therefore, the microbiome
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influence the host's immune system [48]. In particular, there are new findings on the role of
the microbiome in psoriasis [49].

Biologists have used game theory. The known game theory equilibrium in biology is the
evolutionarily  stable  strategy (ESS)  [50].  Additionally,  biologists  have used evolutionary
game theory and the ESS to explain many seemingly incongruous phenomena in nature.
Paradoxically, it has turned out that game theory is more applied to biology than to the
field of immunology for which it can be an evolutionary metaphor. Considering some of
the ways in which game metaphors  have been used in biology analysis,  observing that
most game metaphors involve only vague and fleeting references to some generic game
with the goal of making a preconceived point. We contrast this with analogies in the natural
sciences, in which knowledge of a well-understood phenomenon is used to shed light on
another that  is  less well  understood. A new idea has to propose a nonteleological  view
including  all  possible  natural  evolutions,  which  will  necessarily  generate  other  set  of
problems and enigmas. A nonteleological thinking is a way of viewing things as they are,
rather than seeking explanations for them [51]. However, the practicality of a nonteleolog‐
ical view in immunology is null nowadays [45].

In summary, although the costs of infections to immune system are meaningful, a growing
body of evidence supports a general benefit associated with infectivity. Reducing the risk of
uncontrolled inflammation and limiting the tissue damage caused by injury are important
features of host defense against pathogens, but would be beneficial in a variety of autoimmune
diseases [52]. Game theory may help to appreciate the benefits of immunity to infection. This
is the challenge for the new homeostatic immune system metaphors that explain the autoim‐
munity mechanisms as in psoriasis.

4. The initial biologic treatments for psoriasis and implications for the
understanding of immunological mechanism of psoriasis

Psoriasis was defined as Th1 type of disease based on the early understanding of the T helper
subsets. The initial belief was that infiltrating T cell subpopulations derived from the draining
lymph node regulated the development of the inflammatory responses in the skin by produc‐
ing IFN-γ and TNF-α [53]. The Th1-derived cytokines produced by these infiltrating Th1 favors
further Th1 cell access, upregulates keratinocyte chemokine production, and supports dermal
DC myeloid type (DC11c+) activation. In response to this cytokine activation, keratinocytes
and other cells produce a plethora of immune mediators, which induce and amplify inflam‐
matory responses in the skin [54].

As a result, two logical biologic therapeutic approaches were tested: one was the administra‐
tion of counter regulatory type 2 cytokines and the second was the blocking of type 1 cytokines.
The use of monoclonal antibodies or fusion proteins to neutralize cytokines started to be used
on a large scale because of their efficacy and practicality.

These studies have proved to be a useful biological model and test ground for evaluation of
the skin immune system and psoriasis. Although these drugs were not initially developed in
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the treatment of psoriasis, but rather in rheumatoid arthritis and Crohn’s disease, the obser‐
vation that Crohn’s disease patients with psoriasis were improving while on anti-TNF therapy
profoundly influenced the studies that were to come [55].

Although clinical response to anti-TNF suggested a role for Th1 cells in psoriasis, evidence
coming from other studies demonstrated that Th1/Th2 paradigm and key role of TNF were
not sufficient to explain the full pathogenesis of psoriasis. At this point some academic
resistance to an immunological pathogenesis for psoriasis was raised [56]. However, the main
interpretation was that an important piece of the immunological cytokine puzzle was missing.
Many other pieces would be involved in such a complex game.

5. The IL–12/23 and its role in the immunopathogenesis psoriasis

The initial quest for the missing cytokines was the search for pathway inducers. Researchers
first noted that IL-12 is crucial for Th1-cell differentiation [57]. IL-12 signaling via its receptor
activates Stat4 (signal transducer and activator of transcription 4), which upregulates IFN-γ.
IFN-γ activates Stat1, which enhance T-bet (T-box expressed in T cells), the leading TH1
transcription factor, further enhancing IFN- γ production and downregulating IL-4 and IL-5
expression [58]. IFN-γ mediates many of the pro-inflammatory activities of IL-12. Phagocytes
and Dendritic Cells (DCs) are the main producers of IL-12 in response to microbial stimulation
[59], and this relationship links innate resistance and adaptive immunity. The main function
of IL-12 is resistance to infections with bacteria and intracellular parasites. However, it plays
an important role in the Th1 response that sustains organ-specific autoimmunity [60]. The use
of anti-IL-12 mAb (monoclonal antibody) in an experimental model of psoriasis also suggested
the therapeutic value of blocking IL-12 in humans [61], although side effects of the drug limited
further development in this area.

For many years, the IL-12-dependent Th1 cells were thought to be essential for the induction
of autoimmunity. However, during the Th1/Th2 paradigm studies, an IFN-γ-independent
mechanism responsible for the pathogenesis of many inflammatory diseases and psoriasis was
found [62]. IL-12 and IL-23, as discovered previously from human DNA sequence information,
share the subunit p40 [63]. The use of anti-IL-12/23p40 and anti-IFN mAb ultimately estab‐
lished at least part of the solution to the riddle. Only neutralization of p40, but not of IFN-γ,
ameliorated chronic inflammatory reactions. This finding suggested that the latter cytokine,
IL-23, accounted for the IFN-γ-independent mechanism of inflammation.

Identified from human DNA sequence information, IL-23, like IL-12, is also a heterodimeric
cytokine composed of the same subunit p40 paired with the unique p19 [64]. It has been
reported that IL-12 and IL-23 are up-regulated in psoriatic skin [65]. Human studies with anti-
IL-12p40 have shown that this treatment not only ameliorates psoriasis, but also down-
regulates type 1 cytokines and IL-12/IL-23 in lesional skin [66]. Besides sharing the subunit p40
and signaling through similar receptors, IL-23 and IL-12 are responsible for driving different
T-cell subsets. Moreover, presence of abundant IL-23+ dendritic cells as well as elevated mRNA
expression for both subunits of IL-23 (IL-23p19 and IL-23p40) in psoriatic lesions supports the
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role of IL-23 in the pathogenesis of psoriasis [65, 67-69]. Genetic studies have revealed that
polymorphisms in IL-23p19, IL-12/23p40, and IL-23R are associated with increased risk of
psoriasis [70-72]. Furthermore, in an animal xenograft model of psoriasis, Tonel G et al showed
that treatment with anti human IL-23 mAb causes statistically significant reduction of
acanthosis and papillomatosis index in grafts of mice in comparison to isotype controlled mice.
Moreover, they found comparable efficacy of anti human IL-23 mAb with anti TNF-α
(infliximab) in blocking the development of psoriasis. They also showed a significant decrease
in CD3+ T cells mainly in the epidermis of mice treated with anti human IL-23 mAb in
comparison to control mice [73].

IL-23 could also mediate and sustain late-stage chronic inflammation by the production of
IL-17 by Th17 [74]. IL-23 plays an important role as a central growth factor [75-77]. In presence
of TGF-β and IL-6, IL-23 helps in development of Th17 cells whereas TGF-β is inhibitory to
production of IL-22 [78-80] (Figure 2).

Figure 2. The pivotal role of some of IL-12 and IL-23 in psoriasis etiopathogenesis: How blocking the effects of these
cytokines substantially improve the disease condition.

The IL-23/Th17/IL-17 immune axis was initially elucidated when IL-17 gene expression was
induced by B. burgdorferi independent of IL-12 [81]. The IL-17–producing CD4+ T cells distinct
from those producing either IL-4 or IFN-γ were called Th17 [82]. Patients with psoriasis have
increased Th17 cells as well as increased expression of mRNA for Th17 cytokines (IL-17A;
IL-17F; TNF-α; IL-21 and IL-22) and chemokines (CCL20) [83-87]. In psoriasis, Th17 cytokine
IL-17A mainly induces cytokine and chemokine production by keratinocytes [84, 88, 89],
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whereas IL-22 induces proliferation of keratinocytes and production of antimicrobial peptides
by keratinocytes [78, 90-92]. The role of IL-23 and IL-17 in psoriasis was further substantiated
in some animal studies with recombinant IL-23 and anti IL-17A. In wild type (WT) mice,
injection of recombinant murine (rm) IL-23 induces epidermal hyperplasia [93, 94], whereas,
in IL-17 -/- mice showed less epidermal hyperplasia after repeated injection of rmIL-23. A
recent publication by Rizzo et al showed that WT mice do not show epidermal hyperplasia to
injection of rmIL-23 if they were treated with anti IL-17A antibodies [95]. A redundant cytokine
model has emerged as the evolving explanation for psoriasis pathogenesis. It is based on the
IL-12/Th1/ IFN-γ - TNF-α and the IL-23/Th17/IL-17 immune pathways (Figure 3). The
effectiveness of the anti-TNF treatment of psoriasis validated the first axis. The efficacy of anti-
p40 (anti-IL12/23) treatment confirms the other [96].

Figure 3. Time line of development of psoriasis pathophysiology: From complex immunological disease through ge‐
netic participation until recent advances.

6. Selective IL–23/Th17/IL–17 immune axis inhibition

IL-23 favors the proliferation of the Th17 subtype and consequent production of IL-22 and IL-6
that stimulates the proliferation of keratinocytes. IL-17 favors infiltration of neutrophils into
the skin forming the typical Munro’s micro-abscesses with some participation of IL-22 [97].

Studies have demonstrated that anti-p40 (anti-IL-12/23) treatment is highly efficacious for
psoriasis. Ustekinumab anti IL-12/23 antibody showed its efficacy and safety in three phase III
trials recruiting 2899 patients. From two placebo controlled trials, PHOENIX 1 and PHOENIX
2, ustekinumab showed its efficacy in ameliorating psoriatic plaques, pruritus, and nail
psoriasis [98]. (Table 1).

Remarkably, in a phase II multicenter, randomized, double-blind, placebo-controlled trial
briakinumab, another human monoclonal anti-IL-12/23 antibody, 90-93% of subjects in 4
dosing groups were able to achieve a PASI 75 [99]. This finding alone confirms the centrality
of this pathway because these levels of efficacy have not been previously seen in studies with
other agents [100]. Safety data for both agents is limited, but to date has been favorable.

One issue with anti-p40 therapy is that it inhibits both the classical IL-12/Th1/IFN-γ and IL-23/
Th17/IL-17 immune pathways. IL-12 and IL-23 are related cytokines with differences in their
biological activities. After binding to their receptors, different intracellular transcription
complexes are activated [101]. IL-12 predominantly acts on naïve T cells and initiates the TH1
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response. In contrast, IL-23 primarily affects memory T cells and expands the initiated Th1
inflammatory response by Th17 activity and maintains an adequate memory pool by com‐
promising memory T cells [64, 101, 102]. Experimental studies suggest that IL-23/Th17/IL-17
immune axis blocking is sufficient to treat autoimmune inflammation [63].

Another way to block both pathways is the immunoregulatory role of IFN-γ. It is well-known
that the administration of anti-IFN-γ induces exacerbation of Experimental Autoimmune
Encephalomyelitis (EAE) [103]. One possible explanation is the inhibition of IL-12/Th1/IFN-
γ axis may destroy the regulatory role of IFN-γ during chronic inflammation. TNF-α, like INF-
γ, has a regulatory role in the immune system [104]. This might explain the observation that
anti-TNF therapies can induce psoriasis and other autoimmune diseases in some patients [105].

An increase in efficacy and reduction of adverse events are the main drivers for new therapies.
Infections, one type of adverse event, usually increase in patients receiving anti-cytokine
therapy [106]. Studies with anti-IL-23 therapy will require surveillance for the development
of opportunistic infections. Reports from patients with IL-12 and/or IL-23 cytokine deficiency
syndromes alert to these potential infections in individuals under anti-IL-23 therapy. Invasive
salmonellosis and mycobacterial diseases were present more often in patients with IL-12/IL-23
deficiency indicating that immunity against these microorganisms appears to be dependent
of IL-12 and/or IL-23 [107]. However, antibodies against IL-12 and IL-23 may not cause a
complete inactivity of these cytokines in a clinical scenario. For example, an experimental study
showed that IL-23 plays a role in host defense against P. carinii, but it is not an essential one
[108]. Clinical studies with anti-IL-12/23 treatment thus far have not increased the risk of non

* P <0.001 Adapted from: Papp KA, Langley RG, Lebwohl M, et al. Efficacy and safety of ustekinumab, a human
interleukin-12/23 monoclonal antibody, in patients with psoriasis: 52-week results from a randomized, double-blind,
placebo-controlled trial (PHOENIX 2). Lancet. 2008; 371(9625):1675-1684.

Table 1. Clinical improvement at week 12 (PHOENIX II)
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* P <0.001 Adapted from: Papp KA, Langley RG, Lebwohl M, et al. Efficacy and safety of ustekinumab, a human
interleukin-12/23 monoclonal antibody, in patients with psoriasis: 52-week results from a randomized, double-blind,
placebo-controlled trial (PHOENIX 2). Lancet. 2008; 371(9625):1675-1684.

Table 1. Clinical improvement at week 12 (PHOENIX II)
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opportunistic or opportunistic infections [109]. A recent study showed that blocking IL-23 with
monoclonal antibodies during BCG infection does not appear to affect the bacterial burden in
immunocompetent mice. In contrast, blocking TNF-α or both IL-23 and IL-12 with anti-p40
dramatically enhances mycobacterial growth. From this study, antibody blockade of IL-23
alone rather than IL-12 might be preferable in patients who have been, or may be, exposed to
mycobacterial infection [110].

7. A new piece and a new move

As previously mentioned, the IL-23 favors the proliferation of the Th17 and consequent
production of IL-22. IL-22 mRNA presence was initially described in IL-9 stimulated T-cell
lines and in concanavalin A (Con-A)-activated murine spleen cells [111]. Further studies
demonstrated that IL-22 expression can only be observed in activated immunological cells
[112]. However, other reports have revealed that some T cells express IL-22 independently of
IL-17 [113]. Finally, a new distinct human memory CD4+ T cell subset with skin-homing
properties was identified and denominated Th22 [114].

A preferential  production of  IL-22 cytokine by T cells  (Th22,  Th17,  and Th1)  is  present
in psoriasis  lesions [86].  Many animal models indicate the role of  IL-22 in psoriasis.  IL-22
over-expressed  transgenic  mice  developed  psoriasis-like  skin  lesions  [115].  In  IL-22  -/-
mice,  injection of  IL-23 fails  to  induce epidermal hyperplasia  indicating the role  of  IL-22
as  a  downstream  mediator  of  tissue  effects  caused  by  IL-23  [78].  In  a  recent  publica‐
tion,  Rizzo  HL  et  al  showed  that  to  have  IL-23  mediated  epidermal  hyperplasia,  both
IL-17  and  IL-22  is  required;  any  one  of  these  is  not  sufficient  to  execute  the  effect  of
IL-23.  They also showed that  pre-treatment with anti  IL-22 or  anti  IL-17A Abs block the
rmIL-23  mediated  epidermal  hyperplasia  in  wild  type  mice  [95].  In  reconstituted
epidermis  model,  IL-22  produces  acanthosis  dose  dependently,  which resembles  psoria‐
sis  and  either  one  of  these  alone  is  not  sufficient  to  execute  the  effect  of  IL-23.  The
effects  of  IL-20  subfamily  cytokines  on  reconstituted  human  epidermis  suggest  poten‐
tial  roles  in  cutaneous  innate  defense  and  pathogenic  adaptive  immunity  in  psoriasis
[92].  In  a  study  by  Wolk  K  et  al,  a  correlation  was  demonstrated  between  the  plasma
IL-22 levels  and the severity of  the disease [90].  IL-22 regulates  the expression of  genes
responsible  for  antimicrobial  defense,  cellular  differentiation,  and  mobility  in  keratino‐
cytes  and may play a:  a  potential  role  in  psoriasis  [90].  Moreover,  IL-22 levels  correlat‐
ed  with  IL-20  levels,  which  is  in  accordance  with  the  IL-22-induced  keratinocyte  IL-20
production  [116].  This  suggests  that  IL-22  and  its  downstream  mediator  IL-20  play  an
important  role  in the final  steps of  psoriasis  pathogenesis.  Sabat  R and his  group in their
studies  showed that  IL-22 regulates  keratinocyte function in several  ways:  a.  IL-22 helps
form a biological  barrier  of  the skin by producing antimicrobial  proteins (AMPs) like β-
defensins,  and S100 proteins.  This  may be one of  the reasons that  psoriatic  patients  have
less  skin  infections.  b.  IL-22  interferes  with  physiological  desquamation  process  of  skin
by  inhibiting  the  terminal  differentiation  of  keratinocytes.  c.  IL-22  plays  a  role  in
recruiting neutrophilic  granulocytes  in  skin by inducing the  production of  chemokines;.
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d.  IL-22  indirectly  helps  in  extracellular  tissue  degradation  by  inducing  production  of
matrix  metalloproteinases  1  and 3.  IL-22 induces  the production of  IL-20,  another  IL-10
family cytokine which has similar  effects  as  IL-22,  thus resulting in amplification of  the
effects  of  IL-22 [117].  In a  transgenic  mouse model,  it  has been showed that  IL-22 causes
acanthosis,  hyperkeratosis,  and  hypogranulosis,  which  are  hallmarks  of  psoriasis.  IL-22
acts  through  STAT-3  to  impact  the  differentiation  of  keratinocytes  [115].  IL-22  induces
pro-inflammatory chemokines and antimicrobial  proteins (AMPs) β-defensins (BDs),  and
promotes  epidermal  acanthosis  and  parakeratosis  of  keratinocytes  [90,  118,  119].  Some
synergistic  effect  was  noted  with  other  pro-inflammatory  cytokines  like  TNF-α;  IFN-γ;
and IL-17 [117].  Alone,  TNF- α does not  have much effect  on terminal  differentiation of
keratinocytes,  but  when  keratinocytes  were  co-cultured  with  IL-22  and  TNF-  α,  the
effects  of  IL-22 were amplified.  This  kind of  synergism was also seen with CXCL8 and
IL-20  expression  in  keratinocytes  co-stimulated  with  IL-22  &  TNF-α.  One  possible
explanation of  this  may be that  TNF-α  increases the expression of  IL-22 receptor complex
and also  affects  the  IL-22  signaling pathway [115].  Thus,  IL-22  and IL-20,  but  not  IFN-
γ  or  IL-17,  are the key mediators  of  resulting epidermal proliferation.  IL-22 acts  through
heterodimeric  receptor  complex  composed  of  IL-22R1  and  IL-10R2  [120].  IL-10R2  chain
is  ubiquitously  expressed  in  all  cells  and  is  important  component  of  receptor  com‐
plexes  required  for  IL-22,  IL-10,  IL-26  and  IL-28  and  IL-29,  whereas  the  IL-22R1  chain
is  present  in epithelial  cells  and hepatocytes [121].  Between  the two subunits,  IL-22 binds
first  to  IL-22R1,  the  high-affinity  receptor,  and  then  IL-10R2,  a  lower  affinity  receptor
[122].  To  produce  its  effect,  IL-22  acts  through  different  signaling  pathways,  mainly
signal  transducer and activator  of  transcription 3 (STAT-3)  and mitogen activated  protein
kinase [123].

This final move induces the vicious cycle of proliferation and inflammation of the skin
characterized by the hyper-proliferative phenotype of keratinocytes in psoriasis. An anti-IL-22/
IL-20 approach would have a complementary role to the neutralization of p40. However, there
has not yet been a human study to demonstrate such a role or anti-IL-22 therapy in the
treatment of psoriasis.

8. The other side of the chessboard: The role of T reg

Today, reading a book or scientific article on immunopathogensis, one will observe that
suppressor T cells, renamed regulatory T cells (Tregs), have become a central concept in
immunological vocabulary [124]. Hundreds of publications on Tregs have validated the
existence of this single line of T cells. The CD4+CD25+highFoxp3+ Treg subpopulation is
developed in the thymus and may be peripherally induced during the course of a normal
immune response. The model in which Tregs directly or indirectly modify activation and
differentiation of pathogenic T cells by means of an effect on antigen-presenting cells is
supported by in vivo analyses [125].
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8.1. Regulatory T cells: Development of an immunological concept

Biological systems are subject to complex regulatory controls and the immune system is no
exception. It is known that the immune system has the potential to generate lymphocytes
against auto-antigens. Experiments, however, suggest that individuals cannot easily be
immunized against their own tissues. Therefore, a suppression mechanism is necessary to
control potentially pathogenic immune cells. Owen suggested that this tolerance against one's
own tissues is acquired during the development of the immune system, and Burnet proposed
that the clonal selective destruction of lymphocytes for auto-antigens occurs primarily in the
thymus.

The destruction of auto-reactive lymphocytes is the primary mechanism that leads to tolerance,
but we know that this system is not perfect. Self-reactive B and T lymphocytes can be isolated
from normal individuals [126]. Nishizuka and Sakakura proposed another mechanism for
controlling auto-reactive cells. They observed that mice thymectomized between the second
and fourth days of life developed an organ-specific autoimmune disease. This target-organ
destruction can be prevented by restoring T cells from genetically identical individuals. The
generation of regulator T cells was proposed in order to explain this mechanism of auto-
tolerance attributed to the thymus [127].

Other studies observed that the prevention of autoimmune diseases was diminished by the
reduction of CD4+ T cells, but not of CD8+ T cells, indicating that regulatory cells belonged to
the CD4+ T cell class of lymphocytes. Sakaguchi subsequently characterized these regulatory
cells as natural CD4+CD25+ Tregs that express Foxp3 [128].

8.2. Suppressor T cells: Regulatory T cells are suppressor T cells

Another control point of the immune response is established when the normal immune
response is initiated. A different mechanism must be set off in order to control the magnitude
of the response and its subsequent termination. This regulation should contribute to limiting
clonal expansion and effector cell activity. Soon after the discovery that T lymphocytes function
as helper cells for B-lymphocytes, RK Gershon proposed that they could also act as cells capable
of suppressing the immune response [129]. This subpopulation of suppressor T cells was
considered a controller of both auto-reactive and effector cells. A suppressor cell was func‐
tionally defined as a lymphocyte that inhibits the immune response by influencing the activity
of another type of cell involved in a cascade of suppression factors, a network of anti-idiotypic
T cells, and counter-suppressive cells [130].

Many of the experiments carried out contain data that support the existence of suppressor T
cells. However, the mechanism responsible for these suppressive phenomena was never
clearly characterized, and consequently interest in the field of suppressor T cells has gradually
dwindled. The discovery of Th1/Th2 cells led researchers to abandon the concept of suppressor
T cells. Suppression was instead attributed to counter-regulatory cytokines. As pointed out by
Green and Webb, the letter ‘‘S'' started to resemble a foul word in cellular immunology, and
its use was considered synonymous of scarce data with excessive interpretation or a mystic
phenomenon [131].
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Suppressor T cells reappeared as regulatory T cells (Tregs) in the late 1990s when several
subpopulations of T cells were identified as having the capacity to inhibit the proliferation of
other cells. Shevach et al. were the first to call attention to the fact that regulatory T cells and
suppressor T cells are the same [132]. Therefore, the term ‘regulatory' gradually replaced the
term ‘suppressor'. The main problem, however, is not that cells are termed regulatory, but that
they are considered to be suppressors. It is more appropriate to consider regulatory T cells as
immune response directors instead of its suppressors.

9. Regulatory T cells and psoriasis

The regulation mechanism of the immune system by CD25+high Tregs is not well understood.
Studies have not yet arrived at a simple mode of action. Whatever the mechanism, the
homeostatic balance of the immune system is obtained by healthy cellular and humoral
responses. Some inflammatory agents, whether physical, chemical, or infectious, induce an
intense immune response. This immune response against them frequently results in tissue
damage that could be more intense if it were not for the interference of regulatory mechanisms
[133]. As has already been specified, Treg cells help limit the damage caused by a vigorous
immune response. Natural Treg cells may respond to an ample variety of auto-antigens,
although there is evidence that they may also respond to antigens expressed by microbes.
Induced regulatory T cells, such as TR1 or Th3, may develop from CD4+ T cells when exposed
to specific conditions [134].

Similarly, excessive activity of Treg cells may limit the magnitude of the immune response,
which may result in failure to control an infection. On the other hand, the absence of the T
regulator may result in intense inflammation and autoimmune dermatitis. Tissue damage may
also result from the development of effector cells against their own auto-antigens (Figure 4).

Psoriasis is sustained by the activation of pathogenic T cells. The regulatory expression of skin
diseases discusses the action exerted by regulatory T cells, especially CD4+CD25+high Tregs
on psoriasis. Various types of influence of these cells suggest that they may act by suppressing
or augmenting immunity [135, 136]. The control of Treg cells may affect the results favorably
or may be deleterious. There is no definitive view. In psoriasis, studies have shown that the
subpopulation of CD4+ T lymphocytes in peripheral blood, phenotypically CD25+high,
CTLA-4(+), Foxp3high, is deficient in its suppressor functions. This is associated with an
accelerated proliferation of the CD4+ T cell response [137]. The presence of non-functional
CD4+CD25+high Treg cells in peripheral blood and in tissues may lead to a reduced capacity
to contain pathogenic T cells and to a hyperproliferation of the psoriatic plaque in vivo. These
findings represent a critical component of this autoimmune disease and may have implications
for potential therapy by manipulation of CD4+CD25+high Tregs in vivo. However, other
factors, such as the immune status and genotype, and the presence of concomitant diseases or
other infections may also have an influence. The manipulation of this balance can be explored
therapeutically.
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Figure 4. Immune response regulation mechanisms. The force balance between Tregs and the effector T CD4+ cells
may present in a different manner depending on being an autoantigen or a pathogen. In A portion, the clinical ex‐
pression of autoimmune skin diseases is shown. In this case, there is clinical manifestation only when the number and
function of Tregs are significantly reduced. B portion displays clinical manifestations that may occur in extreme cases.
In case of excessive Treg function, the result shows reduction of effector lymphocytes against the pathogen, an in‐
crease in its number and less tissue damage. The contrary applies to effector cells against the pathogen that surpass
the number and function of Treg. The ideal immune and clinical response occurs when there is a balance between
functions

9.1. Clinical and therapeutic consequences of regulatory T cells

An improved understanding of the role of T regulators in psoriasis may lead to the identifi‐
cation of new targets for treatment. More specifically, the goal is to manipulate natural
regulator cells or those induced by means of an increase or decrease of their function, depend‐
ing on the circumstances.

Psoriasis - Types, Causes and Medication74

Auto-injections of regulatory T cells are a promising approach to modulation of inflammation
and autoimmune diseases [138]. Nevertheless, there is a significant decline in the function of
natural CD4+CD25+high Treg cells of peripheral blood in patients with autoimmune diseases
when compared to that of healthy individuals. In order to overcome this difficulty, cytokines
were used to stimulate the growth of regulator T cells. IL-15 allows a significant in vitro
expansion of regulator cells [139]. Natural CD4+CD25+high Treg cells obtained by ex vivo
expansion through stimulation with allogeneic antigen-presenting cells and IL-2 were capable
of modulating the graft-versus-host disease (GVHD). Induction of natural CD4+CD25+high
Treg cells may facilitate the establishment and maintenance of immunological tolerance.
Depletion of natural CD4+CD25+high Treg cells may be an effective way of reversing the
tolerance induced by malignant tumors and increasing the activity of the immune system
against cancer epitopes [140].

In the field of dermatology, the stimulation of Treg cells may be important in autoimmune
diseases. For example, blockage of T lymphocyte stimulation, as in the use of the antibody
associated with CTLA-4 (cytotoxic T lymphocyte-associated antigen 4-immunoglobulin,
CTLA4Ig), reverts the development of psoriatic plaques [141]. In the clinical context, the effect
of immunomodulator drugs on these cells warrants attention. For example, tacrolimus, an
inhibitor of calcineurin, increases the inhibition of Treg cells in atopic dermatitis [142, 143].
Fludarabine reduces the frequency and suppressive function of natural CD4+CD25+high Treg
cells [144]. Low doses of cyclophosphamide induce the inhibition of natural CD4+CD25+high
Treg cells and consequently increase the immune response in an apparently paradoxical effect
[145]. Along the same line, cyclophosphamide decreases the function, proportion, and number
of natural CD4+CD25+high Treg cells that suppress the induction of contact hypersensitivity
[146, 147]. Currently, topical corticosteroids constitute one of the most effective treatments for
psoriasis and other inflammatory skin diseases. These drugs are effective in inhibiting the
function of Th2 cells, eosinophils, and epithelial cells. However, treatment with these drugs
during the presentation of the epitope may result in an increased tolerance by suppressing the
development of dendrite cells that secrete IL-10, which are necessary for the induction of T
regulators. Therefore, treatment with corticosteroids may increase the subsequent effect of the
T response and aggravate, on the long run, the course of inflammatory diseases [148]. This
aspect may also be related to the rebound effect of inflammatory diseases once these drugs are
removed.

10. What is new?

Studies suggest that IL-23/Th17/IL-17 immune axis blocking can be used to treat psoriasis [63].
Ustekinumab, anti IL-12/23 antibody, showed its efficacy in ameliorating psoriatic plaques,
pruritus, and nail psoriasis [98]. This stimulated growing interest in the therapeutic potential
of agents such as brodalumab, ixekizumab, and secukinumab that inhibit interleukin-17
signaling. These new group of biologics are in clinical trials. They use cytokine neutralization
and receptor antagonism in treating psoriasis. Secukinumab and ixekizumab specifically
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functions
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neutralize interleukin-17A, whereas brodalumab is an antagonist of the interleukin-17RA
receptor [149-151].

As previously mentioned, IL-23 favors the proliferation of the Th17 and consequent production
of IL-22. Fezakinumab (ILV-094, Pfizer) is a fully human monoclonal IgGγ antibody to IL-22
under study for the treatment of rheumatoid arthritis and psoriasis [152].

Nonetheless, there is no single new data about the basic mechanisms of psoriasis development
despite the cytokine and anti-cytokine therapies widely used.

11. Conclusion

In medicine, a gold standard is the intervention believed to be the best available option. Given
the proven role of many cytokines in psoriasis, substantial interest exists in targeting them
with neutralization immunotherapy. If Th1/Th17/Th22 pathways operate in different steps of
psoriasis development, then targeted blockade place biologics as the standard-setting para‐
digm for therapy and understanding of the pathogenesis of psoriasis. However, large studies
are needed to provide information on the therapeutic effects, adverse events of any anti-
cytokine therapy, and their place in the treatment of psoriasis and other skin diseases. To
complement this approach, a detailed comprehension of the associations among the various
regulator cells may help in understanding the events leading to the genesis of skin diseases.
Ultimately, an ability to manipulate the function of regulator T cells according to the desired
therapeutic effect will be the goal. Together, an integrated immunologic approach to therapy
holds great promise in reducing the burden of psoriatic disease.

Now that cytokine and anti-cytokine therapies are increasingly used, it is a great opportunity
to learn in detail the complex action of these molecules, including both their pro-inflammatory
and immunosuppressive properties. The data present above clearly indicate that autoimmun‐
ity is a complex system. The immune response seems to be in a constant balancing act with
itself. Emerging data indicate that a more realistic view is that these cytokines are not especially
loyal to their functions. They switch sides, meaning that they do not have simple pro- or anti-
inflammatory actions.

Therefore, the mechanisms of action of the biologic therapies are more intricate than a simple
blocking effect. The same cytokine can promote immune and inflammatory responses in some
circumstances and inhibit responses in other settings. There is good and bad in every cytokine.
Finally, the gut, skin or oral microbial communities simply primes the immune system.
Therefore, psoriasis is a game played by many pieces and movements on a complex chess‐
board. The combinations of movements (cytokines) exert variable effects at different times
during the evolution of autoimmune disease. There is much left to be done to dissect the
complex and highly interactive effects of the players that one would have thought we under‐
stood very well, the Immunology game’s inner logic. The application of game theory to
Immunology thinking is our new proposition to explain autoimmune diseases and other
immunologic responses. The objective is taking game theory seriously as a potential source of
insight into the complex relationships that determine immune system function.
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1. Introduction

The word ‘psoriasis’, is derived from the Greek word “psora” meaning “itch” or “scurf” or
“rash”, although most patients suffering from the condition do not complain of itching. It
has been known since ancient times and was originally considered a type of leprosy. For
quite some time now, it is one of the most common human skin diseases. Up to a few deca‐
des back, psoriasis was considered to be a chronic inflammatory dermatosis with albeit, ge‐
netic factors involved in the pathogenesis.

It is now considered a multifactorial disorder that has several factors like genetic predisposi‐
tion, environmental, immunologically mediated inflammation and several modifying factors
including obesity, trauma, infection and a possible deficiency of the active forms of vitamin D3.
Different subsets of T lymphocytes, antigen presenting cells (APC's), keratinocytes, Langer‐
hans' cells, macrophages, natural killer cells, an array of Th1 type cytokines, certain growth fac‐
tors like vascular endothelial growth factor (VEGF), keratinocyte growth factor (KGF) etc are
involved [1].

Psoriasis was long-considered either a disorder of keratinocyte growth or a chronic inflam‐
mation. However, advancement in immunologic techniques and in genetic analyses over the
past four decades have resulted in a reappraisal of the pathophysiology involved. Some con‐
sider psoriasis as an organ-specific autoimmune disease that is triggered by an activated cel‐
lular immune system and is similar to other immune-mediated diseases such as Crohn's
disease, rheumatoid arthritis, multiple sclerosis and juvenile-onset diabetes. All of these fit
the definition of an autoimmune disease as "a clinical syndrome caused by the activation of
T cells and B cells, or both, in the absence of an ongoing infection or other discernable cause"
[2]. From the many factors postulated to be involved in the pathophysiology of psoriasis and
psoriatic arthritis, it is obvious that the mechanism leading to the development of the sym‐
metrically present discoid plaques with silvery scales, is still not understood clearly. In spite
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of the plethora of research studies into its pathogenesis, psoriasis still poses a challenge to
the scientific community to, once and for all, establish how and why it occurs and conse‐
quently to develop the magic drug to treat it.

2. Role of genetic factors

The idea that psoriasis has a genetic component has been there for over a 100 years but it was
Lomholt’s classic epidemiologic study in 1963 that really established the genetic component in
psoriasis. He investigated more than 11,000 of the 30,000 inhabitants of the Faroe islands and
studied psoriatic patients and their unaffected relatives. He found a clear genetic basis as the
incidence of psoriasis was much greater amongst first- and second degree relatives of patients
with psoriasis. Lomholt however, was unable to establish a particular inheritance pattern [3].

Further studies performed in Sweden and later in Germany supported Lomholt’s data.
Hellgren published extensive data showing the prevalence of psoriasis to be 7.8% in first de‐
gree relatives compared with a prevalence of 3.14% in matched controls, and 1.97% in the
overall population [4].

3. Racial & geographic variations

Although, psoriasis occurs worldwide, its prevalence is highest in Scandinavian countries and
Northern Europe (3%); in contrast, its prevalence in North America and the UK its prevalence
is ∼2%, while in Japan its prevalence is ∼0.2% of the population. Far more interesting is the fact
that it is rare in Native American Indians although it is much more prevalent n the USA where 3
million office visits for psoriasis are made each year, costing over $3 billion [5]. It contributes to
approximately 1-5% of all skin disorders in Saudi Arabia [6].

3.1. Establishing a genetic component

Over the past two decades or so, cumulative evidence establishing a substantive role for ge‐
netic factors in respect to disease susceptibility and expression is based on family based in‐
vestigations; population based epidemiological studies, association studies with human
leucocyte antigens (HLAs), genome-wide linkage scans, and candidate gene studies within
and outside the major histocompatibility complex (MHC) region [7 & 8].

3.2. Concordance

There is marked variation in concordance for monozygotic twins in various studies: 35-73%
and the concordance never approaching 100% raises the possibility that genetic factor proba‐
bly act with environmental ones = 12-14 Fitz. The concordance of psoriasis in monozygotic
twins approached 65–72%, versus 15–30% in dizygotic twins. Determination of concordance
in older twin pairs from a national twin registry in Denmark revealed nearly 90–100% herit‐
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ability [5]. However, in an Australian study the monozygotic twin concordance rate was
found to be considerably lower (35% for monozygotic twins and 12% for dizygotic twins),
giving an estimated heritability of 80% [9].

3.3. Inheritance pattern

Despite all the work on psoriasis, the inheritance pattern has not been ascertained and psor‐
iasis has by various authors, been considered a single gene disorder with an autosomal
dominant inheritance with its variable expressivity and reduced penetrance or an autosomal
recessive disorder because of multiple affected individuals in a family. Patients with more
dominance of genetic factors have more severe disease and in a younger age group. The risk
for a person of developing psoriasis is 41% if both parents affected; 14% if 1 parent is affect‐
ed, 6% if one sibling is affected and only 2% when no parent or sibling is affected [10].

However, Swanbeck et al presented empirical data that may be of more relevance for genet‐
ic counseling. After assessing over 3000 families in which one or both parents had psoriasis,
the calculated lifetime risk of getting psoriasis if no parent, one parent, or both parents have
psoriasis was found to be 0.04, 0.28, and 0.65, respectively. If there was already one affected
child in the family, the corresponding risks were 0.24, 0.51, and 0.83, respectively [11].
Possession of certain HLA class I antigens, particularly HLA-Cw6, is associated with an ear‐
lier age of onset and with a positive family history. This finding led to the proposal that two
different forms of psoriasis exist: type I psoriasis, with age of onset before 40 years and
HLA-associated, and type II, with age of onset after 40 years and lacking HLA associations,
although many patients do not fit into this classification. There is no evidence that type I
and type II psoriasis respond differently to different therapies. So far, between 10 and 20
chromosome regions have been proposed to harbour psoriasis genes but less than a handful
of genes have been identified. This is due, in part, to their low-risk effects and the limitations
in the number of patients and families that have been studied. One locus consistently identi‐
fied in studies of psoriasis is the class I region of the major histocompatibility locus antigen
cluster. However, it’s low penetrance — about 10% — indicates that other genetic and envi‐
ronmental factors are also involved. The identity of psoriasis susceptibility 1 (PSORS1) re‐
mains controversial. Although its association with human leukocyte antigen (HLA) Cw6
and psoriasis was reported more than 25 years age, the extensive linkage disequilibrium
across the class I region and its complex evolutionary history has made identification of the
susceptibility variant(s) very difficult. Genes within this region lying about 160 kilobases te‐
lomeric to HLA-C, such as corneodesmosin (CDSN) and the α-helical coiled-coil rod (HCR),
have been proposed as contenders. A consensus is now beginning to emerge that supports
the location of PSORS1 as being closer to the region harboring HLA-C/HLA-B and exclud‐
ing CDSN and HCR. However, whether PSORS1 is a classical MHC allele, or a regulatory
variant within this region, has not yet been agreed upon. Other predisposing polygenes
might affect the immune system or be involved in keratinocyte differentiation. Common
variants in the SLC9A3R1/NAT9 region and loss of a potential RUNX binding site have been
described that could potentially affect regulation of the immune synapse [12].PSORS1 is lo‐
cated in the major histocompatibility complex (MHC, chromosome 6p21.3), home of the
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HLA) genes.17 Multiple HLA alleles have been associated with psoriasis, particularly HLA-
B13, HLA-B37, HLA-B46, HLA-B57, HLA-Cw1, HLA-Cw6, HLA-DR7, and HLA-DQ9.10

Many of these alleles are in linkage disequilibrium with HLA-Cw6 (i.e., found together on
the same chromosome more often than would be predicted by chance). HLA-Cw6 has con‐
sistently demonstrated the highest relative risk for psoriasis in Caucasian populations [13].

4. Immunological factors in psoriasis

Both innate and acquired immune changes are thought to be responsible for the develop‐
ment of psoriatic plaques. Different types of helper T subsets, dendritic cells, plasmacytoid
dendritic cells as well as Langerhans cells have been found to play a role in psoriasis. Re‐
search had already suggested the role of T cells in psoriasis. Further studies led to the suc‐
cessful use of T-cell immunosuppressant cyclosporin A in the treatment of psoriasis The
concept that T cell activation is a key event in psoriasis was further strengthened with the
successful use of anti-T cell specific drugs in the form of anti-CD3 and -CD4 monoclonal an‐
tibodies in treatment. There is also the possibility that psoriasis may be an organ-specific au‐
toimmune disease with similarities to rheumatoid arthritis and multiple sclerosis and the
recent use of so-called “etio-pathogenetic” drugs like methotrexate, and alefacept suggests
autoimmunity as a major factor in pathogenesis. [14].

5. Histologic features of psoriasis and their Immunological basis

Light Microscopic features of psoriasis include three predominant groups of changes: i) epi‐
dermal hyperplasia ii) inflammatory infiltrate and iii) vascular changes. All of these changes
must be explained satisfactorily by any hypothesis, to withstand a critical scrutiny. The epi‐
dermal changes include keratinocyte hyperplasia, an attenuated or absent granular cell layer
and impaired keratinocyte differentiation and maturation. The combination of these epider‐
mal changes leads to the thick scaly plaques characteristic of psoriasis [15]. The inflammato‐
ry infiltrate in the dermis is seen to invade the epidermis (exocytosis) and is mainly
composed of Th1 helper T cells as well as the cytotoxic CD8+ cells. In addition there is an
infiltration of neutrophils that go on to form the diagnostic histologic features spongiform
pustule of Kogoj and Munro microabscess. The third change is vascular and consists of in‐
creased number of the vessels in the superficial vascular plexus with tortuosity of vessels
and most interestingly venulization of the capillary network so that the vessels become HEV
(High Endothelial Venules) [16].

The presence of T cells in the inflammatory infiltrate in psoriatic plaques obviously indicat‐
ed an immune-mediated or an autoimmune basis for the pathogenesis of psoriasis. The evi‐
dence of an immune basis comes from research in the laboratory with experimental animals
as well as from clinical research and particularly the significant regression of the disease
with the use immunosuppressive agents like cyclosporine which act against T cells.

Psoriasis - Types, Causes and Medication94

6. Mouse models of psoriasis and the immune basis of the disease

There is no animal model where psoriatic lesions may be produced de novo. Initially
humanized mouse models in which psoriatic skin was xenografted onto immunodeficient
mice was used as a means to study the immune pathways leading to the development and
resolution of psoriatic lesions. When non-lesional (normal-looking) skin from psoriatic pa‐
tients was injected with superantigen-activated leukocytes and subsequently grafted onto
these mice, there was development of new lesions on the transplanted skin. This provided
strong evidence that T cells play a key role in the pathology of the disease. Later, a new
model of xenotransplantation was developed. This entailed non-lesional skin from psoriatic
patients being engrafted onto AGR129 mice (lacking T and B cells and with severely im‐
paired NK cell responses). It was seen that the non-lesional skin grafts transplanted onto
AGR129 mice spontaneously converted to lesional skin, suggesting that all of the elements
required for the development of psoriasis lesions are present in non-lesional skin. This con‐
version was associated with enhanced proliferation of T cells that are resident in non-lesion‐
al skin and increased TNF-α production. All this argued in favor of a dominant role of
cytokines and T cells in the pathogenesis indicating an immune or autoimmune basis [17].

Valdmarson et al discovered that an early event in the evolving lesions of guttate psoriasis
was an intrepidermal influx of activated T cells that were HLA- DR+, CD4+, while on the
other hand, resolving plaques of psoriasis showed a reduced intraepidermal infiltration [18].

However, evidence was produced by other researchers showing that CD8+ T cells were pre‐
dominant in psoriatic epidermis and that the decrease in the number of these cells was more
closely related to resolution of the plaques following treatment. But regardless of the pheno‐
type of these T cells, it was agreed that they were activated and that they were HLA- DR+,
expressed the IL-2 receptor CD25 and also secreted cytokines IL-2 and γ-IFN both of which
are involved in the activation of T cells [19]. It was also deduced from the presence of acti‐
vated and proliferating dermal dendritic antigen-presenting cells the presence of activated
and proliferating memory T cells, that the signals for these changes were derived from the
skin itself [20].

It was also noted by different researchers that the T cells in present in psoriatic plaques of
different patterns of psoriasis based on two different groups of cytokines secreted. Mossman
for example found that a Th1 profile is indicated by a predominance of IL-2, IL-12 and γ-
interferon while a Th2 profile is indicated by the predominance of IL-4, IL-5 and IL-10 [21].

7. Innate immunity in psoriasis

The role of the innate immune system in psoriasis is increasingly seen as important. Neutro‐
phils are found in the stratum corneum of psoriatic skin [22]. Since neutrophils have a short
life span (about 3 days), their persistent presence in the epidermis suggests that they are
continually recruited. Dendritic cells (DCs) are increased in psoriatic lesions and also appear
to play their part in the T-cell response [23 & 24].
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Subsets of DCs not usually found in the skin are also observed to be present in psoriatic skin
lesions. Plasmacytoid DCs are potent producers of IFN-α, which is thought to be a key cyto‐
kine in triggering lesion development, and myeloid DCs, with the ability to secrete TNF-α
and inducible nitric oxide synthase, have been also been observed in psoriatic skin. There
are increased numbers of mature and activated DCs in psoriatic lesions implying that these
cells may be stimulating other aspects of the immune response. Innate immunity is associat‐
ed with the production of proinflammatory or primary cytokines. The most important of
them are IL-1α and TNF-α. The role of IL-1α is unclear as detection in psoriasis lesions has
given conflicting results. TNF-α is increased in lesional skin of psoriasis patients and in
synovium of patients with psoriatic arthritis [25].

8. Natural Killer (NK) cells and psoriasis

NK cells are lymphocytes that are generally considered to be part of the innate immune sys‐
tem. They are best known for their ability to kill virally infected and cancer cells; however,
they also produce a range of cytokines including IFN-γ, TNF-α, and TGF-β. They can be de‐
fined phenotypically by the presence of particular surface antigens: either NKp46 or
CD56+CD3−cells. While the role of NK cells in psoriasis still remains relatively unstudied,
there is mounting evidence that these cells may contribute to disease. Ottaviani et al. found
that the inflammatory infiltrate into psoriatic skin consisted of 5–8% cells that expressed the
NK cell phenotype of CD56+CD3−. Most of these were of the CD56bright subset of NK cells.
Thought to represent more immature cells, CD56bright cells are less cytotoxic and more profi‐
cient at cytokine secretion compared to CD56dim NK cells. The cells present in the infiltrate
found by Ottaviani et al. also expressed the activation antigen, CD69, and produced large
quantities of IFN-γ in vitro in response to IL-2 stimulation. Supernatants from these IL2-
stimulated NK cells induced activation of keratinocytes causing upregulation of MHC class
I molecules and induction of the expression of ICAM1 and HLA-DR receptors. The keratino‐
cytes were also observed to secrete chemokines that are known to attract NK cells (CXCL10,
CCL5, and CCL20) thereby providing a mechanism of NK cell recruitment to the skin [26].

More weight is added to the possibility of a dysregulated immune system playing a role in
psoriasis by the impressively good response following treatment with TNF-α neutralizing
modalities. For example, one course of infliximab (Remicade®) results in an impressive Psor‐
iasis Activity and Severity Index (PASI) 75 of 80%, meaning that at least 80% of patients
have a decrease of at least 75% of their psoriasis skin symptoms [27]

9. Neutrophils and psoriasis

Although psoriasis is a chronic disease, the skin lesions often contain groups of neutrophils
within small spongiotic foci in the superficial part of the stratum spinosum of the epidermis
as well as intermittently within the stratum corneum. Thus, there is an element of acute in‐
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flammation changes in the disease which often persists for decades. Thought to be recruited
and subsequently activated by a high gradient of chemotactic factors like chemokines, IL-8
and Gro-a released by the stimulated keratinocytes, and particularly C5a/C5a des-arg pro‐
duced via the alternative complement pathway. Initially, the presence of neutrophils in
psoriatic epidermis was considered a secondary and rather passive phenomenon. However,
Terui et al proposed “a neutrophil-associated inflammation-boosting loop” and suggested
that this may well explain the localized ‘‘acute’’ inflammatory changes scattered over the
‘’chronic’’ psoriatic plaques as well as in the acutely inflamed lesions of pustular psoriasis.
They proposed that these neutrophils may actively increase the activation of T cells and that
the activated T cells in turn release cytokines to stimulate epidermal keratinocytes to pro‐
duce IL-8 and C3 that facilitates complement activation as well as PMN accumulation. The
neutrophils forming the intra-corneal Munro microabscess may also influence keratinocytes
to induce disturbances of epidermal keratinization and underlying hyperproliferation. They
also express HLA-DR under the influence of IFN-g and GM-CSF in turn to potentiate T cells.
Thus, PMNs infiltrating into the lesional skin may play a pivotal role in eliciting the acute
inflammatory and hyperplastic responses in classic psoriatic plaques [28].

10. Acquired immunity & psoriasis

In contrast to neutrophils which are not persistently present in all psoriatic lesions, in‐
creased numbers of T lymphocytes are a highly consistent finding in psoriasis biopsies. With
immunohistochemical staining, T lymphocytes are found interspersed between keratino‐
cytes throughout the epidermis and in somewhat larger quantities in the dermis. In fact, a
significant fraction of dermal ‘‘mononuclear’’ inflammatory cells seen in routine sections is
due to T cell infiltration. T cell subsets are not uniformly distributed in psoriasis lesions. Epi‐
dermal T cells are chiefly CD8+ T cells, with a significant fraction of these cells specialized
for homing to epithelia through expression of the integrin aeb7, which binds E-cadherin as‐
sociated with desmosomes. Dermal T lymphocytes are a mixture of CD4+ and CD8+ cells,
with a CD4+ predominance similar to that seen in peripheral blood. Most T cells in skin le‐
sions are memory cells that express cutaneous lymphocyte antigen (CLA), the skin addres‐
sin. [27] In contrast, only, 10% of circulating T lymphocytes are CLA+. Hence, CLA+ T cells
are impressively and selectively targeted to inflammatory psoriasis lesions [29].

Although a case report in 1979 suggested that cyclosporin A could clear psoriasis, this dis‐
ease was generally considered to be a primary disorder of keratinocytes in the early eighties.
A direct role of T cells in the pathogenesis of psoriasis was first suggested in 1983, and it
was independently demonstrated that the eruption of psoriatic skin lesions coincided with
epidermal influx of dendritic cells (DCs) and T cells and that resolution of psoriatic lesions
during phototherapy was preceded by depletion of T cells, especially from the epidermis.
The efficacy of cyclosporin A in psoriasis was subsequently confirmed in two independent
studies and trials with anti-CD4 monoclonal antibodies and an interleukin-2-toxin conjugate
further supported that psoriasis is a T cell-mediated disease. These T cell-specific treatments
resulted in the normalization of the keratinocyte proliferation and epidermal thickening.
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resulted in the normalization of the keratinocyte proliferation and epidermal thickening.
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The key role of T cells in psoriasis was conclusively demonstrated in 1996 when psoriatic
lesions were induced by injecting autologous T cells into uninvolved psoriatic skin trans‐
planted to SCID mice. It was further shown in this model that psoriatic lesions could be in‐
duced by injecting purified CD4+ T cells into uninvolved psoriatic skin but no changes were
seen when purified CD8+ T cells were injected. Although CD4+ T cells therefore seem to be
essential for initiating psoriatic lesions, CD8+ T cells may also have an important role in the
pathogenic process as uninvolved psoriatic epidermis contains an increased number of
CD8+ T cells that may be able to proliferate locally with the help of IL-7 and IL-15, cytokines
that are produced by keratinocytes [30].

11. Pathogenesis of vascular changes in psoriasis

Vascular endothelial  growth factor (VEGF) has been implicated in the pathologic angio‐
genesis observed in psoriasis and other chronic inflammatory skin diseases that are char‐
acterized  by  enhanced  expression  of  VEGF  by  epidermal  keratinocytes  and  of  VEGF
receptors by tortuous microvessels in the upper dermis. In addition, the number of mast
cells in the upper dermis was significantly increased in transgenic skin. Highly increased
leukocyte rolling and adhesion in postcapillary skin venules that were both inhibited af‐
ter injection of blocking antibodies against E- and P-selectin were also seen in experimen‐
tal  studies.  It  was also revealed that VEGF is a growth factor specific for blood vessels,
but not lymphatic vessels, and that chronic orthotopic overexpression of VEGF in the ep‐
idermis is sufficient to induce cardinal features of chronic skin inflammation, providing a
molecular link between angiogenesis,  mast cell  accumulation,  and leukocyte recruitment
to sites of inflammation.

As early as in the 70s Braverman had done an electron microscopic study of ultrastruc‐
ture  of  the  capillary  loops  in  the  dermal  papillae  of  psoriatic  lesions.  Normal  dermal
papillary vessels are arterial in nature but in psoriasis these vessels change to have a ve‐
nous capillary structure.  Following 3 weeks of  Goeckerman therapy,  the morphology of
psoriatic capillary loops changed from venous capillaries to arterial capillaries which are
found in the papillae of normal skin. This transformation was observed to begin 48 to 72
hr after the initiation of therapy [31].

Four-fold increase of endothelial microvascular bed is reported in the psoriatic skin but not
in normal skin, thus signifying the importance of angiogenesis in psoriasis. Dermal micro‐
vascular expansion with abnormal orientation and dilatation of capillaries in the biopsies of
the psoriatic skin revealed that the disease was angiogenesis dependent. The keratinocytes
in the psoriatic skin lesions were recognized as a source of pro-angiogenic cytokines which
induce angiogenesis, namely the vascular endothelial growth factor (VEGF). Other com‐
monly recognized cytokines were endothelial cell stimulating angiogenesis factor (ESAF),
tumor necrosis factor-α (TNF-α) and platelet derived growth factors (PDGF) and newly dis‐
covered VEGF-C, NGF and vWFr [32].
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Psoriatic skin is also characterized by microvascular hyperpermeability and angioprolifera‐
tion. The hyperplastic epidermis of psoriatic skin expresses strikingly increased amounts of
vascular permeability factor (VPF; vascular endothelial growth factor), a selective endothe‐
lial cell mitogen that enhances microvascular permeability. Moreover, two VPF receptors,
kdr and flt-1, are overexpressed by papillary dermal microvascular endothelial cells. Trans‐
forming growth factor alpha (TGF-alpha), a cytokine that is also overexpressed in psoriatic
epidermis, induced VPF gene expression by cultured epidermal keratinocytes. VPF secreted
by TGF-alpha-stimulated keratinocytes was bioactive, as demonstrated by its mitogenic ef‐
fect on dermal microvascular endothelial cells in vitro. Together, these findings suggest that
TGF-alpha regulates VPF expression in psoriasis by an autocrine mechanism, leading to vas‐
cular hyperpermeability and angiogenesis [33].

12. Role of keratinocytes in the pathogenesis of psoriasis

As mentioned earlier, it is the epidermal hyperplasia along with abnormal maturation of
keratinocytes that leads to the development of the thick scaly plaques that are so characteris‐
tic of psoriasis. Gottlieb AB suggested that the epidermal changes and the inflammatory in‐
filtrate composed of T cells with interspersed neutrophils may be linked together by the
cytokines produced by both keratinocytes and leukocytes. Her proposal was based partly,
on the fact that epidermal acanthosis and keratinocyte mitoses were often seen in delayed-
type hypersensitivity reactions and after the intradermal injection of gamma interferon.
Gamma interferon and its induced proteins have been demonstrated in active psoriatic pla‐
ques. Increased levels of the keratinocyte autocrine cytokines, transforming growth factor
(TGF)-alpha and interleukin (IL)-6, have been detected in active plaques. The apparent over‐
expression of IL-6 in hyperplastic psoriatic tissue may explain features of psoriasis that link
keratinocyte proliferation with immune activation and tissue inflammation. Both IL-6 and
gamma interferon increased TGF-alpha expression in normal cultured keratinocytes. Cyto‐
kines produced during immune activation and other inflammatory processes may lead to
epidermal hyperplasia. This indicated that keratinocytes have an important role to play in
the pathogenesis of the disease [34].

The French worker Julien D also suggested most recently that since psoriasis is a polymor‐
phous disease and is an example of an interaction of susceptibility genes, immunological
mechanisms and modifying factors, it is unwise to look at the disease as either as an exclu‐
sive disorder of the immune system or in an isolated primitive change of the epithelial or
stromal skin cells. According to the author, it is more likely that various combinations of se‐
lective abnormalities of these two compartments give rise to the psoriatic phenotype. In‐
deed, if in one hand T-cells are essential in the development of psoriatic plaques, the role of
innate immunity in this process is better recognized, and numerous psoriasis susceptibility
genes are linked to immunity, on the other hand some susceptibility factors related to primi‐
tive abnormalities of keratinocytes and some of the most recent murine models of psoriasis
are based on modifications targeted to the keratinocytes [35].
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monly recognized cytokines were endothelial cell stimulating angiogenesis factor (ESAF),
tumor necrosis factor-α (TNF-α) and platelet derived growth factors (PDGF) and newly dis‐
covered VEGF-C, NGF and vWFr [32].
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Psoriatic skin is also characterized by microvascular hyperpermeability and angioprolifera‐
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lial cell mitogen that enhances microvascular permeability. Moreover, two VPF receptors,
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forming growth factor alpha (TGF-alpha), a cytokine that is also overexpressed in psoriatic
epidermis, induced VPF gene expression by cultured epidermal keratinocytes. VPF secreted
by TGF-alpha-stimulated keratinocytes was bioactive, as demonstrated by its mitogenic ef‐
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As mentioned earlier, it is the epidermal hyperplasia along with abnormal maturation of
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cytokines produced by both keratinocytes and leukocytes. Her proposal was based partly,
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The French worker Julien D also suggested most recently that since psoriasis is a polymor‐
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stromal skin cells. According to the author, it is more likely that various combinations of se‐
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deed, if in one hand T-cells are essential in the development of psoriatic plaques, the role of
innate immunity in this process is better recognized, and numerous psoriasis susceptibility
genes are linked to immunity, on the other hand some susceptibility factors related to primi‐
tive abnormalities of keratinocytes and some of the most recent murine models of psoriasis
are based on modifications targeted to the keratinocytes [35].

Pathophysiology of Psoriasis: Current Concepts
http://dx.doi.org/10.5772/54113

99



In  an  exploration  into  the  biochemical  basis  of  the  psoriatic  pathway,  Grove  T,  found
anomalies in protein expression as the basis for abnormal differentiation and hyperprolif‐
eration of the keratinocytes in psoriatic lesions.  At least six markers of abnormal kerati‐
nocyte differentiation have been found, and all  have implications in the pathogenesis of
the disease. These include aberrations of keratinocyte transglutaminase type I (TGase K),
skin-derived  antileukoproteinase  (SKALP),  migration  inhibitory  factor-related  protein-8
(MRP-8), Involucrin, Filaggrin and keratin expression. Several possible biochemical caus‐
es for the overproduction of the keratinocytes have been found in psoriatic skin: epider‐
mal  growth  factor  (EGF),  bone  morphogenetic  protein-6  (BMP-6),  transforming  growth
factor-alpha (TGF-a),  ornithine decarboxylase,  activating protein (AP1) and mitogen-acti‐
vated protein kinase (MAPK) [36].

13. Cytokines and chemokines in the pathogenesis of psoriasis

Once T cells are activated following possible encounters with unknown antigen, they re‐
lease  cytokines  specific  for  T-helper  type  1  (TH1)  cells.  These  cells  in  turn,  play  a  key
role in the pathogenesis of psoriasis. Both activated CD4+ and CD8+ T lymphocytes pro‐
duce  TH1 cytokines.  Key  TH1-type  cytokines  involved  in  the  pathogenesis  of  psoriasis
are IFN-y,  interleukin (IL)-2,  and TNF-a.  IL-2 stimulates T-lymphocyte growth, and IL-2
treatment is associated with psoriasis flares. IFN-y may inhibit apoptosis of keratinocytes
by stimulating expression of  the anti-apoptotic  protein Bcl-x in these cells.  This  may be
the key to the keratinocyte hyperplasia in psoriatic lesions along with TNF-α. The latter
is  also  thought  to  be  responsible  for  setting  forth  the  release  of  proinflammatory  cyto‐
kines  from T lymphocytes  and macrophages,  of  chemokines  from macrophages,  and of
adhesion molecules from vascular endothelial cells. In addition, TH1 cytokines cause the
release of cytokines from other cells [37]. Although the evidence for the Th1 profile was
strong,  IFN-γ,  TNF-α,  and  IL-12,  but  not  IL-4,  IL-5,  or  IL-10,  were  also  demonstrated
within  psoriatic  lesions  at  the  mRNA  and  protein  levels.  This  suggested  synergy  be‐
tween  IFN-γ  and  TNF-α  with  regard  to  production  of  adhesion  molecules  such  as
ICAM-1,  and chemotactic  polypeptides  such as  IL-8  or  monocyte  chemotactic  activating
factor-1 (MCAF-1) [38]. Chemokines and chemokine receptors were also discovered to be
involved  in  the  immunopathogenesis  of  psoriasis.  These  include  among  many  others,
CCL17,  MIG,  CXCL9  and  RANTES  (CCL5).  In  addition,  nitric  oxide  is  present,  which
may  contribute  to  an  angiogenic  tissue  reaction,  accompanied  by  many  growth  factors
present at  elevated levels  within psoriatic  plaques,  including TGF-α,  IGF-1,  keratinocyte
growth factor (KGF), VEGF, nerve growth factor (NGF), amphiregulin, and IL-20 [39].

14. Environmental factors and psoriasis

With evidence of a genetic background but the with the confounding lack of 100% concord‐
ance in monozygotic twin studies and with the eruptions of guttate psoriasis often being
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preceded by a streptococcus pyogenes infection as well as the wealth of studies pointing to
immune-mediated (possibly autoimmune-mediated) inflammation, it is no wonder that a
complex disease like psoriasis has known to be associated with or possibly precipitated by
environmental factors. These environmental trigger factors can be mechanical injury, ultra‐
violet, and chemical injury; various infections; prescription drug use; psychological stress;
smoking; and other factors. The most compelling of these is infection with group A strepto‐
cocci. Streptococcal throat infections frequently precede outbreaks of guttate psoriasis which
can then lead to chronic plaque psoriasis. Furthermore, guttate psoriasis is more common in
individuals with a family history of plaque psoriasis. A recent study of 29 patients from the
UK revealed that all patients with guttate psoriasis carried the HLA-Cw*0602 allele.These
same HLA associations are seen in chronic plaque psoriasis, which may also be aggravated
by infection. Patients with psoriasis may also have different clinical features depending on
whether they are HLA-Cw6 positive or negative. Besides possibly having a lower age of on‐
set, HLA-Cw*0602 positive patients are reported to have more extensive plaques on their
arms, legs, and trunk, more severe disease, higher incidence of the Koebner phenomenon,
reported more often that their psoriasis got worse during or after throat infections, and more
often had a favorable response to sunlight. In contrast, dystrophic nail changes and psoriatic
arthritis are reported to be more common in Cw6-negative patients [40].

Deluvio et al (2006) explored the relationship of Streptococcus pyogenes angina with psoria‐
sis. Using TCR analysis, they tried to identify a link between streptococcal angina and the T
cell-mediated autoimmune response in psoriasis. They compared the TCR usage of psoriatic
skin lesions, blood, tonsils, and tonsillar T cells fractionated according to the expression of
the skin address in "cutaneous lymphocyte-associated Ag" (CLA). They found that clones of
T cells in the throat of at least one of their three streptococcal patients were similar to the T
cell clones in the psoriatic lesion. Because, after tonsillectomy psoriasis cleared in all three of
their patients they concluded that T cells may connect psoriatic inflammation to streptococ‐
cal angina. They suggest that the chronic streptococcal immune stimulus within the tonsils
could act as a source for pathogenic T cells in poststreptococcal disorders, and they may
help to explain why eliminating this source with tonsillectomy may improve streptococcal-
induced sequelae [41].

15. Koebner phenomenon

The Koebner phenomenon is defined as 'the development of psoriasis at sites of traumatized
skin'. The 'all-or-none principle' means that, if psoriasis occurs in one area of injury, all in‐
jured areas develop psoriasis or vice versa. This principle was however, disproved by Ka‐
layciyan et al who did a study on sixty-two patients with psoriasis. The medial aspects of
both forearms, devoid of lesions, were pricked using two sets of five 30-gauge needles at an
angle of 30 degrees, with 2-cm intervals. On days 14 and 28, the patients' forearms were
checked for the presence of a typical psoriatic plaque of white scales on an erythematous
papule. On day 28, 45 patients (72.5%) had a negative Koebner response in all prick sites
whereas 1 patient (1.6%) had psoriatic papules in 10 out of 10 prick sites. The rest of the pa‐
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tients (n = 16, 25.8%) had between 1 and 9 papules in number. This suggests that the ‘all or
none’ principle does not work in psoriatic patients with Koebner phenomenon [42].

16. Conclusion

For decades, the ongoing controversy on the molecular nature, choreography and hierarchy
of these complex interactions e.g., between epidermal keratinocytes, T cells, neutrophils, en‐
dothelial cells and sensory nerves has served as a driving force propelling investigative der‐
matology to ever-new horizons. There is no question that advances in understanding the
cellular immunology and biology of psoriasis, when coupled with the biotechnology revolu‐
tion and rapid advances derived from human genetic studies of autoimmunity, have en‐
hanced insights into the cause and treatment of psoriasis.

The disease starts with the activation of T lymphocyte with an unknown antigen or gene
product.  T  cell  activation depends on its  binding with APC (antigen presenting cell).  T
cells express the cell receptor known as TCR (T cell receptor), which recognizes the pep‐
tide being presented by the APC in the grove of MHC complex. The antigen stimulated
activation  leads  to  the  conversion  of  naive  T-cells  into  an  antigen  specific  cell,  which
may  develop  into  a  memory  cell  that  circulate  in  the  body.  After  the  activation  of  T
cells,  a  cascade  of  cytokines  viz.  GMCSF  (granulocyte  macrophage  colony  stimulating
factor),  EGF,  IL-1,  IL-6,  IL-8,  IL-12,  IL-17,  IL-23,  Fractalkine,  TNF-α etc.  are  secreted by
the activated T Cells.  Due to effect of these cytokines there is keratinocyte proliferation,
neutrophil  migration,  potentiation of  Th-1  type response,  angiogenesis,  up-regulation of
adhesion molecule and epidermal hyperplasia [43].
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1. Introduction

Psoriasis is a chronic disease which affects 1 to 3% of different ethnic populations [1]. As
well as the size of the affected population, the social and emotional burden brought by the
stigmatization of psoriasis caused serious innovation to the pathogenesis and treatment of
the disease.

The majority of the current data about psoriasis is about immune system elements and role
of inflammation in the pathogenesis. The development of psoriasis is associated with genetic
predisposition which has a basis of T cell activation secondary to dermal inflammation with
abnormal keratinocyte proliferation. Tumor necrosis factor alpha (TNF-α), interferon gama
(IFN-γ), and interleukin (IL)-8 which are secreted by T lymphocytes, keratinocytes and in‐
flammatory cells polarize type 1 T lymphocytic pathway and lead to the migration of poly‐
morphonuclear leukocytes to the epidermis predominantly [2]. Upregulation of HLADR,
intercellular adhesion molecule-1 and E-selectin activates CD2+, CD3+, CD5+, CLA+,
CD45RO, HLA-DR, CD25 (IL-2 receptor) and CD27 expressing T cells [2]. Migration and ac‐
cumulation of inflammatory cells in the epidermis destroyes the basal membrane and des‐
mosomes. In response to the damage, mitogenic cyokines are secreted and a similar process
to wound healing results in rapid cell cycling and rapid maturation of keratinocytes [1, 2,
3].The constant inflammatory cell chemotaxis and cytokine release causes the chronic clini‐
cal course with recurrent lesions.

Inflammation is described as a complex physiologic defense mechanism consisting of local
changes in hemodinamy, increase in microvascular permeability and a series of intracellular
reactions [4]. The autoimmune connective diseases are mainly defined as the prototype of
inflammatory diseases. Recently, atherosclerosis, obesity and diabetes mellitus are included
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in inflammatory disease category because they are also proved to cause secondary tissue
damage by inflammatory mechanisms [4, 5].

In psoriasis, T cells together with their cytokines and chemokines are shown to induce seri‐
ous inflammation by Th1- and Th17-driven immune response including IL-20, IL-23, IL-12,
IL-17 and IL-22 [2, 3, 4, 5]. Lately psoriasis is assumed as an immune mediated inflammato‐
ry disease and psoriatic patients are exposed to the systemic effects of the inflammation [5].

2. Psoriasis as a systemic disease

Psoriatic patients were shown to have inceased levels of circulating Th1-type cytokines,
soluble adhesion molecules, vascular endothelial growth factor (VEGF), epidermal growth
factor (EGF) and acute phase reactants [2, 3, 4, 5, 6]. As a systemic inflammatory disease,
more specific and sensitive markers are thought to be beneficial in monitorizing the system‐
ic inflammation observed in psoriasis where they can be used to predict the development
risk of secondary inflammatory diseases; psoriatic comorbidities.

The comorbidities of psoriasis are listed as obesity/metabolic syndrome, autoimmune dis‐
eases, psychiatric diseases, cardiovascular diseases, sleep apnea, cancer/lymphoma, non-al‐
coholic steatohepatitis (NASH) and chronic obstructive pulmonary disease (COPD) [7, 8, 9,
10, 11, 12]. In this chapter, the comorbidities which are especially related with systemic in‐
flammation of psoriasis will be discussed in more detail.

2.1. Psoriasis and systemic inflammatory markers

The studies conducted for the definition of inflammatory process of psoriasis helped to per‐
form the exact measurements for proinflammatory cytokines such as IL-1 and TNF-α, adhe‐
sion molecules as intracellular adhesion molecule-1 (ICAM-1) and selectines, IL-6 and
hepatic acute phase reactants as C reactive protein (CRP) [13, 14].

CRP testing is particularly important and it is also been proved to be risk predictor for the
development of cardiovasculary diseases [15, 16, 17, 18].

2.1.1. C reactive protein

C reactive protein was first defined by Tillett and Francis as a protein developed against
carbonhydrate  component  of  streptococcus  pneumonia  capsule  in  the  serum of  patients
with pneumonia and named as carbonhydrate reactive protein [19]. CRP is a non-glycol‐
ised pentameric protein made by hepatocytes with a molecular weight of 118 kilodaltons
(kD). The molecule is known as a major acute phase reactant which increases rapidly af‐
ter infections or tissue damage, widely used as a laboratory parameter for the follow-up
of  inflammatory  and  infectious  disease  activity  and  is  accepted  as  a  very  sensitive  in‐
flammatory marker [17, 18, 19]. Blood levels of CRP can increase 100 times in the first 24
hours  and  can  decrease  to  normal  levels  soon  after  treatment  or  spontaneous  healing.
Therefore  CRP is  a  valuable  laboratory  parameter  for  infections,  tissue  damage and in‐
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flammation.  Standard measurements of  CRP levels  can detect  plasma levels  of  3-8  mg/l
CRP levels and healthy individuals have blood levels of CRP under 2 mg/l. New labora‐
tory methods for the measurement of CRP have been developed and these sensitive CRP
measurements  can  detect  lower  levels  of  CRP which  are  significantly  related  to  certain
inflammatory diseases and cardiovascular diseases[16, 17, 18, 19].

The synthesis of CRP is mainly controlled by IL-6 but IL-1 and TNF-α may influence CRP
levels as well and increase of CRP in blood and other body fluids is a constant result of these
proinlammatory cytokines [15,16]. In this aspect, serum CRP is an indirect marker of proin‐
flammtory cytokine activity. As a fact, CRP plays a role in host’s immune defense. It binds
to the phosphocoline on the surface of the microorganisms preparing them for phagocytosis
and lysis. It also activates complement system by binding to LDL on atherosclerotic plaques
and induces inflammation [15, 16]. CRP is also shown to increase the expression of tissue
factor on macrophages resuting trombosis. As a classic acute phase marker, CRP induces
monocyte-macrophage migration, expression of tissue factor with adhesion molecules and
monocyte chemotactic protein-1 [15, 16, 17]. By all of these features, CRP is assumed to in‐
crease ischemic myocard damage by participating aterosclerotic pathogenesis.

CRP levels raise as a part of ischemia related acute phase response. Among the plasma
markers, CRP is widely used to assess cardiovascular risk. Highly sensitive methods of CRP
measurements showed that even levels of CRP within normal ranges may have predictive
value in acute coronary syndromes. Sensitive CRP levels are found significantly high when
ruptured aterom plaques exist. Recent studies also reveal that there is a strong independent
relationship between CRP and future cardiovascular events. American Heart Association
and Center for Disease Control (CDC) reported that sensitive CRP is a risk marker for coro‐
nary artery diseases [19, 20, 21, 22, 23, 24].

Recent studies showed that psoriatic patients have increased CRP levels and it  was also
suggested that psoriasis is a systemic inflammatory disease preparing a convenient envi‐
ronment  for  cardiovascular  diseases  and  comorbidities.  The  theraupatic  modalities  of
psoriasis  are  also  started to  be  investigated for  their  efficacies  for  lowering CRP levels.
Metothrexate (MTX) is  found to be efficient  in decreasing CRP levels  in rheumatoid ar‐
thritis  (RA)  [25,  26].  In  fact,  MTX therapy reduced the  incidence  of  vascular  disease  in
patients  with psoriasis  or  RA and it  was hypothesized that  this  effect  is  caused by the
drug’s  anti-inflammatory  property  [27].  Cyclosporine  was  efficient  as  metothraxate  and
etanercept in decreasing CRP levels in psoriatic  arthiritis  [26,  28].  In a recent study, pa‐
tients  with  higher  sensitive  CRP levels  were  found to  have  a  better  response  to  cyclo‐
sporine therapy [29].  TNF-α inhibitors managed to decrease CRP levels in patients with
psoriasis and RA [30, 31]. However, in a meta-analysis investigating association between
biologic  therapies  and  cardiovascular  events,  there  was  no  significant  difference  in  the
rate  of  major  cardiovascular  events  observed  in  patients  receiving  anti-IL-12/IL-23  anti‐
bodies or anti-TNF-α treatments compared with placebo [32].

Effective treatment of severe psoriasis is thought to be crucial in avoiding systemic inflam‐
matory response although not determined precisely. Therefore psoriatic therapies must also
aim the control of a systemic inflammatory disease which is accepted as a predisposition to
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cardiovasculary diseases. As well as to obtain healthy skin barier and to increase the severe‐
ly impaired quality of life, the monitorization and control of systemic inflammation must be
aimed. CRP seems to promise an efficient option for this aim.

2.1.2. Other inflammatory markers

In addition to CRP, there are a few investigated serum inflammatory markers in psoriasis.
Serum amyloid A (SAA) protein is the precursor of amyloid fibrils which deposit in secon‐
dary amyloidosis. It is primerely synthesized as an acute inflammatory reactant from the liv‐
er with a molecular weight of 11685 D. Acute inflammatory markers are known to be
regulated by hormones, cytokines derived from adipose tissue and synthesized in liver [33,
34]. Adipose tissue is known as the most important source of IL-6 in body and accepted to
play a key role in SAA and CRP synthesis. SAA release is likewise increased by IL-1, IL-6
and TNF- α. SAA has a wide level range, it raises rapidly and decreases so soon after infec‐
tions and enables to represent the acute inflammatory process better than CRP [36]. SAA is a
protein which is also a member of high density lipoproteins (HDL) and is synthesized as the
predominant apolipoprotein on the plasma HDL particules within the acute inflammatory
process. SAA is also produced by synovial fibroblasts and induce colleganase. Immune sys‐
tem cells are attracted by SAA to related sites of inflammation [37].

Inflammatory reactants are released in a coordinated order with systemic and metabolic
changes as a response to tissue damage and infection. SAA is a major component of acute
inflammatory response. In a similar way to CRP, SAA rises in the serum after infection, in‐
flammation, tissue damage and stress. It is shown to raise in chronic infectious diseases like
tuberculosis, lepra, in autoimmune diseases like RA and systemic lupus erythematosus, in
kidney transplant rejection, benign monoclonal gammopathy and malign diseases [17, 37].

The increased SAA within acute inflammatory process replaces with apolipoprotein A-1 and
decreases the HDL mediated cholesterole entry to the liver cells which is supported by in‐
ceased levels of SAA in coronary artery disease patients. High sensitive CRP and SAA are
related with vasculary wall inflammation and accepted as predictors of coronary vascular
events. In a study in 1999 SAA is found as an independent risk factor for cardiovasculary
diseases [37]. In another study SAA was found as a strong predictor for cardiovasculary dis‐
eases [22, 37, 38]. In a recent study involving severe psoriatic patients, SAA was found sig‐
nificantly higher in patients with severe psoriasis compared to a sex and age matched
control group [39].

Other inflammatory markers recently investigated in psoriasis are platelet-derived micro‐
particles, soluble P-selectin, adiponectins, lectins, haptoglobins, ceruloplasmin, α1- antitryp‐
sin, chitinase 3-like protein 1 (YKL-40, CHI3L1) and serum lipocalin-2 [40, 41, 42, 43].

2.2. Psoriasis and comorbidities

Diseases included as psoriatic comorbidities are obesity/metabolic syndrome, autoimmune
diseases, psychiatric diseases cardiovascular diseases, sleep apnea, cancer/lymphoma,
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NASH and COPD. In this chapter, the systemic inflammation related comorbidities of psor‐
iasis will be discussed.

2.2.1. Psoriasis and obesity/metabolic syndrome

Adipose tissue is known as the most important source of IL-6 in body. Inflammation is
mainly controlled by hormones, cytokines derived from adipose tissue and liver by IL-1,
IL-6 and TNF- α. Common cytokine pathways are responsible for both psoriasis and obesity
but it is yet to be answered which pathology comes first when psoriasis-associated obesity
and the metabolic syndrome is considered. It is also not revealed if the diseases are concur‐
rent in a convenient genetic background [44, 45, 46].

Obesity  and  metabolic  syndrome  are  correlated  with  increased  risk  for  coronary  heart
disease. The metabolic syndrome is in fact a group of risk factors which are listed as in‐
sulin resistance or glucose intolerance, abdominal/visceral obesity, dyslipidemia (high tri‐
glycerides, low HDL-C, high LDL-C), elevated blood pressure, prothrombotic state ( high
fibrinogen  or  PAI-1)  and  proinflammatory  state  (elevated  CRP,  TNF-  α,  IL-6).  Several
components of  metabolic  syndrome has been shown to be frequent in psoriatic  patients
[47].  In  a  study of  581  moderate-severe  psoriasis  patients,  an  increased prevalence  was
found for metabolic syndrome (OR=5.29), psoriasis patients were more likely to have dia‐
betes  mellitus,  hypertension,  hyperlipidemia,  coronary heart  disease and they were also
more likely to be smokers [48].

Despite the well documentation in adults, there is a few data for obesity/metabolic syn‐
drome in pediatric psoriasis patient population. Augustin et al found a higher prevalence of
hyperlipidemia, diabetes, hypertension and obesity in children with psoriasis than the con‐
trols retropectively [49]. Koebnick et al showed a significant association between increasing
weight and psoriasis in children in a cross-sectional study [50]. In a study by Au et al it was
suggested that metabolic syndrome occurs more frequently in pediatric patients with psor‐
iasis [51]. It is assumed that children with psoriasis have excess adiposity and are at risk for
associated complications.

2.2.2. Psoriasis and cardiovascular diseases

Recent studies show that local and systemic inflammation plays a big role in the patho‐
genesis of coronary artery diseases (CAD). Bhagat and Vallance has shown that TNF- α
and IL- 1 causes a transient reversible endothelium disfunction in humans [13]. High lev‐
els of IL- 6 and soluable IL- 2 are shown to be associated with impaired microvasculary
functions.  A  big  part  of  TNF-  α  induced  mechanisms  causes  endothelium  disfunction.
TNF- α raises  the  expression of  adhesion molecules.  After  the  exposition of  endothelial
cells to TNF- α, polimorphonuclear cells migrate to vasculary structures. In fact, TNF- α
supports the adhesion and invasion of dendritic cells to vascular walls.  After the induc‐
tion  of  the  dendritic  cells,  T  cells,  monocytes  and  macrophages  get  activated  and  pro‐
duce inflammation by cytokine production. High levels of TNF- α stimulates nitric oxide
synthase (NOS) in human endothelium cells.  This molecule is known to cause free radi‐
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cardiovasculary diseases. As well as to obtain healthy skin barier and to increase the severe‐
ly impaired quality of life, the monitorization and control of systemic inflammation must be
aimed. CRP seems to promise an efficient option for this aim.

2.1.2. Other inflammatory markers

In addition to CRP, there are a few investigated serum inflammatory markers in psoriasis.
Serum amyloid A (SAA) protein is the precursor of amyloid fibrils which deposit in secon‐
dary amyloidosis. It is primerely synthesized as an acute inflammatory reactant from the liv‐
er with a molecular weight of 11685 D. Acute inflammatory markers are known to be
regulated by hormones, cytokines derived from adipose tissue and synthesized in liver [33,
34]. Adipose tissue is known as the most important source of IL-6 in body and accepted to
play a key role in SAA and CRP synthesis. SAA release is likewise increased by IL-1, IL-6
and TNF- α. SAA has a wide level range, it raises rapidly and decreases so soon after infec‐
tions and enables to represent the acute inflammatory process better than CRP [36]. SAA is a
protein which is also a member of high density lipoproteins (HDL) and is synthesized as the
predominant apolipoprotein on the plasma HDL particules within the acute inflammatory
process. SAA is also produced by synovial fibroblasts and induce colleganase. Immune sys‐
tem cells are attracted by SAA to related sites of inflammation [37].

Inflammatory reactants are released in a coordinated order with systemic and metabolic
changes as a response to tissue damage and infection. SAA is a major component of acute
inflammatory response. In a similar way to CRP, SAA rises in the serum after infection, in‐
flammation, tissue damage and stress. It is shown to raise in chronic infectious diseases like
tuberculosis, lepra, in autoimmune diseases like RA and systemic lupus erythematosus, in
kidney transplant rejection, benign monoclonal gammopathy and malign diseases [17, 37].

The increased SAA within acute inflammatory process replaces with apolipoprotein A-1 and
decreases the HDL mediated cholesterole entry to the liver cells which is supported by in‐
ceased levels of SAA in coronary artery disease patients. High sensitive CRP and SAA are
related with vasculary wall inflammation and accepted as predictors of coronary vascular
events. In a study in 1999 SAA is found as an independent risk factor for cardiovasculary
diseases [37]. In another study SAA was found as a strong predictor for cardiovasculary dis‐
eases [22, 37, 38]. In a recent study involving severe psoriatic patients, SAA was found sig‐
nificantly higher in patients with severe psoriasis compared to a sex and age matched
control group [39].

Other inflammatory markers recently investigated in psoriasis are platelet-derived micro‐
particles, soluble P-selectin, adiponectins, lectins, haptoglobins, ceruloplasmin, α1- antitryp‐
sin, chitinase 3-like protein 1 (YKL-40, CHI3L1) and serum lipocalin-2 [40, 41, 42, 43].

2.2. Psoriasis and comorbidities

Diseases included as psoriatic comorbidities are obesity/metabolic syndrome, autoimmune
diseases, psychiatric diseases cardiovascular diseases, sleep apnea, cancer/lymphoma,
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NASH and COPD. In this chapter, the systemic inflammation related comorbidities of psor‐
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rent in a convenient genetic background [44, 45, 46].

Obesity  and  metabolic  syndrome  are  correlated  with  increased  risk  for  coronary  heart
disease. The metabolic syndrome is in fact a group of risk factors which are listed as in‐
sulin resistance or glucose intolerance, abdominal/visceral obesity, dyslipidemia (high tri‐
glycerides, low HDL-C, high LDL-C), elevated blood pressure, prothrombotic state ( high
fibrinogen  or  PAI-1)  and  proinflammatory  state  (elevated  CRP,  TNF-  α,  IL-6).  Several
components of  metabolic  syndrome has been shown to be frequent in psoriatic  patients
[47].  In  a  study of  581  moderate-severe  psoriasis  patients,  an  increased prevalence  was
found for metabolic syndrome (OR=5.29), psoriasis patients were more likely to have dia‐
betes  mellitus,  hypertension,  hyperlipidemia,  coronary heart  disease and they were also
more likely to be smokers [48].

Despite the well documentation in adults, there is a few data for obesity/metabolic syn‐
drome in pediatric psoriasis patient population. Augustin et al found a higher prevalence of
hyperlipidemia, diabetes, hypertension and obesity in children with psoriasis than the con‐
trols retropectively [49]. Koebnick et al showed a significant association between increasing
weight and psoriasis in children in a cross-sectional study [50]. In a study by Au et al it was
suggested that metabolic syndrome occurs more frequently in pediatric patients with psor‐
iasis [51]. It is assumed that children with psoriasis have excess adiposity and are at risk for
associated complications.

2.2.2. Psoriasis and cardiovascular diseases

Recent studies show that local and systemic inflammation plays a big role in the patho‐
genesis of coronary artery diseases (CAD). Bhagat and Vallance has shown that TNF- α
and IL- 1 causes a transient reversible endothelium disfunction in humans [13]. High lev‐
els of IL- 6 and soluable IL- 2 are shown to be associated with impaired microvasculary
functions.  A  big  part  of  TNF-  α  induced  mechanisms  causes  endothelium  disfunction.
TNF- α raises  the  expression of  adhesion molecules.  After  the  exposition of  endothelial
cells to TNF- α, polimorphonuclear cells migrate to vasculary structures. In fact, TNF- α
supports the adhesion and invasion of dendritic cells to vascular walls.  After the induc‐
tion  of  the  dendritic  cells,  T  cells,  monocytes  and  macrophages  get  activated  and  pro‐
duce inflammation by cytokine production. High levels of TNF- α stimulates nitric oxide
synthase (NOS) in human endothelium cells.  This molecule is known to cause free radi‐
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cal production in neutrophils, smooth muscle cells in the vessels and endothelium. TNF-
α induced  oxidative  stress  causes  the  apopitosis  of  endothelial  cells  [13,14].  All  of  this
data  shows that  endothelial  cells  are  the  target  of  cytokines  and other  vessel  cells.  The
prolonged exposition of  endothelial  cells  to inflammatory cytokines and oxidative stress
results in acceleration of apopitosis, development of trombus and formation of ateroscler‐
otic plaque.

Patients with psoriasis have an increased prevalence of risk factors for CAD. Psoriatic pa‐
tients who are characterised with elevated TNF- α levels have a significant higher frequency
of CAD, pulmonary emboli and cerebrovasculary diseases [52, 53, 54, 55].

Patients with moderate to severe psoriasis have an increased prevalence of CAD and an in‐
creased risk for myocardial infarction. In a cohort study by Ahlehoff et al, patients with
psoriasis showed a disease severity-dependent increased risk of ischaemic stroke and there
was an association between psoriasis and atrial fibrillation [54]. In a cohort study of general
practice research database, severe psoriasis was found as a risk factor for major adverse car‐
diac events (hazard ratio 1.53; 95% confidence interval, 1.26-1.85) after adjusting for age,
gender, diabetes, hypertension, tobacco use, and hyperlipidemia. Severe psoriasis added
6.2% absolute risk of major adverse cardiac events.[55] Gelfand et al used the General Prac‐
tice Research Database (GPRD) to determine if psoriasis is an independent risk factor for
myocardial infarction. The study included 3827 (2.9%) severe psoriatic patients with a mean
follow-up period of 5.4 years. A significant relationship was shown between the cardiovas‐
culary disease risk and psoriasis duration and severity. An increased incidence of acute my‐
ocardial infarction (AMI) in patients with psoriasis was found and the AMI rate was highest
in patients with severe psoriasis [56]. Psoriatic patients had a x2.6 increased risk for occlu‐
sive vasculary disease and x1.6 increased risk for venous occlusion compared to healthy
population Psoriatic patients are also shown to have increased levels of aterotrombotic
markers like fibrinogen and plasminogen activator inhibitor-1 (PAI-1) [57].

As well as systemic inflammation, other possible suggested mechanisms for CAD comorbid‐
ity of psoriasis are increased prevalence of common CAD risk factors in psoriasis patients
and antipsoriatic medications are suspected (cyclosporine, acitretin) for their adverse CAD
risk profiles (e.g., elevation of blood pressure, elevation of serum levels of lipids).

3. Conclusion

Psoriasis is associated with multiple CAD risk factors. In fact it is suggested as an independ‐
ent risk factor for CAD. Obesity and metabolic syndrome are also common in both pediatric
and adult psoriatic patients. As a systemic inflammatory disease with important life threat‐
ening comorbidities, there is a need for a systematic and complementary understanding of
medical care for psoriasis. Screening guidelines for especially severe psoriatic patients has to
be reviewed for susceptibility risk factors for the common comorbidities. The approach to
psoriasis may also include not only dermatology but also cardiology, rheumatology, and en‐
docrinology assessments at certain points.
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1. Introduction

The history of immunosuppressive drugs is linked to both the evolution of scientific under‐
standing of inflammatory diseases and the development of organ allografts. These drugs are
part of a valuable arsenal for the treatment of diseases mediated by the immune system. As
medical and public health practices have evolved, infectious processes are no longer the
primary diagnostic and therapeutic challenge posed by dermatological conditions. Emerging
in this void are cutaneous manifestations mediated by the immune system that present new
management issues and require extensive use of the group of drugs described as immuno‐
modulating agents. Psoriasis, among many other diseases in the purview of the dermatologist,
is treated with these medications. Observing the use of these medications also helps to illustrate
the evolution of dermatologic therapeutics. Some of these drugs, such as topical corticoste‐
roids, are considered the basis of the dermatological therapeutic arsenal. To use these medi‐
cations appropriately, it is important to be aware of both facts and myths concerning the action
of immunosuppressive agents and the burden of side effects. [1]

The objective of this chapter is to discuss some characteristics of modern immunomodulators
that are still useful for psoriasis treatment in the biological era. Moreover, it aims to dispel
myths that might have a negative impact on the use of such drugs by clinicians. The primary
focus is on immunomodulators that have been successfully used in the treatment of psoriasis.
As such, several aspects of psoriasis immunopathophysiology and regulatory pathways of
immune cells are explored [2]. Furthermore, it is likely that there is a considerable amount of
similarity in concepts within this class of medications, given that these mechanisms describe
immunomodulator drugs. Within this framework, the intention is to provide important insight
into how the immune system can be modulated by these drugs used to treat psoriasis in a more
traditional fashion.

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

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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2. Clinical manifestation of psoriasis

Psoriasis is a chronic, inflammatory, multi-system disorder characterized by abnormal
epidermal differentiation and hyperproliferation thought to be related to abnormal immune
system activity. According to data from various resources, about 2-3% of the general popula‐
tion suffers from psoriasis. Accepting and extrapolating these rates globally, approximately
140 to 210 million people live with psoriasis Although psoriasis is usually benign, it is a lifelong
illness with remissions and exacerbations and is sometimes refractory to treatment. Nonethe‐
less, the majority of the cases are mild or moderate psoriasis [3]. A recent study observed 75.8%
of patients to have a psoriasis area severity index (PASI) of <20 [4]. Moreover, 17-55% of
patients experience remissions of varying lengths. Plaque-type psoriasis is the most common
form, affecting 80 – 90% of patients. Inverse, erythrodermic, pustular and guttate forms of
psoriasis have also been described. Patients present with sharply demarcated, erythematous
plaques covered by silvery white scales, most commonly on the extensor surfaces and the scalp.
The natural history is variable but is often chronic and relapsing, and patients may experience
extracutaneous manifestations commonly including nail involvement and psoriatic arthritis
in up to 20% of patients [5].

3. Psoriasis pathogenesis

In the context of a complex multifactorial genetic background, environmental stimuli, such as
bacterial antigens, act agonistically on Toll-like receptors (TLR) on the surface of keratinocytes
(KC). In psoriatic patients, this stimulus induces the production of several inflammatory
mediators by KC that are released to the adjacent underlying dermis. In this pro-inflammatory
environment, endothelial cells from small vessels start to express adhesion molecules, such as
intracellular adhesion molecule-1 (ICAM-1 or CD54), vascular cell adhesion molecule-1
(VCAM-1, or CD106), and E-selectin (CD62E). These superficial molecular modifications allow
leukocytes and lymphocytes to migrate to the dermis, attracted by inflammatory chemokines
released by KC. Macrophage inflammatory protein-3 A (MIP3A), produced by the keratino‐
cytes, binds to its receptor CCR6 on leukocyte surface, blocks the leukocyte migration, and
induces the formation of structure lymphoid tissues in the dermis. The CD11c+ plasmacytoid
dendritic cells (DC) and CD3+ T cells in the organized lymphoid tissue initiate a process of
cross communication based on cytokine production.

The activated DC (CD11c+) produces TNF-α, IL-12, IL-20 and IL-23. CD3+ T cells in response
to IL-12, initially produce IFN-γ and are considered Th1 (Phase I of the cytokine pathway).
Later in the process, the continuous activation of KC induces the presence of transforming
growth factor (TGF)-β in the field. In the presence of IL-23 and TGF-β, the IL-12 chronic
stimulated CD3+ Th1 cells evolve into Th17 CD3+ T cells (Phase II of the cytokine pathway).
Th17 cells produce IL-17 and IL-22. IL-17 and IL-22 act in synergy with IL-19, IL-20 and IL-24,
produced by IL-20-activated resident macrophages, to induce keratinocyte activation and
proliferation (Phase III of the cytokine pathway). The activated and proliferative keratinocytes

Psoriasis - Types, Causes and Medication122

produce other proinflammatory cytokines, which maintain the vicious inflammatory cycle of
plaque psoriasis. Among the proinflammatory cytokines is IL-8 (recently converted to CXCL8),
is related to the migration of neutrophils to the plaque in psoriasis. Growth-regulated oncogene
(GRO)-α, also known as CXCL1, predisposes tissues to further cellular proliferation. Human
beta defensin (HBD)-2, HBD-3, and LL-37 induce microbacterial destruction and the release
of further bacterial antigens to the immunological environment.

4. Immunomodulators – Basic concept of drugs used to treat psoriasis

In a homeostatic situation, the immune system interacts with many antigens without notice in
a healthy individual [6]. However, the development of a hypersensitivity response induced
by the chronic stimulation of the immune system results in the clinical manifestation of a
specific group of illnesses [7]. The lack of control of the immune response is the basis of the
clinical manifestation of these diseases. In the majority of these cases, there is an increase in
the immune response activity. Therefore, the manifestation of a hypersensitivity reaction
induces the pathogenesis of autoimmune and other inflammatory diseases [8].

The basic approach for treatment of these illnesses is manipulating the immune system to reduce
its activity. In these cases, the therapeutic goal is fine-tuning of the milieu to downgrade the
pathological response and return the immune system to a state of controlled homeostasis [9, 10].
However, the modulation of the system has to bring the balance to its normal limits without
reducing it beyond these boundaries. It can be compared to adjusting the volume and the tone of
music in an orchestra. High volume and distortions reduce the beauty of the music and can cause
discomfort. In adjusting the volume and correcting the distortions, the maestro modulates the
music, creating a pleasant sensation while still ensuring that each component remains audible.

Medications for treatment of autoimmune diseases modulate the immune system [11]. They
do not cause immunosuppression because they treat a hyper-activated system [12]. Rather,
they bring the immune system to its normal levels (Figure 1).

Bringing the immune system to its normal levels resolves the symptoms caused by the
overactive inflammatory response. Immunosuppression occurs only when the immune system
is reduced to a level below its physiological level by these drugs [13]. Therefore, the correct
use of the various immunomodulators intends to bring the patient to a controlled homeostasis
with an absence of symptoms.

4.1. Development of the actual recommendations for treatment of psoriasis

There has been considerable debate in the literature regarding the most appropriate method
to determine the initial treatment in psoriasis. The general observation of the psoriasis
guideline therapy reveals that the basic decisions are based on psoriasis intensity and its form
of clinical manifestation. Body Surface Area (BSA) and Psoriasis Area and Severity Index
(PASI) are the main criteria to decide therapeutic strategy in psoriasis.
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It is well accepted that a BSA higher than 10% and/ or a PASI higher than 10 is the limit that
determines the use of systemic medication (Figure 2) [14]. This elementary principle is found
on the balance between risk and benefits of any therapy. The use of this guideline generally
results in a ration and effective therapy for psoriatic patients; however, it is not an absolute
rule. These therapy guideline suggestions are best paired with a recommended route of
administration and should always be mediated by the good judgement of an analytical
physician.

Therapy decisions and guidelines for psoriasis treatment have historically been based on
clinical trials and empirical experience with available medications. Historical review implies
a tendency of an inverse order between pathophysiology understanding and psoriasis
treatment. The understanding of psoriasis pathophysiology was not the basis of drug treat‐
ment development in the majority of the cases. Studies in other fields, or pure empirical

Figure 2. PASI and BSA scales. The putative limit between the use of topical and systemic treatment for psoriasis are
demonstrated in both ribbons.

Figure 1. Schematic representation of immune system activity and its limits over the life-course. The blue line
shows the immune system action within the normal limits boundaries. The red line displays the hyper-activated por‐
tion of the system immune activity that creates the autoimmune disease. A. It expresses a patient with untreated auto‐
immune disease. B. It illustrates a patient treated with a successful immunomodulator (orange diamond). The
immunomodulator brings the immune system within normal immune system limits and not cause immunosuppres‐
sion.
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observation, resulted in the use of immunomodulators for psoriasis. The effective use of some
of these drugs resulted in the actual immunopathophysiology model of psoriasis, not the other
way around. For example, the etiology of psoriasis was once described as primarily and
essentially an epidermal problem, independent of immunologic phenomena [15]. The main
objective of cytotoxic drugs developed in the 20th century, such as methotrexate, was to reduce
keratinocyte proliferation. However, immunological studies on psoriatic patients identified
changes in humoral immune response as part of the overall problem but not the cause [16,
17]. The efficacy of cytotoxic drugs in the late 1960s paved the road for ideas about the role of
the immune system in psoriasis [18, 19]. Further investigations in the 1970s revealed the role
of immunologic factors in psoriasis. Here, these historical developments will be used as a
context for the most recent guidelines in treatment of psoriasis.

4.2. Classification of the immunomodulators

To understand the drugs used in the treatment of psoriasis, the novice interested in this subject
ought to know how these mediations are classified. Drugs that modulate the immune system
can be classified as modifiers of the immune response to a specific antigen or antigens,
nonspecific modulators, and agents that affect the inflammatory response. They can also be
used in topical and systemic forms.

Antigen specific immune modifiers affect different stages of immune response. An example
of this process is the use of anti-Rh antibodies. The desensitization to allergen is another
example of antigen-specific immunosuppression.

Drugs such as cyclophosphamide, azathioprine, methotrexate and chlorambucil are the
prototype of nonspecific antigen modulators. These drugs derive their immunomodulatory
function primarily through cytotoxicity to immune effector cells. They are used in the treat‐
ment of both autoimmune and neoplastic diseases as well as in the control of rejection after
organ and tissue transplantation. The medical field of transplantation has increased the use
and development of these drugs. Another group of non antigen specific modulators inhibit
the stimulation of T lymphocytes. They do so by inhibiting the T lymphocyte activation
medicated by IL-2 and IL-2 receptors. Consequently, by inhibiting the activation of T lym‐
phocytes these drugs reduce immune system activity. They include cyclosporine, tacrolimus,
pimecrolimus and rapamycin.

Immunomudulators are also inhibitors of inflammatory response. Inflammation is the major
manifestation of hyper-activation of the immune system. Thus, drugs that suppress the
inflammatory response, such as NSAIDs and corticosteroids, can be useful in some circum‐
stances.

5. Topical immunomodulators used in psoriasis

There continues to be significant evolution in psoriasis therapy in recent years. However, it is
not surprising that topical forms of therapy are more prescribed than systemic forms in the
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It is well accepted that a BSA higher than 10% and/ or a PASI higher than 10 is the limit that
determines the use of systemic medication (Figure 2) [14]. This elementary principle is found
on the balance between risk and benefits of any therapy. The use of this guideline generally
results in a ration and effective therapy for psoriatic patients; however, it is not an absolute
rule. These therapy guideline suggestions are best paired with a recommended route of
administration and should always be mediated by the good judgement of an analytical
physician.

Therapy decisions and guidelines for psoriasis treatment have historically been based on
clinical trials and empirical experience with available medications. Historical review implies
a tendency of an inverse order between pathophysiology understanding and psoriasis
treatment. The understanding of psoriasis pathophysiology was not the basis of drug treat‐
ment development in the majority of the cases. Studies in other fields, or pure empirical

Figure 2. PASI and BSA scales. The putative limit between the use of topical and systemic treatment for psoriasis are
demonstrated in both ribbons.

Figure 1. Schematic representation of immune system activity and its limits over the life-course. The blue line
shows the immune system action within the normal limits boundaries. The red line displays the hyper-activated por‐
tion of the system immune activity that creates the autoimmune disease. A. It expresses a patient with untreated auto‐
immune disease. B. It illustrates a patient treated with a successful immunomodulator (orange diamond). The
immunomodulator brings the immune system within normal immune system limits and not cause immunosuppres‐
sion.
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17]. The efficacy of cytotoxic drugs in the late 1960s paved the road for ideas about the role of
the immune system in psoriasis [18, 19]. Further investigations in the 1970s revealed the role
of immunologic factors in psoriasis. Here, these historical developments will be used as a
context for the most recent guidelines in treatment of psoriasis.

4.2. Classification of the immunomodulators

To understand the drugs used in the treatment of psoriasis, the novice interested in this subject
ought to know how these mediations are classified. Drugs that modulate the immune system
can be classified as modifiers of the immune response to a specific antigen or antigens,
nonspecific modulators, and agents that affect the inflammatory response. They can also be
used in topical and systemic forms.

Antigen specific immune modifiers affect different stages of immune response. An example
of this process is the use of anti-Rh antibodies. The desensitization to allergen is another
example of antigen-specific immunosuppression.

Drugs such as cyclophosphamide, azathioprine, methotrexate and chlorambucil are the
prototype of nonspecific antigen modulators. These drugs derive their immunomodulatory
function primarily through cytotoxicity to immune effector cells. They are used in the treat‐
ment of both autoimmune and neoplastic diseases as well as in the control of rejection after
organ and tissue transplantation. The medical field of transplantation has increased the use
and development of these drugs. Another group of non antigen specific modulators inhibit
the stimulation of T lymphocytes. They do so by inhibiting the T lymphocyte activation
medicated by IL-2 and IL-2 receptors. Consequently, by inhibiting the activation of T lym‐
phocytes these drugs reduce immune system activity. They include cyclosporine, tacrolimus,
pimecrolimus and rapamycin.

Immunomudulators are also inhibitors of inflammatory response. Inflammation is the major
manifestation of hyper-activation of the immune system. Thus, drugs that suppress the
inflammatory response, such as NSAIDs and corticosteroids, can be useful in some circum‐
stances.

5. Topical immunomodulators used in psoriasis

There continues to be significant evolution in psoriasis therapy in recent years. However, it is
not surprising that topical forms of therapy are more prescribed than systemic forms in the
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treatment of psoriasis. Although psoriasis is usually benign, it is a lifelong illness with
remissions and exacerbations and is sometimes refractory to treatment. Nonetheless, the
majority of the cases of psoriasis are mild or moderate in severity [3] and can be effectively
treated with topical immunomodulators. Some studies suggest that approximately 10% of
patients with psoriasis progress to develop psoriatic arthritis. The systemic therapies are used
in severe forms of psoriasis.

Topical therapy for psoriasis is used as the first form of treatment. The main objective of the
therapy is to achieve short-term suppression of symptoms, and long-term modulation of
disease severity. Moreover, topical therapy intends to improve quality of life with minimal
adverse effects; however, there is no clear guidelines regarding the topical agent to be used in
each type of psoriasis Therefore, the topical medications will be presented here on the basis of
their historical evolution (Figure 3). There are some basic rules, which practitioners can apply
in assessing when psoriasis can be managed with topical agents alone'. For example, patients
with limited disease (usually < 10% of their body surface) can often be managed topically. For
plaques, medium- to high-potency corticosteroids used daily is commonly the first choice of
therapy. Coal tar preparations can be best used along with topical corticosteroids in rotation.
Anthralin is more commonly used in short- term management of chronic plaque psoriasis.
Vitamin D3 analogs are an effective treatment for mild to moderately severe plaque psoriasis
and are well tolerated on the face and intertriginous areas without the use of corticosteroids.

5.1. Emollients

Emollient creams and lotions were developed because they are helpful in controlling scales
and relieving pruritus. Emollients containing ingredients such as mineral oil are particularly
helpful at relieving the dryness experienced with psoriasis. Emollients fill cavities and fissures
of the skin with fat resulting in moisture retention and soft skin [20].

5.1.1. Emollients: Evidence summary for psoriasis treatment

They are available as over-the-counter preparations and should be applied at least once a day,
preferably twice a day, but can be applied more often if required. Although both preparations
are effective, most patients prefer creams to ointments, and compliance tends to be better with
cream preparations.

5.2. Coal tar

Coal Tar was one of the first topical immunomodulators used for psoriasis treatment. One of
the earliest references to its use was by the British Hospital for Diseases of the Skin in 1884. [21]
Coal tar preparations can be effective for long-term management of psoriasis, with less side
effects and rebound upon cessation than topical steroids. However, the exact mechanism of
action of coal tar is not completely understood. The possible mechanism of action is the
reduction of mitotic rate in the epidermis. This results in keratoplastic and anti-acanthotic
properties. It can have an atrophogenic effect on the human epidermis. Finally, it has a
photosensitizing effect with an absorption spectrum of 330–550 nm. This last effect is greatly
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enhanced by irradiation of the treated skin with UVA but not with UVB or UVC [22]. It seems
that coal tar does not have a specific effect on the immune system of the skin [23].

When crude coal tar is refined or separate in different extracts, the result compound is called
brown tar or liquor carbonis detergens (LCD). It is available in many different formulas such
as soaks and shampoos. LCD is less effective than coal tar when combined with UVB for
psoriasis therapy [24].

5.2.1. Coal tar: Evidence summary for psoriasis treatment

Tar preparations were once a popular treatment for psoriasis but have largely been replaced
by topical corticosteroids due to the fact that these preparations are messy to use, can stain
clothes, and have an unpleasant odor. They are effective in treating mild to moderate psoriasis
[25].

5.3. Anthralin

Anthralin was developed from an herbal medication called Goa powder made from the bark
of the South American araroba tree. Anthralin can be compounded in various vehicles and
strengths, from 0.1% up to 10% or higher when specially compounded. It is usually necessary
to add 3 to 10% salicylic acid in the formulation, not only as a keratolytic but also as a preser‐
vative to retard the oxidation of anthralin. Anthralin also causes a brown–red discoloration of
the skin [26].

It is moderately effective and quite safe in plaque psoriasis. As for the main mechanism of
action in psoriasis, anthralin is known to have antimitotic activity. The major side effect is
occasional irritation. Use on acute, exudative, inflamed psoriatic plaques should be prevented.
Irritation is more likely to occur in the perilesional skin than on the psoriasis plaque. Short
contact treatment is used to reduce irritation but application for 8–12 hours is more effective
[27]. The combination of the anthralin compound and UVB phototherapy is known as the
Ingram regimen [28].

Figure 3. Google Books Ngram Viewer for old topical therapy for psoriasis. It displays a time line of how often the
word Emollient, Coal tar, Liquor Carbonis Detergens, and Anthralin have occurred in a corpus of books written in Eng‐
lish between 1800 and 1960. It roughly indicates the time of these therapies introduction in medicine.
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preferably twice a day, but can be applied more often if required. Although both preparations
are effective, most patients prefer creams to ointments, and compliance tends to be better with
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the earliest references to its use was by the British Hospital for Diseases of the Skin in 1884. [21]
Coal tar preparations can be effective for long-term management of psoriasis, with less side
effects and rebound upon cessation than topical steroids. However, the exact mechanism of
action of coal tar is not completely understood. The possible mechanism of action is the
reduction of mitotic rate in the epidermis. This results in keratoplastic and anti-acanthotic
properties. It can have an atrophogenic effect on the human epidermis. Finally, it has a
photosensitizing effect with an absorption spectrum of 330–550 nm. This last effect is greatly
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When crude coal tar is refined or separate in different extracts, the result compound is called
brown tar or liquor carbonis detergens (LCD). It is available in many different formulas such
as soaks and shampoos. LCD is less effective than coal tar when combined with UVB for
psoriasis therapy [24].

5.2.1. Coal tar: Evidence summary for psoriasis treatment

Tar preparations were once a popular treatment for psoriasis but have largely been replaced
by topical corticosteroids due to the fact that these preparations are messy to use, can stain
clothes, and have an unpleasant odor. They are effective in treating mild to moderate psoriasis
[25].

5.3. Anthralin

Anthralin was developed from an herbal medication called Goa powder made from the bark
of the South American araroba tree. Anthralin can be compounded in various vehicles and
strengths, from 0.1% up to 10% or higher when specially compounded. It is usually necessary
to add 3 to 10% salicylic acid in the formulation, not only as a keratolytic but also as a preser‐
vative to retard the oxidation of anthralin. Anthralin also causes a brown–red discoloration of
the skin [26].

It is moderately effective and quite safe in plaque psoriasis. As for the main mechanism of
action in psoriasis, anthralin is known to have antimitotic activity. The major side effect is
occasional irritation. Use on acute, exudative, inflamed psoriatic plaques should be prevented.
Irritation is more likely to occur in the perilesional skin than on the psoriasis plaque. Short
contact treatment is used to reduce irritation but application for 8–12 hours is more effective
[27]. The combination of the anthralin compound and UVB phototherapy is known as the
Ingram regimen [28].
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5.3.1. Anthralin: Evidence summary for psoriasis treatment

Anthralin used to be a mainstay for the topical treatment of psoriasis in the inpatient setting.
However, its use has declined because of the availability of alternatives. It has been reported
to be successful in treating mild to moderate psoriasis. When using Anthralin, it is best to start
at the lowest strength and increase gradually as required according to response. Adverse
effects include severe skin irritation, staining of clothing, and unpleasant smell.

5.4. Topical steroids

Topical steroids are the most used medication in the treatment of psoriasis. Corticosteroids
were discovered in 1935 as compound E or cortisone [29]. The first therapeutic uses were in
the treatment of rheumatoid arthritis and rheumatic fever followed by the treatment of
inflammatory skin disease [30]. The topical use of steroids originated in 1952 as compound F
or hydrocortisone [31]. Finally, psoriasis was included in the list of skin diseases treatable with
hydrocortisone in 1955 [32].

The next step in the development of topical steroids included numerous modifications of
the molecule and improvements in delivery systems of  the drugs to increase their  anti-
inflammatory activity.  Application of a thin film to psoriatic plaques two to three times
daily  is  the  basic  instruction  of  topical  steroids  usage.  Topical  steroids  have  different
potencies  based  on  their  formulations  [33].  The  efficacy  is  directly  related  to  the  skin
penetration of  steroid molecules  and the rate  of  absorption is  influenced by the steroid
chemical structure. Other factors such as formulation vehicle and status of the skin also play
a role in the absorption of the medication [34, 35].

It is not an easy decision to prescribe topical steroid for psoriasis. Among many other factors,
anatomical site, amount, frequency of application should be considered too' [36]. For example,
no topical corticosteroids should be used on the face, axilla, or groin, other than low-potency
ones, unless otherwise recommended by the doctor. These concerns are related to the action
of corticosteroids on the epidermis, which is to reduce the epidermis’ ability to proliferate by
interfering with RNA synthesis. Steroid antimitotic effect in cutaneous psoriasis demonstrates
that the therapeutic effects are under the stratum corneum [33, 37].

Steroid antimitotic effects on the skin can cause a thinning of the epidermis. This can occur
within 7 days of use of high dose topical steroids. All layers of the epidermis are reduced
in thickness by 3 weeks of strong topical steroid use. The thinning of the epidermis impairs
physiological  functions  of  the  epidermis  and  may  be  associated  with  the  rebound  of
inflammation, which is a paradoxical effect. Thus, potent topical glucocorticosteroids will
cause anti-inflammatory effects when first applied but with subsequent applications their
therapeutic action rapidly diminishes, which is known as tachyphylaxis [38]. However, after
a rest period of a few days, the same initial beneficial response may be produced again, but
this will also disappear if the steroid is again continued topically. Therefore, steroids should
be used for 2 to 3 weeks and then tapered with the intention of discontinuing the use of
the steroid cream [39].
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Effect of topical steroid action is not limited to the epidermis as they are able to penetrate the
stratum corneum and are absorbed into both the epidermis and the dermis. Reduction of
dermis volume occurs within 1-3 weeks of using high dose topical steroids. This acute effect
also results from interference of RNA synthesis in fibroblasts' [40]. These cells do not produce
primarily hyaluronic acid, which decreases dermal water content. However, the chronic use
causes abnormal synthesis of collagen and elastin that is the cause of dermal atrophy and
impaired wound healing [41, 42].

The steroid molecules are also absorbed to some degree into circulation when they reach the
dermis. The absorption in large areas of skin after chronic use may be sufficient to cause
systemic effects such as adrenocortical suppression. Therefore, systemic side effects have
become a very real concern with the use potent topical steroids [43]. This is one of the most
important criteria for use of BSA or PASI 10 to initiate systemic medication. Although it is rare
to see clinical systemic effects in an adult patient, there have been reported cases of hypo‐
thalamic-pituitary-adrenal (HPA) axis suppression, Cushing's syndrome, cataracts, and
glaucoma. Moreover, children are more at risk for systemic side effects because they have
greater body mass to body surface ratio than adults. In general, high dose super potent topical
steroids are not recommended for children under age 12 because they can cause growth
retardation and failure to thrive [44, 45].

As immunomodulators, steroids initiate their mechanisms of action by binding to intracellular
receptors, and inhibits protein synthesis resulting in immunosuppression. The majority of
these events occur at the dermis. Steroids effect cell trafficking since they reduce the expression
of adhesion molecules on the vascular endothelium. Corticosteroids also have functional
effects. They alter the release of neutrophil lysosomal enzymes, decrease production of IL-1
by monocytes, induce reduction of IL-2 by T lymphocytes, and interfere with macrophage
antigen presentation. Corticosteroids reduce the binding of immunoglobulin Fc and C3b
receptors. They block lymphocyte proliferation and reduce delayed hypersensitivity respons‐
es. Many other effects are observed with corticosteroids, but these are considered to be the
most important [44, 46].

5.4.1. Topical steroids: Evidence summary for psoriasis treatment

One systematic review of topical corticosteroid preparations versus placebo for psoriasis
clearly indicated that all corticosteroids performed better than placebo. The same study
showed that potent corticosteroids had smaller benefits than very potent corticosteroids [47].
Therefore, with this in mind, pharmacological treatment of psoriasis should begin with the
use of topical corticosteroids. They are easy to apply and suitable for combination with other
therapies where monotherapy is insufficient. Generally, the lowest potency of topical cortico‐
steroid should be used. Low-potency treatments are appropriate for lesions on the face or
intertriginous areas or for infants. Adults mainly respond to a mid-potency agent. High-
potency topical corticosteroids are usually reserved for adults requiring short-term treatment
of thick plaques that are resistant to lower-potency agents [48].

Treatment of Psoriasis with Topical Agents
http://dx.doi.org/10.5772/53759

129
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ones, unless otherwise recommended by the doctor. These concerns are related to the action
of corticosteroids on the epidermis, which is to reduce the epidermis’ ability to proliferate by
interfering with RNA synthesis. Steroid antimitotic effect in cutaneous psoriasis demonstrates
that the therapeutic effects are under the stratum corneum [33, 37].

Steroid antimitotic effects on the skin can cause a thinning of the epidermis. This can occur
within 7 days of use of high dose topical steroids. All layers of the epidermis are reduced
in thickness by 3 weeks of strong topical steroid use. The thinning of the epidermis impairs
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inflammation, which is a paradoxical effect. Thus, potent topical glucocorticosteroids will
cause anti-inflammatory effects when first applied but with subsequent applications their
therapeutic action rapidly diminishes, which is known as tachyphylaxis [38]. However, after
a rest period of a few days, the same initial beneficial response may be produced again, but
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causes abnormal synthesis of collagen and elastin that is the cause of dermal atrophy and
impaired wound healing [41, 42].
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greater body mass to body surface ratio than adults. In general, high dose super potent topical
steroids are not recommended for children under age 12 because they can cause growth
retardation and failure to thrive [44, 45].

As immunomodulators, steroids initiate their mechanisms of action by binding to intracellular
receptors, and inhibits protein synthesis resulting in immunosuppression. The majority of
these events occur at the dermis. Steroids effect cell trafficking since they reduce the expression
of adhesion molecules on the vascular endothelium. Corticosteroids also have functional
effects. They alter the release of neutrophil lysosomal enzymes, decrease production of IL-1
by monocytes, induce reduction of IL-2 by T lymphocytes, and interfere with macrophage
antigen presentation. Corticosteroids reduce the binding of immunoglobulin Fc and C3b
receptors. They block lymphocyte proliferation and reduce delayed hypersensitivity respons‐
es. Many other effects are observed with corticosteroids, but these are considered to be the
most important [44, 46].

5.4.1. Topical steroids: Evidence summary for psoriasis treatment

One systematic review of topical corticosteroid preparations versus placebo for psoriasis
clearly indicated that all corticosteroids performed better than placebo. The same study
showed that potent corticosteroids had smaller benefits than very potent corticosteroids [47].
Therefore, with this in mind, pharmacological treatment of psoriasis should begin with the
use of topical corticosteroids. They are easy to apply and suitable for combination with other
therapies where monotherapy is insufficient. Generally, the lowest potency of topical cortico‐
steroid should be used. Low-potency treatments are appropriate for lesions on the face or
intertriginous areas or for infants. Adults mainly respond to a mid-potency agent. High-
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of thick plaques that are resistant to lower-potency agents [48].

Treatment of Psoriasis with Topical Agents
http://dx.doi.org/10.5772/53759

129



5.5. Analogues of vitamin D3 for psoriasis

Calcipotriol, calcitriol and tacalcitol are analogues of vitamin D3. Calcitriol is the naturally
occurring active form of vitamin D3. Keratinocytes possess receptors for 1,25-dihydroxyvita‐
min D. All vitamin D3 derivatives inhibit cell proliferation and stimulate differentiation of
keratinocytes. These observations inspired the use of analogues of vitamin D3 for the treatment
of psoriasis [49]. Vitamin D derivatives are more effective at improving psoriasis severity
scores at 3 to 8 weeks when compared with placebo. However, the overall data has moderate-
quality evidence [50].

Indicated for mild to moderately severe plaque psoriasis, there are more effects on the skin
than simply the enhancement of epithelial cell differentiation. Calcitriol can modulate the
skin’s immune system through interfering with antigen presenting cells, regulatory T cell
activation, cutaneous cytokine patterns, and adaptive immunity [52]. The final result is that
vitamin D3 analogues effect inflammatory cell infiltration. Interestingly, like topical cortico‐
steroids, tachyphylaxis can occur after a few weeks of use Vitamin D3 analogues. Therefore,
rotational is a useful strategy to ensure maximum therapeutic benefit. This involves rotating
vitamin D with other treatments every few weeks. Moreover, there is considerable evidence
to suggest that the hyperproliferation and inflammatory components of the disease can be
more rapidly controlled using mixtures of drugs such as the vitamin D3 analog calcipotriol
and the steroid betamethasone dipropionate [53].

5.5.1. Analogues of vitamin D3: Evidence summary for psoriasis treatment

Vitamin D3 analogues have the advantage of being cosmetically more acceptable to patients
than coal tar or anthralin preparations, but they may cause irritant dermatitis and photosen‐
sitivity in some patients. Calcitriol can be used on the scalp and flexural areas. Cream formu‐
lation may be well tolerated on the face and intertriginous areas. They should be avoided in
generalised pustular erythrodermic exfoliative psoriasis and individuals with calcium
metabolism disorders. Patients are limited to a maximum of 100 g/week because there is a
potential risk of hypercalcemia and hypercalciuria, although this occurrence is rare.

5.6. Tazarotene

The use of oral retinoids for psoriasis treatment precedes that of their use topically. However,
the success of these oral therapies, and the development of topical retinoids for other derma‐
toses, triggered the development of tazarotene. Tazarotene is a selective topical retinoid for
psoriasis treatment. Efficacy and safety of this agent has been established as a monotherapy
or in combination with other therapies, particularly topical corticosteroids and phototherapy
[54, 55].

Like other retinoid derivatives, tazarotene binds the retinoic acid receptor (RAR) but in a class-
specific manner. It preferentially binds to RAR-γ and RAR-β over RAR-α and it does not bind
retinoid X receptor (RXR) [56]. As a result of the binding at the RAR receptor, tazarotene seems
to cause a reduction in proliferation and normalizes the differentiation of keratinocytes [57]. It
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also possesses indirect  anti-inflammatory properties  by affecting keratinocyte chemokine
production which reduces the dermal infiltration [58].

Tazarotene may be effective in the short term at improving symptoms of mild to moderate
chronic plaque psoriasis [59]. It may cause skin irritation, including burning, stinging and itch
in up to 30% of users [60]. It is potentially teratogenic and is contraindicated in women who
may be/become pregnant [61, 62].

5.6.1. Tazarotene: Evidence summary for psoriasis treatment

Tazarotene may be effective as a short term therapy of mild to moderate chronic plaque
psoriasis. It may cause skin irritation, including burning, stinging and itch in up to 30% of
users. It is potentially teratogenic and is contraindicated pregnant or would be pregnant
women'

5.7. Topical calcineurin inhibitors

Calcineurin inhibitors (CIs), such as tacrolimus and pimecrolimus, are large lipophilic
molecules that may be used topically in the treatment of psoriasis [63]. Their lipophilicity and
size keep them in the skin with minimal systemic absorption [64, 65]. The main advantage of
these drugs is the possibility of maintenance therapy for long periods eliminating the need for
prolonged corticosteroids and their side effects [66].

Tacrolimus and pimecrolimus interact intracellularly by inhibiting the protein NFAT activa‐
tion (Nuclear Factor Activating T cell) by calcineurin [67]. This works by blocking T lympho‐
cyte mediated signaling and cytokine production. Topical CIs prevent transcription of
inflammatory cytokines, including interleukin (IL)-2, IL-3, IL-4, IL-5, interferon (IFN)-γ and
tumor necrosis factor (TNF)-α, which normally contribute to psoriatic lesions [68]. Downre‐
gulation of the high-affinity IgE receptor on Langerhans cells and inhibition of the release of
inflammatory mediators from mast cells and basophils may also partly explain the effect of
CIs when used topically [69]. Finally, recent evidence suggests that topical CIs may not act
primarily by inhibiting the calcineurin/NFAT axis in lymphocytes in the skin but rather that
they may instead act by decreasing NFAT2 activity in follicular keratinocytes [70]. These
characteristics further support the topical use of CIs in the treatment of psoriasis.

Currently, calcineurin inhibitors are approved for atopic dermatitis (AD) treatment only.
Despite their efficacy in AD management, CIs are ineffective in non-intertriginous psoriatic
plaques management. This lack of efficacy is credited to the inability of CIs to penetrate the
thick psoriatic plaques, however, they may be effective when used under occlusion on descaled
small plaques. Tacrolimus therapy is more effective in the treatment of the face and intertri‐
ginous areas and is particularly useful because it does not cause skin atrophy or changes in
collagen synthesis [71].

Most studies about the safety of CIs are centered on patients with atopic dermatitis. However,
these products continue to be used off-label for psoriasis. Topical adverse effects of CIs may
actually occur less frequently on the thick plaques of psoriasis. Both topical tacrolimus and
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pimecrolimus may cause a stinging or burning sensation. Occasionally, patients using CIs
experience flu-like symptoms, headaches, folliculitis and increased flushing after alcohol use.
The FDA has raised concerns about the safety of CIs and has issued a black-box warning
regarding the use of both tacrolimus and pimecrolimus. This concern is based on evidence of
malignancy after long-term use of oral CIs and is not related to topical use. However, the FDA
did not confirm a casual relationship between the use of CIs and the cases of malignancy.
Further investigations regarding the safety of topical immunomodulators did not confirm the
FDAs concerns. Furthermore, clinical evidence up to this point has not shown an enhanced
risk of cancer after the use of either topical tacrolimus or pimecrolimus.

5.7.1. Calcineurin inhibitors: Evidence summary for psoriasis treatment

Calcineurin inhibitors have moderate efficacy for facial and inverse or intertriginous psoriasis.
Their main indications are facial or inverse psoriasis that have not been responsive to weak or
moderate strength topical steroids.

6. Summary of topical medications used in psoriasis treatment

Treatment of psoriasis depends on the type and severity of the disease. Typically, topical
therapies are used to treat mild and localized psoriasis. Topical treatments are the foundation
for mild to moderate psoriasis. However, this approach can decrease the number and thickness
of the plaque lesions, and reduce the percentage of body surface involved. In general, phar‐
macological treatment should start with the use of topical corticosteroids [72].

The complete clearance of lesions is often not a realistic goal with topical therapy but eventual‐
ly remission can be reached. Frustration related to medication efficacy expectations, poor
cosmetic characteristics of topical preparations, time consumption, fear of side effects, and
inconvenience were found to be the most important reasons patients chose to deviate from
provider recommendations of topical therapy [73]. Studies suggest that adherence with topical
treatment in psoriasis is poor. Research has shown that only 50% of topical agent applications
prescribed by physicians are actually used [74].

Patients with chronic psoriasis may be candidates for topical therapy depending on their
baseline severity. Topical treatments include creams, ointments, and lotions. The choice of
formulation depends on the area affected. Physicians should also select formulations that will
be acceptable to the patient [75]. There is a consensus that topical emollients and salicylic acid
are effective as initial and adjunctive therapy for people with chronic plaque psoriasis, but it
is unclear whether tars are effective [76].

6.1. Routine suggestions for classical mild and moderate plaque psoriasis

Topical high-potency corticosteroids may be used as first-line therapies for patients with mild
plaque psoriasis. Low-potency treatments are appropriate for infants. Other appropriate first-
line options include topical calcipotriol and calcipotriol/betamethasone dipropionate in
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combination. Non-medicinal emollients, including creams, ointments, and lotions should be
used in combination with the above agents to potentiate their effects and to help restore the
natural barrier of the skin. For appropriate patients, tazarotene may be used, either alone or
in combination with topical corticosteroids. Patients requiring ongoing treatment with topical
agents containing high-potency corticosteroids should be monitored regularly for adverse
effects and steroid-sparing concomitant treatments should be introduced. The rotation of a
nonsteroidal topical agent following initial treatment is indicated.

6.2. Routine suggestions for facial, flexural, or genital areas

Topical treatment with calcineurin inhibitors (0.1% tacrolimus ointment or 1% pimecrolimus
cream) should be used. Topical corticosteroids such as 0.1% betamethasone may be used on
an occasional or intermittent basis. Mild- or moderate-potency corticosteroids may also be
used on an occasional or intermittent basis to treat facial and genital psoriasis. In moderate to
severe facial, flexural, and genital disease, stronger corticosteroids may be applied to address
nonresponsive psoriasis or acute flares in these areas.

6.3. Routine suggestions for scalp psoriasis

Topical corticosteroids and calcipotriol are all appropriate topical treatments. Betamethasone
dipropionate lotion, clobetasol propionate solution, betamethasone valerate solution, or
calcipotriol solution are also possibilities. Calcipotriol/betamethasone dipropionate combina‐
tion gel is a recently emerging therapy.

6.4. Routine suggestions for palmar-–plantar disease

For mild and moderate manifestations, potent corticosteroid or vitamin D analogues with
salicylic acid preparations should be used. For intense forms, high-potency corticosteroids
with salicylic acid and urea preparations are the main choice of therapy.

7. Conclusion

The treatment of diseases involving the immune system has progressed in recent years with
the introduction of new immunomodulators in clinical practice. These drugs act at different
points in the immune response and may significantly alter the immune response of the patient,
especially if combined. However, topical therapies continue to serve as the fundamental basis
for any physician when dealing with psoriasis. Understanding the mechanism of action of
these drugs is necessary for better management and proper application in situations where
clinical challenges appear. Further research and development in the field of topical immuno‐
modulators will hopefully result in the design of even more effective drugs, with increased
specificity of action and fewer side effects.
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1. Introduction

Psoriasis has a profound impact on patients’ everyday life. The burden of the disease ex‐
tends beyond physical manifestations and includes significant physical, social and psycho‐
logical impairment. Numerous studies have demonstrated the significant negative impact of
psoriasis on quality of life (QoL) [1-5]. Furthermore, as a chronic disease, psoriasis affects
the QoL of both patients and their close relatives in a cumulative way [6]. The family mem‐
bers of patients with psoriasis experience a wide range of detrimental effects on their lives
with regards to psychological social and lifestyle modifications, interpersonal relationships,
financial issues, family activities, sleep and issues related to the practical care of the patients.

Various factors may contribute to the lower QoL of patients with psoriasis. The chronic na‐
ture of the disease and the lack of control over unexpected outbreaks of the symptoms are
among the most bothersome aspects of psoriasis [7]. Patients may feel humiliated when they
need to expose their bodies during intimate relationships, swimming, using public showers,
or anyway living in conditions that do not provide adequate privacy [8]. Thus psoriasis af‐
fects patients’ social life, daily activities, and sexual functioning [9]. Treatment of psoriasis,
as it may be associated with risk for adverse effects, is also an important component of the
QoL of psoriasis patients [10]. By utilizing the Short Form-36 (SF-3 6), a generic QoL instru‐
ment, it has been demonstrated that psoriasis may cause as much disability as other major
medical diseases, including heart disease, diabetes, and cancer [11].

Psoriasis is also related to several co-morbidities, especially cardiovascular diseases and
psychiatric disorders. Moreover, cardiovascular risk factors are strongly associated with the
severity of inflammation and the duration of disease [12-14].

Improving the QoL in psoriasis patients is an extremely important goal. Therefore, the inter‐
ventions to improve the process of care of this population should also assess QoL outcomes,
such as social functioning and emotional well-being, adjusting for the effects of co-existing
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chronic conditions. Disease-specific measures may be sensitive enough to detect and quanti‐
fy small changes that are important to clinicians and patients [15]. Healthcare professionals
have a crucial role in identifying and supporting affected patients and families. In order to
establish a good relationship with family members and to be able to improve patients’ com‐
pliance, dermatologists should develop greater insight into the lives of psoriasis patients
and their relatives.

In this chapter, the impact of the different aspects of psoriasis on QoL will be reviewed.

2. Skin symptoms

Research found that large percentages of patients with psoriasis reported considerably skin
pain and discomfort [16,17]. Skin pain was reported by up to 42%, and skin discomfort by
up to 37% of psoriasis patients [16, 18,19]. Skin pain and discomfort had a negative impact
on functions such as sleep, mood and enjoyment of life [16]. Studies suggested that other
psoriasis-related sensory skin symptoms were associated with sleep disturbances, psycho‐
logical distress and impaired health related QoL (HRQoL) [20-25].

Ljosaa et al. [17] showed that physiological factors such as skin pain and disease severity
were significantly associated with HRQoL and that the association between skin pain and
HRQoL was partly mediated by sleep disturbance, while less by psychological distress.

Other skin symptoms of psoriasis can significantly affect physical functioning, perception of
disease, and QoL. These symptoms include itching, “skin shedding”, tightness, redness,
dryness, and bleeding [2, 21]. In particular, a direct correlation between pruritus severity
and depression has been shown [26]. Psoriatic lesions of the vulva were found in women
with psoriasis, resulting in itching, burning and vulvar discomfort, and women with these
symptoms more frequently demonstrated depressive symptoms [27].

Psoriatic skin lesions are often perceived by patients as making their physical appearance
unsightly; skin lesions make them feeling disfigured and apprehensive that others will
avoid or exclude them, resulting in low self-esteem and self-confidence [28, 29].

When psoriasis involves the palms and soles, which occurs in approximately 40% of pa‐
tients, the pain and discomfort result in significantly greater physical disability than is expe‐
rienced by patients without palmoplantar involvement [30]. Nail involvement, which is
present in up to 50% of patients, may also limit daily activities such as basic self-care activi‐
ties and housekeeping [31, 32].

3. Psoriatic arthritis

Psoriatic arthritis (PsA) is a painful disease of the joints and connective tissue affecting
10-30% of patients with psoriasis, and is mainly localized at fingers, toes, wrists, hips and
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back [2, 3, 31, 33]. PsA can result in damage to bone and synovial membranes, pronounced
disability, and increased mortality [33]. Patients with PsA have a significantly worse QoL
than those without PsA, as measured by different questionnaires [31, 34].

4. Psychological disturbances and psychiatric co-morbidities

Psoriasis is associated with a variety of psychological difficulties, including poor self-es‐
teem, sexual dysfunction, anxiety, depression, and suicidal ideation [35]. The psychiatric
morbidity in psoriasis may be primary or secondary to the impact of the disease upon the
patients’ QoL.

High depression/anxiety scores, obsessionality and difficulties with verbal expression of
emotions, especially anger, social stigmatization, high stress levels, depression, and other
psychosocial co-morbidities experienced by patients with psoriasis are not always propor‐
tional to, or predicted by, other measurements of disease severity, such as body surface area
involvement or plaque severity [36-46]. In general, psychological disturbances, including
perception of stigmatization and depression, are stronger determinants of disability in psor‐
iasis patients than are disease severity, location and duration [47]. The Italian PSYCHAE
study, which measured psychological distress (PD) in 1580 patients with psoriasis by the
General Health Questionnaire-12 (GSQ-12) and the Brief Symptom Inventory (BSI), found
that there was no association between disease severity and PD [48].

It is not surprising that perceived stress in patients with psoriasis, as well as with other
chronic disease, predicts poorer QoL [49]. On the other hand psoriasis is generally thought
to be made worse by stress. Various studies have reported an association between stress and
psoriasis. In a study of 132 patients with psoriasis, 39% recalled a significant stressful event
within one month before the first episode of psoriasis [50]. In contrast, a more recent pro‐
spective clinical study demonstrated that there was no direct relationship between stress
and exacerbation of psoriasis, showed no clear relationship between stress levels and wor‐
sening of psoriasis and found no time relationships between stress and the appearance of
psoriasis [51]. A factor analysis of the Psoriasis Life Stress Inventory revealed two stress-re‐
lated factors contributing to the psychosocial impact of psoriasis: stress associated with an‐
ticipation of the reaction and avoidance by others, and stress associated with patients’
experience or beliefs about being evaluated exclusively on the basis of their skin [52]. So,
stress is largely secondary to the cosmetic disfigurement associated with psoriasis, with
great impact on QoL and possibly resulting in psychological morbidity.

Studies on the relationship between psychological factors and psoriasis severity have pri‐
marily been focused on depression, with conflicting results: some authors have found de‐
pression correlated with objective measures of disease severity [49], while others have not
[53]. Anyway, relatively high rates of depression are reported in patients with psoriasis [54,
55]. Controlled studies found notably higher degree of depression in patients with psoriasis
than in controls [56-58].
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Suicidal ideation and cases of completed suicide have been reported in psoriasis. The preva‐
lence of suicidal ideation has been reported to be 2.5% among less severely affected outpa‐
tients with <30% of their body surface involved and 7.2% among the more severely affected
inpatients as compared to 5.2% in acne patients, 2.1% in atopic dermatitis patients and 0% in
alopecia areata patients [57, 59]. Death wishes and suicidal ideation were associated with
higher depression scores.

Some reports suggest a higher prevalence of alcohol abuse and cigarette smoking among
psoriatic patients [60,61]. In one study, there was an 18% prevalence of alcoholism in pa‐
tients with psoriasis compared to 2% among dermatologic controls [60]. Several studies
have shown that treatment outcomes are worse in heavy drinkers [62-64]. Abstinence alone
has been shown to possibly induce psoriasis remission, whereas restarting drinking may
cause disease relapse [62, 65].

Concerning the evolution of PD in psoriasis, the longitudinal phase of the PSYCHAE study,
that specifically evaluated this aspect in 1500 psoriatic patients during up to 12 months,
showed that minor PD halved during the observation period, possibly due to improvement
of clinical symptoms, while major PD remained stable [66]. The same authors investigated
patients’ coping strategies and found that planning, active coping and acceptance were
strategies most commonly employed by their patients while denial, behavioural disengage‐
ment, and substance abuse were the least frequent attitudes [48]. During the 12-month fol‐
low-up, active coping and avoiding dramatization by recourse to humor were predictive
factors of amelioration of PD [66].

5. Stigma

A stigma is severe social disapproval of a person based on a distinguishing characteristics
[67]. It has also been defined as a biologic or social mark that sets a person off from others
[68]. Visible lesions cause feelings of stigmatization which can lead to psychological stress
and social withdrawal [69]. Psoriasis patients, even those with relatively mild symptoms, ex‐
perience high stigmatization as compared to sufferers of other skin diseases, with significant
impact on outcomes such as QoL, depression and disability [70-72]. Stigmatization has
many forms: Ginsburg and Link identified different dimensions, including anticipation of
rejection, feeling of being flawed, sensitivity to others’ attitude, guilt and shame, reduction
of self-esteem [73].

Among the themes at the basis of the stigma experience, shame has an important role. In
different studies, patients with psoriasis reported feelings of embarrassment and shame
compared to healthy controls [74, 75]. Shame is one of the most reported emotions, especial‐
ly by women and by patients with a long disease duration [74]. Feelings of shame can have a
strong impact on social life, since they can result in avoidance of public spaces, thus reduc‐
ing social opportunities, even concerning employment [76].
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Boehm et al. [67] have found that it is stigmatization that mediates between symptom se‐
verity and QoL, in particular the stigmatization parameters ‘reduction of self-esteem’ and
‘rejection’.

6. Gender

Psoriasis does not discriminate by gender. Studies generally show no difference in the se‐
verity of physical symptoms suffered by men and women. However, women and men have
different subjective perceptions of how symptoms affect their social interactions, emotional
states and, ultimately, their QoL.

Men can find it easier to distance themselves from the social effects of psoriasis. Women, in
contrast, are more likely to report feeling ‘upset’, ‘disturbed’ or ‘ashamed’ in social settings
[77]. Stress research provides another way of understanding differences between men and
women’s reactions to psoriasis. Women may be more prone to perceive stress and may be
more likely to perceive a greater impact on mental QoL [78].Other authors have shown that
women may have a higher likelihood of being stress-reactors [79]. Boehm et al. [67] have
found that women reported higher discomfort levels and higher stigmatization, and that, in
general, gender differences are observable in the mental component summary score, but not
in general-physical or skin-related QoL. The PSYCHAE study, conducted on nearly 1600
Italian psoriasis patients, found that the female gender was the most important predictive
factor for psychological distress [48].

7. Sexual health

Psoriasis may involve genital skin. In a Netherlands study, of 1943 patients with psoria‐
sis, over 45% reported genital involvement at some time during the course of the disease
[80]. Relatively few studies have evaluated the impact of psoriasis on sexual health, how‐
ever,  according  to  these  studies,  psoriasis  interferes  with  sexual  relations  in  35-50%  of
patients  [76,  81,  82].  Sexual  dysfunction and distress  are  particularly  high when genital
skin is affected.

Psoriasis has a negative influence on a patient’s desire for physical intimacy [83] and causes
decreased libido in a substantial proportion of patients [81]. Feelings of shame and embar‐
rassment about physical appearance and reduced sexual desire might play a major role in
high distress and dysfunction scores in specific sexual indexes [84]. Impairment of sexual ac‐
tivity is more profound in patients with more severe psoriatic symptoms [85], and appears
to be more prevalent in women [1]. The patients who believe psoriasis has a negative effect
on their sexual lives have more symptoms of depression [81].

Also the treatments used by patients with psoriasis may cause sexual dysfunction: some
publications report that antipsoriatic medication such as methotrexate and etretinate might
cause sexual impotence and erectile dysfunction [86-88].
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8. Impact of QoL on
healthcare resources

Psoriasis causes significant occupational disability. Over 17% of patients aged 18-54 report
psychologic effects in the workplace due to their disease [2], 6% of employed patients with
severe psoriasis reported workplace discrimination [2], and 23% reported that psoriasis af‐
fected their choice of career [9]. Problems in work were more frequent in patients with pal‐
moplantar psoriasis. Thus, it appears that psoriasis may have a negative impact on work
both for psychological and clinical reasons [2, 9]. Wu et al [89] showed that psoriasis pa‐
tients were more likely to have missed work for health-related reasons, had significantly
more health-related work productivity impairment, and more overall work impairment [90].
This can have financial consequences and may limit lifetime earning potential and career.
One study found that 86% of patients with severe psoriasis were ‘moderately’ or ‘a lot’ con‐
cerned with the time and costs of treating psoriasis [91]. Moreover, psoriasis prevents some
patients from obtaining employment altogether [92]. Two studies in the UK found a lower
rate of employment in patients with severe psoriasis [41, 92]. Patients with psoriasis who are
working, however, tend to have a low work QoL [91]. Fleischer et al [93] theorized that the
effect of psoriasis on a patient’s work life might result in reduced socio-economical standing
and limitations and 34% of the study patients reported hardships due to the financial bur‐
den of the disease.

9. Impact of QoL on healthcare resources

Poorer QoL of psoriasis patients is associated with increased healthcare resource utilization,
independent of the clinical severity of the disease [94]. As stated previously in this chapter,
measuring clinical severity of skin lesions does not fully capture the effect of the disease on
patient QoL [47, 95].

The study by Sato et al. [94] showed that healthcare resource utilization by European pa‐
tients with plaque psoriasis, in terms of dermatologist visits and hospitalizations, is greater
for those with poorer QoL, independent of clinical disease severity, and may decrease if QoL
improves. These authors also found that poor QoL is also associated with employment dis‐
advantages, even when controlling for disease severity, suggesting that indirect costs of
psoriasis may also be augmented for patients who have a poor QoL.

10. QoL in children with psoriasis

In  childhood,  QoL is  greatly  influenced by psoriasis.  Data  on QoL in  juvenile  psoriasis
are  limited,  however  some studies  demonstrated  the  negative  influence  of  psoriasis  on
the QoL of children by means of the Children’s Dermatology Life Quality Index (CDLQI)
[96-100].The  social  development  domain,  which  is  one  of  the  developmental  milestones
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in a child, is particularly impaired [101]. Moreover, psoriasis in childhood causes a high
degree of limitations on recreational activities in at least 15-30% of patients [101]. Itching
and problems with treatments were shown to have the highest impact on the children’s
QoL. The same authors showed that QoL in the long term is not determined by the age
of onset of psoriasis.

Other authors demonstrated that the significant negative impact of plaque psoriasis on QoL
of children with psoriasis is generally comparable to the impact of other serious pediatric
chronic diseases, as arthritis, asthma, and diabetes [102]. The impairment in QoL impacts
particularly emotional and school functioning [102].

11. Impact of psoriasis treatments on QoL

Only a few clinical trials have been conducted on the effect of treatments for psoriasis on
QoL and some of them were not specifically designed to measure QoL but rather inferred
the drug impact on QoL from its effect on the clinical symptoms of the disease.

Among topical treatments, calcipotriol-betamethasone gel was reported to improve QoL in
patients with scalp psoriasis [103]. Narrowband ultraviolet B (NBUVB) phototherapy ad‐
ministered three times a week for 6 months significantly improved QoL in 95 plaque-type
psoriasis patients [104].

Low-dose (3 mg/kg/day), short-term cyclosporine therapy was effective in improving QoL
as measured by Skindex-16 and GHQ-28 in 41 patients with mild to severe psoriasis [105].
An Italian longitudinal study on psoriasis patients followed up for 12 months observed that
treatment with cyclosporine significantly reduced by 30% the risk for minor psychological
distress, while methotrexate and topical corticosteroids were associated with significantly
increased risks (33% and 185%, respectively) [66]. Additionally, results from a small study
indicate that the use of cyclosporine for the treatment of nail psoriasis can lead to an im‐
provement in QoL [106].

In a Canadian randomized, placebo-controlled trial  on 451 plaque psoriasis patients,  vo‐
closporin was reported to improve QoL, assessed by DLQI and Psoriasis Disability Index
(PDI) [107].

A recent analysis of Japanese trials on infliximab demonstrates that a Psoriasis Area and Se‐
verity Index (PASI) 90 response is necessary to achieve a DLQI of 0 or 1. Since infliximab
showed to achieve nearly 50% of PASI 90 responses, the authors infer that it might be useful
in meeting the goal of a DLQI of 0 or 1 [108].

An analysis of pooled data from two randomized, placebo-controlled trials evaluated the ef‐
fects of adalimumab on the risk of symptom worsening in psoriasis and the subsequent im‐
pact on HRQoL. The analysis pointed out that clinically relevant worsening of psoriasis
symptoms was associated with substantial worsening of HRQoL. Adalimumab treatment
was associated with a reduction in risk of clinical worsening of psoriasis, but its specific ef‐
fect on HRQoL was not reported [109].
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A metanalysis of randomized, controlled trials of etanercept in patients with rheumatoid ar‐
thritis, psoriatic arthritis and psoriasis, evaluating among other outcome measures the effect
of the drug on HRQoL, treatment with etanercept resulted in improvements in the physical
and mental component summary scores (PCS and MCS), as well as in individual SF-36 do‐
mains across all indications [110]. The PRESTA trial, conducted in Germany, evaluated the
effect of etanercept on a composite measure of skin symptoms, joint manifestations, and
QoL [111]. At 24 weeks, around 30% of patients met the triad of efficacy outcomes. In juve‐
nile plaque psoriasis, one randomized, controlled, longitudinal study described a significant
positive effect of etanercept on QoL [100].

In a subanalysis of the PHOENIX 1 and 2 trials on ustekinumab in psoriasis, aimed at evalu‐
ating the effect on HRQoL and sexual difficulties, ustekinumab treatment was associated
with significant improvement in HRQoL and sexual difficulties due to psoriasis [112]. An‐
other post-hoc analysis of the PHOENIX 2 trial showed that ustekinumab decreases work
limitations, improves work productivity and reduces work days missed in the 1230 study
patients with moderate-to-severe psoriasis [113]. The efficacy of ustekinumab was also eval‐
uated in nail psoriasis and nail-associated QoL in a population treated for cutaneous psoria‐
sis. Together with a statistically significant reduction of the nail psoriasis severity index
(NAPSI), a significant improvement of the international onychomycosis QoL scores was ob‐
served at all time points up to 40 weeks [114].

In children, in a psoriatic cohort treated in daily clinical practice, QoL was assessed by
CDLQI. The results showed that all psoriasis treatments contributed to a significant im‐
provement in children’s QoL, which was greatest with dithranol and systemic treatments.
The highest positive impact with all treatments was observed on itching and sleep distur‐
bances [115].

12. Conclusions and recommendations for clinical practice

Psoriasis is associated with significant psychological distress, psychiatric morbidity, expe‐
rience of  stigmatization and decreased QoL.  Several  studies  have demonstrated the sig‐
nificant  negative  impact  of  psoriasis  on  QoL,  which  is  similar  to  the  impact  of  other
major chronic diseases as heart diseases, diabetes and cancer. Presence of psoriatic arthri‐
tis,  psychiatric  disorders,  and other co-morbidities may further worsen QoL and should
be taken into account.  The association between symptom severity and QoL,  though ob‐
served by some studies [98,116], is not always strong, and other studies found no signifi‐
cant association at all [48, 95]. Symptom severity has been shown to have a greater direct
impact  on the  physical  rather  than the mental  components  of  QoL,  while  the  effects  of
stigmatization on QoL are more strongly mental [67].  Some research has concluded that
‘subjective experience of psoriasis is a more powerful determinant of QoL’ in comparison
to clinical measures [117].

Studies have shown that dermatologists employ a problem-orientated coping style in caring’
for their patients, and often appear much more interested in investigating the superficial
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skin rather than the deep emotions of their patients [48]. On the contrary, it is essential that
measures of psychosocial morbidity are included when assessing psoriasis severity.

In clinical practice there is a great challenge for dermatologists to improve the QoL of adults
and children with psoriasis. Greater attention should be paid to the possible limitations that
these patients experience. The outcome of QoL measurements should be taken into account
when deciding on treatment strategies. Dermatology professionals should be encouraged to
identify patients, irrespective of gender and of severity of clinical manifestations, who per‐
ceive especially high levels of discomfort, indicate problems in maintaining self-esteem
and/or have experienced instances of rejection. Specific therapeutic strategies that address
issues of self-esteem and social rejection are appropriate especially for these patients. Opti‐
mal therapy that leads to long-lasting remission can only be achieved by addressing both
the physical and psychosocial effects of psoriasis. The choice of the optimal psoriasis treat‐
ment should also take into account the effect of the drug on the patient’s psychosocial well-
being, and adjunctive psychological interventions before and during treatment may be of
benefit for selected patients. It is recommended that psoriasis patients, especially those with
severe disease, receive a more holistic, multitarget approach that encompasses both medical
and psychological measures.
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1. Introduction

Psoriasis is a chronic inflammatory disorder involving both cutaneous and mucous surfaces.
Microscopic findings include a reactive abnormal epidermal differentiation, parakeratosis and
elongation of rete ridges along with a characteristic mononuclear and neutrophilic inflamma‐
tory infiltrate.

Although several clinical variants of psoriasis are well recognized (i.e. guttate psoriasis,
pustular psoriasis), the so-called plaque type is the most common type. It mainly affects the
extensor limbs surface and the scalp with circular or oval red plaques variable in extention and
duration.

Numerous studies indicate subclinical or recurrent streptococcal infection as a trigger or
maintenance factor in the pathogenesis of psoriasis in children but although it is well known
that guttate psoriasis may be precipitated by streptococcal infection, there is no firm evidence
to support the use of antibiotics either in the management of established guttate psoriasis or
in preventing its development following streptococcal sore throat. Although both antibiotics
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1. Introduction
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pustular psoriasis), the so-called plaque type is the most common type. It mainly affects the
extensor limbs surface and the scalp with circular or oval red plaques variable in extention and
duration.

Numerous studies indicate subclinical or recurrent streptococcal infection as a trigger or
maintenance factor in the pathogenesis of psoriasis in children but although it is well known
that guttate psoriasis may be precipitated by streptococcal infection, there is no firm evidence
to support the use of antibiotics either in the management of established guttate psoriasis or
in preventing its development following streptococcal sore throat. Although both antibiotics
and tonsillectomy have frequently been advocated for patients with recurrent guttate Psoriasis
or chronic plaque Psoriasis, there is to date no evidence that either intervention is beneficial.
Few histological and no ultrastructural studies to date have directly investigated psoriatic
effects on palatine tonsils.

The pathophysiology and etiology of psoriasis rest on different and poorly defined mecha‐
nisms and conditions mainly related to environmental and genetic factors, the latter related to
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bacterial products, toxic or antigenic substances that may act as stimulating factors for
polymorphonuclear leukocyte chemotaxis, cytokines and proteolytic enzyme production and
T cell response.

The current pilot study attempt to investigate the role of infections in patients with psoriasis
and chronic tonsillitis, evaluating the differences among those patients and a non psoriatic
control group suffering from chronic tonsillitis, both groups having evidence of beta-haemo‐
lytic streptococcal colonization. Clinical data and histological/ultrastructural findings as well
as literature data pertaining such a subject were taken into account.

Preliminary date are reported and discussed.

2. Background on tonsil immunology

The tonsil surface is usually covered by stratified squamous epithelium that envelops tonsils
to form the crypts. There are generally some 20-30 crypts for tonsil. Within the crypt epithelium
is not tightly arranged and presents macrophages, dendritic cells and lymphocytes to epithelial
cells interspersed. Furthermore the wall contains cryptic cells micropores (M), which are
tubulovescicular in nature and facilitate the internalization of the antigen. Under the epithe‐
lium it extends the interfollicular zone, rich in T cells. Moreover this is an area of antigen
presentation by interdigitating cells, macrophages, and follicular dendritic cells. The germinal
centers of lymphoid follicles are the locations of differentiation and proliferation of B cells.

Immune function itself begins with the effective internalization of the antigen from the pharynx
to the tonsillar lymphoid tissue. After the antigen is placed inside a tonsil is processed and
presented to T and B lymphocytes. The resulting interaction leads to terminal differentiation
of B cells into antibody forming cells and the creation of T and B memory cells. The appropriate
sensitization is required for effective immune function and there are multiple systems and
many molecules that can induce functions of T and B cells in various extensions. This system
works in concert, but, and it is important, the inappropriate reporting can lead to down-
regulation of the immune responsiveness of T and B cells. It’s therefore necessary to consider
the different factors that can lead to modulation of the immune response.

The antigen is internalized in extra follicular areas of the tonsil passing through the M cells
localized at the base of the tonsillar crypt. These tubulovescicular cells carry antigens in the
tonsil [1]. Dendritic cells and macrophages are also found in the epithelium of cryptic wall. As
the M cells they internalize the antigen; however they are also involved in antigen presentation
to T cells in the extra follicular areas and the follicles of B cells [2].

Antigen presentation is a complex interaction between the antigen presenting cells and T and
B lymphocytes. The first process the antigen and present it bound to the antibody in such a
way as to interact with specific molecules on the cell surface of the lymphocytes. The principal
antigen presenting cells are macrophages, interdigitating cells and follicular dendritic cells.
The macrophages are present both in the epithelium of the crypts and in the germinal centers,
as noted with the use of monoclonal antibodies (mAb) MAC 387 and CD68. MAC 387-positive
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cells were observed in the epithelium of the crypts, while CD68 in extrafollicular areas and
germinal centers. These two types of macrophages represent a means for the signaling of B
and T cells [3].

The exact nature of the macrophage-lymphocyte signal is not fully known; however it seems to
involve a direct cell to cell contact in which the macrophage extends a cytoplasmic process that
surrounds the lymphocyte. This interaction depends from the expression by the macrophage
antigen MHC class II, which are expressed after activation by the interferon-γ. In addition to
interaction with B and T cells, macrophages also interact with follicular dendritic cells through
direct contact. Despite the foregoing discussion indicates that macrophages play an important
role in antigen presentation, their role in the activation of lymphocytes has not been fully
determined. Another antigen presenting cell, the interdigitating cell, that contains S-100 protein,
is found more frequently in extrafollicular areas but was found in cryptic epithelium.

Unlike macrophages, it expresses the antigens MCH II without priming by interferon-γ. Such
as macrophages, it is found in close contact with helper T cells and it is believed to present the
antigen to in maturation T cells. The follicular dendritic cells, which contain the active C3b
found on immune complexes, are present in germinal centers and in mantle zones. In these
areas, the follicular dendritic cells distribute antigens to B cells, which in turn in germinal
centers present the immunogen to T cells. The interaction of the follicular dendritic cell with
the B cell can lead to the development of the B cell or a B cell memory, or in a cell secreting
immunoglobulins [4].

Along with these antigen-presenting cells, other cells may play a supporting role in the
activation of lymphocytes. The cells of the fibroblastic latex, for example, are found in the T
cell areas and form a dendritic network [5]. The function of these cells is unknown; however
fibroblasts treated with interferon-γ have shown to express antigens of the major histocom‐
patibility complex on their surface. With other signals fibroblasts can play a role in increasing
the T cell response to antigenic stimulation.

The successful activation of T and B lymphocytes is the result of complex interactions between
1) the antigen presenting cells and lymphocytes, 2) the accessory cells and lymphocytes, and
3) the T and B lymphocytes. These interactions occur by direct contact or via cytokines. The
direct interaction between antigen presenting cells and T cells involves multiple connec‐
tions[5]. There are numerous determinants of T cells and their respective ligands of antigen
presenting cells in tonsil tissues. A main surface molecule of lymphocyte is the determinant
C3, structurally related to the T cell receptor (TCR) and subjected to tyrosine phosphorylation
of one of its chains upon interaction of the TCR/CD3 complex with the antigen.

The T cell activation results in an increase of intracellular calcium. The association of other
ligands presenting cells with antigen determinants surface of T cells involves an increase in
the concentration of intracellular calcium and acts synergistically with the CD3 mediated
events in the increasing activating T cell. One of these determinants, CD2, is considered to play
a role both in cell to cell adhesion that in the activation of T cells. On the other hand CD4 and
CD8, when bound to the antigen presenting cells, can produce an increase of intracellular
calcium but not of T cell activation, as revealed by the production of interleukin-2 (IL-2) or
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sensitization is required for effective immune function and there are multiple systems and
many molecules that can induce functions of T and B cells in various extensions. This system
works in concert, but, and it is important, the inappropriate reporting can lead to down-
regulation of the immune responsiveness of T and B cells. It’s therefore necessary to consider
the different factors that can lead to modulation of the immune response.

The antigen is internalized in extra follicular areas of the tonsil passing through the M cells
localized at the base of the tonsillar crypt. These tubulovescicular cells carry antigens in the
tonsil [1]. Dendritic cells and macrophages are also found in the epithelium of cryptic wall. As
the M cells they internalize the antigen; however they are also involved in antigen presentation
to T cells in the extra follicular areas and the follicles of B cells [2].

Antigen presentation is a complex interaction between the antigen presenting cells and T and
B lymphocytes. The first process the antigen and present it bound to the antibody in such a
way as to interact with specific molecules on the cell surface of the lymphocytes. The principal
antigen presenting cells are macrophages, interdigitating cells and follicular dendritic cells.
The macrophages are present both in the epithelium of the crypts and in the germinal centers,
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involve a direct cell to cell contact in which the macrophage extends a cytoplasmic process that
surrounds the lymphocyte. This interaction depends from the expression by the macrophage
antigen MHC class II, which are expressed after activation by the interferon-γ. In addition to
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direct contact. Despite the foregoing discussion indicates that macrophages play an important
role in antigen presentation, their role in the activation of lymphocytes has not been fully
determined. Another antigen presenting cell, the interdigitating cell, that contains S-100 protein,
is found more frequently in extrafollicular areas but was found in cryptic epithelium.

Unlike macrophages, it expresses the antigens MCH II without priming by interferon-γ. Such
as macrophages, it is found in close contact with helper T cells and it is believed to present the
antigen to in maturation T cells. The follicular dendritic cells, which contain the active C3b
found on immune complexes, are present in germinal centers and in mantle zones. In these
areas, the follicular dendritic cells distribute antigens to B cells, which in turn in germinal
centers present the immunogen to T cells. The interaction of the follicular dendritic cell with
the B cell can lead to the development of the B cell or a B cell memory, or in a cell secreting
immunoglobulins [4].

Along with these antigen-presenting cells, other cells may play a supporting role in the
activation of lymphocytes. The cells of the fibroblastic latex, for example, are found in the T
cell areas and form a dendritic network [5]. The function of these cells is unknown; however
fibroblasts treated with interferon-γ have shown to express antigens of the major histocom‐
patibility complex on their surface. With other signals fibroblasts can play a role in increasing
the T cell response to antigenic stimulation.

The successful activation of T and B lymphocytes is the result of complex interactions between
1) the antigen presenting cells and lymphocytes, 2) the accessory cells and lymphocytes, and
3) the T and B lymphocytes. These interactions occur by direct contact or via cytokines. The
direct interaction between antigen presenting cells and T cells involves multiple connec‐
tions[5]. There are numerous determinants of T cells and their respective ligands of antigen
presenting cells in tonsil tissues. A main surface molecule of lymphocyte is the determinant
C3, structurally related to the T cell receptor (TCR) and subjected to tyrosine phosphorylation
of one of its chains upon interaction of the TCR/CD3 complex with the antigen.

The T cell activation results in an increase of intracellular calcium. The association of other
ligands presenting cells with antigen determinants surface of T cells involves an increase in
the concentration of intracellular calcium and acts synergistically with the CD3 mediated
events in the increasing activating T cell. One of these determinants, CD2, is considered to play
a role both in cell to cell adhesion that in the activation of T cells. On the other hand CD4 and
CD8, when bound to the antigen presenting cells, can produce an increase of intracellular
calcium but not of T cell activation, as revealed by the production of interleukin-2 (IL-2) or
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from induction of cell proliferation. And interestingly, if the interaction with the antigen leads
to the association of CD4 and CD8 with CD3, then the binding determinants on antigen-
presenting cells induces T cell activation. Another surface molecule, CD54 (decay-accelerating
factor DAF), does not increase the intracellular calcium per se, but the cross-linking of these
molecules can induce T cell proliferation. Furthermore, the cross-linking of CD54 and CD3
results in an increase in calcium concentration induced by CD3 as well as the proliferation of
T cells. Together with T cell activation, the activation of B cells is a necessary component of a
proper immune function. Germinal centers in the follicular dendritic cells are probably the
most important antigene presenting cells for B cells. They carry a large amount of antigen in
the immune complexes containing complement. The antigen-antibody complexes are con‐
nected to follicular dendritic cells via complement and Fc receptors. This complex of macro‐
molecules is incorporated in the ISCOMs (immunostimulating complexes), corpuscles linked
to the membrane coated with immune complexes, which are released into the intercellular
space, where the B cells are joined. The i Interaction of ISCOMs bounded antigen with the B
cell is incremented because the proteins of the surface of B cells interact with both the antigenic
determinants and the complement factors. This cross-linking of surface receptors of B cells
leads to activation of the B cell. The involvement of complement factors can lead to the
formation of terminal complement complex, which apparently did not cause any damage. The
terminal complement complexes can lead to a release of inflammation mediators and mild
edema. This intratonsillar edema facilitates the dispersion of ISCOMs and increases the chance
of contact with B cells and their activation. B cells are further activated by helper T cells of
tonsil via cell to cell contact and then the antigen presented to B-cells is further processed by
them and thus presented to T cells in the context of class II molecules of human leukocyte
antigen (HLA).

Together with the cell to cell interactions the activation of immune system is mediated by
cytokines. At least 19 different cytokines are found in the tonsils of patients with infectious
mononucleosis, or recurrent tonsillitis [6]. Cytokines are easily found in all areas of surface
epithelium of the germinal center. The IL-2 is well known for its ability to increase the
lymphocyte activation. The follicular dendritic cells induce the production of IL-6 and the
clonal proliferation of T cells. Cytokines are also involved in the regulation of the production
of IL-1, in the change of immunoglobulins in all IgG subclasses, in the production of IgA and
induction of the Bcl-2 gene, which prevents the apoptosis of B immune activated lymphocytes.

The formation of an appropriate immune response, therefore, depends on a myriad of complex
interactions between cryptic epithelial cells, macrophages, interdigitating cells, follicular
dendritic cells, T cells, B cells and cytokines. The successful interactions lead to the production
of activated B cells, which enter the bloodstream and at the same time are associated with the
glandular tissue and the lamina propria of the epithelium of the upper respiratory tract [7] or
differ locally in producing immunoglobulins cells. The IgA is the main immunoglobulin
produced in the mucosa-associated lymphoid tissue (MALT) and in the areas of the upper
respiratory tract is favored the production of IgA 1. In tonsils and adenoids, as in the rest of
the MALT, are prevalent the IgG immunocytes and IgA-producing cells are around the 30%
-35%. The IgA is a dimer, whose molecules are linked by a chain J [7].
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In tonsils, adenoids unlike, dimeric IgA do not increase the range of secretory passage through
the epithelium. While both IgA and IgG antibodies in the secretions pass directly through a
link with pharyngeal epithelial cells. This is incremented by inflammation.

The infection leads to chronic and recurrent tonsillar hyperplasia and /or nodularity. Mor‐
phologic features include expansion of lymphoid follicles and prominent germinal centers
formation, with intact mantle zone and mixture of cell types including B lymphocytes and T
lymphocytes as well as histiocytes and plasma cells. Polymorphonuclear can be found within
the epithelium and as aggregates within the crypts along with bacteria. Furthermore, multi‐
nucleated giant cells may occur during viral related infections.

Chronic inflammation initially involves an increase of reticular epithelialium. Later, however,
the crypts become coated by squamous epithelium, devoid of M cells, which facilitate the entry
of the antigen [8]. This can lead to a reduction in the amount of processed antigen for presen‐
tation to T cells. In addition, patients with tonsillar focal infection have a minor amount of
tonsil follicular dendritic cells in the lymphoepithelial symbiosis. Since multiple interactions
are necessary for proper T-cell response, the reduced antigen presentation may result in the
suppression of the immune response. It has been shown that the suboptimal T cell signaling
involves a partial activation and that partially activated T cells can produce cell surface
receptors for cytokines but cannot proliferate. Such partial activation may currently lead to
tolerance, inhibition of responsiveness and defective production of IL-2.

Bernstein & al. [9] have shown the decreased production of IL-2 in 34 patients who underwent
adenoidectomy or adenotonsillectomy. In these patients, it was found that T cells of adenoids
weakly support the production of B cells of the major isotopes of immunoglobulins. This was
attributed to the reduction of the production of IL-2, in response to stimulation of both
mitogens and specific antigens, by means of lymphocytes of adenoid and tonsil, in comparison
with peripheral blood lymphocytes. Interestingly this reduction in the production of IL-2 was
observed in the context of a very spontaneous lymphoproliferative activity. The authors
suggested that the continuous bottom stimulation of tonsillar and adenoidal lymphocytes
could lead to an increase in non-stimulated proliferative activity and a decrease of the response
to specific antigenic challenges.

Even Koch and Brodsky [10] examined lymphocyte activation in patients with chronic tonsilli‐
tis. Noticed a decreased of proliferative response to stimulation by H. influenzae type B and S.
pyogenes in the pathological tonsils than normal. In addition, after stimulation, the death rate
of tonsillar lymphocytes was accelerated. Their observation suggests that the lymphocytes of
pathologic tonsils become refractory or tolerant to immune activation by certain pathogens
associated with chronic tonsillitis. This result was further supported and extended by other
Authors who have examined the response of the tonsillar and peripheral blood lymphocytes to
mitogen and antigenic stimulation. They found that, while the basal mitogenic activity was high,
the response to stimulation in these two lymphocyte populations was weakened. This reduc‐
tion in response was attributed to the continuous release of immunosuppressive factors, and the
resumption of the proliferative response after tonsillectomy.

So in certain situations hyperplastic tonsils can be seen as immunocompromised organs that
may reduce the total efficacy of the local immune system. Patients with recurrent tonsillitis are
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from induction of cell proliferation. And interestingly, if the interaction with the antigen leads
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results in an increase in calcium concentration induced by CD3 as well as the proliferation of
T cells. Together with T cell activation, the activation of B cells is a necessary component of a
proper immune function. Germinal centers in the follicular dendritic cells are probably the
most important antigene presenting cells for B cells. They carry a large amount of antigen in
the immune complexes containing complement. The antigen-antibody complexes are con‐
nected to follicular dendritic cells via complement and Fc receptors. This complex of macro‐
molecules is incorporated in the ISCOMs (immunostimulating complexes), corpuscles linked
to the membrane coated with immune complexes, which are released into the intercellular
space, where the B cells are joined. The i Interaction of ISCOMs bounded antigen with the B
cell is incremented because the proteins of the surface of B cells interact with both the antigenic
determinants and the complement factors. This cross-linking of surface receptors of B cells
leads to activation of the B cell. The involvement of complement factors can lead to the
formation of terminal complement complex, which apparently did not cause any damage. The
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of contact with B cells and their activation. B cells are further activated by helper T cells of
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cytokines. At least 19 different cytokines are found in the tonsils of patients with infectious
mononucleosis, or recurrent tonsillitis [6]. Cytokines are easily found in all areas of surface
epithelium of the germinal center. The IL-2 is well known for its ability to increase the
lymphocyte activation. The follicular dendritic cells induce the production of IL-6 and the
clonal proliferation of T cells. Cytokines are also involved in the regulation of the production
of IL-1, in the change of immunoglobulins in all IgG subclasses, in the production of IgA and
induction of the Bcl-2 gene, which prevents the apoptosis of B immune activated lymphocytes.

The formation of an appropriate immune response, therefore, depends on a myriad of complex
interactions between cryptic epithelial cells, macrophages, interdigitating cells, follicular
dendritic cells, T cells, B cells and cytokines. The successful interactions lead to the production
of activated B cells, which enter the bloodstream and at the same time are associated with the
glandular tissue and the lamina propria of the epithelium of the upper respiratory tract [7] or
differ locally in producing immunoglobulins cells. The IgA is the main immunoglobulin
produced in the mucosa-associated lymphoid tissue (MALT) and in the areas of the upper
respiratory tract is favored the production of IgA 1. In tonsils and adenoids, as in the rest of
the MALT, are prevalent the IgG immunocytes and IgA-producing cells are around the 30%
-35%. The IgA is a dimer, whose molecules are linked by a chain J [7].
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weakly support the production of B cells of the major isotopes of immunoglobulins. This was
attributed to the reduction of the production of IL-2, in response to stimulation of both
mitogens and specific antigens, by means of lymphocytes of adenoid and tonsil, in comparison
with peripheral blood lymphocytes. Interestingly this reduction in the production of IL-2 was
observed in the context of a very spontaneous lymphoproliferative activity. The authors
suggested that the continuous bottom stimulation of tonsillar and adenoidal lymphocytes
could lead to an increase in non-stimulated proliferative activity and a decrease of the response
to specific antigenic challenges.

Even Koch and Brodsky [10] examined lymphocyte activation in patients with chronic tonsilli‐
tis. Noticed a decreased of proliferative response to stimulation by H. influenzae type B and S.
pyogenes in the pathological tonsils than normal. In addition, after stimulation, the death rate
of tonsillar lymphocytes was accelerated. Their observation suggests that the lymphocytes of
pathologic tonsils become refractory or tolerant to immune activation by certain pathogens
associated with chronic tonsillitis. This result was further supported and extended by other
Authors who have examined the response of the tonsillar and peripheral blood lymphocytes to
mitogen and antigenic stimulation. They found that, while the basal mitogenic activity was high,
the response to stimulation in these two lymphocyte populations was weakened. This reduc‐
tion in response was attributed to the continuous release of immunosuppressive factors, and the
resumption of the proliferative response after tonsillectomy.

So in certain situations hyperplastic tonsils can be seen as immunocompromised organs that
may reduce the total efficacy of the local immune system. Patients with recurrent tonsillitis are
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also deficient in B cells, perhaps for a decrease of IL-2 above mentioned or other additional
changes in the profiles of the lymphokines produced by antigen-presenting cells and T cell
subsets. Such changes may lead to a reduced retention of B-cell clones memory and a reduced
production of secretory IgA.

This was evidenced by the reduced generation of B cells expressing the J chain in children with
recurrent tonsillitis. Another important cell in the immune response is the neutrophil, which
engulfs and destroys opsonized microorganisms. Chronic infections are acting negatively on
neutrophil chemotactic function. The neutrophil function was studied in 17 patients between
the ages of 4 and 11 years with chronic tonsillitis and adenoid hypertrophy. In such patients,
chemotaxis was significantly lower compared to controls. The evaluation repeated 10 days
after surgery showed no significant differences between the two groups, but the increase in
the chemotactic response of neutrophil function after surgery was significant compared to
preoperative values [11].

The chronic effect of adenotonsillectomy on immunoglobulins was studied at tonsil and
peripheral blood. Several changes are induced by chronic, and some may be related to the
presence of bacteria typically observed in adenotonsillar infections. As already stated, IgG and
IgA are the primary antibodies produced in response to antigenic challenge, however is to be
noted that the cells producing IgD are more prevalent in the MALT that in the gut associated
lymphoid tissue [12]. This can achieve the stimulation of B-cell reserve, which express IgD, by
H. influenzae and M. catarrhalis. These bacteria, which frequently colonize the upper aerodi‐
gestive tract, produce a binder IgD factor that has a cruciate connection with the IgD and with
the molecules of class I human leukocyte antigen (HLA). This determines a polyclonal
stimulation of the proliferation of B cells and results in an increased production of IgD and a
preferential production of secretory IgA1 (SIgA1) above the production of IgA2.

The production of IgD and the preferential production of IgA1 have important implications
for the local immune response. First, IgD cannot act as secretory immunoglobulin. So the cells
directed to differentiate in the production of these immunoglobulins are actually being
removed from the immune globuline-producer cellular pool. Secondly, the H. influenzae
produces a protease that cleaves IgA1. Even St. pneumoniae and Neisseria meningitidis
produce this protease. Thus these bacteria, which are often found in patients with chronic
adenotonsillitis, have developed both a mechanism for guiding the antibody production to the
IgA1 and a mechanism for cleaving this product with specific protease [13].

These modifications of immunoglobulin may be related to the common finding of immuno‐
globulin levels increased in the peripheral blood of patients with chronic tonsillitis. Significant
elevations of IgG, IgA, IgM and IgE were found in patients with chronic tonsillitis. After
tonsillectomy, these values return to normal [14]. This apparent paradox of increased immu‐
noglobulin levels in patients with chronic infection can be explained by the studies discussed
above on T and B cell. Given the constant stimulation of the immune system in patients with
chronic adenotonsillitis, there is a bottom elevation of mitotic activity and antibody produc‐
tion. However, in response to stimulation by specific bacteria, the production above this
baseline level is limited, as shown by the decrease of the activity of both mitogenic tonsillar
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lymphocytes and of those in the peripheral blood. Can also be a concomitant inability to
increase the production of specific antibodies in response to specific infectious agents.

Kurono & al. [15] have illustrated the latter point by examining the levels of sIgA and the
adherence of S. pyogenes cells in the nasal mucosa. Secretory IgA inhibit bacterial adherence
to mucosal cells attaching to the surface and directly interfering with bacterial adherence to
the epithelium of the antigenic component of the surface of the bacterium. In their study of 29
patients with chronic sinusitis the Authors showed high levels of sIgA compared to 25 controls.
Nevertheless the bacterial adherence to the nasal mucosa was increased in patients with
chronic sinusitis. It appears from these results that, in spite of the immune system can produce
a great quantity of immunoglobulins, there may still be a decreased activity in response to
specific antigens. A similar situation may exist in patients with chronic tonsillitis, but lack
specific data.

The previous discussion emphasizes the multiple immune defects that may be present in
patients with chronic tonsillitis. It may be noted that in these patients may present a cycle of
infection which involves epithelial modifications responsible for decreased antigen presenta‐
tion and immunity function which in turn lead to further infection. Other influences can further
reduce the immune response. What factors are the causative agents and if are simple or
associated factors has not been fully delineated.

3. Patients and methods

A total of 13 patients with psoriasis and recurrent tonsillitis subjected to tonsillectomy in the
Department of ENT-Maxillofacial Surgery, San Giovanni Bosco Hospital, Turin, Italy, between
March 2003 and August 2010 were enrolled in this study (Group 1). In addition, 9 patients with
recurrent tonsillitis and without psoriasis subjected to tonsillectomy between June 2002 and
September 2010 were enrolled in this study (Group 2). The diagnosis of psoriasis was con‐
firmed by typical clinical findings and histopathological examination. The data were retro‐
spectively reviewed to assess the epidemiological and clinical features.

Patients with psoriasis (Group 1) were further divided into two subgroups: patients without
improvement of the psoriasis symptomatology (subgroup A, 4 patients) and patients with
prolonged or temporary improvement of psoriasis symptomatology after tonsillectomy
(subgroup B, 9 patients).

Eligibility requirements for both groups included a diagnosis of recurrent tonsillitis with none
of the following other conditions: clinical history of allergy (alimentary, cutaneous or respi‐
ratory tract allergies), chronic respiratory pathologies (nasal septum deviation, hypertrophic
rhinopathy, asthma, chronic sinusitis), surgical or clinical rhinopharyngeal and oral treatments
(adenoidectomy, nasal polyps surgery, periodontal or peritonsillar abscesses drainage, dental
or periodontal surgery).

Eligibility requirements for psoriasis group included a diagnosis of psoriasis made by a
dermatologist, their disease course was followed for at least 2 years and their disease severity
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also deficient in B cells, perhaps for a decrease of IL-2 above mentioned or other additional
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These modifications of immunoglobulin may be related to the common finding of immuno‐
globulin levels increased in the peripheral blood of patients with chronic tonsillitis. Significant
elevations of IgG, IgA, IgM and IgE were found in patients with chronic tonsillitis. After
tonsillectomy, these values return to normal [14]. This apparent paradox of increased immu‐
noglobulin levels in patients with chronic infection can be explained by the studies discussed
above on T and B cell. Given the constant stimulation of the immune system in patients with
chronic adenotonsillitis, there is a bottom elevation of mitotic activity and antibody produc‐
tion. However, in response to stimulation by specific bacteria, the production above this
baseline level is limited, as shown by the decrease of the activity of both mitogenic tonsillar
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patients with chronic sinusitis the Authors showed high levels of sIgA compared to 25 controls.
Nevertheless the bacterial adherence to the nasal mucosa was increased in patients with
chronic sinusitis. It appears from these results that, in spite of the immune system can produce
a great quantity of immunoglobulins, there may still be a decreased activity in response to
specific antigens. A similar situation may exist in patients with chronic tonsillitis, but lack
specific data.

The previous discussion emphasizes the multiple immune defects that may be present in
patients with chronic tonsillitis. It may be noted that in these patients may present a cycle of
infection which involves epithelial modifications responsible for decreased antigen presenta‐
tion and immunity function which in turn lead to further infection. Other influences can further
reduce the immune response. What factors are the causative agents and if are simple or
associated factors has not been fully delineated.

3. Patients and methods

A total of 13 patients with psoriasis and recurrent tonsillitis subjected to tonsillectomy in the
Department of ENT-Maxillofacial Surgery, San Giovanni Bosco Hospital, Turin, Italy, between
March 2003 and August 2010 were enrolled in this study (Group 1). In addition, 9 patients with
recurrent tonsillitis and without psoriasis subjected to tonsillectomy between June 2002 and
September 2010 were enrolled in this study (Group 2). The diagnosis of psoriasis was con‐
firmed by typical clinical findings and histopathological examination. The data were retro‐
spectively reviewed to assess the epidemiological and clinical features.

Patients with psoriasis (Group 1) were further divided into two subgroups: patients without
improvement of the psoriasis symptomatology (subgroup A, 4 patients) and patients with
prolonged or temporary improvement of psoriasis symptomatology after tonsillectomy
(subgroup B, 9 patients).

Eligibility requirements for both groups included a diagnosis of recurrent tonsillitis with none
of the following other conditions: clinical history of allergy (alimentary, cutaneous or respi‐
ratory tract allergies), chronic respiratory pathologies (nasal septum deviation, hypertrophic
rhinopathy, asthma, chronic sinusitis), surgical or clinical rhinopharyngeal and oral treatments
(adenoidectomy, nasal polyps surgery, periodontal or peritonsillar abscesses drainage, dental
or periodontal surgery).

Eligibility requirements for psoriasis group included a diagnosis of psoriasis made by a
dermatologist, their disease course was followed for at least 2 years and their disease severity
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assessed by the Psoriasis Area and Severity Index (PASI). PASI is the standard method for
evaluating changes in the extent and activity of this disease [16]. Improvement was evaluated
according to at least 50% PASI score reduction. A PASI score reduction of at least 50% (PASI
50) is considered as clinically meaningful improvement [17].

The participants were evaluated clinically at study entry and after every 6 months.

The diagnosis of recurrent tonsillitis and eligibility for tonsillectomy was made according with
the Italian Guidelines on the clinical and organisational appropriateness of tonsillectomy and
adenoidectomy [18,19].

National guidelines issued in 2003 restricted the surgical option mainly to: children with
significant obstructive apnea (adenotonsillectomy), children with recurrent otitis media and
ventilation-tube placement or with chronic/recurrent sinusitis and failure of appropriate
antibiotic therapy (adenoidectomy), children and adults with severe acute recurrent tonsillitis
(tonsillectomy).

In those Guidelines it is suggested that tonsillectomy be limited to children and adults with
recurrent acute bacterial tonsillitis of proven severity, meeting the following criteria:

–Five episodes of tonsillitis per year;

–Episodes that are disabling and prevent normal functioning; and

–Symptoms lasting at least 12 months.

The patients were all examined for tonsillar remnants at the end of the study and no tonsillar
remnants could be detected in any patient of the study after the surgical intervention.

There were not alcohol drinkers. Each case was characterized by age, presenting signs and
symptoms, and mean duration of clinical symptoms antedating clinical diagnosis and
tonsillectomy. The patients had a full physical examination, complete blood counts and clinical
laboratory tests including leucocyte count.

The number and duration of recurrent tonsillitis episodes as well as response to antibiotic
treatment and history of medical conditions were recorded. Such clinical informations
gathered on each patient were further outlined by considering available medical records,
parents report and, when possible, by contacting each respective attending physician.

After a period of clinical examination and data recording, patients underwent tonsillectomy.
Tonsils were removed by dissection and haemostasis was controlled with suction cautery,
pressure and/or suture ligature. Patients follow-up revealed no post-operative complications.

Tonsils from both psoriatic and non psoriatic groups were collected, washed in buffered saline,
measured along the three dimensions and immediately processed by conventional methods
within half an hour after surgery.

In particular, perpendicular sections to the long axis of each tonsil were fixed in 10% neutral-
buffered formalin, routinely processed for histology and stained with haematoxylin and eosin,
periodic acid-Schiff (PAS) and Weigert van Gieson. The following parameters were recorded
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for the entire tonsillar area: surface and cryptic epithelial changes, follicles, subepithelial and
interfollicular compartments.

On the contrary, small fragments (5-mm-thick) immediately collected after removal from the
surface of each tonsil were fixed in 2% phosphate-buffered glutaraldehyde, post-fixed in
osmium tetroxide, dehydrated with increasing concentrations of ethanol, dried in a critical‐
point apparatus under CO2, and examined in a Hitachi emission field scanning electron
microscope (SEM) (Hitachi Ltd., Tokyo, Japan) at 25 kV. The morphology of surface and cryptic
epithelium, and specialized surface cells was analysed.

Light and SEM examinations were blinded performed without knowledge of the clinical
history and patient’s condition.

4. Results

The 13 patients with psoriasis - 6 males and 7 females - aged 9 to 46 years were followed up 2
to 5 years after tonsillectomy. The subgroup A consisted of 1 male and 3 female patients
suffering of guttate (2 patients) and chronic plaque psoriasis (2 patients). The subgroup B
consisted of 5 males and 4 females suffering of guttate (6 patients) and chronic plaque psoriasis
(3 patients). Duration of psoriasis varied from 5 to 24 years in subgroup A and from 4 to 13
years in subgroup B. Improvement duration in the subgroup B varied from 6 months to 5 years.
The 9 patients without psoriasis - 1 male and 5 females - aged 9 to 35 years.

Clinical data regarding patients with psoriasis and recurrent tonsillitis (Group 1), subgroups
A and B are reported in Table 1 and Table 2 respectively, whereas table 3 shows clinical data
of the patients with recurrent tonsillitis and without psoriasis (Group 2).

Patients with psoriasis and recurrent tonsillitis

Group1, Subgroup A (No improvement after tonsillectomy)

Improvement: absent or < 50% improvement of PASI score

Patients Sex Age

Number of

annual

tonsillitis

Duration of

psoriasis
Follow-up

Type of

psoriasis

Improvement

duration /

PASI score

improvement

1 F 46 8 24 years 4 years Guttate psoriasis
18 months

30%

2 F 31 5 22 years 5 years
Chronic plaque

psoriasis
No improvement

3 F 9 5 5 years 2 year
Chronic plaque

psoriasis
No improvement

4 M 11 6 7 years 5 years Guttate psoriasis No improvement

Table 1. Clinical data of the patients with psoriasis and recurrent tonsillitis with no improvement after tonsillectomy:
Subgroup A of Group 1.
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remnants could be detected in any patient of the study after the surgical intervention.

There were not alcohol drinkers. Each case was characterized by age, presenting signs and
symptoms, and mean duration of clinical symptoms antedating clinical diagnosis and
tonsillectomy. The patients had a full physical examination, complete blood counts and clinical
laboratory tests including leucocyte count.

The number and duration of recurrent tonsillitis episodes as well as response to antibiotic
treatment and history of medical conditions were recorded. Such clinical informations
gathered on each patient were further outlined by considering available medical records,
parents report and, when possible, by contacting each respective attending physician.

After a period of clinical examination and data recording, patients underwent tonsillectomy.
Tonsils were removed by dissection and haemostasis was controlled with suction cautery,
pressure and/or suture ligature. Patients follow-up revealed no post-operative complications.

Tonsils from both psoriatic and non psoriatic groups were collected, washed in buffered saline,
measured along the three dimensions and immediately processed by conventional methods
within half an hour after surgery.

In particular, perpendicular sections to the long axis of each tonsil were fixed in 10% neutral-
buffered formalin, routinely processed for histology and stained with haematoxylin and eosin,
periodic acid-Schiff (PAS) and Weigert van Gieson. The following parameters were recorded
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for the entire tonsillar area: surface and cryptic epithelial changes, follicles, subepithelial and
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On the contrary, small fragments (5-mm-thick) immediately collected after removal from the
surface of each tonsil were fixed in 2% phosphate-buffered glutaraldehyde, post-fixed in
osmium tetroxide, dehydrated with increasing concentrations of ethanol, dried in a critical‐
point apparatus under CO2, and examined in a Hitachi emission field scanning electron
microscope (SEM) (Hitachi Ltd., Tokyo, Japan) at 25 kV. The morphology of surface and cryptic
epithelium, and specialized surface cells was analysed.

Light and SEM examinations were blinded performed without knowledge of the clinical
history and patient’s condition.

4. Results

The 13 patients with psoriasis - 6 males and 7 females - aged 9 to 46 years were followed up 2
to 5 years after tonsillectomy. The subgroup A consisted of 1 male and 3 female patients
suffering of guttate (2 patients) and chronic plaque psoriasis (2 patients). The subgroup B
consisted of 5 males and 4 females suffering of guttate (6 patients) and chronic plaque psoriasis
(3 patients). Duration of psoriasis varied from 5 to 24 years in subgroup A and from 4 to 13
years in subgroup B. Improvement duration in the subgroup B varied from 6 months to 5 years.
The 9 patients without psoriasis - 1 male and 5 females - aged 9 to 35 years.

Clinical data regarding patients with psoriasis and recurrent tonsillitis (Group 1), subgroups
A and B are reported in Table 1 and Table 2 respectively, whereas table 3 shows clinical data
of the patients with recurrent tonsillitis and without psoriasis (Group 2).

Patients with psoriasis and recurrent tonsillitis

Group1, Subgroup A (No improvement after tonsillectomy)

Improvement: absent or < 50% improvement of PASI score

Patients Sex Age

Number of

annual

tonsillitis

Duration of

psoriasis
Follow-up
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psoriasis

Improvement

duration /

PASI score

improvement

1 F 46 8 24 years 4 years Guttate psoriasis
18 months

30%

2 F 31 5 22 years 5 years
Chronic plaque

psoriasis
No improvement

3 F 9 5 5 years 2 year
Chronic plaque

psoriasis
No improvement

4 M 11 6 7 years 5 years Guttate psoriasis No improvement

Table 1. Clinical data of the patients with psoriasis and recurrent tonsillitis with no improvement after tonsillectomy:
Subgroup A of Group 1.
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Patients with psoriasis and recurrent tonsillitis

Group 1, Subgroup B (Improvement after tonsillectomy)

Improvement: = or "/> 50% improvement of PASI score

Patients Sex Age

Number of

annual

tonsillitis

Duration of

psoriasis
Follow-up

Type of

psoriasis

Improvement

duration /

PASI score

improvement

1 F 35 5 7 years 4 years Guttate psoriasis
4 years/

50%

2 M 12 6 8 years 3 years
Chronic plaque

psoriasis

6 months

90%

3 M 22 7 7 years 2 Years
Chronic plaque

psoriasis

12 months

50%

4 M 10 6 6 years 2 years Guttate psoriasis
6 months

75%

5 M 12 7 5 years 3 years Guttate psoriasis
12 months

75%

6 M 9 5 5 years 5 years Guttate psoriasis
3 years

90%

7 F 11 7 5 years 5 years Guttate psoriasis
18 months

75%

8 F 10 5 4 years 3 years
Chronic plaque

psoriasis

6 months

100%

9 F 18 5 13 years 5 years Guttate psoriasis
5 years

50%

Table 2. Clinical data of the patients with psoriasis and recurrent tonsillitis with improvement after tonsillectomy:
Subgroup B of Group 1.

Patients with recurrent tonsillitis and without psoriasis

Patients Sex
Number of annual

tonsillitis
Age

1 M 7 13

2 F 6 12

3 F 6 18

4 M 6 29

5 M 5 11

6 F 5 10

7 F 7 9

8 F 5 35

9 M 5 18

Table 3. Clinical data of the patients with recurrent tonsillitis and without psoriasis: Group 2.
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Clinical findings demonstrated clear differences between psoriatic and non-psoriatic group,
the former showing further differences between subgroup with long-term or short-term
improvement of psoriasis symptoms (subgroup B) and subgroup with no-improvement after
tonsillectomy (subgroup A).

Psoriasis had long term improvement (PASI = OR < 50%) after tonsillectomy in two out of the
eight patients (25%) with guttate psoriasis and had a short-time improvement in four patient
(50%). Three out of five patients with chronic plaque psoriasis (60%) had a short-time im‐
provement, two ( 40%) were unchanged.

On the other hand, light microscopy and SEM findings showed minimal differences between
the control and both psoriatic subgroup A and B.

Histology of tonsils revealed well-known morphological features of reactive and hyper-plastic
pattern in both psoriatic and non-psoriatic groups. Secondary follicles with well-defined
germinal centres and mantle zones, irregular and enlarged follicles and florid follicular
hyperplasia were usually observed. Clear follicular expansion and irregularity as well as
evident infiltration of lymphoid cells in the tonsillar crypt epithelium, along with irregularity
of the epithelial wavy basal membrane and epithelial basal profile were noted in two cases
from psoriatic subgroup B: case 6 and case 9.

Interstitial fibrosis along with a dense collagen matrix seemed more evident in both A and B
psoriatic subgroups compared to non-psoriatic patients and were sometimes associated with
a variable degree of stromal oedema and haemorrhages. A fine small blood vessels network
was clearly observed in both groups beneath the epithelial surface and in association with the
reticulated epithelium as finger-like projections surrounded by connective tissue, with
hyperaemia and extravasated red blood cells. Blood vessels thickening or microscopic features
of vasculitis were not observed in either groups.

Tonsillar crypt epithelium showed cellular degeneration, variable degree of thickness and
intercellular spongiosis or micro-vescicular formation, with no histological distinctive pattern
or significant quantitative differences between psoriatic and non-psoriatic patients. Both
groups showed some dilated and pseudocystic crypts lined by squamous epithelium and filled
with squamous debris along with a mixture of lymphocytes, neutrophils and desquamated
epithelial cells. Bacterial aggregates were sometimes observed near or within the crypt lumen
in both groups.

Scanning electron microscopy correlated with histology and revealed the surface epithelium
consisting of squamous and sometimes keratinized cells in an irregular pattern of microridges
and sometimes rod-like elements, referring to bacteria, adhering to the epithelium, in both
psoriatic and non-psoriatic patients (Fig.1). A fine meshed and sometimes cerebroid-like net
of the epithelial surface was observed. Specialized surface cells with short microvilli were
noted close to lymphocytes or macrophages. Lymphoid cells were frequently observed near
the crypt lumen along with surface cellular debris, detached epithelial cells and scattered
bacteria (Fig. 2).
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Psoriasis - Types, Causes and Medication168

Clinical findings demonstrated clear differences between psoriatic and non-psoriatic group,
the former showing further differences between subgroup with long-term or short-term
improvement of psoriasis symptoms (subgroup B) and subgroup with no-improvement after
tonsillectomy (subgroup A).

Psoriasis had long term improvement (PASI = OR < 50%) after tonsillectomy in two out of the
eight patients (25%) with guttate psoriasis and had a short-time improvement in four patient
(50%). Three out of five patients with chronic plaque psoriasis (60%) had a short-time im‐
provement, two ( 40%) were unchanged.

On the other hand, light microscopy and SEM findings showed minimal differences between
the control and both psoriatic subgroup A and B.

Histology of tonsils revealed well-known morphological features of reactive and hyper-plastic
pattern in both psoriatic and non-psoriatic groups. Secondary follicles with well-defined
germinal centres and mantle zones, irregular and enlarged follicles and florid follicular
hyperplasia were usually observed. Clear follicular expansion and irregularity as well as
evident infiltration of lymphoid cells in the tonsillar crypt epithelium, along with irregularity
of the epithelial wavy basal membrane and epithelial basal profile were noted in two cases
from psoriatic subgroup B: case 6 and case 9.

Interstitial fibrosis along with a dense collagen matrix seemed more evident in both A and B
psoriatic subgroups compared to non-psoriatic patients and were sometimes associated with
a variable degree of stromal oedema and haemorrhages. A fine small blood vessels network
was clearly observed in both groups beneath the epithelial surface and in association with the
reticulated epithelium as finger-like projections surrounded by connective tissue, with
hyperaemia and extravasated red blood cells. Blood vessels thickening or microscopic features
of vasculitis were not observed in either groups.

Tonsillar crypt epithelium showed cellular degeneration, variable degree of thickness and
intercellular spongiosis or micro-vescicular formation, with no histological distinctive pattern
or significant quantitative differences between psoriatic and non-psoriatic patients. Both
groups showed some dilated and pseudocystic crypts lined by squamous epithelium and filled
with squamous debris along with a mixture of lymphocytes, neutrophils and desquamated
epithelial cells. Bacterial aggregates were sometimes observed near or within the crypt lumen
in both groups.

Scanning electron microscopy correlated with histology and revealed the surface epithelium
consisting of squamous and sometimes keratinized cells in an irregular pattern of microridges
and sometimes rod-like elements, referring to bacteria, adhering to the epithelium, in both
psoriatic and non-psoriatic patients (Fig.1). A fine meshed and sometimes cerebroid-like net
of the epithelial surface was observed. Specialized surface cells with short microvilli were
noted close to lymphocytes or macrophages. Lymphoid cells were frequently observed near
the crypt lumen along with surface cellular debris, detached epithelial cells and scattered
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Figure 1. Particular of the surface tonsillar epithelium(patient 4 of Group 1, Subgroup A): rod-like elements, referring
to bacteria, adhering to the epithelium, in a more or less intact area (scanning electron micrograph, x1000).

Figure 2. Particular of the surface tonsillar epithelium (patient 6 of Group 1, Subgroup B): accentuated reticulation of
epithelial elements; crypts are hard to find, often masked by debris, mucus and epithelial desquamation (scanning
electron micrograph, x1000)

Psoriasis - Types, Causes and Medication170

5. Discussion

Recently was postulated that psoriasis is a genetic based chronic cutaneous inflammatory
disorder, involving several genes encoding proteins involved in epidermal differentiation and
immune, inflammatory and pathogenic responses, in combination with microbial environ‐
mental factors. The importance of the microbial environment is fundamental to demonstrate
the correlation between genetic ground and clinical manifestation, because these agents may
function as triggers for immunological dysregulated responses, especially in a particular
context in which there is an impaired capacity of barrier organs to regulate microbial flora and
prevent entrance of bacteria, viruses and fungi [20].

The association between streptococcal infections and guttate psoriasis or plaque psoriasis and
has been known for a long time and is well-documented.

The mechanisms, however, are still a matter of investigation and several findings indicate a
possible role for various bacterial proteins and/or toxins serving as superantigens.

Psoriasis exacerbation has been linked with skin and/or gut colonization by Staphylococcus
aureus, Malassezia, and Candida albicans. The role, if any, of viruses (papillomaviruses, HIV,
and endogenous retroviruses) present in lesional skin is at present unknown. The use of
various drugs, such as lithium, β-blockers, antimalarial agents, nonsteroidal anti-inflamma‐
tory drugs, and angiotensin-converting enzyme inhibitors, has also been associated with
induction or worsening of disease in psoriatic patients [21].

The triggering of guttate psoriasis was initially associated with Lancefield group A streptococci
(S pyogenes), but streptococci of groups C and G have also been isolated from the tonsils of
patients with guttate psoriasis. Group A (C and G) streptococci express one of several anti‐
genically distinct M proteins on their surface; however, no association has yet been found
between particular M serotypes and the triggering of guttate psorisis by group A streptococci
[22,23].

Honig [24] found an association between perianal streptococcal dermatitis and guttate
psoriasis, while Rasi & al. [25] found the association between perianal streptococcal dermatitis
and plaque-type psoriasis.

Based on epidemiological data McFadden & al. [26] postuled the natural selection of psoriasis,
whose immunological pathways may confer protection against mortality during epidemics of
invasive streptococcal infections, heightened efficiency in internalizing and allowing carriage
of streptococci as well as predisposition to the development of psoriasis.

The first report that the onset of guttate psoriasis is often preceded by throat infections with
b-haemolytic is due to Winfield in 1916 [27]. The link between psoriasis and streptococcal
infection is probably explained by the ’superantigen theory’. The streptococcus carries a
protein called the M-protein which allows it to act as a superantigen. Superantigens are
bacterial or viral products that can bypass normal immunological pathways and cause
powerful stimulation of the immune system. This results in the production of T-lymphocytes
(white blood cells) which have been shown to be central to the development of psoriasis.
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Figure 1. Particular of the surface tonsillar epithelium(patient 4 of Group 1, Subgroup A): rod-like elements, referring
to bacteria, adhering to the epithelium, in a more or less intact area (scanning electron micrograph, x1000).

Figure 2. Particular of the surface tonsillar epithelium (patient 6 of Group 1, Subgroup B): accentuated reticulation of
epithelial elements; crypts are hard to find, often masked by debris, mucus and epithelial desquamation (scanning
electron micrograph, x1000)
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Streptococcal throat infections are related to the incidence of psoriasis onset is also highest
between the ages of 11 and 20 years.

In children, the first manifestation of psoriasis is commonly drop- like with sudden onset after
an infection of the upper airways. The guttate psoriasis is localized predominantly in the
exposed parts of the body, such as the face and limbs. The lesion has a diameter of about 1-3
cm, in color from pink to red, with the scales overlying gray or silver. The frequency of this
clinical variety, characterized by acute onset and guttate lesions, decreases with increasing age,
so as to become rare in the adult, when the predominant form is plaque psoriasis.

The plaque psoriasis, as opposed to the drop-like form, prefers the surfaces of the skin at bony
eminences, such as the knuckles, elbows and knees. Approximately 30-50% of children with
psoriasis has a family history of the disease. The psoriasis is in fact more often associated with
antigen CW6 of class I HLA. The principal gene of susceptibility to psoriasis appears to resides
on chromosome 6, which is just the home of the HLA complex HLA I and II. But probably
many other genes are involved, as there are also external environmental influences, which
recently were shown to be very important.

Streptococcal throat infections are most common around puberty and the incidence of psoriasis
onset. Psoriasis is not uncommon in pediatric age group, becouse 27% of cases manifest before
the age of 16 years; moreover, psoriasis represents 4.1% of all dermatoses seen in children
under the age of 16 years [28].

Literature data on juvenile psoriasis are shown in table 4.

Author
N° of

patients

Male:female

ratio

Peak age of

onset (years)

Infection

precipitating factor

Plaque type

incidence

Morris 2001 [29] 1262 1:1.14 8 - 34%

Kumar 2004 [30] 419 1.09:1 6-14 6.6% 60.6%

Kim 2010 [31] 30 1:2.33 8-11 43.4% 63%

Seyhan 2006 [32] 61 1:1.65 6-11 14.8% 54.1%

Dhar 2011 [33] 419 1.25:1 6-10 28.5% 60.6%

Kwon 2012 [34] 358 1.06:1 10-11 - 67%

Table 4. Literature data on juvenile psoriasis

In a previous retrospective study, about 30% of patients with chronic psoriasis reported that
they had noted worsening of their disease in association with sore throat [35]. The same Author
successively observed a significant exacerbation of chronic plaque psoriasis only if streptococci
were isolated and the patients were assessed 4 days or later after the onset of sore throat. No
difference was observed between groups A, C or G streptococci in this respect.

Consecutively psoriasis patients should be encouraged to report sore throat to their physician
and that early treatment of streptococcal throat infections might be beneficial in psoriasis[36].

According to Camisa [37]: “In general new onset guttate psoriasis related to streptococcal
infection involutes rapidly within a four week period with antibiotic treatment. In patients
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with chronic psoriasis who develop a guttate exacerbation, empiric treatment with antibiotics
is indicated”.

Furthermore Farber [38] stated: “prevention and early treatment with appropriate antibiotics
administered at the onset of upper respiratory infections in children with psoriasis may be able
to block the appearance of acute guttate psoriasis”.

A study confirms the strong association between prior infection with Streptococcus pyogenes
and guttate psoriasis but suggests that the ability to trigger guttate psoriasis is not serotype
specific [23].

The usefulness of early treatment of streptococcal infections for childhood psoriasis was
demonstrated with a study about relationship between anti-streptolysin O (ASO) titers and
the clinical features of psoriasis.

The Authors also stated that the childhood psoriasis patients with high ASO titers had guttate
psoriasis more frequently than patients with normal ASO titers. In children with plaque-type
psoriasis, psoriasis area and severity index score was increased in the high ASO titer group
than normal ASO titer group [31].

In literature was also stated the efficacy of tonsillectomy in the treatment of psoriasis [39-42].

Literature data on the employment of tonsillectomy for psoriasis improvement are shown in
table 5. Unfortunately for some work has not been possible to find the full bibliographic data.

Wilson et al. (2003) [55] evaluated 27 retrospective and 28 prospective uncontrolled studies
on  effect  of  tonsillectomy  on  psoriasis  and  founded  32%  and  53%  cleared  percentages
respectively.

Relapse of the psoriasis often occurs within 2 years of tonsil removal, probably due to coloni‐
zation by streptococci of other lymphoid tissues in the upper respiratory tract.

Hone & al. in 1996 [40] investigated 13 patients with either recurrent guttate psoriasis or chronic
plaque psoriasis exacerbated by tonsillitis. In this group, psoriasis cleared completely after
tonsillectomy in five of six patients with guttate psoriasis and two of seven with chronic plaque
psoriasis.

Rosenberg & al. [50] reported clearing of psoriasis in nine of 14 patients (all of whom had
evidence of streptococcal colonisation) following tonsillectomy.

McMillin & al. [41] found that two children with recurrent streptococcal pharyngitis or
tonsillitis complicated by recurrent guttate psoriasis were completely free of psoriasis 16
months after adenotonsillectomy.

Despite those assertions, a recent Cochrane review [56] concluded: “although it is well known
that guttate psoriasis may be precipitated by streptococcal infection, there is no firm evidence
to support the use of antibiotics either in the management of established guttate psoriasis or
in preventing the development of guttate psoriasis following streptococcal sore throat.
Although both antibiotics and tonsillectomy have frequently been advocated for patients with
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infection involutes rapidly within a four week period with antibiotic treatment. In patients
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with chronic psoriasis who develop a guttate exacerbation, empiric treatment with antibiotics
is indicated”.

Furthermore Farber [38] stated: “prevention and early treatment with appropriate antibiotics
administered at the onset of upper respiratory infections in children with psoriasis may be able
to block the appearance of acute guttate psoriasis”.

A study confirms the strong association between prior infection with Streptococcus pyogenes
and guttate psoriasis but suggests that the ability to trigger guttate psoriasis is not serotype
specific [23].

The usefulness of early treatment of streptococcal infections for childhood psoriasis was
demonstrated with a study about relationship between anti-streptolysin O (ASO) titers and
the clinical features of psoriasis.

The Authors also stated that the childhood psoriasis patients with high ASO titers had guttate
psoriasis more frequently than patients with normal ASO titers. In children with plaque-type
psoriasis, psoriasis area and severity index score was increased in the high ASO titer group
than normal ASO titer group [31].

In literature was also stated the efficacy of tonsillectomy in the treatment of psoriasis [39-42].

Literature data on the employment of tonsillectomy for psoriasis improvement are shown in
table 5. Unfortunately for some work has not been possible to find the full bibliographic data.

Wilson et al. (2003) [55] evaluated 27 retrospective and 28 prospective uncontrolled studies
on  effect  of  tonsillectomy  on  psoriasis  and  founded  32%  and  53%  cleared  percentages
respectively.

Relapse of the psoriasis often occurs within 2 years of tonsil removal, probably due to coloni‐
zation by streptococci of other lymphoid tissues in the upper respiratory tract.

Hone & al. in 1996 [40] investigated 13 patients with either recurrent guttate psoriasis or chronic
plaque psoriasis exacerbated by tonsillitis. In this group, psoriasis cleared completely after
tonsillectomy in five of six patients with guttate psoriasis and two of seven with chronic plaque
psoriasis.

Rosenberg & al. [50] reported clearing of psoriasis in nine of 14 patients (all of whom had
evidence of streptococcal colonisation) following tonsillectomy.

McMillin & al. [41] found that two children with recurrent streptococcal pharyngitis or
tonsillitis complicated by recurrent guttate psoriasis were completely free of psoriasis 16
months after adenotonsillectomy.

Despite those assertions, a recent Cochrane review [56] concluded: “although it is well known
that guttate psoriasis may be precipitated by streptococcal infection, there is no firm evidence
to support the use of antibiotics either in the management of established guttate psoriasis or
in preventing the development of guttate psoriasis following streptococcal sore throat.
Although both antibiotics and tonsillectomy have frequently been advocated for patients with
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recurrent guttate psoriasis or chronic plaque psoriasis, there is to date no good evidence that
either intervention is beneficial”.

Thorleifsdottir & al. [57] suggested that psoriatic patients after tonsillectomy has at least a
temporary beneficial effect on chronic psoriasis, and is associated with a striking reduction in
the frequency of circulating skin-homing CD8+ T cells that are specific for peptides with amino
acid sequences that are present in both streptococcal M-proteins and human keratins. These
amino acid sequences might therefore represent antigen determinants that are relevant in
psoriasis. In a successive study the same Author [54] stated that there is a close correlation
between the degree of clinical improvement in individual patients and reduction in the
frequency of peptide-reactive skin-homing T cells in their circulation and therefore tonsillec‐
tomy may have a beneficial effect on chronic psoriasis because the palatine tonsils generate
effector T cells that recognize keratin determinants in the skin. According to this Author:
“identification of circulating T cells that respond to homologous M protein and keratin
determinants in patients with treatment-induced remission may help to identify primary
autoepitopes that might be targeted for highly specific immunotherapy for psoriasis”.

Author
N° of

patients
Age

Type of

psoriasis
Cleared or improved rate

Follow-

up

Kogon 1960 [43] - - - - -

Whyte 1964 [44] 3 15-23 Guttate ~100% cleared 1 year

Cepicka 1967 [45] 92 - - 61% cleared 2-5 years

Stukalenko 1967 [46] 3 - - - -

Lukovskii 1970 [47] 57 - - 89% improved -

Nyfors 1976 [39] 74 4-33 Vulgaris 32% cleared
7-204

months

Saita 1979 [48] 2 7-11 Guttate ~100% cleared -

Hone 1996 [40] 13 6-28

6 Guttate

7 Chronic

Plaque

83% Guttate cleared

28% Chronic plaque

cleared

6-52

months

Kataura 1996 [49] 35 - Vulgaris 49% cleared 3 months

Rosenberg 1998 [50] 14 - - 64% cleared -

McMillin 1999 [41] 2 5-11
1 Guttate

1 Severe
~100% cleared

16

months

Ozawa 1999 [42] 385 -
Generalized

pustular
16% cleared -

Takahara 2001 [51] 7 9-46 - 42% cleared 2-9 years

Prasad 2005 [52] 13 5-36 -
75% improvement SAPASI

score
-

Diluvio 2006 [53] 3 21-33 Ch. Plaque ~100% cleared 3 years

Thorleifsdottir 2012 [54] 29 19-54 - 86% cleared (30-90%) 2 years

Table 5. Literature data on tonsillectomy for psoriasis treatment.
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A recent European expert group consensus [58] stated that: “in cases where there is a positive
streptococcal swab and more than three recurrent infections, tonsillectomies are indicated for
patients with plaque or guttate psoriasis”.

Perhaps, according to Sigurdardottir [59]: “Some patients with recalcitrant guttate or chronic
plaque psoriasis, particularly those with early-onset psoriasis that is exacerbated by strepto‐
coccal tonsillitis appear to have long-term remissions following tonsillectomy”.

Some authors have highlighted the differences from the histological point of view between the
tonsils of patients who achieved an improvement of psoriasis after tonsillectomy, compared
to the tonsils of patients who did not obtain this improvement [51]. The above mentioned
differences are related to the expansion of the T cell-nodules area and the increasing of the
number of apoptotic cells in tonsil from patients with psoriasis compared to those with
recurrent tonsillitis. The Authors suggested that histological evaluation may be helpful in
estimating the effectiveness of tonsillectomy.

6. Conclusion

Association between psoriasis and streptococcal pharyngitis has been recognized for many
years. To explain the possible association between drop elements of the psoriasis and infections
of the pharynx by Streptococcus is necessary to focuses on immunology of the skin.

In the skin there are 3 types of antigen-presenting cells:

a. the Langerhans cells

b. the dermal dendrocytes

c. the tissue macrophages

Their function is to attack the proteins, to insert their fragments (epitopes) in complex MHC I
and II, which are present on the cell surface and to present these antigens to T-cell receptors.An
activation signal occurs when the B7 on the surface of antigen presenting cells binds to the
CD28 receptor of T cell The thus activated T cell begins to produce cytokines. In psoriasis T
cells of the skin are primarily CD8 + cells in the epidermis and CD4 + in the dermis. Cytokines
are represented by interleukin 2 (IL-2) that activate other T cells and the gamma interferon,
which enhances the expression of cell surface antigens of the MHC [60].

Superantigens are presented by antigen presenting cells without the need of a preparation and
presentation in the MHC complex. The superantigens strep attach directly to the V region of
the beta-2 CD4 + T cells, which preferably harbored in the skin. The stimulation of the
superantigen activates more than 10% of all lymphocytes exposed, while the conventional
antigens, expressed on the T cell receptors, stimulates only about 1 in 10,000 T cells.

These activated T cells, mainly CD4 +, they release a large number of cytokines, including IL-2,
interferon gamma and growth factors, which attract T cells and CD8 + T cells of the epidermis.
The stimulation of the population of suprabasal keratinocytes, by the cells transiently multi‐
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plying, determines an hyperproliferation, increases the resistance to apoptosis and increases
the expression of keratin, including the keratin 14 of the skin. Recent information suggests that
there is a strong homology between the keratin 14 of the skin and M-6 of Streptococcus.

So there can be a large population of T cells (V beta-2, CLA +), that lodge in the skin, which
are activated by the superantigen Streptococcus; between these some T cells responding to the
antigen M-6 of the Streptococcus, that cross-reacts with cutaneous keratinocytes 14. This
cascade of events may be the cause of the injury thickened and red, that dermatologists and
pediatricians recognize as guttate psoriasis.

In short, the processes that lead to the appearance of guttate psoriasis in susceptible individuals
after Streptococcus infection can be done in two stages.

The streptococcal superantigen in genetically susceptible individuals actives most of the CD4
+ T cells that lodge in the skin, as the target organ. These activated T cells, that lodge in the
dermis and epidermis, they release IL-2, gamma-interferon and other cytokines, which attract
lymphocytes CD8 +, which induce cell transient amplification. The resulting explosion of
hyperproliferative activity is the basis of guttate lesions. The epidermis hyperproliferative
activity also increases the expression of keratins, such as keratin 14. The cycle can be perpe‐
tuated and exacerbated by T cells, that are specifically sensitized to the M protein of Strepto‐
coccus that shows a strong homology with the keratin 14 of the skin.

There is other evidence of the immunological basis of psoriasis:

a. bone marrow transplants in patients with psoriasis cause psoriasis spent recipients, while
bone marrow from normal individuals may induce a remission of the disease;

b. similar results were obtained experimentally in mice with severe combined immunode‐
ficiency;

c. all substances effective in the treatment of psoriasis, act on T cells (cyclosporine, rapamy‐
cin, corticosteroids, retinoids, vitamin D and analogues, methotrexate).

Treatment outcomes of tonsillectomy were studied in 13 italian patients with psoriasis- 6 males
and 5 females aged 9 to 46 years - followed up 2 to 5 years after tonsillectomy. There were 8
cases of guttate psoriasis and 5 cases of chronic plaque psoriasis. The PASI score improved for
at least 50% for the entire follow-up period in two patients and in a short period (not inferior
to 6 months) in 7 patients. A little improvement of PASI score (30%) was observed for 18 months
in 1 patient. No change was found in the remaining 3 during follow-up period. Out of 9, whose
skin lesions have improved, 4 were females and had a history of tonsillitis making skin lesions
worse.

Light microscopy and SEM findings showed minimal differences between the control and both
psoriatic subgroup A and B. At light microscopy examination, clear follicular expansion and
irregularity as well as evident infiltration of lymphoid cells in the tonsillar crypt epithelium,
along with irregularity of the epithelial wavy basal membrane and epithelial basal profile were
noted in two cases from psoriatic subgroup B.
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This preliminary report needs further investigation on a more large casuistry for conclusions
validation. The paper is not intended to promote the tonsillectomy for the treatment of
psoriasis, but try to contribute to the now confirmed conviction of the international literature
on the relationship between psoriasis and streptococcal infection.

However, despite Cochrane review[56] conclusions, numerous reports indicate the improving
role of tonsillectomy in some cases of psoriasis. The challenge of future research is the
understanding of what kind of patients are susceptible to this improvement, in order to
customize the use of the surgical treatment of tonsillectomy for patients with psoriasis and to
better define the relationship between this disease and streptococcal infection.
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So there can be a large population of T cells (V beta-2, CLA +), that lodge in the skin, which
are activated by the superantigen Streptococcus; between these some T cells responding to the
antigen M-6 of the Streptococcus, that cross-reacts with cutaneous keratinocytes 14. This
cascade of events may be the cause of the injury thickened and red, that dermatologists and
pediatricians recognize as guttate psoriasis.

In short, the processes that lead to the appearance of guttate psoriasis in susceptible individuals
after Streptococcus infection can be done in two stages.

The streptococcal superantigen in genetically susceptible individuals actives most of the CD4
+ T cells that lodge in the skin, as the target organ. These activated T cells, that lodge in the
dermis and epidermis, they release IL-2, gamma-interferon and other cytokines, which attract
lymphocytes CD8 +, which induce cell transient amplification. The resulting explosion of
hyperproliferative activity is the basis of guttate lesions. The epidermis hyperproliferative
activity also increases the expression of keratins, such as keratin 14. The cycle can be perpe‐
tuated and exacerbated by T cells, that are specifically sensitized to the M protein of Strepto‐
coccus that shows a strong homology with the keratin 14 of the skin.

There is other evidence of the immunological basis of psoriasis:

a. bone marrow transplants in patients with psoriasis cause psoriasis spent recipients, while
bone marrow from normal individuals may induce a remission of the disease;

b. similar results were obtained experimentally in mice with severe combined immunode‐
ficiency;

c. all substances effective in the treatment of psoriasis, act on T cells (cyclosporine, rapamy‐
cin, corticosteroids, retinoids, vitamin D and analogues, methotrexate).

Treatment outcomes of tonsillectomy were studied in 13 italian patients with psoriasis- 6 males
and 5 females aged 9 to 46 years - followed up 2 to 5 years after tonsillectomy. There were 8
cases of guttate psoriasis and 5 cases of chronic plaque psoriasis. The PASI score improved for
at least 50% for the entire follow-up period in two patients and in a short period (not inferior
to 6 months) in 7 patients. A little improvement of PASI score (30%) was observed for 18 months
in 1 patient. No change was found in the remaining 3 during follow-up period. Out of 9, whose
skin lesions have improved, 4 were females and had a history of tonsillitis making skin lesions
worse.

Light microscopy and SEM findings showed minimal differences between the control and both
psoriatic subgroup A and B. At light microscopy examination, clear follicular expansion and
irregularity as well as evident infiltration of lymphoid cells in the tonsillar crypt epithelium,
along with irregularity of the epithelial wavy basal membrane and epithelial basal profile were
noted in two cases from psoriatic subgroup B.
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This preliminary report needs further investigation on a more large casuistry for conclusions
validation. The paper is not intended to promote the tonsillectomy for the treatment of
psoriasis, but try to contribute to the now confirmed conviction of the international literature
on the relationship between psoriasis and streptococcal infection.

However, despite Cochrane review[56] conclusions, numerous reports indicate the improving
role of tonsillectomy in some cases of psoriasis. The challenge of future research is the
understanding of what kind of patients are susceptible to this improvement, in order to
customize the use of the surgical treatment of tonsillectomy for patients with psoriasis and to
better define the relationship between this disease and streptococcal infection.
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