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Psoriasis is a common chronic inflammatory skin disease with a spectrum of clinical phe-
notypes and results from the interplay of genetic, environmental, and immunological factors.
Four decades of clinical and basic research on psoriasis have elucidated many of the path-
ogenic mechanisms underlying disease and paved the way to effective targeted therapies.
Here, we review this progress and identify future directions of study that are supported by a
more integrative research approach and aim at further improving the patients’ life.

This skin is me, I can’t get out.
—John Updike5
The Journal of a Leper

he skin is the most exposed boundary with

the outside world, thus, setting cutaneous
conditions apart from those affecting internal
organs. Skin diseases are often obvious and vis-
ible to others. Those who suffer from them have
to cope with both their disease and the negative
reaction of others because of the stigma tradi-
tionally associated with these types of condi-
tions. Conversely, the unique accessibility of
skin for tissue biopsy allows the study of the

*John Updike (1932-2009), was a Pulitzer Prize-winning Amer-
ican writer who had psoriasis. His description of his lifelong
personal journey with psoriasis is both touching and inspiring
for whoever is engaged in psoriasis research (Updike 1976,
1985, 1989).

cellular and molecular determinants of cutane-
ous diseases in greater detail compared with
other disorders, hence, facilitating the develop-
ment of effective targeted therapies.

The chronic inflammatory skin disease pso-
riasis is one such condition, whose past and
more recent history reflects both scenarios de-
picted above. Known since ancient time, vari-
ous biblical references to “leprosy” more likely
represent psoriasis; consequently, psoriasis pa-
tients have been cast out from society in bib-
lical and medieval times because of fear, igno-
rance, and prejudice. Recognized as a distinct
entity by Robert Willan in the early 19th century
and named by Ferdinand Hebra in 1841, psori-
asis’ impact on quality of life is still far-reaching
and profound in modern times, even in the ab-
sence of stigmatization. On the other hand, be-
ing one of the most common skin conditions,
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psoriasis has received a great deal of attention
from clinicians and basic scientists alike, be-
coming a model to study chronic inflammation.
This joint effort has resulted in the elucidation
of many underlying pathogenic mechanisms
and, more importantly, has been translated in
novel therapeutic strategies that have dramati-
cally improved patient care. Here, we describe
recent advances in understanding the complex
genetic, environmental, and immunological ba-
sis of psoriasis, how some of the new findings
have already resulted in novel targeted thera-
pies, and why the integrative research approach
currently being taken holds the promise of fur-
ther enhancing our knowledge about psoriasis
and ultimately improve patients’ lives.

EPIDEMIOLOGY

Psoriasis affects 2%—4% of the population in
Western countries, with prevalence rates influ-
enced by age, geographic location, and genet-
ic background (Chandran and Raychaudhuri
2010).

A recent systematic review of psoriasis epi-
demiology confirms that psoriasis is a common
disease, based on 46 studies reporting on prev-
alence of psoriasis and seven studies related to
the incidence of disease in the general popula-
tion (Parisi et al. 2013). Prevalence is higher in
adults (from 0.91% to 8.5%) as compared with
children (from 0% to 2.1%) with a dual peak of
incidence: ~30-39 years and ~60 years of age.
Disease prevalence is different across countries,
with a geographical pattern suggesting less prev-
alencein those closer to the equator as compared
with the more distant ones, in line with the ben-
eficial effects of UV radiation exposure and clin-
ical amelioration of psoriasis (Hart et al. 2011).
Prevalence in Europe varies from 0.73% to 2.9%,
similar to the Unites States (0.7%—2.6%) and
higher than Latin America, Africa, and Asia
(from 0 to <0.5%). Psoriasis has traditionally
been considered to affect both genders equally;
however, recent data about age stratification
within gender shows a higher incidence in fe-
males <18 years old, and conversely a higher
incidence in males >18 years old (Icen et al.
2009; Tollefson et al. 2010).

DISEASE CLASSIFICATION AND CLINICAL
AND HISTOLOGICAL FEATURES

The term psoriasis (from the Greek psora, to
itch) encompasses a number of distinct clinical
phenotypes (van de Kerkhof and Nestle 2012),
sometimes representing a dynamic, anatomical,
or qualitative spectrum of the same disease
(e.g., large and small plaque psoriasis), whereas,
in other cases, most likely corresponds to a quite
different entity (e.g., generalized pustular pso-
riasis [GPP]).

Historically, disease classification has been
based on clinical appearance, mainly differenti-
ating according to localization and morphology.
Here, we follow the recent classification pro-
posed by the International Psoriasis Council,
which identifies four main forms of psoriasis:
plaque-type, guttate, GPP, and erythroderma,
and several further subphenotypes according
to distribution (localized vs. widespread), ana-
tomical localization (flexural, scalp, palms/
soles/nail), size (large vs. small) and thickness
(thick vs. thin) of plaques, onset (early vs. late),
and disease activity (active vs. stable) (Griffiths
et al. 2007).

Plaque-Type Psoriasis

Plaque-type psoriasis, occurring in 85%—90%
of affected patients, is the most common form of
psoriasis and is characterized by oval or irregu-
larly shaped, red, sharply demarcated, raised
plaques covered by silvery scales (Fig. 1A—C)
(van de Kerkhofand Nestle 2012). Plaques occur
mainly on the extensor surface of elbows and
knees, on the scalp, and in the lower back, but
can affect every area of the body, often with a
symmetrical distribution. Size of the lesions
can vary, from pinpoint to larger individual le-
sions or confluent areas leading to two clinical
subphenotypes. The term large (>3 cm) plaque
psoriasis describes thick (>0.75 cm), well-
demarcated, red plaques with silvery scales.
Small (<3 ¢cm) plaque psoriasis presents with
numerous lesions; the plaques are thinner
(<0.75 cm), pinkish in color with a fine scale,
and can be well-defined or merge with sur-
rounding skin. A further classification takes
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Figure 1. Clinical and histopathological features of psoriasis. (A—C) Clinical pictures of chronic plaque psori-
asis. Note nail involvement in B. (D) Hematoxylin-stained section from a chronic psoriatic plaque. Typical
histological features are visible: acanthosis, papillomatosis, parakeratosis, as well as Munro abscess in the stratum
corneum. (E) Immunofluorescence staining of chronic psoriatic plaque showing skin infiltrating CD3" T cells

in green.

into account the age of onset. Type I psoriasis has
early onset (<40 yr), is often associated with
familiar disease history and shows high associa-
tion with the human leukocyte antigen (HLA)-
Cw0602 allele, whereas type Il psoriasis develops
after the age of 40 (Henseler and Christophers
1985).

Psoriasis is a dynamic disease; morphologi-
cal changes accompany the evolution of a newly
formed lesion into an advanced plaque that can
slowly enlarge (active lesions, sharing most of
the histological features of newly formed le-
sions) or remain static (stable lesions, retaining
the morphology of the advanced stage) (Grif-
fiths et al. 2007). In the early stages of a newly
developing plaque, the first changes occur in
the uppermost layer of the dermis, the papillary
dermis. Blood vessels become dilated and tortu-
ous, with lymphocytes and neutrophils emerg-
ing from their lumen (“squirting” papilla) and
reaching for the epidermis, which looks still
quite normal at this stage. Shortly after, however,
aberrant keratinocyte (KC) proliferation and
migration begin, resulting in epidermal thicken-
ing, incomplete terminal differentiation with

initial loss of the “stratum granulosum,” and
the appearance of foci of parakeratosis, that
is, the retention of the nucleus by corneocytes.
In the advanced stage, fully flagged psoriasis
hyperplasia is present with acanthosis, which is
the thickening of the “stratum spinosum,” and
papillomatosis, the elongation of the rete ridges
extending downward between dermal papil-
lae. Parakeratosis becomes confluent, the stra-
tum granulosum is absent, lymphocytes, mainly
CD8" T cells, are interspersed between KCs,
and neutrophils accumulate into the parakera-
totic scales, forming Munro microabscesses
(Fig. 1D,E). The dilated blood vessels extend
high into papillae, accounting for pinpoint
bleeding when a scale is removed, known as Aus-
pitz sign. The dermis is heavily infiltrated by
T cells and dendritic cells (DC). Lesions can
spontaneously resolve, although rarely. Resolv-
ing lesions after therapy can be encased by a
distinctive rim of blanching (Woronoff’s ring),
predictive of clearing and histologically charac-
terized by orthokeratosis, that is thickening of
the stratum corneum without parakeratosis
and restoration of the stratum granulosum.
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Guttate Psoriasis

Guttate psoriasis, from the Latin “gutta” for tear
drop, is characterized by multiple small scaly
plaques usually occurring around the trunk
and upper arms and thighs. The rash has often
sudden onset, usually within 2—4 wk after a
bacterial infection of the upper ways, notably
streptococcal pharyngitis in children and young
adults, and is therefore associated with type I
psoriasis (Griffiths et al. 2007). Guttate psoria-
sis can either completely clear spontaneously or
following topical treatment, become chronic, or
worsen into the plaque type.

Generalized Pustular Psoriasis

GPP also known as von Zumbush psoriasis, is a
rare but potentially life-threatening disease
characterized by episodic, widespread skin and
systemic inflammation. Typical histological fea-
ture of GPP is the presence of prominent aggre-
gates of neutrophils infiltrating the stratum spi-
nosum (spongiform pustules of Kogoj) and
giving rise to sterile cutaneous pustules (van
de Kerkhof and Nestle 2012). The skin manifes-
tations are associated with marked systemic fea-
tures: high fever, fatigue, and neutrophils leu-
kocytosis. Acute attacks often occur during
pregnancy and may be triggered by infection,
exposure to or withdrawal from drugs. GPP
can be frequently associated with plaque-type
psoriasis and/or palmoplantar pustular psori-
asis. Although still classified as a variant of pso-
riasis, the striking clinical and histological fea-
tures of GPP have long suggested that it is a
disease of distinct etiology. Recent genetic data
lend further support to this hypothesis with the
identification of some cases of familial GPP in
which the disease is inherited as an autosomal
recessive trait with mutations in the IL36RN
gene encoding the anti-inflammatory IL-36-re-
ceptor antagonist, IL-36Ra (Marrakchi et al.
2011; Onoufriadis et al. 2011). IL-36Ra blocks
the proinflammatory cytokines IL-36a/B/v;
when IL36RN is mutated, IL-36 signaling is un-
controlled with enhanced production of further
proinflammatory cytokines (Onoufriadis et al.
2011). However, IL36RN mutations only occur

in a minority of patients (Setta-Kaffetzi et al.
2013), thus, more genes are likely involved. In-
terestingly, a de novo mutation in the epidermal
NF-kB activator CARDI14 (Jordan et al. 2012b)
has been described to underlay a sporadic case
of severe GPP, suggesting that KCs dysfunction
is likely to play a predominant role in this dis-
ease phenotype.

Erythrodermic Psoriasis

Erythrodermic psoriasis, one of the rarest forms
of psoriasis (1%—2.25% of patients with psori-
asis), represents the most severe phenotype; it
carries substantial morbidity and can be poten-
tially life threatening (Boyd and Menter 1989).
It is characterized by diffuse erythema, with or
without scaling, involving >75% of the skin
surface. If present, scales are only superficial
and differ from the adherent scales of plaque
psoriasis. Systemic manifestations such as hy-
pothermia and limb edema might occur be-
cause of the generalized vasodilation underly-
ing the erythema, as well as myalgia, fatigue, and
fever. GPP may revert to erythrodermic psoria-
sis when pustule formation stops. Both admin-
istration and abrupt withdrawals of systemic
corticosteroids or methotrexate, sunburn, and
emotional stress have been suggested as possible
triggering factors (Ayala 2007).

PSORIATIC ARTHRITIS

About 20%—30% of psoriasis patients develop a
seronegative, chronic inflammatory muscoske-
letal disorder named psoriatic arthritis (PsA),
which occurs, in most cases, about a decade
after the appearance of psoriasis (Gladman
et al. 2005).

PsA has a complex aetiology mirrored in a
wide spectrum of clinical disease presentation,
expression, and clinical course (Anandarajah
and Ritchlin 2009).

PsA can affect different tissues (synovium,
cartilage, bone, entheses, tendons); it presents
common involvement of distal joints, asymmet-
ric articular distribution, erythema over-affect-
ed joints, spinal involvement, and enthesitis
(Gladman et al. 2005) and eventually leads
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to erosion and loss of function of the affected
areas.

Because ~80% of the patients develop PsA
following psoriasis (Ellinghaus et al. 2012b),
PsA is sometime considered as a disease within
adisease (Eder etal. 2011). In keeping with this,
several PsA susceptibility genes, such as HLA-C,
IL-12B, IL-23R, TNIP1 overlap with psoriasis
(Liuetal. 2008; Huffmeier etal. 2010; Ellinghaus
et al. 2012b). On the other hand, differences in
the genetic background of the two conditions do
exist and unique genetic determinants have been
identified, although not at genome-wide signif-
icance (Liu et al. 2008). Nevertheless, PsA shares
several key cellular and molecular mediators
with psoriasis, such as lymphocytes infiltrating
the inflamed skin or joint (Pitzalis et al. 1996;
Shen et al. 2006) and critical cytokines such as
tumor necrosis factor (TNF), IL-23, and IL-17
(Gullick et al. 2010). Genetic association with
class HLA molecules and clinical evidence sup-
ports an important role of CD8 T cells in PsA,
with the presence of oligoclonally expanded
CD8 T cells in the joint fluids of individuals
with active PsA (Costello et al. 2001). TNF is a
critical disease player as it is in psoriasis and
~70% of patients successfully respond to anti-
TNF therapy in terms of signs and symptoms
improvement, and, in some cases, also by radio-
graphic progression (Anandarajah and Ritchlin
2009).

COMORBIDITIES

The association of psoriasis with physical and
psychosocial comorbidities has been increasing-
ly appreciated, and the synergistic contribution
of psoriasis and its comorbidities to the estab-
lishment of systemic inflammation has been
named “psoriatic march” (Griffiths and Barker
2007). The fact that psoriasis is more than skin
deep is supported by the elevated levels of un-
specific inflammation markers (such as C-reac-
tive protein), as well as proinflammatory cyto-
kines (such as TNF and interferon y [IFN-vy])
and immune cells (such as T helper type 1 [Th1]
and Th17) in the circulation of psoriasis patients
as compared with healthy controls (Arican et al.
2005; Kagami et al. 2010). Most of these inflam-

Psoriasis

matory markers are also increased in the skin
lesions, indicating the blood is mirroring, at
least in part, the inflammatory process taking
place in the skin (Suarez-Farinas et al. 2012).
The systemic manifestation of the disease
results in comorbidities including, but not lim-
ited to, metabolic syndrome, cardiovascular dis-
ease (CVD), diabetes, depression, and cancer
(Griffiths and Barker 2007). Despite the im-
portance of understanding the causal relation-
ship between psoriasis and its comorbidities,
the studies available so far are, generally, either
scarce or heterogeneous because of different
data-collection methods, limited control of con-
founding factors, and heterogeneous outcomes.
Nevertheless, recent observations indicate a high
prevalence of metabolic syndrome among pso-
riasis patients, with the odds ratio (OR), which
measures the association between the exposure
(psoriasis) and outcome (metabolic syndrome),
increasing more than twofold as compared with
matched healthy controls (Armstrong et al.
2013a). Metabolic syndrome increases the risk
of developing CVD and diabetes, which are also
associated with psoriasis. Interestingly, the as-
sociation of type 2 diabetes with psoriasis is
stronger in patients with severe disease (OR =
1.97) as compared with those with mild dis-
ease (OR = 1.53) (Armstrong et al. 2013b).
Data about the relationship between psoriasis
and CVD are still controversial (Ahlehoff et al.
2011; Dowlatshahi et al. 2013), but a recent
meta-analysis showed increased risk of CVD
in patients with severe disease, with OR relative
to the general population of 1.37 for CVD mor-
tality, 3.04 for myocardial infarction (MI), and
1.59 for stroke (Samarasekera et al. 2013). In-
terestingly, the relative risk (RR) for MI in pso-
riasis patients varies by age, with the greatest RR
found in young patients with severe psoriasis
(Gelfand et al. 2006). This association is clini-
cally relevant and psoriasis has been included as
an independent risk factor for CVD in recent
guidelines for CVD prevention (Perk et al.
2012). The traditional risk factors for CVD
such as smoking, excessive alcohol intake, hy-
pertension, hyperlipidemia, obesity, and insulin
resistance are also reported to be higher is pso-
riasis patients, therefore, making it difficult to
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account for the extent of CVD risk directly at-
tributable to psoriasis. Indeed, psoriasis pa-
tients have high levels of lipids and lipid perox-
idation, altered adipokine function (Kaur et al.
2008; Shibata et al. 2009), as well as abnormal
coagulation profile (Marongiu et al. 1994; Kar-
abudak et al. 2008).

Despite a definitive biological link between
comorbidities and psoriasis, which has yet to be
identified, it is reasonable to infer that the sys-
temic inflammation and dyslipidaemia present
in patients may predispose to impaired glucose
tolerance and cardiovascular damage (Davido-
vici et al. 2010). It has been suggested that the
proinflammatory molecules produced by the
skin could be released into the systemic circula-
tion and, in fact, several genes differentially
regulated in psoriasis are linked to functional
pathways associated with metabolic diseases/
diabetes and cardiovascular risk (Suarez-Fari-
nas et al. 2012). Among them, renin, an enzyme
involved in the renin-angiotensin pathway ulti-
mately regulating blood pressure, was overex-
pressed both at transcriptional and posttran-
scriptional level in psoriatic skin, showing a
functional link between expression profile at
skin level and peripheral functions. Further sup-
port to the close relationship between psoriasis
and its comorbidities is the observation that IL-
17A/IL-17F and CD4" cells expressing IL-17
and IFN-v are also found in atherosclerotic le-
sions (Eid et al. 2009; de Boer et al. 2010), and
certain common risk alleles are shared be-
tween psoriasis and its metabolic and cardiovas-
cular comorbidities (Lu et al. 2013). The in-
creased risk of CVD is shared also with other
inflammatory diseases such as rheumatoid ar-
thritis (Wolfe et al. 2003; Maradit-Kremers et al.
2005) and inflammatory bowel diseases (IBDs)
(Yarur et al. 2011), the latter themselves associ-
ated with psoriasis (Hsu and Armstrong 2012;
Li et al. 2013). Remarkably, psoriasis and IBDs
share several connections (Najarian and Got-
tlieb 2003), including genetic determinants
(Wolf et al. 2008; Ellinghaus et al. 2012a).

Finally, psoriasis carries a severe psychoso-
cial burden with anxiety, depression, and per-
ceived stress appearing at a higher rate in pso-
riasis patients (O’Leary et al. 2004).

Psoriasis patients find it hard to adapt to the
chronic, yet variable, and unpredictable nature
of the disease. Another major component of
psychological distress is the anticipated negative
reactions of others, which can be shame or stig-
matization. Coping mechanisms include avoid-
ance and seclusion, which, in turn, affect the
patients’ quality of life. Depression, which is
one of the stronger predictors of suicidal idea-
tion, is observed in more than 60% of patients
(Esposito et al. 2006), and higher prevalence of
suicidal ideation has been detected in psoriasis
patients as compared with healthy controls and
other skin-disease patients (Kurd et al. 2010;
Picardi et al. 2013).

More studies are required to answer open
questions regarding the effect of systemic ther-
apy for psoriasis on CVD and diabetes (Solo-
mon et al. 2011; Samarasekera et al. 2013) and
whether an association exists between specific
subtypes of psoriasis and comorbidities.

ETIOPATHOGENESIS

Disease initiation of complex diseases, such as
psoriasis, takes place in genetically predisposed
individuals in which a dysregulated immune
response occurs following exposure to certain
environmental triggers. Although mechanistic
associations linking distinct environmental fac-
tors with specific genetic determinants and dys-
regulated immune processes are still scarce, crit-
ical determinants of this pathogenic interplay
have been identified (Fig. 2).

GENETICS

Population and family studies support the exis-
tence of a genetic predisposition to psoriasis
with higher incidences of psoriasis in relatives,
compared with the general population (Lom-
holt 1963), and higher pairwise concordance
rates in monozygotic twins (MZ) compared
with dizygotic twins (DZ) (from 20% to 73%
in MZ vs. 9% to 20% in DZ, depending on the
population studied) (Farber et al. 1974;
Brandrup etal. 1978; Duffyetal. 1993; Lonnberg
et al. 2013). Lack of complete concordance be-
tween MZ and familial recurrence of disease not
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Figure 2. Psoriasis etiopathogenesis. Disease takes
place in genetically predisposed individuals, carrying
one or more psoriasis susceptibility genes (either skin
specific or of immunological function) in which a
dysregulated immune response (involving DC, T
cells, and KCs) occurs, following exposure to certain
environmental triggers.

following a clear inheritance pattern, support
the definition of psoriasis as a complex genetic
trait, resulting from gene—gene and gene—envi-
ronment interactions (Elder et al. 2010; Capon
et al. 2012) and raising the question about the
influence of epigenetics on disease. Large efforts
to understand the genetic architecture of pso-
riasis have been undertaken using different
approaches and technologies, resulting in the
identification of a number of psoriasis genetic
determinants (Table 1).

PSORS1

The quest for psoriasis susceptibility genes using
linkage analysis led to the identification of the
major genetic determinant of psoriasis known
as “psoriasis susceptibility 17 or PSORSI, a re-
gion spanning ~250 kb within the major histo-
compatibility complex (MHC), on chromo-
some 6p21.3 (Nair et al. 1997, 2000; Trembath
etal. 1997; Veal et al. 2002). A potential psoriasis
locus in the MHC had been long suspected,
based on serologic typing identifying an associ-
ation between psoriasis and the HLA-Cw*060
allele of the MHC class I molecule HLA-C

Psoriasis

(Russell etal. 1972; Tiilikainen et al. 1980). How-
ever, the identification of the actual causative
PSORSI gene has proven to be challenging be-
cause of the extensive linkage disequilibrium
(LD)—the tendency for particular alleles at
two or more loci to be inherited together more
often than would be predicted by chance—pre-
sent within the MHC. Nevertheless, sequence
and haplotype analysis (Nair et al. 2006), ge-
nome-wide association studies (GWASs) (Nair
et al. 2009; Strange et al. 2010; Tsoi et al. 2012),
and analysis of high-density single-nucleotide
polymorphism (SNP) data, further refining
PSORSI interval to a 179-kb region encompass-
ing HLA-C (Clop et al. 2013), have consistently
indicated HLA-C as the most likely PSORS1
gene. SNPs within the minimal promoter re-
gion of HLA-C result in differential expression
of various alleles, including HLA-Cw*0602
(Hundhausen et al. 2012). Moreover, regulatory
variants in the putative HLA-C enhancer ele-
ment are also likely to contribute to psoriasis
susceptibility by affecting HLA-C expression
(Clop et al. 2013). The expression pattern of
MHC class I molecule on all nucleated cells
makes HLA-C capable to regulate both innate
and adaptive response (Mak et al. 2009). Nev-
ertheless, despite the strong genetic evidence
and the obvious immunological function of
HLA-C, functional studies addressing the pre-
cise mechanism by which -Cw*0602 alleles pre-
dispose to psoriasis are still missing and no
Cw*0602-specific antigen or interacting protein
has been identified to date.

Psoriasis Susceptibility Genes Identified
by GWASs

Advances in high-throughput genotyping tech-
nologies and the completion of the genome-
wide database of common genetic sequence var-
iation (HapMap project) have paved the way to
the identification of a number of psoriasis sus-
ceptibility genes by means of GWAS (Capon
et al. 2008; de Cid et al. 2009; Nair et al. 2009;
Zhang et al. 2009; Ellinghaus et al. 2010; Huft-
meier et al. 2010; Strange et al. 2010; Stuart et al.
2010) and subsequent meta-analysis (Elling-
haus et al. 2012a; Tsoi et al. 2012). Collectively,
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these studies identified 36 independent psoria-
sis-associated regions within individuals of Eu-
ropean ancestry (Tsoi et al. 2012), plus five more
uniquely associated in the Chinese population
(Sun et al. 2010).

The psoriasis genetic landscape (Table 1)
emerging from these studies includes skin-spe-
cific genes and immune-related genes, with the
latter belonging to either the innate or the adap-
tive immunity, as well as being at the interface
between the two arms of the immune system.
SNPs and copy number variation (de Cid et al.
2009; Tsoi et al. 2012) in genes of the late corni-
fied envelope (LCE) family within the epider-
mal cell differentiation complex, a cluster of
genes involved in skin barrier formation, sup-
port a critical role for skin-specific genes in pso-
riasis susceptibility. Moreover, there is genetic
interaction (epistasis) between LCE deletions
and HLA-C (Tsoi et al. 2012). A closer look at
the immune genes reveals the critical contribu-
tion to disease susceptibility of four fundamen-
tal immunological processes and pathways: an-
tigen presentation, NF-kB signaling, IL-23/IL-
17 axis, and type I IEN pathway. The fundamen-
tal importance of antigen presentation in pso-
riasis is highlighted by several observations.
First, the HLA-C association has the greatest
statistical significance observed in GWAS studies
(Tsoi et al. 2012). Second, HLA-C accounts for
about 6% of the total genetic variance (Chen
et al. 2011), which is at least 10-fold more
than that explained by any other known psori-
asis susceptibility locus (Tsoi et al. 2012). Third,
epistasis is present between HLA-C and ERAP1
(Strange et al. 2010), which encodes for an ami-
nopeptidase involved in the trimming of pep-
tide antigens. Among genes of the innate immu-
nity, more than half belong to the NF-kB
pathway, which has a pivotal role in amplifying
and sustaining chronic inflammation. Of par-
ticular interest are genes encoding for molecules
regulating NF-kB activation downstream from
TNF (TNFAIP3 and TNIP1) or downstream
from IL-17 (TRAF3IP2). Two recent studies
have identified and evaluated the functional
consequences of rare and common gene vari-
ants (Jordan et al. 2012a; Tsoi et al. 2012) and
missense mutations (Jordan et al. 2012b) in

CARD14, an activator of NF-kB primarily ex-
pressed in skin epidermis, providing further ev-
idence that intrinsic defects in KCs can promote
psoriasis. Genes belonging to the type I IFN
pathway (e.g., IL-28RA and RNF114) support
clinical and experimental findings, indicating
an important role for innate antiviral responses
in psoriasis (Nestle et al. 2005). Finally, a size-
able number of genes, including IL-23, IL-12B,
and IL-23R, belong to the IL-23 /IL-17 pathway,
whose critical involvement in psoriasis patho-
genesis has been well documented by a wealth
of studies showing a pivotal role for IL-23-in-
duced and IL-17-mediated responses in pso-
riasis (Di Cesare et al. 2009). Moreover, the ge-
netic association with IL-23R is one of the very
few supported by functional evidence with re-
duced IL-17 responses in carriers of the protec-
tive Arg381Gln IL-23R allele (Di Meglio et al.
2011a, 2013).

Interestingly, some genes from the above
pathways influence multiple phenotypic traits,
in particular, other immune-mediated condi-
tions such as Crohn’s disease (CD), celiac dis-
ease, and ankylosing spondylitis (Table 1) (Tsoi
et al. 2012), thus confirming the presence of a
shared genetic basis among immune-mediated
inflammatory diseases. It has been noted that
pleiotropism is more pronounced in genes of
the evolutionary more recent adaptive immu-
nity (e.g., IL-23R), whereas genes uniquely as-
sociated with psoriasis are mainly involved in
innate immune responses (e.g., CARD14), in
keeping with the diverse and well-conserved
set of innate immune mechanisms exploited
by the skin to maintain homeostasis. The sig-
nals identified in the European population col-
lectively account for ~20% of estimated psori-
asis heritability (Tsoi et al. 2012); therefore, the
search for psoriasis genes is yet to be completed.
Moreover, the gene variants identified have
modest-effect size and it has been hypothesized
that rare variants with bigger effect may explain
this “missing heritability” (Manolio et al. 2009).
However, a recent study, which has resequenced
25 genes from 20 GWAS-identified risk loci
overlapping between six common autoimmune
disease including psoriasis, has shown that
rare variants at known loci have a negligible
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role in common immune-mediated disease sus-
ceptibility, suggesting that the missing heritabil-
ity likely results from the coexistence of many
common variants of weak effect (Hunt et al.
2013).

ENVIRONMENTAL TRIGGERS

In contrast to the fast-growing list of psoriasis
susceptibility genes, the environmental factors
concurring in initiating the disease are still ill-
defined. Among known environmental triggers
of psoriasis, there are drugs, infections, physical
trauma, smoking, alcohol, and stress.

Drugs, such as the antiviral and antiproli-
ferative agent imiquimod, antidepressants (lith-
ium), antihypertensives (beta blockers), IFNs,
and also anticytokine therapies used in the
treatment of psoriasis (anti-TNF antibodies)
have all been clinically associated with initia-
tion, exacerbation, and worsening of the disease
(Kim and Del Rosso 2010). Imiquimod, a toll-
like receptor (TLR)7/8 agonist used to treat
genital warts and nonmelanoma skin tumours,
represents one of the best investigated examples
of psoriasis trigger so far and activates the type
I IFN-signaling pathway. The important role
of the type I IFN pathway and main producers
of type I IFN (plasmacytoid dendritic cells
[pDC]) has been shown in preclinical models
and verified in transcriptomic studies of psori-
asis (Nestle et al. 2005; Yao et al. 2008). The
initial clinical observation of a case of psoriasis
exacerbated by topical treatment with imiqui-
mod (Gilliet et al. 2004) has been translated
into the clinically relevant imiquimod-induced
psoriasiform skin inflammation mouse model
(van der Fits et al. 2009), which faithfully repro-
duces most of the features of the human disease
and has quickly become one of the most widely
used experimental models to study psoriasis
(Flutter and Nestle 2013).

An association between preceding strepto-
coccal throat infection and psoriasis (Gudjons-
son et al. 2003) has been reported, mainly with
guttate psoriasis (Prinz 2001), and homologous
T-cell clones have been found in both the tonsils
and skin lesions of plaque-type psoriasis pa-
tients (Diluvio et al. 2006).

Psoriasis

Tattoos and surgical incisions give rise to the
Koebner phenomenon with psoriasis plaques
appearing at the site of the trauma (Weiss
et al. 2002).

The association of modifiable behavioral
risk factors, such as smoking and alcohol con-
sumption, as well as comorbidites such as stress,
is traditionally more difficult to investigate. Al-
though a number of studies have offered evi-
dence linking stress and smoking with psoriasis
(Naldi et al. 2005; Jin et al. 2009; Ozden et al.
2011), there is no consensus on whether these
factors do actually cause or aggravate psoriasis
(Dellavalle and Johnson 2005).

IMMUNOPATHOGENESIS

The contribution of the immune system to pso-
riasis is not less complex than the overall disease
pathogenesis, with a variety of innate and adap-
tive immune cells and proinflammatory me-
diators involved, possibly at different stages
of the disease. Moreover, the question of wheth-
er psoriasis is primarily an epithelial- or im-
mune-mediated disease has recurred for several
decades in the scientific community, with re-
searchers torn between the prominent changes
in the skin and increasingly recognized im-
portance of immune-mediated mechanisms.
If, why, and how the immune system instructs
KCs to deviate from their differentiation pro-
gram and how KCs, in turn, contribute to the
aberrant immune response have been crucial
questions for almost four decades of psoriasis
research.

Not surprisingly, given the macroscopic al-
terations occurring in psoriatic skin, the focus
has initially been on KCs and the aberrant ter-
minal differentiation program they undertake in
psoriasis. In normal skin, basal KCs differentiate
through spinal and granular layers of the epider-
mis to become dead, enucleated corneocytes,
which constitute the protective physical barrier
(Watt 1989). Cells of the stratum spinosum
withdraw from the cell cycle and enter the ter-
minal differentiation program consisting of the
synthesis of several proteins encoded by the epi-
dermal differentiation complex, expression of
specific keratins, synthesis and release of extra-
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cellular lipids, and, ultimately, the creation of
a cornified envelope. Normally, the overall pro-
cess takes ~28 d. In psoriatic lesions, KCs have
higher proliferation rate and shortened (5-
8 d) differentiation process, resulting in nuclei
retention in the corneocytes, reduced lipid se-
cretion, loss of the stratum granulosum, and re-
tention of partially differentiated KCs leading to
the typical scales accumulating on the skin. Fol-
lowing the unexpected efficacy of serendipitous-
ly administered immunosuppressive agents, in-
nate and adaptive immune cells have attracted
attention and been the focus of clinical and ex-
perimental studies. These efforts have elucidat-
ed many of the pathogenic immune mecha-
nisms and highlighted the chief contribution
of tissue resident T cells and TNE leading to
effective anti-T-cell and anticytokine targeted
therapies. Nevertheless, KCs, equipped with in-
nate immune receptors and actively taking part
in the inflammatory skin response with ancillary
immune functions, have recently gained the sta-
tus of skin sentinel cells (Nestle et al. 2009), and
their contribution to disease pathogenesis is be-
ing reevaluated. Thus, the current view of pso-
riasis pathogenesis implies that the aberrant im-
mune and epidermal response seen in psoriasis
is sustained by a pathogenic cross talk between
epithelial and immune cells (Di Meglio et al.
2011b; Lowes et al. 2013). This interplay is pri-
marily driven by the critical proinflammatory
molecules, TNE IL-23, and IL-17, whose direct
therapeutic targeting has proven to be clinically
effective, with other mediators such as IFN-a,
IFN-v, and IL-22 also contributing to the initi-
ation, amplification, and maintenance of the
disease.

In the following section, we discuss the dis-
tinct roles and contribution of the different cell
types and proinflammatory molecules to disease
initiation and established disease by integrating
findings drawn from studies of clinical samples,
xenotransplant models in which human skin
is transplanted onto immuno-compromised
hosts, and experimental mouse model of psori-
asis-like skin inflammation. Although no mouse
model can fully recapitulate the development
and features of a disease only occurring in hu-
mans (Gudjonsson et al. 2007), lessons from a

number of animal models showing most of the
crucial clinical traits and molecular signatures
of psoriasis (Swindell et al. 2011) should not be
discarded as they can provide valuable insights
to dissect pathogenic mechanisms.

Disease Initiation

One of the best-characterized initiation mecha-
nisms, leading to dysregulated skin immune
responses, involves KCs releasing the cationic
antimicrobial peptide (AMP) LL-37 following
physical trauma (Koebner phenomenon) or in-
fection. LL-37 binds to self-DNA/RNA frag-
ments (Lande et al. 2007; Ganguly et al. 2009)
also released by damaged skin cells (Ganguly
et al. 2009; Lin et al. 2011), forming LL-37/
self-DNA/RNA complexes found in psoriasis
lesions. These complexes activate TLR7 /9-bear-
ing pDC, a subset of circulatory DC normally
absent in human healthy skin, but highly infil-
trating developing psoriasis lesions (Nestle et al.
2005), to release type I IFN, which is thought to
play important roles in the early phases of pso-
riasis development. In the AGR129 xenotrans-
plantation model in which human nonlesional
psoriatic skin is transplanted onto AGR129 mice
lacking T /B cells and having severely impaired
NK activity, type I IEN triggers activation and
expansion of autoimmune T cells present in the
transplant, leading to fully fledged psoriasis pla-
que formation (Nestle et al. 2005). Moreover,
type I IFN, as well as proinflammatory cytokines
released by activated KCs (IL-1B, IL-6, and
TNF), can also mature and activate myeloid
DC. Psoriatic skin lesions have a 30-fold increase
in myeloid dermal dendritic cells (DDC) (Zaba
et al. 2007) and, in addition to “classical”
CD11¢"CDI1c¢" DDC found in healthy skin, it
harbors a distinct population of “inflammato-
ry” CD1c™ DC (Zaba et al. 2009b) producing
TNE iNOS, IL-20, and IL-23 (Lee et al. 2004;
Wang et al. 2006; Zaba et al. 2009a). The clinical
benefit of anti-TNF agents strongly shows that
elevated TNF levels in the skin are critical for the
pathogenic interaction between DDCand T cells
with TNF blockade-impairing DDC maturation
and IL-23 production (Zaba et al. 2007). In
keeping with their role as antigen presenting
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cells, mature DDC are thought to migrate to
skin-draining lymph nodes to present an as-yet
elusive antigen to naive T cells. The presence of
oligoclonal T cells in psoriatic lesions, identifi-
cation of conserved clonal T-cell receptor (TCR)
rearrangements in different patients, and pres-
ence of the same T-cell clone over time (Chang
et al. 1994; Menssen et al. 1995; Prinz et al. 1999;
Vollmeretal. 2001) imply the presence of a com-
mon antigen triggering the disease. LL-37 /self-
RNA complexes have been shown to activate
TLR8-bearing myeloid DC and, thus, they could
fulfill this role. In line with the association be-
tween psoriasis and streptococcal infection, mo-
lecular mimicry (Valdimarsson et al. 2009), with
several streptococcal antigens such as M protein
(which shares high similarity structure with cer-
tain human keratins), peptidoglycan, and CpG
DNA, has been suggested as possible mechanism
for specific T-cell activation (Cai et al. 2012),
but conclusive evidence identifying psoriasis
(auto)antigen(s) has yet to be provided.

Nevertheless, T cells are critical players in
the initiation phase of disease and particularly
important are those residing in the skin as tis-
sue-resident memory T (Try) cells. Try are
memory cells that do not circulate, but are stra-
tegically positioned as the first-line of defense in
the tissue (Boyman et al. 2007; Clark 2010) and
have been implicated in long-term peripheral
immunity (Gebhardt et al. 2009; Jiang et al.
2012). Early evidence of their existence came
from the AGR129 xenotransplantation model
of human nonlesional psoriatic skin onto im-
munodeficient mice. In this model, develop-
ment of fully fledged psoriatic lesions occurs
in the absence of T-cell recruitment from blood
(Boyman et al. 2004) and depends on the ability
of locally activated skin Ty cells, present in the
initial graft, to migrate into the epidermis (Con-
rad et al. 2007).

Established Disease

DDC activation and their interaction with T
cells is central to plaque progression as it creates
an 1L-23/IL-17 inflammatory environment in
which DC and macrophage-derived IL-23 pro-
motes type 17 helper (Th17) and cytotoxic

Psoriasis

(Tc17) cell effector functions. The initial defi-
nition of psoriasis as Thl and IFN-vy-driven
disease, based on a strong type II IEN transcrip-
tomic signature and the high frequency of Thl
and Tcl cells in both psoriasis plaques and pe-
ripheral blood (Schlaak et al. 1994; Austin et al.
1999; Friedrich et al. 2000), has been challenged
by the discovery of IL-23 and Th17 cells and a
wealth of genetic, clinical, and experimental
findings indicating a key role for the IL-23/
IL-17 axis in psoriasis (Di Cesare et al. 2009).
IL-23 is a heterodimeric cytokine consisting
of a unique IL-23p19 subunit coupled with a
common IL-12p40 subunit, which is shared
with IL-12. Increased levels of IL-23p19, IL-
12p40 (Lee et al. 2004), and IL-23R (Wilson
et al. 2007; Tonel et al. 2010), but not IL-
12p35, are detected in psoriatic skin. IL-23 in-
duces and sustains psoriasis-like skin inflamma-
tion in murine models (Chan et al. 2006; Zheng
etal. 2007) and selective targeting of IL-23p19 s
effective in the AGR129 xenotransplant model
(Tonel et al. 2010). Ustekinumab, a monoclonal
antibody directed against the common IL-12/
23p40 subunit is highly effective in psoriasis
(Griffiths et al. 2010) and investigational anti-
bodies targeting IL-23p19, IL-17A, and IL-17R,
discussed later in the text, also show promising
efficacy and safety profiles. Th17 cells, abun-
dantly infiltrating psoriatic skin dermis (Lowes
et al. 2008), are increased in the blood of psori-
asis patients (Kagami et al. 2010), and together
with Tcl17 and y3-T cells are an important
source of IL-17A, IL-17F and IL-22 (Ortega
et al. 2009; Cai et al. 2011). IL-17A/IFN-y or
IL-17/IL-22 double-producing cells have also
been described in psoriasis patients (Kryczek
et al. 2008; Lowes et al. 2008; Eyerich et al.
2009; Kagami et al. 2010). IL-17A and IL-17F
share high structural and functional homology
and function primarily by activating KCs to pro-
duce neutrophil- (CXCL1, CXCL2, CXCLS5,
CXCL8) and T-cell- (CCL20) recruiting chemo-
kines and AMP, including LL37 and S100 family
members (S100A7/8/9/15) (Wilson et al.
2007) that also have leukocytes’ chemoattrac-
tant properties (Wolf et al. 2010). Thus, IL-17
is central in a pathogenic loop linking T cells
and KCs (Chiricozzi et al. 2011). Moreover, an-
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other IL-17 family member, IL-17C, induces an
autocrine proinflamamtory loop in KCs (Ram-
irez-Carrozzi et al. 2011; Johnston et al. 2013).
Finally, IL-22 mediates most of the epidermal
hyperplasia by impairing KC differentiation
(Zheng et al. 2007; Ma et al. 2008).

Besides Th17 cells, cytotoxic CD8 T cells
increased in the epidermis of lesional psoriatic
skin (Hammar et al. 1984) have been recently
recognized as a previously unappreciated source
of disease-relevant cytokines IL-17A, TNE IEN-
v, and IL-22 in the epidermis (Austin et al.
1999; Kryczek et al. 2008; Ortega et al. 2009;
Hijnen et al. 2013). In the AGR129 xenotrans-
plant model, there is a strong positive correla-
tion between disease progression and epidermal
T-cell expansion, and disease development is
prevented by blocking CD8 T-cell dermal—epi-
dermal transition (Conrad et al. 2007). In a
transgenic mouse model of psoriasiform in-
flammation overexpressing RAS in KCs, CD8
T cells initiate skin inflammation and KC pro-
liferation via cytokine production (Gunderson
et al. 2013).

v0-T cells, an innate-like T-cell population
involved in surveillance of epithelial surfaces,
are the major pathogenic source of IL-17 in
psoriasiform skin inflammation in mouse mod-
els, which strongly rely on their prominent pres-
ence in naive mouse skin as compared with o3-
T cell, and their ablation associates with ame-
lioration of pathology (Cai et al. 2011; Pante-
lyushin et al. 2012). IL-17-producing v8-T cells
have been identified also in psoriasis (Laggner
et al. 2011) and the Vy9Vd2 T-cell subset, pro-
ducing also IFN-y, TNE and Thl-recruiting
chemokines, has been shown to be increased
in the skin and simultaneously decreased in
the peripheral blood of psoriasis patients as
compared with healthy controls. Although rep-
resenting a small subset of skin-infiltrating T
cells, the clinical relevance of this subset is indi-
cated by the significant correlation between in-
creased disease severity and lower numbers of
Vy9V32 T cells in the circulation, as well as their
peripheral increase following successful anti-
psoriatic therapy (Laggner et al. 2011).

Innate lymphoid cells (ILC) (Spits and Cu-
pedo 2012; Spits et al. 2013), bearing lymphoid

morphology, but no immune cell lineage mark-
ers, has been recently identified as a key source
of IL-17 and IL-22 in psoriasiform skin inflam-
mation (Pantelyushin et al. 2012) and clinical
samples of IBD (Geremia et al. 2011), as well
as psoriasis patients (Villanova et al. 2013b).
Both y3-T cells and ILC constituitively express
IL-23R, thus, representing an immediate target
for IL-23-mediated IL-17 and IL-22 production.
Finally, mast cells and neutophils might repre-
sent other innate sources of IL-17 (Lin et al.
2011), although more definitive evidences are
awaited.

Taken together, a pathogenic cross talk be-
tween KCs, DC, and T cells sustained by TNE
IL-23, and IL-17, and possibly supported by
other immune cell players and further proin-
flammatory molecules, underlay the dysregu-
lated immune response observed in psoriasis
(Fig. 3).

THERAPY

In common with other immune-mediated com-
plex diseases, there is no definitive cure for pso-
riasis, and available treatment is only to decrease
disease activity and improve symptoms.

Therapies are administered according to
disease severity and assessed by the Psoriasis
Area and Severity Index (PASI, ranging from 0
to 72), which takes into account appearance and
extension of the lesions.

Classic therapies span from topical treat-
ments (emollients, topical corticosteroids, vita-
min D analogs) used in mild-to-moderate pso-
riasis, to UVA/UVB phototherapy or systemic
therapies reserved to moderate-to-severe cases.
Among systemic therapies, which include reti-
noids, methotrexate, and cyclosporine, the folic
acid antagonist methotrexate, which has immu-
nosuppressive, cytostatic, and anti-inflammato-
ryactivityand is rather inexpensive, is often used
as first line of treatment. However, classic ther-
apy has not completely met patients’ needs,
especially in the most severe cases. In the past
decade, a better understanding of disease immu-
nopathogenesis has been successfully translated
into new drugs, known as “biologics,” targeting
key inflammatory mediators and currently rep-

14 Cite this article as Cold Spring Harb Perspect Med 2014;4:a015354



fco;ﬁ\b Cold Spring Harbor Perspectives in Medicine

PERSPECTIVES

Voo’

www.perspectivesinmedicine.org

IL-17A, IL-17F, IL-22, IFN-yvj

KC T
\_/

CXCL1, CXCL8, CXCL9, CXCL10, CXCL20
IL-1B, IL-6, TNF, IL-23

Figure 3. Psoriasis immunopathogenesis. A patho-
genic cross talk between innate and adaptive immune
cells, sustained by proinflammatory mediators, un-
derlies the dysregulated immune response seen in
psoriasis. The three main cellular players and their
products are depicted in this diagram. KCs produce
key cytokines (TNE interleukin-[IL] 1B, and IL-6),
as well as the AMP LL37-binding self-RNA activating
myeloid DC in the dermis. Activated DC present, yet
not identified, antigens and secrete mediators such as
TNE IL-23, IL-1B, IL-6 leading to the differentiation
and activation of IL-17-producing T cells (T, here
representing both af3 and y8 TCR T cells). T cells,
in turn, secrete cytokines (IL-17A, IL-17E IL-22, IFN-
v) that activate KC aberrant differentiation program
and induce the production of further proinflam-
matory mediators, especially chemokines (CXCL1,
CXCLS8,) recruiting neutrophils (not shown) or other
immune cells (CXCL9, CXCL10, CCL20), as well as
other antimicrobial peptides (not shown). Critical
proinflammatory molecules, effectively targeted by
biologic drugs, are shown in red.

resenting an effective third-line therapy in mod-
erate-to-severe psoriasis patients, unresponsive
to nonbiologic systemic agents.

An overview of the newest therapeutic op-
tions, both in clinical use and under clinical
investigation, is shown in Table 2.

Anti-T-Cell Therapies

The first biologic to be approved was Alefacept in
2003, a lymphocyte function-associated antigen
(LFA)-3/IgG1 fusion protein binding CD2 on T
cells and, thus, selectively inducing apoptosis of

Psoriasis

CD2" human memory-effector T cells in vivo
(da Silva et al. 2002), although further studies
suggested a broader immunomodulatory effect
(Chamian etal. 2005; Haider et al. 2007). Clinical
efficacy was shown in phase III studies with 40%
of patients achieving a PASI75 response (75%
reduction of the PASI) (Krueger et al. 2002)
and more that 50% achieving PASI 50 (50% re-
duction of the PASI) (Lebwohl et al. 2003a).

A second anti-T-cell strategy was approved
in 2003 and consisted of a humanized antibody
(Efalizumab) binding and blocking CD11a, a
key molecule for T-cell activation and migration
through the circulation into the skin (Jullien
et al. 2004).

Despite a good efficacy profile, efalizumab
(Gordon et al. 2003; Lebwohl et al. 2003b; Leo-
nardi et al. 2005, 2008a; Menter et al. 2005; Got-
tlieb et al. 2006; Papp et al. 2006) has been with-
drawn from the market in 2009 because of three
cases of progressive multifocal leukoencephalop-
athy (Tan and Koralnik 2010), highlighting the
importance of carefully monitoring the long-
term safety of immunomodulatory therapies.

Anticytokine Therapies

An alternative strategy to anti-T-cell targeting
aims at interfering with the psoriasis cytokine
network (Nickoloff 1991) by using anticytokine
biologic drugs.

TNF blockade, using etanercept, a human
p75 TNF receptor fusion protein (approved in
2004 ), infliximab, a humanized chimeric anti-
TNF monoclonal antibody (approved in 2006),
or adalimumab, a fully human monoclonal an-
tibody (approved in 2008) is another effective
therapeutic strategy. Etanercept efficacy have
been shown in three phase III trials with about
50% of patients achieving PASI75 at week 12 in
the high-dose group (Leonardi et al. 2003; Papp
etal. 2005, 2011d; Tyring et al. 2006). TNF neu-
tralization causes early down-modulation of
myeloid cell-related genes, with decrease of
Th17 cell products and downstream molecules
in just 2 wk after commencing therapy (Gottlieb
etal. 2005; Zaba etal. 2007; Johansen etal. 2010).
Interestingly, only patients who downregulate
the expression of Th17 pathway genes success-
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fully respond to etanercept treatment (Zaba etal.
2007; Zaba et al. 2009c¢).

The latest biologic to be approved for psori-
asis in 2009, ustekinumab, is a monoclonal an-
tibody simultaneously blocking the heterodi-
meric proteins IL-12 and IL- 23 via its biding
to the shared subunit p40. Its efficacy is quite
high, with 67% of patients achieving PASI75 at
12 wk of treatment (Leonardi et al. 2008b; Papp
et al. 2008).

Some serious adverse events, such as oppor-
tunistic infections and reactivation of latent tu-
bercolosis, have been reported for these mono-
clonal antibodies (Sivamani et al. 2013). Long-
term safety data (up to 4 and 5 yr treatment) are
now available for etanercept and ustekinumab
(Leonardi et al. 2003; Papp et al. 2005, 2012d,
2013a; Tyring et al. 2006), suggesting a safe use
of these drugs.

A number of other biologic drugs is current-
ly (mid-2013) being investigated in clinical tri-
als. In line with the prominent role of IL-23 /IL-
17 axis in psoriasis, two antibodies (guselkumab
[formerly CNTO1959] and MK-3222) targeting
the specific IL-23p19 subunit are in phase IT and
II1, respectively (Janssen 2013; Merck 2013a,b).

Monoclonal antibodies blocking either IL-
17A (ixekizumab and secukinumab) (Leonardi
etal. 2012; Papp et al. 2013b; Rich et al. 2013) or
IL-17R brodalumab (Papp et al. 2012b) have
shown striking efficacy in phase II clinical trials
with >70% of patients achieving PASI75 and
more than half receiving a remarkable PASI9O.
Although phase III clinical trials are currently on-
going (Amgen 2013a,b,c; Eli Lilly 2013a,¢,d,e,f;
Novartis 2013b), initial molecular data showed
that the effect of IL-17 blockade on expression
of genes synergistically regulated by IL-17 and
TNF-a is greater than in previous studies with
anti-TNF therapy (Krueger et al. 2012).

Notwithstanding the efficacy of the biologic
drug currently available in the clinic, at least one
third of patients do not respond to biologic ther-
apy (Gudjonsson et al. 2012) or lose initial
responsiveness because of the development of
antidrug antibodies (ADA), which causes de-
creased drug efficacyand /or induction of adverse
events (Sathish et al. 2013; Vincent et al. 2013).
Moreover, biologic drugs pose a considerable eco-

nomical burden because of their costs (Poulin
et al. 2009; Liu et al. 2012). Finally, a sizable
number of patients with mild-to-moderate pso-
riasis still rely on traditional topical treatments.

Small Molecule Drugs

The aforementioned limitations of biologic
drugs has led to other therapeutic options being
explored, such as small molecule, that is, low
molecular weight, organic compounds target-
ing key molecules involved in cellular signaling
(Garcia-Perez et al. 2013) aimed at minimizing
general immunosuppression.

Within this category, tofacitinib and apremi-
lastare currently the molecules mostadvanced in
the clinical development. Tofacitinib is an inhib-
itor of Janus kinases (JAK)1 and JAK3, key intra-
cellular enzymes transducing cytokine-initiated
signals, which showed efficacy both in the oral
and topical formulation (Boy et al. 2009; Ports
et al. 2013), with 66.7% of patients reaching
PASI75 at 12 wk in a phase IIb trial (Papp et al.
2012c). These encouraging results are in agree-
ment with the efficacy displayed by tofacitinib in
phase III clinical trials in rheumatoid arthritis
(RA) (Fleischmann et al. 2012; van Vollenhoven
etal. 2012), which have led to its approval in the
United States of America for the treatment of
patients with moderate-to-severe RAwho inad-
equately responded to metothrexate.

Apremilast is an inhibitor of phosphodies-
terase 4, an enzyme involved in the breakdown
of cAMP. Apremilast inhibitory activity increas-
es CAMP levels, thus inhibiting the production
on proinflammatory cytokines. Phase IIb data
on efficacy (41% of patients achieving PASI75 at
week 16), safety, and tolerability of apremilast in
the treatment of psoriasis have been recently
published, supporting the transition of this
drug to the next level of clinical development
(Papp et al. 2012a).

Even if their efficacy is, in some cases, far
from that of biologic drugs, these molecules
have a cheaper manufacturing process, can be
administered orally or topically, and have shown
a good safety profile so far, although long-term
safety data are needed to confirm the initial
studies. Thus, they could find their therapeutic
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niche in the treatment of less severe forms of
psoriasis.

BIOMARKER DISCOVERY IN PSORIASIS:
STATE OF THE ART AND INNOVATIVE
DISCOVERY APPROACHES

The identification of disease-specific molecular
patterns or, more precisely, biomarkers, is of
invaluable usefulness in the clinic for disease
prognosis, therapy response prediction, and pa-
tient stratification. Biomarkers can also be used
to identify disease risk factors, guide further
investigation, and, overall, contribute to better
elucidate disease etiopathogenesis. Using a va-
riety of hypothesis-driven experimental ap-
proaches, candidate biomarkers have been de-
scribed for psoriasis, although none of them has
so far met the sensitivity, specificity, and accu-
racy criteria that would allow their translation
into clinical use (Villanova et al. 2013a).
Traditional investigation of circulating bio-
markers assessing psoriasis blood and serum
have shown increased levels of unspecificinflam-
mation markers (Rocha-Pereira et al. 2004; Gar-
baraviciene et al. 2010; Gisondi et al. 2010), sev-
eral pro inflammatory cells (Kagami et al. 2010)
and their mediators (Arican et al. 2005), as well
asaltered lipid and coagulation profiles (Maron-
giu et al. 1994; Rashmi et al. 2009) compared
with healthy individuals, in keeping with the de-
scribed cardiovascular comorbidities. Specific
cell subsets present in the periphery, correlate
well not only with disease status, but also with
therapy response. Both pathogenic Th cell sub-
sets (Th1, Th17, and Th22) and circulating en-
dothelial cells, which can be used as an indirect
measure of vascular injury, decrease after suc-
cessful anti-TNF therapy, suggesting simultane-
ous improvement of disease activity and cardio-
vascular health during efficacious treatment
(Kagami et al. 2010; De Simone et al. 2013). In-
terestingly, cutaneous lymphocyte-associated
antigen expression on lymphocytes has been
shown to negatively correlate to PASI score dur-
ing anti-TNF therapy, allowing to predict re-
sponders and nonresponders within the first
six weeks of treatment (Jokai et al. 2013). Good
response to biologics can be affected by their

Psoriasis

immunogenicity and consequent development
of ADA, which can interefere with pharmacoki-
netics, pharmacodynamics, efficacy, and safety
of the therapeutic. Therefore, biomarkers to as-
sess drug levels and test ADAwould be helpful to
optimize long-term management of biologic
therapies (Vincent et al. 2013).

An overall increase in proinflammatory me-
diators is detectable in skin lesions, in particu-
lar, prominence for molecules of the IL-23/IL-
17 axis (Lee et al. 2004; Wilson et al. 2007; Tonel
et al. 2010). Nonetheless, the biggest changes at
tissue levels are observed in KC-related mole-
cules, in keeping with their altered proliferation
and differentiation and increased production of
antimicrobial peptides.

Finally, based on the growing list of psoriasis
susceptibility genes identified by GWASs, genet-
ic biomarkers are being investigated. SNPs in
genes involved in drug transport and metabo-
lism (ABCC1 and ABCG2), as well as in the reg-
ulation of TNF-induced pathways (TNFAIP3),
are associated with improved metotrexathe
or anti-TNF treatment response (Hebert et al.
2012; Tejasvi et al. 2012), calling for further
pharmacogenetic studies.

Recent advances in technology, improved
cost effectiveness, and the development of pow-
erful computational tools have led to the im-
plementation of high-throughput platforms,
which can be exploited in both research and
clinical settings for a de novo discovery approach
and the successful identification of translational
biomarkers (Fig. 4).

Technologies, such as gene expression mi-
croarray and next-generation DNA and RNA
sequencing for the rapid sequencing of entire
genomes, transcriptomes, and epigenomes
have been successfully applied to psoriasis, re-
sulting, for instance, in the identification of the
IL36RN (Onoufriadis et al. 2011) and CARD14
mutations (Jordan et al. 2012b), refinement of
the psoriasis “transcriptome” (Jabbari et al.
2012; Tian et al. 2012), and description of the
global changes of methylation in lesional versus
nonlesional psoriatic skin (Roberson et al.
2012). Multiparameter technologies such as
multiplex cytokine bead arrays and flow cytom-
etry have provided an additional layer of com-

Cite this article as Cold Spring Harb Perspect Med 2014;4:a015354 19



g’&’,’}g Cold Spring Harbor Perspectives in Medicine

PERSPECTIVES

www.perspectivesinmedicine.org

P. Di Meglio et al.

Translational research

Non-hypothesis-driven research

Omics technologies
Simultaneous analysis
of several parameters
(e.g., next-generation sequencing,
multicytokine bead array)

Repository data Clinical data
Bench
Psoriasis )
Clinical samples In vitro
experiments

Animal models

Conventional technologies
One or few parameters
analysed simultaneously
(e.g., q PCR, ELISA....)

Validation
Qualification
Approval
Advanced analysis
Computational analysis
Translational bioinformatics
Systems biology
One or few markers
signatures
Refined psoriasis transcriptome!-?
Molecular disease phenotypes®
Bedside

Candidate biomarker

Few proinflammatory mediators*
Lipid dysregulation®

One or few markers

Conventional analysis

Hypothesis-driven research

Reverse translation

Figure 4. Psoriasis research for disease-specific biomarker discovery. Psoriasis research progresses via reciprocal
inputs from the bench to the bedside (translational research) and vice versa (reverse translation). Clinical
samples and data, repository data, in vitro, and in vivo animal models can be assessed and analyzed using
conventional technologies measuring one or few parameters according to a preformed hypothesis, or innovative
high-throughput platforms, which simultaneously measure many parameters according to a non—a priori
hypothesis approach. Both strategies can lead to the identification of a candidate biomarker, which coincides
with one, several, or multiple markers leading to molecular signatures in the case of omics data. Whatever the
discovery approach, the clinical translation of a biomarker will then require the successful achievement of the
validation, qualification, and approval process. Examples in the figure are from: 'Suarez-Farinas et al. 2012;

*Tian et al. 2012; *Ainali et al. 2012; *Arican et al. 2005; *Gupta et al. 2011.

plexity, fine tuning the molecular and cellular
immune signature of psoriatic serum (Suarez-
Farinas et al. 2012), blood, and skin (Sjogren
et al. 2012) using little starting material.

Asthese technologies produce a vastamount
of data (“omics”), the collection of genetic
variations, gene expression, proteomics, and
clinical information call for integrative com-
putational methods, or “translational bioinfor-
matics,” to develop and improve methods for
storing, retrieving, organizing, and analyzing bi-
ological data.

The derivation of molecular signatures us-
ing omics data is increasingly expanding and
can be further implemented by mining publi-
cally available data sets.

For instance, a large amount of gene expres-
sion data from psoriasis skin is now available
and a meta-analytic approach has recently
been used to combine the results of five micro-
array data sets obtaining the meta-analysis-de-
rived psoriasis transcriptome (Tian et al. 2012).
The overrepresentation of atherosclerosis sig-
naling and fatty acid metabolism pathways
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in lesional skin supports the close relationship
between psoriasis and systemic manifestations
(Tian et al. 2012) This study has also identified
a set of 20 “classifier” genes clearly separating
lesional from nonlesional psoriasis skin, thus
representing possible biomarkers. This set con-
tained many genes that were part of the residual
disease genomic profile, or “molecular scar,”
still present in psoriasis skin after success-
ful treatment (Suarez-Farinas et al. 2011), and
also genes with differential methylation status
(Roberson et al. 2012). Moreover, an innovative
pipeline for patient stratification has been de-
veloped through an integrated analysis of the
psoriasis transcriptome using decision-tree pre-
dictors (Ainali et al. 2012). Psoriatic samples
were clustered on the basis of distinct gene ex-
pression patterns identifying two molecular dis-
ease subtypes: pathways particularly enriched in
one of the two subgroups included transform-
ing growth factor 3 and ErbB, thus, suggesting
putative therapeutic targets for these patients. A
network-based methodology has also been used
for the integrative analysis of proteomics and
transcriptomics data sets identifying similarities
and differences between the two levels of cellular
organization (Piruzian et al. 2010)

Moreover, systems biology is used to analyze
and visualize the complex connections and
multiple levels of biological hierarchies of sub-
cellular processes, such as gene regulatory net-
works and signal transduction pathways. A sys-
tems biology approach has been used to model
and quantify immune cell interactions contrib-
uting to skin inflammation via cytokine signal-
ing (Valeyev et al. 2010). The relationship be-
tween genetic variants and small alterations in
cytokine production can modify the feedback
loop between immune cells and lead to patho-
logical inflammation.

CONCLUSIONS AND FUTURE
PERSPECTIVES

Four decades of clinical and basic research have
greatly advanced our understanding of the com-
plex architecture of psoriasis and, more impor-
tantly, increased the number of effective thera-
peutic options available to patients.

Psoriasis

Future directions call for a refinement of the
current knowledge through a more integrative
approach. Psoriasis susceptibility genes identi-
fied so far clearly point toward critical patho-
genic pathways warranting further studies and
more genetic studies to identify the so-called
“missing heritability” Although challenging,
functional investigation of genetic determinants
is needed to better exploit them in a clinical
setting, for example, in pharmacogenetic studies
assessing possible response-to-treatment pre-
dictive roles. Investigation of mechanistic asso-
ciations linking distinct environmental triggers
with certain genetic determinants and specific
dysregulated immune responses would also in-
crease the possibility to implement a much-
needed personalized medicine approach in the
near future. The integration of different types of
large datasets, obtained through high-through-
put platforms and powerful analytical tools,
supports the discovery of disease biomarkers
with multiple applications in patients’ stratifica-
tion, treatment of comorbidites, and new drug
discovery. Taken together, these efforts hold the
promise to further benefit psoriasis patients.
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