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Preface

Psoriasis has a worldwide distribution varying according to race and geographic
location. This book presents the international experience of psoriasis from
pathophysiology to clinical presentation and treatment strategies.

The first section of the volume focuses on research related to the development of
therapies for psoriasis. Experimental models and clinical results from immunologically
directed therapies have demonstrated the important role and interaction of
inflammatory cytokines, chemokines and immune cells in the pathogenesis of psoriasis.

The next segment of the volume presents the varying, and often difficult to treat,
clinical manifestations of psoriasis. The role of vitamin D in psoriasis is explored and
the role of the metabolic syndrome in psoriasis is reviewed.

The final segment of the volume is a discussion of therapy. The review of topical and
biologic treatments discusses the spectrum of therapies available for psoriasis. The
efficacy and safety of cyclosporine, a traditional systemic therapy, and the role of diet
and nutrition is addressed.

We hope you enjoy and find the information useful in your research or practice. We
urge that you continue to keep abreast of the new developments in psoriasis and share
your knowledge so that we may advance treatment and cures of psoriasis.

Mona Malakouti (medical student) assisted with editing of the “UVB and Vitamin D
in Psoriasis”chapter.

Jennifer Soung, M.D.
Assistant Professor & Director
Dermatology Clinical Research
University of California, Irvine
USA

Bonnie Koo, M.D.

Clinical Research Specialist
University of California, Irvine
USA






Part 1

Pathophysiology






Psoriasis and Stem Cells

Kaiming Zhang, Guohua Yin, Xinhua Li,

Xuping Niu, Ruixia Hou, Ruifeng Liu and Jungqin Li

Taiyuan City Central Hospital Affiliated to Shanxi Medical University,
1 Dong San Dao Xiang, Taiyuan, Shanxi Province,

China

1. Introduction

Psoriasis is a chronic inflammatory skin disorder characterized by hyper-proliferation of
basal keratinocytes, thickened and scaly epidermis, and recruitment of inflammatory cells to
the skin. It affects approximately 2% of the world’s population. The disease follows a
pathogenic pathway involving various immunocytes and immune molecules. Activated T
cells have been shown to trigger a chain of cellular and molecular reactions leading to the
formation of psoriatic lesions. Fusion proteins that can block T cell activation or the function
of anergized T cells, and cytokines and biologics that can inhibit T cell migration are
effective in the treatment of psoriasis. Intradermal injection of T cells from psoriatic patients
into human skin/severe combined immunodeficient (SCID) mice can induce spontaneous
psoriatic conversion of skins from healthy human or non-lesional skin from psoriatic
patients. Thus, it is widely accepted that psoriasis is a T lymphocyte-mediated autoimmune
disease. Although the roles of T cells in psoriasis have been confirmed, the exact
mechanisms of psoriasis and the origin of abnormal T cells are still unclear.

Beside T cells, psoriatic patients have a wide variety of other immune abnormalities such as
B cells, monocytes, neutrophils and erythrocytes. As the precursor of immune cells, bone
marrow hematopoietic stem cells have been suggested to be responsible for immune
dysregulation of T cells in psoriasis. Several recent studies have indicated that abnormal T
cells may be closely related to anomalous hematopoietic stem cells (HSCs) determined by
psoriatic hereditary background. In addition to HSCs, aberrant bone marrow mesenchymal
stem cells have also been demonstrated in patients with psoriasis.

2. The clinical cue of relationship between psoriasis and bone marrow cells

Although various exogenous and endogenous factors are believed to activate the immune
system leading to imbalance of the system and initiation of psoriasis, increasing evidences
suggest that inherent and intrinsic rather than extrinsic factors are more important in
psoriasis pathogenesis. These intrinsic factors may be involved in spontaneous T-cell
activation or proliferation, regulation of cytokine production, hematopoietic cell
development, and T-cell development in the thymus. Allogeneic bone marrow
transplantations (BMT) have been reported to either eliminate or aggravate psoriasis.
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Leukemia patients with psoriasis reportedly have long-term psoriasis remission or
amelioration. On the other hand, non-psoriatic leukemia patients can develop psoriasis after
transplanting bone marrow from psoriatic donors. These clinical reports indicate that
psoriatic immune abnormalities transferred by BMT may have originated from bone
marrow HSC.

3. Bone marrow derived hematopoietic stem / progenitor cells from psoriatic
patients are anomalously proliferative

Based on the above evidence, many researchers begin to pay close attention to bone marrow
abnormality of psoriatic patients. In vitro studies have shown that monocytopoietic activity
is enhanced in psoriasis and functional bone marrow scintigraphy using 99Tcm-labelled
human serum albumin millimicrospheres has shown hyperplasia of phagocytes in psoriasis.

Bone marrow, with its rapidly renewing cell populations, is one of the most sensitive tissues
to various stimulations of exogenous or endogenous factors. Once activated the pathogenic
peripheral immunocytes in psoriasis and their released soluble factors, such as gamma-
interferon (IFN-y), interleukin-2 (IL-2), IL-8 and tumor necrosis factor-alpha (TNF-a), may
influence hematopoietic microenvironment, and even hematopoiesis. In vitro assessment
using high proliferative potential colony-forming cell (HPP-CFCs) and colony formation
units (CFU) is used as a surrogate marker of hematopoietic activity and can play a key role
in linking hematopoiesis to psoriasis. Supernatant of in vitro cultured psoriatic peripheral
blood mononuclear cells was found to suppress the proliferative activity of normal bone
marrow HPP-CFCs, CFU-GM (granulocyte-macrophage colony-forming units) and CFU-E
(erythroid colony-forming units). These results support the hypothesis that aberrant
psoriatic peripheral immunocytes and cytokines can influence hematopoiesis.

Recently, besides the influence of aberrant peripheral immunocytes and cytokines,
researchers began to pay attention to the intrinsic deficiency of psoriatic bone marrow
hematopoietic cells. Zhang et al. cultured psoriatic bone marrow mononuclear cells in
methylcellulose semisolid medium and observed their colony formation ability in the
presence of exogenous cytokine combinations. These studies show a decreased colony
formation ability of HPP-CFC, CFU-GM but not CFU-E, implying that the proliferative
activity of HSCs in patients with psoriasis may be intrinsically decreased. They further
investigated the molecular mechanisms of abnormal proliferative activity of HSCs in
psoriasis and found that promoter methylation of p15, pl6 and p21 genes is significantly
decreased and transcription levels of these genes are enhanced in ex vivo cultured bone
marrow HPP-CFCs from psoriatic patients in comparison to those from healthy volunteers.
The P15, P16 and P21 proteins belong to the INK4 kinase family of cyclin-dependent kinase
inhibitors and can negatively regulate the cell cycle through competitive inhibition of cyclin-
dependent kinases 2, 4 and 6. Higher expression of these genes may contribute to the low
proliferative activity of psoriatic hematopoietic cells.

Expression of Notch receptors and their ligands in hematopoietic system has been widely
reported, and Notch signaling has been shown to influence hematopoietic cell proliferation
and differentiation at several stages. The activation of Notch signaling results in
transcriptional activation of E(spl)/HES genes, which function as negative regulators of cell
proliferation and differentiation. Moreover, Notchl and Hes-1 expression is significantly
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enhanced in psoriatic CD34* bone marrow cells compared to normal controls. Beside HES
genes, another transcription factor RUNX-1, which is essential for hematopoietic cell
development, has long been suspected to be involved in the pathogenesis of psoriasis
because loss of RUNX1 binding site located between the SLC9A3R1 and NAT9 genes at
1725 has been found increased expression in the psoriatic CD34* cells. These studies
suggest that the dysfunction of immune cells in psoriatic patients can be traced back to the
early development of hematopoietic cells.

4. T cells differentiated from bone marrow derived hematopoietic cells of
psoriatic patients are functionally different from normal T cells

Since T cells are derived from bone marrow hematopoietic cells, it is suggested that
hematopoietic cells are partly relevant to the dysfunction of T cells in psoriasis. To
demonstrate whether T cells are produced inherently dysfunctional from the immune
system, Zhang et al. cultured bone marrow CD34* cells from psoriatic patients and induced
them to differentiate into T cells and CD4*CD25* regulatory T cells in vitro. A further
functional study revealed abnormal characters of these cells compared to normal bone
marrow derived ones.

The main hallmark of CD4+*CD25* T cells is their immune regulatory function by interacting
with effector T cells. Several studies have reported that the CD4*CD25* T-lymphocyte
subpopulation in peripheral blood and lesional skin demonstrates a less inhibitory effect on
effector T cells, leading to accelerated proliferation of pathogenic/effector T-cells in
autoimmune diseases, especially in psoriasis. Although the proportion of CD4+*CD25+ T cells
and FOXP3 gene expression are comparable in both psoriatic and healthy samples,
proliferation of psoriatic bone marrow derived CD4+*CD25* T cells is significantly attenuated
and secretion of cytokines IL-2 and IL-10 is decreased compared to normal controls in
response to streptococcal superantigen (Strep-A). In particular, CD4*CD25* T cells
differentiated from psoriatic CD34+ cells are functionally insufficient to restrain proliferation
of activated effector T-cells. That is to say, the function of CD4+*CD25* T cells derived from
psoriatic bone marrow CD34* cells in vitro is similar to that of peripheral CD4+CD25* T-
lymphocytes of psoriatic patient in vivo.

In another study, bone marrow CD34* hematopoietic cells from psoriatic patients with
family history were induced into effector T cells and their functions such as in vitro
proliferation ability, secretion of cytokines IL-4, IL-8 and IFN-y, and their ability to
induce human keratinocytes producing C-myc, Bcl-xL, and Ki67 proteins were compared
with their counterpart from healthy objects. The differentiated T cells from CD34+* cells of
psoriatic patients showed higher proliferative activity and stronger capacity to secret Th1l
cytokines in response to streptococcal superantigen and could induce expression of C-myc
and Ki67, but not Bcl-XL in keratinocytes co-cultured with psoriatic differentiated T
cells.

These studies show that regulatory as well as effector T cells differentiated from CD34+ cells
of psoriatic patients, but not normal controls, are functionally similar to those psoriatic
circulating T cells and suggest that dysfunctional activity of T cells in psoriatic patients can
be traced back to the early development of hematopoietic cells.
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5. The bionomics of psoriatic bone marrow mesenchymal stem cells

Mesenchymal stem cells, also referred as marrow stromal cells, are another important type
of stem cells in bone marrow. Cytokines secreted by bone marrow mesenchymal stem cells
(BMSCs) along with extracellular matrix compose the hematopoietic microenvironment and
influence hematopoiesis. More than 30 hematopoietic cytokines and growth factors
including TNF-a, IL-1, IL-6, IL-7, IL-8, IL-10, IL-12, IEN-y and IL-18 are reportedly secreted
by BMSCs and many of them could influence immune reaction of peripheral blood.
Secretion of SCF, granulocyte colony-stimulating factor (G-CSF) and IL-6 is increased in in
vitro cultured BMSCs from psoriatic patients, while that of IL-1a, IL-1b, IL-3, IL-8, epidermal
growth factor (EGF), vascular endothelial growth factor (VEGF), TNF-a, leukaemia
inhibitory factor (LIF), hepatocyte growth factor (HGF) and platelet-derived growth factor
(PDGF) is decreased and the levels of GM-CSF, IL-11 or IL-7 is not altered. Pearson
correlation analysis demonstrates that those cytokine levels are not correlated with PASI
scores, indicating that abnormal secretion of cytokines is due to anomaly of BMMSCs
themselves rather than systemic inflammatory response.

On the other hand, BMSCs are also characterized by their ability to differentiate into
multiple mesenchymal lineages, including osteocytes, chondrocytes, adipocytes, endothelial
cells and skeletal muscle cells under controlled in vitro conditions. Studies have found that
BMSCs from psoriatic patients have lower proliferative and passage ability and are more
prone to differentiate into vascular endothelial cells (VEC) compared with those from
healthy subjects under the same induction conditions. Moreover, this differentiation ability
is paralleled with the disease severity. In addition, specimens from a patient whose parents
also have psoriasis could spontaneously differentiate into VECs. Further studies on gene
expression using RNA sequencing showed a total of 475 genes mostly enriched in
prostaglandin (PG) and prostanoid metabolic process (unpublished data) are differentially
expressed in this patient.

Studies on differential gene expression of BMSCs from 4 psoriatic patients and 3 healthy
subjects found a total of 1617 genes were differently expressed by more than 2-fold between
the two groups, among which 324 genes were upregulated and 1293 genes were
downregulated in psoriatic patients. GO analysis revealed the first five gene-enriched GO
terms were immune response, inflammatory response, antigen processing and presentation
of peptide, chemotaxis, and cell adhesion. While the first five highly enriched factor terms
were positive regulation of CD4+CD25+ alpha-beta regulatory T cell differentiation,
lipoprotein particle clearance, antigen processing and presentation of peptide, negative
regulation of peptidase activity, and positive regulation of cholesterol storage (unpublished
data). These terms have been confirmed to participate in the onset and development of
psoriasis.

Taken together, these studies suggest that BMSCs of psoriatic patients are abnormal in
proliferation, differentiation, passage ability, secretion of multiple cytokines and gene
expression, and may partly participate in the occurrence and development of psoriasis. In
other words, psoriasis is a multi-system disease that involves not only the epidermis, but
also the hematopoietic system, immune system, neuroendocrine system, and so on. With
continued research, various stem cells may be confirmed to be involved in the generation
and development of psoriasis.
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Pathogenesis of Psoriasis: The Role of
Pro-Inflammatory Cytokines Produced
by Keratinocytes

Anna Balato, Nicola Balato, Matteo Megna,

Maria Schiattarella, Serena Lembo and Fabio Ayala
Department of Dermatology - University of Naples Federico I
Italy

1. Introduction

Psoriasis is a chronic, inflammatory skin disease affecting 2 to 3% of the white population
(Gudjonsson & Elder, 2007). It is a multifactorial disease since its development depends on a
complex interplay of genetic and environmental factors. As no pathogen has been
consistently identified within psoriatic plaques (indeed skin infections are rare in lesions
because of antimicrobial peptides) (Nomura et al., 2003), an autoimmune basis for the
chronic inflammation is the dogma for this complex disorder. Psoriasis is characterized by
macroscopic (clinical) and corresponding microscopic (histological) skin alterations and
leads to considerable impairment of the quality of life of the affected patients. Special forms
of psoriasis (e.g. arthropathic form) can be accompanied by severe extra-cutaneous changes.

2. Psoriasis pathogenesis

Psoriasis is usually identified by erythematous, raised, scaly skin lesions. These clinical
features are explained by impressive growth and dilation of superficial blood vessels
(elongated /hyperplastic capillaries in the papillary dermal region) and equally impressive
hyperplasia of the epidermis. Epidermal growth occurs in a pattern termed “psoriasiform”
hyperplasia, which describes both elongated rete pegs, thickening (acanthosis), and
differentiation changes (Krueger & Bowcock, 2005). In psoriatic epidermis, keratinocytes
proliferate and mature rapidly so that terminal differentiation, normally occurring in
granular keratinocytes and then squamous corneocytes, is incomplete. Hence, squamous
keratinocytes aberrantly retain intact nuclei (parakeratosis) and release few extracellular
lipids that normally cement adhesions of corneocytes. The failure of psoriatic corneocytes to
stack normally and to secrete extracellular lipids cause scaling and a break in the protective
barrier whereas marked dilation of blood vessels in the dermis causes the visible redness of
psoriatic skin lesions. The extensive infiltration of mononuclear immune cells in the dermis
and epidermis (T cells and dendritic cells in the dermis and polymorphonuclear leucocytes
such as neutrophils within small foci in the stratum corneum) is another defining feature of
psoriasis histopathology and a key point of its pathogenesis. The pathogenesis of psoriasis is
considered to be an immunologically mediated process that takes place upon a favourable
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genetic background. According to this view, the presence of a yet unknown (auto)-antigen
causes the generation of effector T-cells that infiltrate the skin and initiate the inflammatory
process (Wolk et al., 2009a). Over its course, cutaneous infiltration of various immune cell
populations and, subsequently, an activation of numerous immune and tissue cells in the
skin take place. Secreted cytokines from activated cells then induce keratinocyte alterations
such as excessive growth and aberrant differentiation forming the basis of the epidermal
acanthosis, hyperkeratosis and parakeratosis which characterize psoriasis plaques. The
trigger of keratinocyte response is thought to be the activation of the cellular immune
system, with T cells, dendritic cells and various immune-related cytokines and chemokines
implicated in pathogenesis. Rather than viewing psoriasis as a disease caused by a single
cell type or a single inflammatory cytokine, it is probably best to conceptualize the disease
pathogenesis as linked to many interactive responses among infiltrating leucocytes, resident
skin cells, and an array of pro-inflammatory cytokines, chemokines, and chemical mediators
produced in the skin (Lowes et al., 2007). Fundamentally two different cell types interact in
the formation of a psoriatic lesion: keratinocytes and mononuclear leukocytes. Whereas
keratinocytes might be viewed only as bystander cells in terms of immune activation, it is
more likely that they are active participants in the recruitment and activation of leukocytes
in psoriatic lesions. Thus, there are two sets of interactive cellular responses in the psoriatic
lesion that potentially create a ying/yang relationship; the balance between the activation of
innate and acquired immune cell types, and the factors produced by epidermal
keratinocytes that directly affect T cells and dendritic cells, and vice versa. Psoriasis is
considered a T helper 1 (Thl) condition, characterized by the production of interferon-
gamma (IFN-y) and tumor necrosis factor alpha (TNF-a) under the influence of interleukin-
12 (IL-12). However, there is increasing evidence of the importance of a novel T cell
population, Th17 cells, in this inflammatory disease. Th17 cells are stimulated by IL-23
(which shares the p40 subunit with IL-12) to produce IL-17 and also IL-22, which has
recently been shown to be a major driver of acanthosis in psoriasis, and so is a novel target
for treatment. Effector cells of innate immunity including neutrophils, plasmacytoid
dendritic cells (plasmocytoid DCs) and CD11c+ dendritic cells (myeloid DCs) are involved
and present in psoriatic lesions creating a very intricate and complex network of interactions
which is the base of the pathogenetic process of psoriasis (Nograles et al., 2010). An
interplay between environmental and genetic factors sets the scene for disease-initiating
events. Initial triggers such as physical trauma or bacterial products start a cascade of events
that include the formation of DNA-LL-37 complexes, activation of plasmocytoid dendritic
cells and secretion of interferon-a (IFN-a). IFN-a secreted by plasmocytoid dendritic cells
promotes the activation of myeloid dendritic cells (Nestle et al., 2005). Activated myeloid
dendritic cells migrate into draining lymph nodes and induce the differentiation of naive T
cells into effector cells such as Th17 or type 17 cytotoxic T cells (Tc17) and Thl or type 1
cytotoxic T cells (Tcl) (Nestle et al., 2010). Effector cells recirculate and slow down in skin
capillaries in the presence of selectin-guided and integrin-guided receptor-ligand
interactions. Immune cells expressing the chemokine receptors CCR6, CCR4, and CXCR3
emigrate into skin tissue along chemokine gradients. Dendritic cells and T cells form
perivascular clusters and lymphoid-like structures around blood vessels in the presence of
chemokines such as CCL19 produced by macrophages. A key checkpoint is the migration of
T cells from the dermis into the epidermis; this migration is controlled through the
interaction of alpl integrin (very late antigen 1 [VLA-1]) on T cells and collagen IV at the
basement membrane (Conrad et al., 2007). Unconventional T cells, including natural killer T
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cells (NKT), contribute to the disease process. Key processes during disease maintenance are
the presentation of putative (auto)-antigens to T cells, the release of IL-23 by dermal
dendritic cells, the production of pro-inflammatory mediators such as IL-17A, IL-17F, IL-22
by Th17 and Tc17 cells and IFN-y and TNF-a by Th1 and Tcl cells. These mediators act on
keratinocytes leading to the activation, proliferation and production of antimicrobial
peptides (AMPs) (e.g., LL-37 cathelicidin and -defensins) and chemokines (e.g.,, CXCL1,
CXCL9 through CXCL11 and CCL20), and S100 proteins (e.g., SL00A7-9) (Nestle et al., 2010).
These soluble mediators feed back into the pro-inflammatory disease cycle and shape the
inflammatory infiltrate (Fig.1). In fact keratinocyte products influence immune activation,
and products of activated lymphocytes alter keratinocyte responses, including the induction
of new adhesion molecules for T cells. However although intrinsic alterations in
keratinocytes are crucial for the development of psoriatic lesions, a deregulated function of
other resident skin cells, such as fibroblasts and endothelial cells, may also contribute to the
pathogenesis of psoriasis. Epidermal-dermal cell interaction is a determinant for the
maintenance of the psoriatic phenotype because it guarantees the local production of growth
factors and cytokines stimulating keratinocyte proliferation. An important paracrine loop
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Fig. 1. Main actors of psoriasis pathogenesis.
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operating between keratinocytes and fibroblasts that culminates with keratinocyte
proliferation is triggered by IL-1: IL-1a and IL-1P neutralization and IL-1 receptor antagonist
significantly reduced keratinocyte growth through the abrogation of keratinocyte growth
factor (KGF) production by fibroblasts. However, IL-1 is unlikely to be the only regulator of
KGF production by fibroblasts, and indeed other keratinocyte-derived factors, such as
parathyroid hormone-related protein (PTHrP), induce KGF expression. In addition
fibroblast growth factor (FGF) family members and granulocyte-macrophage colony
stimulating factor (GM-CSF) also play a particularly important role in the fibroblast-driven
regulation of keratinocyte proliferation (Albanesi et al.,, 2007). Moreover, the activated
phenotype of lesional endothelial cells are believed to play a central role in the pathogenesis
of psoriasis and are determined by the expression of a variety of membrane and soluble
factors mainly responsible for T-cell recruitment in the skin like adhesion molecule 1
(ICAM-1). A key point is the endothelium expression of certain chemokines involved in the
arrest of circulating T lymphocytes at inflammatory sites: upon exposure to inflammatory
signals, mainly represented by TNF-a and IL-1, endothelial cells express a broad array of
chemokines, including CCL20/MIP-3a, CXCL12/SDF-1, CCL21/SLC, CCL17/TARC,
CCL2/MCP-1, CXCL10/IL-8, CCL5/RANTES, CXCL1/Gro-a, and CCL4/MIP-1p
(Girolomoni et al., 2004).

In summary, feedback loops involving keratinocytes, fibroblast and endothelial cells
contribute to tissue reorganization with endothelial cell activation and proliferation and
deposition of extracellular matrix. The hypothesis of cytokine/chemokine network in
psoriasis proposed a central role of pro-inflammatory cytokines, including TNF-a.

3. A special look at the pathogenetic functions of keratinocytes

Besides erythema, impressive hyperkeratosis manifesting as large, silvery scales, is clinically
the most visible pathology and represents a hallmark of psoriasis. This typical and
characteristic epidermal involvement has in the past led to discussions on whether
hyperproliferation and altered differentiation of epidermal keratinocytes occur indeed only
in response to skin inflammation or whether keratinocytes themselves have their share in
initiation and/or propagation of psoriasis. Whereas it is widely accepted today that
keratinocytes have the potential to actively participate and modulate immune reactions in
the skin their role as initiators or amplifiers of the inflammatory reaction in psoriasis is still
not so clear (Tschachler, 2007). Some evidence indicates that the exposure of altered auto-
antigens by keratinocytes could be directly responsible for the activation and expansion of
certain T-cell subpopulations in psoriatic skin (Bos et al., 2005). A keratinocyte-derived
candidate auto-antigen is keratin 17. Patients with active psoriasis have an increased
frequency of circulating Th1 cells reacting to peptides from keratin 17 that shares ALEEAN
aminoacidic sequence with the streptococcus M-protein. Using a new approach termed
SErological identification of Recombinant EXpressed antigens (SEREX), new auto-antigens
were found in the serum of patients with psoriasis (Jones et al, 2004). Keratin 13,
heterogeneous ribonucleprotein-Al, and a previously uncharacterized protein, FLJ00294,
were identified by SEREX as representative antigens in psoriatic patients, although auto-
reactivity for these proteins was also detected in control subjects without psoriasis.
Keratinocytes could be indirectly responsible for the activation of pathogenetic T cells
through the exposure to viral or bacterial products. Under the influence of 1L-17 and IL-22,
keratinocytes, are able to produce AMPs like human beta defensin 2, and S100 proteins
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(Nograles et al., 2008). The expression of another antimicrobial peptide, LL-37 cathelicidin,
can also be enhanced by IL-17 in the presence of vitamin D3 (Peric et al., 2008). These
proteins may function as key inflammation inducers in psoriasis, and at the same time
decrease skin infections under conditions of a dysfunctional epidermal barrier. Infections or
injury to the skin can promote lesion formation in susceptible individuals and these triggers
have been shown to stimulate keratinocyte production of the antimicrobial LL-37
cathelicidin that, when complexed with self-DNA, binds to TLR9 on plasmocytoid DCs.
These cells produce massive amounts of IFN-a and are implicated in the initiation of psoriasis
lesions (Lande et al., 2007). Accordingly, patients treated with a topical plasmocytoid DCs
agonist, imiquimod, up-regulate IFN-a and experience exacerbations in psoriasis. In addition
to stimulating plasmocytoid DCs, LL-37 has been shown to complex with self-RNA to trigger
the activation of myeloid dendritic cells (myeloid DCs) through TLR8. This leads to production
of TNF-a and IL-6, and promotes their differentiation into mature dendritic cells (Ganguly et
al., 2009). Because myeloid DCs in psoriasis have been shown to produce IL-23 it is plausible
that self-RNA complexes might potentially initiate the inflammatory cascade leading to
expansion and activation of Th17 cells (Nograles et al., 2010).

Recent investigations identified high levels of osteopontin (OPN) in psoriatic plaques
(Buommino et al., 2009). Osteopontin is produced by both keratinocytes and activated T
cells. It is a phosphorylated acidic glycoprotein of pleiotropic properties and has been
recently recognized as a potential inflammatory cytokine. A model for the role of OPN in
Th1/Th17 psoriatic disease was so suggested. After activation of myeloid DCs that express
OPN, they migrate to skin draining lymph nodes and polarize naive T cells towards a Th1
and Th17 phenotype. In addition OPN secreted by keratinocytes attracts additional
inflammatory cells. Moreover OPN inhibits keratinocyte apoptosis thereby supporting
enhanced epidermal proliferation, and, through a pro-angiogenic effect on microvascular
endothelial cells, OPN also promotes vessel formation subsequently supporting the influx of
inflammatory cells (Buback et al., 2009).

3.1 Keratinocytes and cytokines

Cutaneous and systemic over-expression of various pro-inflammatory cytokines has been
demonstrated in psoriasis. Psoriatic keratinocytes are able to produce and release IL-1a, IL-
1B, IL-6, IL-15, IL-18 and IL-20, all of them involved in the development of different
alterations which compose the complex and intricate net of psoriasis pathogenesis (Tab.
1).The cellular composition of the inflammatory infiltrate within the psoriatic plaques as
well as hyperproliferation of keratinocytes and so the whole pathogenetic process of
psoriasis appears to be mediated by these cytokines (Wojas-Pelc et al., 2006).

3.1.1 Keratinocytes and IL-1a & IL-18

IL-1 is a pro-inflammatory cytokine stimulating, among others, IL-2 and IFN-y production
through activated T cells. IL-1 activates neutrophils, monocytes, eosinophils and
basophils, triggers production of TNF-a, IL-6, IL-8 by macrophages, and in autocrine
fashion, IL-1 synthesis. IL-1 promotes proliferation of bone marrow cells, B lymphocytes,
neutrophils, macrophages and platelets (Dinariello, 2002). In psoriasis, keratinocytes are
the main source of IL-1a and IL-1p in the skin stored in the form of precursor particles
(Zepter et al., 1997). Monocytes/macrophages, activated endothelial cells, fibroblasts and
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Langerhans cells (LCs) are additional IL-1 sources (Yoshinaga et al., 1995). Normal
keratinocytes do not contain a biologically active form of interleukin 1(B-converting
enzyme (ICE), and almost all IL-1 activity in the healthy epidermis results from the
activity of IL-1a. In transgenic mouse models, IL-1a production in the basal layer of the
epidermis leads to development of inflammatory lesions characterized by erythema and
histology resembling psoriasis (Groves et al.,, 1995). Although IL-1 expression in the
psoriatic epidermis appears altered, data on this finding are often conflicting. Some
studies showed that IL-1a levels in psoriatic lesions were decreased or below detection
limits in comparison to non-lesional and healthy skin (Okubo & Koga, 1998), whereas
others demonstrated increased levels of IL-1p (Debets et al., 1997). Serum levels of IL-1a
and IL-1P were low both in patients and in healthy controls. Increased levels of IL-1a and
IL-1B were noted in supernatants of monocyte cultures obtained from patients with
psoriasis (Okubo & Koga, 1998). Peripheral blood mononuclear cells (PBMCs) of inactive
psoriasis patients produced lower levels of IL-1a and IL-1P than the cells obtained from
patients with active psoriasis, although still higher than those of healthy controls. The
production of IL-13 by PBMCs from psoriatic patients positively correlated with disease
severity (Mizutani et al.,, 1997). Higher levels of IL-1p in blister fluid than in serum
support the hypothesis that this cytokine is locally produced in psoriatic lesions. Despite
fairly strong arguments for the key role of IL-1 in the activation of psoriasis, there is
scarcity of data on the use of IL-1 antagonists in psoriasis treatment.

Cytokines Role in psoriasis

IL1 Stimulation of IL-2 and IFN-y production
through activated T cells and of TNF-a, IL-
6, IL-8 by macrophages, and in autocrine
fashion, of IL-1 synthesis.

IL-6 Regulation of growth and differentiation of
epidermal cells and stimulation of Th17
cells differentiation.

IL-15 Anti-apoptotic effects on lymphocytes and
keratinocytes; stimulation of IL-17
expression, promotion of T cell and
monocyte activation, production of
cytokines implicated in the pathogenesis of
psoriasis, including IFN-y and TNF-a.
IL-18 Induction of several chemokines in
fibroblasts and neutrophils, increased T-
cell adhesion to extracellular matrix
ligands, induction of angiogenesis,
induction of chemotaxis in plasmacytoid
dendritic cells.

IL-20 Inhibition of normal terminal
differentiation of keratinocytes, induction
of anti-bacterial proteins.

Table 1. Roles of cytokines released by psoriatic keratinocytes.
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3.1.2 Keratinocytes and IL-6

IL-6 is involved in the growth and differentiation of dermal and epidermal cells (Hirano,
1998), growth and differentiation of cytotoxic cells, activation of natural killer cells (NK) and
maturation of hematopoietic stem cells (Pietrzak et al., 1999). Furthermore it acts as a
chemotactic factor for T cells, and thus can directly stimulate T-cell migration to the
epidermis. Increased levels of mRNA of IL-6 and its receptor were observed in psoriatic
lesions, suction blister fluid and in keratinocytes (Krasowska et al., 1998). Previous studies
have also shown a high level of IL-6 in plasma/serum of patients with psoriasis (Galadari &
Sheriff, 2005; Grossman et al., 1989). Higher IL-6 levels were observed in psoriatic lesions
compared to non-lesional and normal healthy skin (Chang et al.,, 1992; Grossman et al.,
1989). Classical anti-psoriatic therapies such as phototherapy (PUVA, UVB), systemic
corticosteroids and methothrexate lead to normalization of IL-6 levels (Mizutani et al., 1997).
Both non-lesional and lesional psoriatic keratinocytes produce IL-6 (Grossman et al., 1989;
Krasowska et al., 1998; Zalewska et al., 2006). IL-1 and TNF-a activate keratinocytes to
produce IL-6. Koebner phenomenon is likely to result from the increased activity of IL-6 and
its receptor in psoriasis (Grossman et al.,, 1989). Many studies show that IL-17F is able to
induce IL-6 production both in normal human epidermal keratinocytes and in mouse skin
(Fujishima et al., 2010). Moreover CD4+ T cells in skin from psoriasis patients express IL-17F
and recent studies have demonstrated increased expression of IL-6 in IL-17F-overexpressing
mice, thus further supporting a role of IL-17F in the induction of IL-6 (Hurst et al., 2002;
Yang et al.,, 2008). IL-6 could directly contribute to the epidermal hyperplasia seen in
psoriatic epithelium as well as affecting the function of dermal inflammatory cells.
Moreover, it has been demonstrated that IL-6 induces Th17 cell differentiation in humans
(Ishigame et al., 2009). Taken together, all these data suggest that IL-17F-induced IL-6
produced by keratinocytes promotes the development of Thl7 cells as an autocrine
regulator. Thus, the IL-17F/IL-6 axis may enhance inflammation of the lesional skin in
psoriasis (Fujishima et al., 2010).

3.1.3 Keratinocytes and IL-15

IL-15 is a pro-inflammatory cytokine involved in chronic inflammatory processes. It is a key
factor controlling the activation, proliferation and survival of NK cells (Fehniger & Caligiuri,
2001; Liu et al., 2000). IL-15 is also a strong chemotactic factor for leukocytes. This cytokine
triggers angiogenesis and exerts strong anti-apoptotic effects, especially on lymphocytes,
hepatocytes and keratinocytes (Berard et al.,, 2003; Riickert et al., 2000). Furthermore, it
stimulates the expression of IL-17 by T cells (Elder, 2007). Elevated levels of IL-15 were
noted in the lesional psoriatic skin (Elder, 2007; Riickert et al., 2000; Yano et al., 2003).
Monocytes and macrophages represent the main source of IL-15 (Fehniger & Caligiuri, 2001;
Musso et al., 1999) in lesional psoriatic skin, as well as keratinocytes (McInnes & Gracie, 2004;
Yano et al., 2003). Lesional keratinocytes are strong producers of IL-15, which not only appears
critical in the promotion of T cell and monocyte activation and, hence, in the maintenance of
the local pro-inflammatory milieu, but also in the keratinocyte self-protection from apoptosis
(Riickert et al., 2000); the pathogenic effect of this cytokine in psoriasis probably results from
the stimulation of proliferation and activation of T cells and pro-inflammatory cytokines
release (including TNF-a). Recent genetic studies (Elder, 2007) further supported the role of IL-
15 as an important factor in psoriasis pathogenesis: IL-15 acts as a growth factor for CD8+ T
cells, which infiltrate the epidermis during the development of psoriatic lesions, triggers
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inflammatory cell recruitment, angiogenesis, and production of other cytokines implicated in
the pathogenesis of psoriasis, including IFN-y and TNF-a.

3.1.4 Keratinocytes and IL-18

IL-18 exerts its activity on the human defense system in inflammatory, infectious and
autoimmune diseases (Dinarello, 2006). IL-18 over-production stimulates the recruitment of
dendritic cells to the site of inflammation (Gutzmer et al., 2003). IL-18, especially together
with IL-12, triggers the production of IFN-y in many immunocompetent cells, including NK
cells, T helper and cytotoxic cells. Subsequently, IFN-y decreases Th2 response and enhances
Th1 response by stimulating cytotoxic T cells (Ericson et al., 2004). Thus, IL-18 possesses the
capacity to stimulate innate immunity as well as Thl-mediated responses (Nakanishi et al.,
2001). IL-18 overproduction is characteristic for many diseases including psoriasis
(Nakanishi et al., 2001). The role of IL-18 in psoriasis has not been fully elucidated. It is
speculated that IL-18 produced by human keratinocytes enhances IFN-y production in
inflammation and thus IL-18 seems to be a promising target in Thl-type inflammatory
diseases, like psoriasis (McKenzie et al., 2002; Ohta et al., 2001). Its expression in psoriasis is
significantly enhanced in supra-basal keratinocytes (Flisiak et al., 2006; McKenzie et al.,
2002; Ohta et al., 2001). Reverse transcription polymerase chain reaction (RT-PCR) revealed IL-
18 mRNA levels to be two to eight times higher in psoriatic skin biopsies than in the non-
lesional psoriatic skin and healthy controls. Overexpression of IL-18 was observed in
keratinocytes of the whole epidermis in psoriatic lesions and in the basal layer of non-lesional
epidermis compared to only slight IL-18 expression in the epidermis of healthy controls
(McKenzie et al., 2002). McKenzie et al. reported six to eight-fold higher levels of the IL-18
receptor mRNA in the epidermis of psoriatic lesions compared to non-lesional and healthy
control skin. Moreover total IL-18 protein levels were found to be 3.5 times higher in the active
and progressive psoriatic epidermis compared to the normal and stable, plaque-type psoriatic
epidermis. To date, there are only a few studies on IL-18 in the blood of psoriatic patients
(Flisiak et al., 2006, Gangemi et al., 2003), which revealed increased plasma IL-18 levels in
psoriatic patients in comparison to controls. IL-18 might act in the early phases of psoriasis via
IFN-y independent routes, such as: a) induction of several chemokines in fibroblasts and
neutrophils (Leung et al., 2001; Morel et al., 2001); b) increased T-cell adhesion to extracellular
matrix ligands (Ariel et al., 2002); c) induction of angiogenesis (Park et al., 2001); d) induction
of chemotaxis in plasmacytoid dendritic cells (Kaser et al., 2004). Thus, IL-18 could be involved
in the regulation of early inflammatory events by promoting the recruitment and adhesion of
the immune system cells to the inflamed sites. However, whether IFN-y-dependent or
independent mechanisms are responsible for the IL-18 activity in early stages of psoriatic
plaque development remains to be elucidated.

3.1.5 Keratinocytes and IL-20

IL-20 was demonstrated to promote hyperproliferation of keratinocytes by activating I1L-20
receptor to modulate skin inflammation. It was also reported that IL-20 induced IL-6 and TNF-
a in monocytes, stimulated the expression of keratinocytes growth factor (KGF), IL-6, TNF-a
and reactive oxygen species (ROS) in CD8+ T cells (Wei et al., 2006). In psoriasis, the two most
important effects of IL-20 are the inhibition of normal terminal differentiation of keratinocytes
and the induction of anti-bacterial proteins (Wolk et al., 2009a). Keratinocyte terminal
differentiation is the apoptosis-like process that generates corneocytes for the desquaming
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stratum corneum from living keratinocytes of the upper (granular) epidermis layer (Candi et
al., 2005). In psoriatic lesions, which contain high levels of IL-20, this process is altered.
Furthermore, IL-20 simultaneously enhance the K16 expression, a keratin known to be up-
regulated in psoriatic lesions and associated with keratinocyte regeneration (Wolk et al., 2006,
2009b). Apart from the inhibition of normal terminal differentiation of keratinocytes, IL-20 in
addition to other mediators (Kanda & Watanabe, 2008), induce a state of enhanced
antimicrobial defence of the epidermis by inducing a range of antimicrobial proteins (Sa et al.,
2007; Wolk et al., 2004, 2006). In psoriatic lesions IL-20 expression was found preferentially in
basal and supra-basal keratinocytes above the dermal papillae (Romer et al., 2003; Wolk et al.,
2009a). Most interestingly, IL-17 and TNF-a amplified the IL-22 induced production of IL-20 in
keratinocytes. In summary, the T/NK cell cytokine IL-22 induces the keratinocyte secretion of
IL-20 as a second mediator that has very similar effects to its own. IL-20, therefore, may, to
some extent, further amplify and/or prolong the IL-22 action on the keratinocyte
differentiation that leads to the characteristic epidermal changes observed in psoriasis.

3.1.6 Keratinocytes and other cytokines

TNF-a is a key pro-inflammatory cytokine with an important pathogenetic role in psoriasis
and psoriatic arthritis. The evidence includes further observations that a variety of anti-
TNF-a approaches such as monoclonal antibodies and fusion proteins of soluble TNF-a
receptors are effective therapies both in psoriasis and psoriatic arthritis. As for TNF-a itself,
production of this cytokine is mainly attributed to immune cells (Lowes et al., 2007);
however, it is noteworthy that keratinocytes are also able to elaborate TNF-a (Gottlieb at al.,
2005). In psoriasis, the inflammatory response to TNF-a could be self-sustaining: activated
dendritic cells are the major source of TNF-a in psoriasis lesions (Boyman et al., 2004) and at
the same time TNF-a mRNA is induced in keratinocytes after TNF-a exposure (Gottlieb et
al., 2005). Low level of TNF-a is present in the upper layer of the healthy epidermis, but its
synthesis and release from keratinocytes are greatly augmented by injury, infection and UV
irradiation. Of the two distinct cell-surface receptors for TNF-a, TNFR1 and TNFR2,
keratinocytes mainly express TNFR1 (Kondo & Sauder, 1997). The binding of TNF-a to
TNFR1 triggers a series of intracellular events resulting in the activation of transcription
factors, including NF-KB, AP-1, CCAAT enhancer-binding protein-p, and others, which are
responsible for the induction of genes important for diverse biological processes, including
cell growth and death and immune, inflammatory, and stress responses (Banno et al., 2004).
TNF-a activates the immune responses through inducing the production of additional
signals, such as IL-1 and IL-8, transforming growth factor type-B (TGF-p) and ICAM-1.
Psoriatic keratinocytes are also an important source of IL-7. Increased IL-7 levels were
observed in both the psoriatic skin and serum of psoriatic patients (Bonifati et al., 1997;
Pietrzak et al., 2008). However, no correlation between IL-7 levels and psoriasis area severity
index (PASI) score was observed. In addition, IL-7 levels did not decrease after effective
anti-psoriatic treatment, which suggests that this cytokine could not be regarded as a marker
of the disease activity. IL-7 is a pleiotropic cytokine playing an essential role in the
development and differentiation of T cells. IL-7 regulates survival, proliferation and
cytotoxicity of maturation of T cells at the periphery. Furthermore, IL-7 together with IL-2
and IL-12, can induce the synthesis of IFN-y, while, in turn, IFN-y induces IL-7 secretion by
keratinocytes (Ariizumi et al., 1995). In psoriasis IL-7 seems to play a key role in driving
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reciprocal interactions between epithelial cells (keratinocytes) and T-lymphocytes. The
concomitant T-lymphocyte activation may be dependent on IL-7, and therefore the
subsequent events driving toward the clinical expression and persistence of psoriasis may
be IL-7 mediated (Bonifati et al., 1997). All these findings suggest an involvement of IL-7 in
psoriasis, although further studies are warranted to elucidate the exact role of this molecule
in the cytokine network of psoriasis pathogenesis.

3.2 Keratinocytes and chemokines

Keratinocytes produce many different types of chemokines involved in the recruitment of
immune cells in the skin. For this reason epidermal cells can play a fundamental role in
collecting all the immune cells which are implicated in the beginning of the cutaneous
inflammation process that characterize psoriatic disease. Specifically, keratinocytes release
IL-8 (CXCLS8) and related chemokines which are responsible for the intra-epidermal
collection of neutrophils and so to the formation of subcorneal microabscesses, a
characteristic feature of psoriasis (Nickoloff & Turka, 1994); CCL2 (MCP-1), CCL5
(RANTES), CXCL10 (IP-10), and other CXCR3 ligands are responsible to attract
predominantly monocytes and Th1 cells, (Gillitzer et al., 1993; Gottlieb et al., 1998), whereas
CCL20 (MIP-3a) recruits immature Langerhans cells, dendritic cells, and CLA+ T cells
(Dieu-Nosjan et al., 2000; Homey et al., 2000) (Tab. 2).

Chemokines Roles

IL-8 (CXCLS) Intra-epidermal recruitment of neutrophils

CCL-2 (MCP-1) Recruitment of monocytes and Th1 cells

CCL5 (RANTES)

CXCL10 (IP-10)

CCL20 (MIP-3a) Recruitment of dendritic cells, CLA+ T
cells and immature Langherans cells

Table 2. Roles of chemokines produced by psoriatic keratinocytes.

3.3 Keratinocytes and other products

Psoriatic keratinocytes are a reservoir of inflammatory mediators. Under the influence of
pro-inflammatory cytokines such as IFN-y, TNF-a, IL-23, and IL-17, keratinocytes express a
plethora of mediators, not only cytokines, thereby contributing to amplifying the
inflammatory response implicated in the pathogenesis of psoriasis (Albanesi et al., 2005).
Apart from pro-inflammatory cytokines as IL-1a, IL-1p, IL-6, IL-15, IL-18 and IL-20 psoriatic
keratinocytes are able to produce other important factors involved in the development of the
psoriatic process like vascular endothelial growth factor (VEGF) and CD1d (Tab. 3).

Factors Functions

VEGF Stimulation of angiogenesis, enhancement
of vascular permeability, induction of
keratinocytes hyperproliferation in an
autocrine manner.

CD1d Activation of CD161+ NK T cells and their
stimulation to secrete IFN-y.

Table 3. Roles of VEGF and CD1d in psoriasis.
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3.3.1 Keratinocytes and VEGF

The typical erythema of psoriatic lesions is due to the increased, dilated, and tortuous
capillaries that extend between the epidermal columns protruding into the dermis. The
formation of new blood vessels starts with early psoriatic changes and disappears with
disease clearance. Several angiogenic mediators like VEGF, hypoxia inducible factors,
angiopoietins and pro-angiogenic cytokines, such as TNF-a, IL-8 and IL- 17, are involved in
psoriasis development (Heidenreich et al., 2009). Interestingly, already in uninvolved, non-
lesional skin significant over-expression of several VEGF isoforms was observed in patients
as compared to healthy skin of normal volunteers (Henno et al., 2009). These findings
suggest that angiogenesis is also one of the key features in the pathogenesis of psoriasis and
various recent studies focused on the identification and role of pro-angiogenic mediators in
psoriatic skin. In general, angiogenesis is tightly regulated by a balance between pro- and
anti-angiogenic mediators (Heidenreich et al., 2009). VEGF, hypoxia-inducible factor-la
(HIF-1a), TNF-a, IL-8 and angiopoietins are considered to be the main players responsible
for the increased vessel formation in psoriasis (Creamer et al., 2002; Heidenreich et al., 2008).
Interestingly, several small molecules as well as modern biologics used for systemic therapy
of psoriasis have been shown to provide not only immune regulatory effects but also
influence endothelial cell biology (Heidenreich et al, 2008). Thus, direct targeting of
angiogenesis could help both to dissect psoriasis pathogenesis and to develop new
therapeutic strategies for psoriasis treatment by blocking angiogenic pathways driving
cutaneous inflammation. Strongly increased production of VEGF by keratinocytes has been
found in psoriasis (Detmar et al., 1994). Furthermore, over-expression of VEGF in the
epidermis of mice triggered sub-epidermal angiogenesis and increased leukocyte adhesion
to these vessels (Detmar et al., 1998), and later in life, these animals develop hyperkeratotic
skin lesions with a resemblance to psoriasis (Xia et al., 2003). VEGF signaling often
represents a critical rate-limiting step in physiological angiogenesis (Ferrara et al., 2003).
Under physiological conditions, VEGF promotes growth of endothelial cells (ECs) derived
from arteries, veins and lymphatic vessels. VEGF delivery also induces lympho-
angiogenesis in mice and it is known to be a survival factor for endothelial cells both in vitro
and in vivo. However, VEGEF is also known as a vascular permeability factor, based on its
ability to induce vascular leakage. In the meantime it is well established that such
permeability enhancing activity underlies significant roles of this molecule in inflammation
and other pathological circumstances (Ferrara et al., 2003). Besides its potential role in
causing aberrant angiogenesis and vascular leakage in the upper dermis, VEGF may also
contribute to keratinocyte proliferation and epidermal barrier homeostasis (Elias et al., 2008;
Heidenreich et al.,, 2009). In psoriatic skin, the VEGF receptors VEGFR-1 and -2 are
detectable and functional in keratinocytes (Man et al.,, 2006). As VEGF is secreted by
keratinocytes and induces VEGFR expression in the same cells, VEGF may also contribute to
keratinocyte hyperproliferation in psoriasis in an autocrine manner. This could be relevant
when psoriasis is triggered by external injury (Koebner phenomenon) and interestingly
disruption of the epidermal barrier homeostasis induces VEGF expression (Elias et al., 2008).
Further evidence for a role of VEGF in keratinocyte proliferation comes from transgenic
mice deficient in epidermal VEGF: these animals have delayed permeability barrier recovery
after acute perturbation, decreased density of dermal blood vessels and lack epidermal
hyperplasia as well as angiogenesis in response to sustained barrier disruption (Elias et al.,
2008). Thus, physiological production of VEGF contributes to normal proliferation,
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differentiation and function of the epidermis (Heidenreich et al., 2009). Consequently, VEGF
over-expression in psoriasis might contribute to the epidermal changes observed in this
disease. Although immune cells are also able to secrete VEGF, the findings of VEGF over-
expression in psoriatic epidermis together with the data reported from the transgenic
animals strongly suggest that VEGF derived from epidermal keratinocytes acts as a key
cytokine driving angiogenesis in psoriasis and as a central paracrine growth factor
contributing to the pathology seen in psoriasis.

3.3.2 Keratinocytes and C1d

The expression of CD1d by normal human skin and its pronounced over-expression in
psoriatic skin lesions is well documented (Bonish et al., 2000) as well as the presence of
NK-T cells in the epidermis of acute and chronic psoriatic plaques (Nickoloff & Wrone-
Smith, 1999; Nickoloff et al., 2000). A hallmark of NK-T cells is their expression of certain
C-type lectin NK cell receptors (NKRs)4 such as CD94 and CD161. Classical NK-T cells
may plan an immunoregulatory role for recognition of both self and foreign antigens and
are implicated in the pathogenesis of autoimmune and inflammatory diseases like
psoriasis. An important clue to the function of NK-T cells is provided by their interaction
with professional antigen presenting cells (APCs) via CD1d (Huang et al., 1999). CD1d
has some similarities in structure to the major histocompatibility complex class II (MHC
II) molecules. While initially CD1d was believed to bind and present peptide antigens to T
cells (Castano et al., 1995), more recent studies highlight its ability to present glycolipids
and GPl-linked proteins (Huang et al., 1999). NK-T cells can become activated in a CD1d-
restricted fashion with subsequent proliferation and cytokine production, including IFN-y
and IL-4. Keratinocytes in vitro and in vivo synthesize and express CD1d, which is
capable of triggering CD161+ NK-T cells to produce high levels of IFN-y, but not IL-4. The
stimulation by CD1d of T cells bearing NK receptors preferentially induces a cytokine
switch to IFN-y (Arase et al., 1996, 1997). Moreover, the differential induction of IFN-y
production, but not IL-4, after the NK-T cell clones recognized CD1d on keratinocytes has
potentially important implications for psoriasis. Not only is there over-expression of
CD1d by psoriatic epidermal keratinocytes and the presence of NK-T cells bearing CD9%
and CD161, but the cytokine IFN-y has been shown to trigger psoriatic lesions (Fierlbeck
et al., 1990). Therefore a positive feedback loop could be established in skin due to the
presence of NK-T cells being activated to produce IFN-y upon contact with CD1d-positive
keratinocytes, leading to further CD1d expression and subsequent NK-T cell release of
more IFN-y. The lack of a proliferative response by NK-T cells to CD1d keratinocytes is
also consistent with the general number and distribution of CD9%4- and CD161-positive
NK-T cells in psoriasis. Thus, the NK-T cells are never observed in tight clusters or in very
large numbers as might be expected if they were undergoing a local proliferative
response; rather, they are found as more evenly distributed single cells throughout a
psoriatic plaque. In normal human skin CD1d is generally restricted to the outermost
keratinocyte layers in the stratum granulosum just beneath the lipid-rich stratum
corneum. In addition to epidermal keratinocytes, CD1d is detected on upper dermal
dendritic cells, endothelium, eccrine ducts, acrosyringium, and the pilo-sebaceous unit,
except for the dermal papillae and hair matrix cells. In psoriatic plaques CD1d expression
was increased compared with that in normal and symptomless skin, beginning in the
supra-basilar layer and extending to the outermost keratinocytes immediately beneath the
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parakeratotic layer juxtaposed to the stratum corneum. CD161-positive T cells were
frequently observed in direct contact with keratinocytes expressing CD1d in psoriatic
plaques. Given this anatomical juxtaposition, it is possible for various types of glycolipids
in the psoriatic scale to be directly exposed to the abundant keratinocyte cell surface
CD1d. Moreover, given the large hydrophobic binding pockets in CD1d, the presence of
CD1d on the outer layers of epidermis in psoriatic plaques opens up the possibility that
various glycolipids present in the stratum corneum could play a role in triggering a
response by NK-T cells or other T cell subsets capable of recognizing such glycolipids in
the context of CD1d. During epidermal differentiation keratinocytes produce different
amounts and types of various glycolipids, including glucosylceramides (Holleran et al.,
1993). Alterations in these glycolipids in the stratum corneum can have a significant
impact on the barrier function of skin. However, it is also clear that barrier perturbation
can initiate cytokine cascades and thus influence inflammatory and mononuclear cell
activation (Nickoloff & Naidu, 1994). A cycle can be envisioned in which pathogenic NK-
T cells initiate barrier abnormality, which, in turn, would generate glycolipids that could
be presented by keratinocyte CD1d and further activate CD161+ T cells in psoriasis
(Kalish et al., 1994). Taken together, these findings support the idea that NK-T cells may
play an important patho-physiological role in psoriasis. Besides the ability of
keratinocytes to initiate (Barker et al., 1991), perpetuate (Nickoloff & Turka, 1994), and
terminate (Guttierrez-Steil et al., 1998) immune reactions involving conventional T cell
responses to nominal antigens and super-antigens, CD1d expression may also imbue the
keratinocyte with the capacity to interact with NKR-bearing T cells. As a member of a
non-classical, MHC independent, antigen-presenting system, CD1d expression as seen in
psoriasis provides a novel opportunity for therapeutic targeting and for understanding
the immunologic and genetic basis of psoriasis as well as the potential role for innate
immunity in psoriasis (Nickoloff, 1999a, 1999b).

4. Conclusion

The pathogenesis of psoriasis is considered to be an immunologically mediated process that
takes place upon a favourable genetic background. According to this view, the presence of a
yet unknown (auto)-antigen causes the generation of effector T-cells that infiltrate the skin
and initiate the inflammatory process. Over its course, cutaneous infiltration of various
immune cell populations and, subsequently, an activation of numerous immune and tissue
cells in the skin takes place. Two fundamentally different cell types interact in the formation
of a psoriatic lesion: epidermal keratinocytes and mononuclear leukocytes. Whereas
keratinocytes might be viewed only as bystander cells in terms of immune activation, it is
more likely that they are active participants in the recruitment and activation of leukocytes
in psoriatic lesions: the interplay between keratinocytes and immune cells can be considered
the main feature of the psoriasis pathogenesis. In facts whatever the sequence of events that
leads to the induction of the mentioned cytokines and mediators in epidermal keratinocytes,
it is highly likely that they significantly contribute to the typical changes observed in
psoriatic lesions; cytokine or growth factor secretion by epidermal keratinocytes can be
sufficient to recruit immune cells into the skin and induce a hyperplastic epidermis with
hyperkeratosis and reproduce features of psoriatic disease. Regulation of the inflammatory
events initiated or perpetuated by keratinocytes could so represent an important strategy for
the treatment of psoriasis and other chronic inflammatory skin diseases.



22 Psoriasis

5. References

Albanesi, C., Scarponi, C., Giustizieri, M.L., et al. (2005). Keratinocytes in inflammatory skin
diseases. Curr Drug Targets Inflamm Allergy, 4, 3, (Jun 2005), 329-334.

Albanesi, C., De Pita, O. & Girolomoni, G. (2007). Resident skin cells in psoriasis: a special
look at the pathogenetic functions of keratinocytes. Clin Dermatol, 25, 6, (Nov-Dec
2007), 581-588.

Arase, H., Arase, N. & Saito, T. (1996). Interferon y production by natural killer cells and
NK1.1+ T cells upon CD161 cross-linking. | Exp Med, 183, 5, (May 1996), 2391-2396.

Arase, N., Arase, H., Park, S,, et al. (1997). Association with FeRg is essential for activation
signal through NKR-P1 (CD161) in natural killer cells and NK1.1+ T cells. | Exp
Med, 186, 15, (Dec 1997), 1957-1963.

Ariel, A., Novick, D., Rubinstein, M., et al. (2002). IL-12 and IL-18 induce MAP kinase-
dependent adhesion of T cells to extracellular matrix components. | Leukoc Biol, 72,
1, (Jul 2002), 192-198.

Ariizumi, K., Meng, Y., Bergstresser, P.R., et al. (1995). IFN-gamma-dependent IL-7 gene
regulation in keratinocytes. | Immunol, 154, 11, (Jun 1995), 6031-6039.

Banno, T., Gazel, A. & Blumenberg, N. (2004). Effects of Tumor Necrosis Factor-a (TNF-a) in
epidermal keratinocytes revealed using global transcriptional profiling. | Biol Chem,
279, 31, (Jul 2004), 32633-32642.

Barker, ].N.W., Mitra, R.S., Griffith, CEM., et al. (1991). Keratinocytes as initiators of
inflammation. Lancet, 337, 8735, (Jan 1991), 211-214.

Berard, M., Brandt, K., Bulfone-Paus, S., et al. (2003). IL-15 promotes the survival of naive
and memory phenotype CD8+ T cells. | Immunol, 170, 10, (May 2003), 5018-5026.

Bonifati, C., Trento, E., Cordiali-Fei, P., et al. (1997). Increased interleukin-7 concentrations in
lesional skin and in the sera of patients with plaque-type psoriasis. Clin Immunol
Immunopathol, 83,1, (Apr 1997), 41-44.

Bonish, B., Jullien, D., Dutrongc, Y., et al. (2000). Overexpression of CD1d by keratinocytes in
psoriasis and CD1d-dependent IFN-gamma production by NK-T cells. | Immunol,
165, 7, (Oct 2000), 4076-4085.

Bos, ].D., de Rie, M.A., Teunissen, M.B.M., et al. (2005). Psoriasis: dysregulation of innate
immunity. Br | Dermatol, 152, 6, (Jun 2005), 1098-1107.

Boyman, O., Hefti, H.P., Conrad, C., et al. (2004). Spontaneous development of psoriasis in a
new animal model shows an essential role for resident T cells and tumor necrosis
factor a. | Exp Med, 199, 5, (Mar 2004), 731-736.

Buback, F., Renkl, A.C,, Schulz, C., et al. (2009). Osteopontin and the skin: multiple
emerging roles in cutaneous biology an pathology. Exp Dermatol, 18, 9, (Sep 2009),
750-759.

Buommino, E., Tufano, M.A., Balato, N., et al. (2009). Osteopontin: a new emerging role in
psoriasis. Arch Dermatol Res, 301, 6, (Jul 2009), 397-404.

Candji, E., Schmidt, R. & Melino, G. (2005). The cornified envelope: a model of cell death in
the skin. Nat Rev Mol Cell Biol, 6, 4, (Apr 2006), 328-340.

Castano, A.R., Tangari, S., Miller, ].EW. et al. (1995). Peptide binding and presentation by
mouse CD1. Science, 269, 5221, (Jul 1995), 223-226.

Chang, E.Y., Hammerberg, C., Fisher, G., et al. (1992). T-cell activation is potentiated by
cytokines released by lesional psoriatic, but not normal, epidermis. Arch Dermatol,
128,11, (Nov 1992), 1479-1485.



Pathogenesis of Psoriasis: The Role of Pro-Inflammatory Cytokines Produced by Keratinocytes 23

Conrad, C., Boyman, O., Tonel, G., et al. (2007). Alphalbetal integrin is crucial for
accumulation of epidermal T cells ant the development of psoriasis. Nat Med, 13, 7,
(Jul 2007), 836-842.

Creamer, D., Sullivan, D., Bicknell, R,, et al. (2002). Angiogenesis in psoriasis. Angiogenesis, 5,
4, 231-236.

Debets, R., Hegmans, J.P., Croughs, P., et al. (1997). The IL-1 system in psoriatic skin. IL-1
antagonist sphere of influence in lesional psoriatic epidermis. | Immunology, 158, 6,
(Mar 1997), 2955-2963.

Detmar, M., Brown, L.F., Claffey, K.P., et al. (1994). Overexpression of vascular permeability
factor/vascular endothelial growth factor and its receptors in psoriasis. | Exp Med,
180, 3, (Sep 1994), 1141-1146.

Detmar, M., Brown, L.F.,, Schon, M.P., et al. (1998). Increased microvascular density and
enhanced leukocyte rolling and adhesion in the skin of VEGF transgenic mice. |
Invest Dermatol, 111, 1, (Jul 1998), 1-6.

Dieu-Nosjan, M.C., Massacrier, C., Homey, B., et al. (2000). Macrophage inflammatory
protein 3alpha is expressed at inflamed epithelial surfaces and is the most potent
chemokine known in attracting Langerhans cell precursors. | Exp Med, 192, 5, (Sep
2000), 705-718.

Dinarello, C.A. (2002). The IL-1 family and inflammatory diseases. Clin Exp Rheumatol, 20, 5,
(Sep-Oct 2002), S1-513.

Dinarello, C.A. (2006). Interleukin 1 and interleukin 18 as mediators of inflammation and the
aging process. Am | Clin Nutr, 83, 2, (Feb 2006), 4475-455S.

Elder, ].T. (2007). IL-15 and psoriasis: another genetic link to Th17? | Invest Dermatol, 127, 11,
(Nov 2007), 2495-2497.

Elias, P.M., Arbiser, J., Brown, B.E., et al. (2008). Epidermal vascular endothelial growth
factor production is required for permeability barrier homeostasis, dermal
angiogenesis and the development of epidermal hyperplasia: implications for the
pathogenesis of psoriasis. Am | Pathol, 173, 3, (Sep 2008), 689-699.

Ericson, P., Linden, A. & Riise, G.C. (2004). BAL levels of interleukin-18 do not change
before or during acute rejection in lung transplant recipients. Respir Med, 98, 2, (Feb
2004), 159-163.

Fehniger, T.A. & Caligiuri, M.A. (2001). Interleukin 15: biology and relevance to human
disease. Blood, 97, 1, (Jan 2001), 14-32.

Ferrara, N., Gerber, H.P. & LeCouter, J. (2003). The biology of VEGF and its receptors. Nat
Med, 9, 6, (Jun 2003), 669-676.

Fierlbeck, G., Russner, G. & Muller, C. (1990). Psoriasis induced at the injection site of
recombinant interferon g results of immunohistologic investigation. Arch Dermatol,
126, 3, (Mar 1990), 351-355.

Hlisiak, 1., Klepacki, A. & Chodynicka, B. (2006). Plasma and scales levels of interleukin 18 in
comparison with other possible clinical and laboratory biomarkers of psoriasis
activity. Biomarkers, 11, 2, (Apr 2006), 194-200.

Fujishima, S., Watanabe, H., Kawaguchi, M., et al. (2010). Involvement of IL-17F via the
induction of IL-6 in psoriasis. Arch Dermatol Res, 302, 7, (Sep 2010), 499-505.
Galadari, I. & Sheriff, M.O. (2005). Estimation of interleukin-6 level in psoriasis patients. Eur

Ann Allergy Clin Immunol, 37, 2, (Feb 2005), 63-65.



24 Psoriasis

Gangemi, S., Merendino, R.A., Guarneri, F,, et al. (2003). Serum levels of interleukin-18 and
s-ICAM-1 in patients affected by psoriasis: preliminary considerations. | Eur Acad
Dermatol Venereol, 17,1, (Jan 2003), 42-46.

Ganguly, D., Chamilos, G., Lande, R, et al. (2009). Self-RNA-antimicrobial peptide
complexes activate human dendritic cells through TLR7 and TLRS. | Exp Med, 206,
9, (Aug 2009), 1983-1994.

Gillitzer, R, Wolff, K., Tong, D. et al. (1993). MCP-1 mRNA expression in basal
keratinocytes of psoriatic lesions. | Invest Dermatol, 101, 2, (Aug 1993), 127-131.

Girolomoni, G., Pastore, S., Cavani, A., et al. (2004). The role of chemokines in inflammatory
skin diseases. Ernst Schering Res Found Workshop, 44, 191-225.

Gottlieb, A.B., Luster, A.D., Posnett, D.N., et al. (1998). Detection of a gamma interferon-
induced protein IP-10 in psoriatic plaques. ] Exp Med, 168, 1, (Sep 1998), 941-948.

Gottlieb, A.B., Chamian, F., Masud, S., et al. (2005). TNF inhibition rapidly downregulates
multiple proinflammatory pathways in psoriasis plaques. | Immunol, 175, 4, (Aug
2005), 2721-2729.

Grossman, R.M., Krueger, J., Yourish, D. et al. (1989). Interleukin 6 is expressed in high
levels in psoriatic skin and stimulates proliferation of cultured human
keratinocytes. Proc Natl Acad Sci USA, 86, 16, (Aug 1989), 6367-6371.

Groves, RW., Mizutani, H., Kieffer, JD., et al. (1995). Inflammatory skin disease in
transgenic mice that express high levels of interleukin 1a in basal epidermis. Proc
Natl Acad Sci USA, 92, 25, (Dec 1995), 11874-11878.

Gudjonsson, J.E. & Elder, ]J.T. (2007). Psoriasis: epidemiology. Clin Dermatol, 25, 6, (Nov-Dec
2007), 535-546.

Guttierrez-Steil, C., Wrone-Smith, T., Sun, X. et al. (1998). Sunlight-induced basal cell
carcinoma tumor cells and ultraviolet-B irradiated psoriatic plaques express Fas
ligand (CD95L). | Clin Invest, 101, 1, (Jan 1998), 33-39.

Gutzmer, R., Langer, K., Mommert, S., et al. (2003). Human dendritic cells express the IL-
18R and are chemoattracted to IL-18. | Immunol, 171, 12, (Dec 2003), 6363-6371.

Heidenreich, R., Rocken, M. & Ghoreschi K. (2008). Angiogenesis: the new potential target
for the therapy of psoriasis. Drug New Perspect, 21, 2, (Mar 2008), 97-105.

Heidenreich, R., Rocken, M. & Ghoreschi, K. (2009). Angiogenesis drives psoriasis
pathogenesis. Int | Exp Pathol, 90, 3, (Jun 2009), 232-248.

Henno, A., Blacher, S., Lambert, C., et al. (2009). Altered expression of angiogenesis and
lymphoangiogenesis markers in the uninvolved skin of plaque-type psoriasis. Br |
Dermatol, 160, 3, (Mar 2009), 581-590.

Hirano, T. (1998). Interleukin 6 and its receptor: ten years later. Int Rev Immunol, 16, 3-4, 249-
284.

Holleran, W.M., Takagi, Y., Menon, G.K, et al. (1993). Processing of epidermal
glucosylceramides is required for optimal mammalian cutaneous permeability
barrier function. | Clin Invest, 91, 4, (Apr 1993), 1656-1664.

Homey, B., Wang, W., Soto, H., et al. (2000). Cutting edge: the orphan chemokine receptor G
protein-coupled receptor-2 (GPR-2, CCR10) binds the skin associated chemokine
CCL27 (CTACK/ALP/ILC). ] Immunol, 164, 7, (Apr 2000), 3465-3470.

Huang, S., Scherer, D.C., Singh, N., et al. (1999). Lipid antigen presentation in the immune
system: lessons learned from CD1d knockout mice. Immunol Rev, 169, (Jun 1999),
31-44.



Pathogenesis of Psoriasis: The Role of Pro-Inflammatory Cytokines Produced by Keratinocytes 25

Hurst, S.D., Muchamuel, T., Gorman, D.M. et al. (2002). New IL-17 family members promote
Th1 or Th2 responses in the lung: in vivo function of the novel cytokine IL-25. |
Immunol, 169, 1, (Jul 2002), 443-453.

Ishigame, H., Kakuta, S., Nagai, T. et al. (2009). Differential roles of interleukin-17A and -17F
in host defense against mucoepithelial bacterial infection and allergic responses.
Immunity, 30, 1, (Jan 2009), 108-119.

Jones, D.A., Yawalkar, N., Suh, Ki-Y., et al. (2004). Identification of autoantigens in psoriatic
plaques using expression cloning. (2004). | Invest Dermatol, 123, 1, (Jun 2004), 93-
100.

Kalish, R.S., Wood, ]J.A. & LaPorte, A. (1994). Processing of urushiol (poisonivy) antigen by
both endogenous and exogenous pathways for presentation to T cells in vitro. ] Clin
Invest, 93, 5, (May 1994), 2039-2047.

Kanda, N. & Watanabe, S. (2008). IL-12, IL-23, and IL-27 enhance human betadefensin-2
production in human keratinocytes. Eur | Immunol, 38, 5, (May 2008), 1287-1296.

Kaser, A., Kaser, S, Kaneider, N.C., et al. (2004). Interleukin-18 attracts plasmacytoid
dendritic cells (DC2s) and promotes Thl induction by DC2s through IL-18 receptor
expression. Blood, 103, 2, (Jan 2002), 648-655.

Krasowska, D., Pietrzak, A., Kadzielewski, J., et al. (1998). Plasma concentration of IL-6 and
soluble interleukin-6 receptor versus selected acute phase proteins in patients with
stationary psoriasis. Med Sci Monit, 4, 628-632.

Kondo, S. & Sauder, D.N. (1997). Tumor necrosis factor (TNF) receptor type 1 (p55) is a main
mediator for TNF-alpha-induced skin inflammation. Eur | Immunol, 27, 7, (Jul 1997),
1713-1718.

Krueger, J.G. & Bowcock, A. (2005). Psoriasis pathophysiology: current concepts of
pathogenesis. Ann Rheum Dis, 64, 2, (Mar 2005), 30-36.

Lande, R., Gregorio, J., Facchinetti, V., et al. (2007). Plasmacytoid dendritic cells sense self-
DNA coupled with antimicrobial peptide. Nature, 449, 7162, (Sep 2007), 564-569.

Leung, B.P., Culshaw, S., Gracie, J.A., et al. (2001). A role for IL-18 in neutrophil activation. |
Immunol, 167, 5, (Sep 2001), 2879-2886.

Liu, C.C, Perussia, B. & Young, ].D. (2000). The emerging role of IL-15 in NK-cell
development. Immunol Today, 21, 3, (Mar 2000), 113-116.

Lowes, M.A., Bowcock, A.M. & Krueger J.G. (2007). Pathogenesis and therapy of psoriasis.
Nature, 445, 7130, (Feb 2007), 866-873.

Man, XY, Yang, X.H.,, Cai, S.Q. et al. (2006). Immunolocalization and expression of
vascular endothelial growth factor receptors (VEGFRs) and neuropilins (NRPs) on
keratinocytes in human epidermis. Mol Med, 12, 7-8, (Jul-Aug 2006), 127-136.

McInnes, I.B. & Gracie, J.A. (2004). Interleukin-15: a new cytokine target for the treatment of
inflammatory diseases. Curr Opin Pharmacol, 4, 4, (Aug 2004), 392-397.

McKenzie, R.C., Boyce, F., Szepietowski, ]., et al. (2002). Psoriatic epidermis expresses high
levels of interleukin 18 (IL-18), IL-18 receptor mRNA and IL-18. Derm Klin, 1, 4, 17-
23.

Mizutani, H., Ohmoto, Y., Mizutani, T., et al. (1997). Role of increate production of
monocytes TNF-a, IL-1 f and IL-6 in psoriasis: relation to focal infection, disease
activity and responses to treatments. | Dermatol Sci, 14, 2, (Feb 1997), 145-153.

Morel, J.C., Park, C.C., Woods, ].M., et al. (2001). A novel role for interleukin-18 in adhesion
molecule induction through NF kappa B and phosphatidylinositol (PI) 3-



26 Psoriasis

kinasedependent signal transduction pathways. | Biol Chem, 276, 40, (Oct 2001),
37069-37075.

Musso, T., Calosso, L., Zucca, M., et al. (1999). Human monocytes constitutively express
membrane-bound, biologically active, and interferon-y-upregulated interleukin-15.
Blood, 93, 10, (May 1999), 3531-3539.

Nakanishi, K., Yoshimoto, T., Tsutsui, H., et al. (2001). Interleukin-18 is a unique cytokine
that stimulates both Thl and Th2 responses depending on its cytokine milieu.
Cytokine Growth Factor Rev, 12, 1, (Mar 2001), 53-72.

Nestle, F.O., Conrad, C., Tun-Kyi, A., et al. (2005). Plasmocytoid predendritic cells initiate
psoriasis through interferon-alpha production. | Exp Med, 202, 1, (Jul 2005), 135-143.

Nestle, F.O., Kaplan, D.H. & Barker J. (2009). Psoriasis. N Engl ] Med, 361, 5, (Jul 2009), 496-
509.

Nickoloff, B.J. & Turka, L.A. (1994). Immunological functions of non-professional antigen-
presenting cells: new insights from studies of T-cell interactions with keratinocytes.
Immuno Today, 15, 10, (Oct 1994), 464-469.

Nickoloff, B.J., &. Naidu, Y. (1994). Perturbation of epidermal barrier function correlates
with initiation of cytokine cascade in human skin. | Am Acad Dermatol, 30, 4, (Apr
1994), 535-546.

Nickoloff, B.J., & Wrone-Smith, T. (1999). Injection of pre-psoriatic skin with CD41 T cells
induces psoriasis. Am | Pathol, 155, 1, (Jul 1999), 145-158.

Nickoloff, B.J. (1999). The immunological and genetic basis of psoriasis. Arch Dermatol, 135,
9, (Sep 1999), 1104-1110.

Nickoloff, B.J. (1999). Skin innate immune system in psoriasis: friend or foe? | Clin Invest,
104, 9, (Nov 1999), 1161-1164.

Nickoloff, B.]J., Bonish, B., Huang, B., et al. (2000). Characterization of a T cell line bearing
natural killer receptors and capable of creating psoriasis in a SCID mouse model
system. | Dermatol Sci, 24, 3, (Dec 2000), 212-225.

Nograles, K.E., Zaba, L.C., Guttman-Yassky, E., et al. (2008). Th17 cytokines interleukin(IL)-
17 and IL-22 modulate distinct inflammatory and keratinocyte-response pathways.
Br ] Dermatol, 159, 5, (Nov 2008), 1092-1102.

Nograles, K.E., Davidovici, B. & Krueger, ].G. (2010). New insights in immunologic basis of
psoriasis. Semin Cutan Med Surg, 29, 1, (Mar 2010), 3-9.

Nomura, 1., Goleva, E., Howell, M.D,, et al. (2003). Cytokine milieu of atopic dermatitis, as
compared to psoriasis, skin prevents induction of innate immune response genes. |
Immunol, 171, 6, (Sep 2003), 3262-3269.

Ohta, Y., Hamada, Y. & Katsuoka, K. (2001). Expression of IL-18 in psoriasis. Arch Dermatol
Res, 293, 7, (Jul 2001), 334-342.

Okubo, Y. & Koga, M. (1998). Peripheral blood monocytes in psoriatic patients overproduce
cytokines. | Dermatol Sci, 17, 3, (Jul 1998), 223-232.

Park, C.C., Morel, ].C., Amin, M.A,, et al. (2001). Evidence of IL-18 as a novel angiogenic
mediator. | Immunol, 167, 3, (aug 2001), 1644-1653.

Peric, M., Koglin, S., Kim, SM., et al. (2008). IL-17A enhances vitamin D3-induced
expression of cathelicidin antimicrobial peptide in human keratinocytes. | Invest
Immunol, 181, 12, (Dec 2008), 8504-8512.

Pietrzak, A., Krasowska, D., Koziol-Montewka, M., et al. (1999). IL-8, IL-6 levels and IL-6R in
the blood of psoriasis vulgaris patients. Przegl Dermatol, 86, 115-121.



Pathogenesis of Psoriasis: The Role of Pro-Inflammatory Cytokines Produced by Keratinocytes 27

Romer, J., Hasselager, E., Norby, P.L., et al. (2003). Epidermal overexpression of interleukin-
19 and -20 mRNA in psoriatic skin disappears after short-term treatment with
cyclosporine a or calcipotriol. | Invest Dermatol, 121, 6, (Dec 2003), 1306-1311.

Riickert, R., Asadullah, K., Seifert, M., et al. (2000). Inhibition of keratinocyte apoptosis by
IL-15: a new parameter in the pathogenesis of psoriasis? | Immunol, 165, 4, (Aug
2000), 2240-2250.

Sa, SM., Valdez, P.A.,, Wu, J., et al. (2007). The effects of IL-20 subfamily cytokines on
reconstituted human epidermis suggest potential roles in cutaneous innate defense
and pathogenic adaptive immunity in psoriasis. | Immunol, 178, 4, (Feb 2007), 2229~
2240.

Tschachler, E. (2007). Psoriasis: the epidermal component. Clin Dermatol, 25, 6, (Nov-Dec
2007), 589-595.

Wei, C.C,, Hsu, Y.H, Li, HH,, et al. (2006). IL-20: biological functions and clinical
implications. | Biomed Sci, 13, 5, (Sep 2006), 601-612.

Wollenberg, A., Wagner, M., Giinther, S., et al. (2002). Plasmacytoid dendritic cells: a new
cutaneous dendritic cell subset with distinct role in inflammatory skin diseases. |
Invest Dermatol, 119, 5, (Nov 2002), 1096-1102.

Wojas-Pelc, A., Ciszek, M., Kurnyta, M., et al. (2006). Cytokine network in psoriasis. Cross-
talk between keratinocytes and cells of the skin immune system. Centr Eur |
Immunol, 31, 111-116.

Wolk, K., Kunz, S., Witte, E., et al. (2004). IL-22 increases the innate immunity of tissues.
Immunity, 21, 2, (Aug 2004), 241-254.

Wolk, K., Witte, E., Wallace, E., et al. (2006). IL-22 regulates the expression of genes
responsible for antimicrobial defense, cellular differentiation, and mobility in
keratinocytes: a potential role in psoriasis. Eur | Immunol, 36, 5, (May 2006), 1309-
1323.

Wolk, K., Witte, E., Warszawska, K., et al. (2009). The Th17 cytokine IL-22 induces IL-20
production in keratinocytes: a novel immunological cascade with potential
relevance in psoriasis. Eur | Immunol, 39, 12, (Dec 2009), 3570-3581.

Wolk, K., Haugen, H.S.,, Xu, W, et al. (2009). IL-22 and IL-20 are key mediators of the
epidermal alterations in psoriasis while IL-17 and IFN-gamma are not. | Mol Med,
87,5, (May 2009), 523-536.

Xia, Y.P., Li, B., Hylton, D., et al. (2003). Transgenic delivery of VEGF to mouse skin leads to
an inflammatory condition resembling human psoriasis. Blood, 102, 1, (Jul 2003),
161-168.

Yang, X.O., Chang, S.H., Park, H. et al. (2008). Regulation of inflammatory responses by IL-
17F. ] Exp Med, 205, 5, (May 2008), 1063-1075.

Yano, S., Komine, M., Fujimoto, M., et al. (2003). Interleukin 15 induces the signals of
epiderma proliferation through ERK and PI 3-kinase In a human epiderma
keratinocyte cell line, HaCaT. Biochem Biophys Res Commun, 301, 4, (Feb 2003), 841-
847.

Yoshinaga, Y., Higaki, M., Terajima, et al. (1995). Detection of inflammatory cytokines in
psoriatic skin. Arch Dermatol Res, 287, 2, 158-164.

Zalewska, A., Glowacka, E., Wyczétkowska, J., et al. (2006). Interleukin 6 and 8 levels in
plasma and fibroblast cultures in psoriasis. Mediators Inflamm, 1, 1, 81767-81773.



28 Psoriasis

Zepter, K., Haffner, A., Soohoo, L.F., et al. (1997). Induction of biologically active IL-1f3 -
converting enzyme and mature IL-1p in human keratinocytes by inflammatory and
immunologic stimuli. ] Immunol, 159, 12, (Dec 1997), 6203-6208.



3

Wound Repair Studies Reveal
New Insights to Psoriasis

Chee Ren Ivan Lam!, Ming Jie Tan!, Yan Yih Goh!,

Mark Boon Yang Tang? and Nguan Soon Tan!

ISchool of Biological Sciences, Nanyang Technological University, Nanyang Drive
National Skin Centre

Singapore

1. Introduction

Psoriasis, a chronic relapsing inflammatory skin disease with a disturbing global incidence
of approximately 2%, is an afflicting and disfiguring skin disease with high morbidity
(Lomholt, 1964). The disease is characterized by the well-demarcated erythematous plaques
with silvery white scales and a predilection for body areas such as the elbows, knees,
umbilicus and lumbar area (Schon & Boehncke, 2005). In contrast to normal skin, the dermal
vasculature in psoriasis dermis is dramatically increased with large, tortuous blood vessels,
accounting for the erythematous appearance or redness of the affected skin
regions/psoriatic plaques (Nestle et al, 2009). In addition, the psoriatic epidermis is
significantly thickened and acanthotic, due to hyperproliferative keratinocytes with an
approximate seven-fold increase in the number of dividing cells in the basal and suprabasal
epidermal layers (Castelijns et al, 2000). Keratinocytes of the psoriatic skin are prematurely
differentiated, as evident in the incomplete cornification of the stratum corneum,
characterized by the retention of nuclei (i.e., parakeratosis) and the loss of the granular
layer. The stratum corneum of psoriasiform skin is also thickened (i.e., hyperkeratosis). This
heavy disruption of epidermal differentiation and skin barrier homeostasis coupled with
altered levels of intercellular adhesion molecules result in the widespread scaling of
psoriatic lesions (Christensen et al, 2006). While psoriasis primarily affects the epidermis, the
disease has a strong immunopathological basis, with the psoriatic skin being significantly
infiltrated with immune cells. Notably, this immune infiltrate has a characteristic
distribution and is composed mainly of dendritic cells and macrophages in the dermis,
neutrophils in the epidermis and T cells in both layers. Another immunologic feature of the
disease is its extracutaneous manifestation of an arthritic condition, which affects
approximately 5% of the population and approximately 20% of psoriasis patients (Zachariae
et al, 2002; Hueber & Mclnnes, 2007). However, the direct involvement of the skin and
immune system in psoriasiform features complicates and confounds studies of psoriasis.
Therefore, despite the detailed documented pathological observations of psoriasis and the
vast research efforts aimed at understanding the disease, a key question remains
unanswered: is psoriasis provoked by an epidermal or an immunological trigger?
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2. Background

It is well accepted that the pathology of psoriasis involves the participation of both the
immune system and skin tissue; therefore a rational research approach would include
studying the disease from an in vivo rather than an in vitro perspective. Hence, most
psoriasis studies have been in the context of animal models which continue to serve as an
invaluable platform for drug testing and development. While there is an absolute need for
an in vivo platform, an ideal animal model is still lacking as no naturally and frequently
occurring animal disease is known to exhibit every complex disease feature of psoriasis
(Schon, 1999). Hence the study of psoriasis is narrowly limited to the artificial induction of
the disease in laboratory animals. Nevertheless, several animal models have been developed
in recent decades to meet the demands of psoriasis research. Study approaches include
spontaneous mutants, T cell transfer models and xenografts.

2.1 Spontaneous mutants

The earliest psoriasis models were laboratory-bred mutant mice that were found to manifest
skin lesions resembling psoriasis. These animals were spontaneous mutants of known allelic
mutations. One such mutant strain was mice carrying the homozygous asebia mutation
(Scd1ab/ Scd1ab). The skin of the asebia mouse is typified by hair loss (i.e., alopecia) and the
complete absence of sebaceous glands. Like psoriatic human skin, asebia mouse skin
displayed hyperkeratosis, epidermal acanthosis, increased dermal vascularity and an
immune cell infiltrate (Gates & Karasek, 1965). However, unlike human psoriatic skin, the
leukocytic infiltrate of asebia mouse skin was devoid of neutrophils and T cells. Because the
immune system is strongly believed to account for a substantial portion of the pathogenesis
of psoriasis, this difference in the inflammatory response in asebia mouse skin reduces the
reliability of this disease model. Moreover, lipid metabolism in asebia mouse skin was
significantly altered, implying a distinctly different disease mechanism from psoriasis,
which further undermined its value as a psoriasis model (Wilkinson & Karasek, 1966). Two
other homozygous mouse mutants, chronic proliferative dermatitis (cpd) and the flaky skin
(fsn), also display a hyperproliferative epidermis, increased dermal vascularity and a mixed
immune cell infiltrate including neutrophils in micro-abscesses of lesions. These similarities
with human psoriatic skin make these animal models slightly superior to the asebia mouse
model as disease models for psoriasis (Morita et al, 1995). However, the psoriasiform-like
phenotype of both fsn and cpd critically lack a T cell-based immunopathogenesis. This was
demonstrated by the ability of glucocorticosteroid treatment to improve the fsn lesions,
which targets the innate immune response, but not with cyclosporine A, a licensed psoriasis
drug which inhibits T cell-mediated immune responses (Sundberg et al, 1994). Cyclosporin
A treatment also did not improve cpd skin lesions (HogenEsch et al, 1994). Fsn mice that
were double homozygous for the severe combined immunodeficiency mutation (scid/scid)
and lacked mature T and B lymphocytes also developed skin lesions nonetheless (Sundberg
et al, 1994). Furthermore, the transfer of hemopoietic T cell precursors from cpd to syngeneic
recipients did not pass on the psoriasiform condition (HogenEsch et al, 1994). Cpd and fsn
are also far more complex than psoriasis; both involve pathologies that extend to other
organ systems. This complexity confounds the study of psoriasis when these models are
used. Critically, the psoriasiform-like phenotype of cpd and fsn could both develop without
the participation of T cells, which are known key effectors in psoriasis (HogenEsch et al,
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1994; Sundberg et al, 1994). Given these limitations, spontaneous mutants still fall short of
being an ideal psoriasis model. The greatest concern about using this type of animal model
for psoriasis research is that researchers are essentially deriving conclusions about the
causes of psoriasis from diseases with another unknown basis.

2.2 T cell transfer models

The disqualification of the early animal models (i.e., fsn and cpd) as psoriatic models
highlights the strong growing recognition of psoriasis as a T cell-mediated disease. Several
clinical observations support this theory, including how psoriasis can be significantly
improved with drugs targeting T cell-mediated immunity (Weinshenker et al, 1989).
Streptococcal infection of the upper respiratory tract, which is remote from the skin, is
known to trigger psoriasis via T cell-mediated responses to bacterial superantigens that
mimic keratins. This process initiates a pseudo-autoimmune reaction responsible for the
psoriasiform outcome (Prinz et al, 1991; Leung et al, 1995; Valdimarsson et al, 2009).
Interestingly, psoriasis was shown to be transferrable when the bone marrow of an
affected individual was transplanted into a previously unaffected recipient (Snowden &
Heaton, 1997). Conversely, psoriasis in a previously affected individual was completely
cured after bone marrow ablation prior to transplant (Eedy et al, 1990). While phagocytic
immune cells (i.e., neutrophils, macrophage and dendritic cells) are responsible for
indiscriminate immune functions such as the engulfment of pathogens or cellular debris
and antigen presentation (Delves & Roitt, 2000), T cells have a more specific molecular
recognition role in the immune system. In summary, every cytotoxic CD8 T cell clone
possesses antigen specificity, allowing it to recognize a unique antigen presented on the
major histocompatibility complex (MHC) of non-immune cells. For example, this antigen
could be a viral peptide in the context of an infected cell, a foreign peptide in the context
of an allograft, or a self peptide in the event of an autoimmune response. In any of these
cases, CD8 T cells would mount a cytotoxic response against the target cell. The CD8 T
cells can mediate a necrotic cell killing through the targeted secretion of lytic proteins,
perforin and granzyme, onto the target cells. These proteins drastically destabilize the
target cell membrane, eventually leading to osmotic stress and colloid osmotic lysis
(Delves & Roitt, 2000).

The classic study of tissue graft rejection showed that the adoptive transfer of normal T cells
into nude mice scid would lead to an immune rejection of the host animal’s skin (Roopenian
& Anderson, 1988). An experimental proof of T cell pathogenesis for psoriasis would require
a T cell-mediated response directed against skin cells. Using principles of tissue graft
rejection, MHC compatible naive CD4+/CD45RBHi T lymphocytes that were minor
histocompatibility complex mismatched were transplanted into scid/scid mice. The minor
histocompatibility mismatch was aimed at minimizing the severity of the immune response
and hence prolonging the rejection process. Without fail, this procedure led to the
development of clinically consistent psoriasiform skin within 4-8 weeks. The resulting
mouse skin lesions were markedly similar to those of human psoriatic skin; they shared the
key histopathological features of acanthosis, parakeratosis, leukocytic infiltrate and dermal
angiogenesis. Remarkably, pro-inflammatory cytokine expression in the lesional skin was
also similar to that of human psoriatic skin, with elevated expressions of tumor necrosis
factor-a (TNF-a), interleukin-6 (IL-6), interferon-y and granulocyte macrophage colony
stimulating factor (GM-CSF). These lesions also responded well to immunosuppressive
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treatments such as cyclosporine A and ultraviolet B (310 nm) phototherapy (Schon et al,
1997). Taken together, these features suggest that an epidermal abnormality is unnecessary
for the formation of psoriatic lesions and that a T cell-invoked immune response results in
psoriasiform skin. However, this model cannot rule out the involvement of an epidermal
trigger, as T cells were deliberately mismatched to the host skin cells. Hence, this T cell
transfer model can only be used to study cutaneous psoriatic events post-T cell activation
and not those processes preceding T cell activation.

2.3 Xenografts

Although animal and T cell transfer models offer a convenient bench approach to studying
psoriasis, they still do not reflect the genuine pathogenesis of the disease. Animal models
may have typical psoriasiform-like skin lesions but closer analysis has revealed critical
cellular differences from the human disease. In addition, T cell transfer models exhibit only
the immune aspects of psoriasis after T cell activation, and they lack all aspects of the
preliminary events leading to T cell activation. Furthermore, the vast differences between
mouse and human skin further complicate the ability to extrapolate animal models to the
actual human disease (Gudjonsson et al, 2007). Hence, another approach is to study every in
situ event of human psoriatic skin in vivo. This has been made possible by
xenotransplantation, whereby human diseased skin is grafted across species to an
immunocompromised murine host. With xenotransplantation, psoriatic features of diseased
human skin can be maintained for more than 2 months, providing sufficient study time
(Krueger et al, 1975). Apart from T cells originating in the systemic circulation, resident T
cells and other immune cells in psoriatic skin may also contribute to pathogenesis, which is
not possible using T cell models. Xenotransplantation models circumvent this shortcoming,
as all forms of resident immune cells in the transplanted diseased skin may be continually
studied post-transplantation (Boehncke & Schon, 2007). Altogether, xenotransplantation
models allow the study of in situ events in the context of actual human psoriatic skin. This
approach has helped elucidate the role of resident T cells in disease pathogenesis and
helped identify the molecules involved in the epidermal recruitment of T cells, such as
integrin a1 (Conrad et al, 2007). Importantly, the xenotransplantation method allows for
comparisons between involved and uninvolved skin (Boehncke et al, 1994; Nickoloff et al,
1995). Xenotransplantation models may also be used to study other components of the
immune system, such as the role of natural killer cells in psoriasis. The immune background
of the host could be modified by cross-breeding mouse strains that carry mutations to
different immunity-related genes. For example, non-obese diabetic (NOD) mice with
impaired natural killer and antigen presenting cells could be combined with scid through
cross-breeding to generate a host animal with a modified immune background to enhance
the study of natural killer cells in psoriasis (Roder & Duwe, 1979; Shultz et al, 1995). With
this concept, many other combinations of immune backgrounds have since been innovated
to support novel studies. Regarding drug discovery studies, xenotransplantation models
facilitate the testing of human directed antibodies or biologics because of the limited cross-
species reactivity (Boehncke, 2005). However, xenotransplantation models do have their
own shortcomings and limitations, including the challenge of assessing T cell homing
processes since human T cells in the transplanted xenograft may not transit normally to
mouse lymph nodes in the hybrid natured “two-species-systems” (Garcia et al, 1997). Also,
xenotransplantation is limited by a lack of diseased skin donors. In response to this issue, a
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bioengineered skin-humanized mouse model was recently developed. Healthy human skin
biopsies were engrafted onto mice and allowed to regenerate. T cells isolated from blood
samples of the same donors were cultured in vitro and transfected with recombinant IL-17
and IL-22 expression vectors. The regenerated skin graft was then reconstituted with this T
cell population through intradermal injections. The stratum corneum surface of the graft
was also removed by mild abrasion, which then triggered psoriasiform features. The
bioengineered skin was claimed to accurately represent human psoriatic skin (Guerrero-
Aspizua et al, 2010).

2.4 Transgenic animal models

With the advent of genetic engineering, another approach using transgenic expression of
individual molecules in the mouse epidermis has allowed scientists to identify possible
psoriatic triggers. To assess the relevance of a protein factor, researchers induce an
overexpression of the factor in the epidermis. By varying the promoter used, scientists can
localize and target the epidermal overexpression to either the basal or the suprabasal layer,
taking advantage of distinct promoters found in the different skin layers. For example, there
is exclusive expression of keratin 14 in the basal layer and involucrin in the suprabasal
keratinocytes. Epidermal overexpression helps enhance the presence of the protein of
interest in the skin which enables investigations of the effects of the proteins on the immune
system (Schon, 2008). To date, most of the proteins shortlisted for studies are related to the
immune system or angiogenesis (e.g., TNF-a, IL-1a, IL-6, IL-8, IFN-y, ICAM-1, VEGF, etc.).
Comparatively few proteins studied are of epidermal origin (i.e., TGF-a, KGF, etc.) because
previous studies using animal or T cell transfer models have identified a more
immunological etiology of psoriasis (Schon, 1999). While the compilation of these studies
suggests a strong immunopathogenic basis for psoriasis, an epidermal trigger of psoriasis
cannot be completely discounted, as these in vivo disease models also involve the immune
and cutaneous systems of animal models.

3. New players in psoriasis identified from wound repair studies

While the current evidence suggests that dysregulation of the immune system, particularly
abnormal Thl and Th17 immune responses, is the primary and predominant pathogenic
basis for psoriasis, it is still debatable how epidermal barrier dysfunction contributes as a
primary and secondary etiological factor in psoriasis. It is noteworthy that psoriasis
susceptibility has been linked to a large number of genes, including those involving
epidermal and immunological functions. While psoriasis has been associated with key
adaptive immune genes like the PSORST MHC locus antigen cluster (Allen et al, 2005), it has
also been linked to epidermal proteins like the S100 proteins (Wolf et al, 2010). These genetic
associations reinforce the mechanistic complexity of psoriasis, which cannot be reduced
simply to either an epidermal or immunological mode of causation. This uneven balance of
research attention could also stem from the natural difficulty of studying cutaneous factors
in animal models. While immune cells can be studied by their transfer into an in vivo system,
the same cannot be said for keratinocytes. Moreover, immune responses are always obligate
and inseparable from the in vivo context of an animal model. Skin grafting, for example,
inevitably leads to wounding and subsequent inflammation in the grafted skin region. In
every study performed on an animal host, immune responses are inevitable after
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manipulation or perturbation of the epidermal barrier. The heavy influx of immune
responses and their corresponding mediators would obscure any genuine causal triggers,
especially if the cause may be of a subtle epidermal origin. A similar obfuscation of
epidermal causes could happen in the actual human disease, confounding the continual
search for an initiating factor. Moreover, the concept of skin as a immunological tissue has
gradually gained importance over the last two decades, supported by the notion of skin-
associated lymphoid tissue (SALT) that was conceptualized in the early eighties. This SALT
concept supports a specialized exclusive circulation of immune cells between the skin, the
draining lymph nodes and the systemic circulation, which facilitates the priming of the T
cell-mediated response in the skin (Streilein, 1983; Streilein, 1989). This helps highlight the
importance of the adaptive immune response in psoriasis. Furthermore, to effectively
safeguard the extensive cutaneous barrier against the external environment,
immunosurveillance of the skin cannot rely solely on skin-residing immune scavenger cells
(i.e., Langerhans cell). Rather, the average keratinocyte can capably assume the versatile role
of an immune sentinel in the epidermis (Nestle et al, 2009). Armed with Toll-like receptors
(TLRs) on their surfaces, keratinocytes recognize pathogen-associated molecular patterns on
invading microorganisms and activate both cell-mediated immune responses and the
production of type I interferons (IFNs) (Baker et al, 2003; Mempel et al, 2003; Pivarcsi et al,
2004). Keratinocytes are also constitutive producers of pro-inflammatory cytokines (i.e., IL-1,
TNF-a, IL-6, IL-10, etc.) (Pivarcsi et al, 2004; Nestle et al, 2009) and can express MHC class 11
molecules (Nickoloff & Turka, 1994). It is thus feasible for keratinocytes to serve as adjunct
antigen-presenting cells (Nickoloff & Turka, 1994). As such, the keratinocyte, despite being a
non immune cell, can trigger both the innate and adaptive immune responses, suggesting
that it can act as a peripheral extension of the immune system. Importantly, the role of
epidermal barrier dysfunction in psoriasis should not be overlooked given the inextricable
relationship between the skin and the immune system.

3.1 A neglected aspect of psoriasis research: The relevance of wound healing
3.1.1 Koebner phenomenon

Although psoriasis is strongly believed to have an underlying genetic predisposition,
psoriatic plaque formation is demarcated and usually does not cover or affect the patient’s
entire skin area (Schon & Boehncke, 2005). The unexpected outbreak of psoriatic lesions in
most patients gives the impression of an unpredictable skin condition and has greatly
complicated the study of psoriasis. With an unknown trigger for psoriasis, it is difficult to
rationally attribute a direct or indirect causation to either the epidermal or the immune
systems. Thus, to understand the epidermal role in psoriasis, it is advantageous to trigger
psoriatic plaque formation on uninvolved skin with a specific epidermal perturbation and
subsequently study the molecular changes in keratinocytes corresponding to the known
perturbation. This is, however, impossible in animal models in which psoriasis does not
naturally occur (Schon, 1999).

The Koebner phenomenon is a well recognized clinical finding in psoriasis, whereby new
psoriastic lesions can be induced in previously uninvolved skin after skin wounding or
trauma. Such psoriatic lesions usually form within 10-20 days of the wounding event,
coinciding with the duration of the wound healing phase. This strongly suggests that skin in
predisposed individuals may still develop normally until substantial triggering by key



Wound Repair Studies Reveal New Insights to Psoriasis 35

epidermal perturbations (Weiss et al, 2002). Wounding stands out as the only known
epidermal perturbation with the predictable ability to trigger psoriasis, thus offering a
unique opportunity to study pathogenetic mechanisms in psoriasis. While the molecular
basis for koebnerized psoriasis remains largely unexamined (Weiss et al, 2002), wound
healing studies have been comparatively well established. Considering the obligate
coincidence and connection between wounding and psoriasis, an adequate understanding of
koebnerized psoriasis requires a solid understanding of wound healing. The Koebner
phenomenon was initially described after animal bite wounds and incision wounds.
However, with accumulated observation and documentation, the Koebner phenomenon
was later broadened to more accurately and extensively include psoriasis arising from all
other forms of skin injury such as insect bites, friction, pressure wounds, excoriations, burns,
contact dermatitis, chemical irritation, infections, tattoo and sunburns (Sagi & Trau, 2011).
Some interesting exceptions were also made and accordingly, not every form of trauma
resulted in koebnerization. Some interesting exceptions have been observed that did not
result in koebnerization, such as experimentally inflicted knife blade injury to the dermis
that did not produce psoriatic lesions on the overlying epidermis above the wounded
dermal portion, but only at the incisional point where the epidermis was damaged (Farber
et al, 1965). Likewise, the dermal injection of potent inflammatory stimulators like
hyaluronidase and chymotrypsin did not initiate a Koebner response (Farber et al, 1965).
The key conclusion from both experiments was that koebnerization must involve epidermal
traumatic damage (Farber et al, 1965). This finding was further confirmed by suction
blistering experiments, resulting in epidermal and dermal separation without epidermal
rupture, which did not induce koebnerization (Miller, 1982; Pedace et al, 1969). The criterion
of an epidermal rupture needed for koebnerization is crucial and on a microscopic level,
necrotic damage of keratinocytes will activate the innate inflammatory cascade leading to
psoriasis (Chen et al, 2007). Thus, it is conceivable that some forms of wounds, perturbations
and traumas to the skin are not as visibly obvious as others. These subtle forms of epidermal
injuries could lead to koebnerized psoriasis but still display the misleading outward
appearance and impression of a spontaneous psoriatic outbreak. This revelation will shed
light on many of our clinical and scientific observations concerning psoriasis. As mentioned
earlier, adoptive T cell transfer experiments in scid mice have demonstrated the independent
ability of T cells to promote the complex pathogenesis of psoriasis (Schon et al, 1997). It is
likely that transplanted minor histocompatibility complex mismatched T cells would direct
a T cell-mediated cytotoxic response against host keratinocyte cells leading to widespread
necrotic epidermal damage, hence fueling the onset of koebnerized psoriasis. Furthermore,
the injured epidermis may expose putative self antigens to the adaptive immune system,
triggering an autoimmune inflammatory reaction. The importance of undetected, insidious
micro-trauma to the skin as a possible initiating and aggravating factor in psoriasis cannot
be over-emphasized and may explain the predilection for psoriasis over sites of frequent
trauma such as the knees and elbows (Schon & Boehncke, 2005). Recent advances in wound
healing research has enhanced our understanding and allowed better insight into the role of
wound healing in the pathogenesis of psoriasis.

3.2 Events in wounding

Wounding or skin injury results in keratinocyte disruption leading to an epidermal gap that
may expose the dermis if sufficiently large or deep. With the epidermal barrier being the key
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protective barrier against various insults of the external environment, re-epithelialization of
the breached epidermis is an urgent priority to close the wound gap and restore epidermal
integrity. Keratinocytes at the edge of the wound are required to proliferate and migrate to
fill up the epidermal gap to effectively seal it (Stadelmann et al, 1998).

The wound and psoriatic lesional microenvironment in the initial stages appear to be largely
similar in terms of the abundant production of pro-inflammatory cytokines, such as TNF-q,
IFN-y and IL-1 (Nickoloff et al, 2006). Keratinocytes in wound sites and psoriatic lesions are
also similarly differentiated; both express keratin 6 (K6), keratin 16 (K16) and keratin 17
(K17) instead of the standard keratin 1 (K1) and keratin 10 (K10) expressed by normal
differentiating suprabasal keratinocytes (de Jong et al, 1991; Mommers et al, 2000; Wang &
Chang, 2003). This suggests that transcriptional regulation responsible for both wound
healing and psoriasis are similar. It is thus relevant to identify the key transcriptional
regulators responsible for wound healing to evaluate its impact on psoriatic skin.

3.3 Nuclear hormone receptors as prospective transcriptional regulators in wounded
skin

Among transcriptional regulators, nuclear hormone receptors are of particular interest.
Nuclear hormone receptors (NRs), such as the retinoid acid receptors, are one of the largest
known classes of transcription factors, several have significant transcriptional activities in
the skin and are responsible for skin homeostasis (Redfern & Todd, 1992). In humans, this
superfamily comprises 48 ligand-dependent or “orphan” transcription factors (Robinson-
Rechavi et al, 2003). Unlike conventional transmembrane receptors, NRs are intracellular
and locked in an inactive conformation by means of a bound chaperone (i.e., heat shock
proteins, immunophilins) (Young & Hartl, 2002). Upon ligand binding in the cytosol, the
chaperone is displaced, and the nuclear receptor is freed to undergo an active conformation,
enabling its translocation into the nucleus where it subsequently binds specific DNA
recognition elements present in the promoter sequence of target genes, inducing their
transcription (Gronemeyer et al, 2004). As such, NRs are dual functional, serving as both a
receptor and a transcription factor. The active conformation of NRs possesses a hydrophobic
pocket as the ligand-binding site (Gronemeyer et al, 2004). Hence, ligands of NRs are
necessarily small hydrophobic molecules (e.g., fatty acids, steroid hormones, thyroid
hormones, vitamin D, retinoids, etc.), which eases their diffusion-based passage through the
hydrophobic cell membrane and their subsequent binding to intracellular receptors
(Friedmann et al, 2005). Furthermore, the skin is increasingly recognized as an endocrine
tissue because it synthesizes and modifies steroidal hormones, which subsequently has
autocrine, paracrine or endocrine signaling functions (Zouboulis, 2009). As such, significant
research attention has been paid to NRs and their transcriptional regulatory role in the skin.
Agonist and antagonist drugs that target the NR family constitute one of the largest and
most potent groups of pharmaceuticals currently in use, and thus hold great potential for
use in improved wound treatment strategies (Sladek, 2003).

3.3.1 PPARB/6 as wound healing transcription regulator and psoriasis trigger

Recent research by various groups including our laboratory has highlighted the crucial role
of a distinct member group of the NR superfamily, the peroxisome proliferator-activated
receptors (PPARs), in wound healing (Tan et al, 2004). PPARs consist of three isotypes,
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namely a, /8 and y (Tan et al, 2004). Specifically, studies of adult murine skin wounds
have shown that wounding rapidly elevates the expression of PPAR /6 from an initially
undetectable range to very high levels in wound-edge keratinocytes located at the
interfollicular regions of the epidermis (Tan et al, 2004). Apart from the epidermis, dermal
PPAR /6 levels were also up-regulated (Tan et al, 2004). In addition to wounding, the up-
regulation of PPAR B/d in interfollicular keratinocytes was also observed upon hair
plucking and treatment with chemical irritants like phorbol esters, which can induce skin
inflammation, epidermal hyperplasia and act as tumor promoting agents (TPAs)
(Fiirstenberger et al, 1981; Tan et al, 2003). The common underlying theme of these three
skin perturbation events is that they all involve a preliminary phase of inflammation
followed by epidermal proliferation. Wounding and hair plucking which are examples of
koebnerization, both involve damage to the epidermis that initiate inflammation, followed
by keratinocyte proliferation in order to re-epithelialize the breached epidermis.
Inflammation and a hyperproliferative epidermis are also hallmark features of psoriasis,
thus suggesting the possible involvement of PPAR /8 in the transcription regulatory
process of psoriasis. We conducted in vitro studies on mouse primary keratinocytes to
evaluate the means of PPAR /6 up-regulation during wounding. A mixed leukocyte
reactions (MLR) procedure was used to mimic the inflammatory environment in the wound.
MLR involves exposing immature bone marrow-derived dendritic cells (DCs) and T cells to
a necrotic cellular mixture of minced skin. DCs activated by the necrotic cellular mixture
will induce T cells to synergistically produce pro-inflammatory cytokines equivalent to
those produced in a wound environment (i.e., TNF-a, IFN-y, IL-1, etc.). Incubation of
keratinocytes with the conditioned MLR media led to the up-regulation of PPAR /8. In
fact, TNF-a and IFN-y were confirmed to be the signaling inducers responsible for this
PPAR /6 up-regulation. TNF-a and IFN-y were also found to up-regulate the endogenous
ligand of PPAR /8, hence enhancing the transcriptional activity of PPAR /8 in the
wounded skin. Without this production of the ligand, transcription through PPAR p/8
would have been futile despite a deliberate overexpression of PPAR /6 (Tan et al, 2001).

In summary, wounding and skin injury lead to epidermal damage, which trigger innate skin
inflammation. Excessive pro-inflammatory cytokines in the inflamed skin induce the up-
regulation of PPAR B/& and its endogenous ligand, which subsequently counter the
apoptotic consequences of inflammation, favoring epidermal hyperproliferation (Tan et al,
2001). This relationship was first established in wounding studies and bears clear
resemblances to the pathological manifestation of psoriasis. This insight into PPAR B/&’s
involvement in wound healing prompted further investigation into its probable role in
psoriasis. Immunohistochemistry and expression profiling studies have revealed that PPAR
B/0 is overexpressed in the psoriatic lesions of most patients (Romanowska et al, 2010). The
overexpression of PPAR (/6 in mouse skin also resulted in an inflammatory skin disease
that was phenotypically similar to psoriasis (Romanowska et al, 2010).

Other epidermal factors have also been linked to psoriasis. One emerging area of interest is
the S100 proteins, a multigene family of low molecular weight calcium binding proteins
encoded within a well known psoriasis susceptibility locus (PSOR4) on chromosome 1q21
(Semprini et al, 2002). S1I00A7 (psoriasin) and S100A15 (koebnerisin), prominent members of
this protein family, are up-regulated in skin inflammation and psoriasis (Semprini et al,
2002). Uninvolved psoriatic skin was found to have more constitutively enhanced
S100A7/A15 expression than healthy skin (Wolf et al, 2010). In lesional psoriatic skin, the
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level of S100A7/ A15 was further elevated, suggesting its significant role in the disease. This
up-regulated S100A7/A15 expression was also retained when psoriatic keratinocytes were
isolated and cultured in vitro (Wolf et al, 2010). SI00A7/A15 was found to prime psoriatic
keratinocytes, thereby increasing their susceptibility to inflammation (Wolf et al, 2010). This
has been largely attributed to its autocrine effect on keratinocytes with recent studies
confirming the intracellular presence of S100A7 (Broome et al, 2003). Moreover, S1I00A7
expression was also correlated with epidermal fatty acid binding protein (E-FABP), a
keratinocyte protein that is distinctly up-regulated in psoriasis (Ruse et al, 2003). As it is
difficult for lipophilic ligands to traverse through the hydrophilic cytosolic environment
enroute the nucleus, E-FABP eases this transition by binding the endogenous ligands and
transferring them to the PPAR /6 receptor (Kannan-Thulasiraman et al, 2010). Notably,
S100A7 has been found to bind and co-localize with E-FABP in keratinocytes (Broome et al,
2003). This interaction effectually stabilizes intracellular E-FABP levels (Broome et al, 2003).
Hence, E-FABP is necessary for PPAR [/ to stabilize and function effectively as a nuclear
receptor (Kannan-Thulasiraman et al, 2010). This relationship explains how increased levels
of S100A7 predisposes keratinocytes to inflammation and psoriasis, possibly via the
stabilization of PPAR (/6 receptors for their relevant transcriptional activity. As 5100
proteins interact with their target proteins in a calcium-dependent manner, it is also possible
that calcium released from the endoplasmic reticulum during inflammation activates
S100A7 which acts together with PPAR (/6 to induce transcription of anti-apoptotic
features in psoriatic keratinocytes. Herein, the role of PPAR (/8 in psoriasis is reinforced.

3.4 ROS-induced oxidative damage of keratinocytes as initiating event of psoriasis

Psoriatic lesions are associated with up-regulated levels of reactive oxygen species (ROS)
(Zhou et al, 2009). Using dichlorodihydrofluorescein diacetate (DCF) staining, we assessed
levels of intracellular ROS in mouse wounds and found ROS levels in wound epithelial
tissue peaking at 3-7 days post-injury (Lam et al, 2011). This ROS up-regulation is likely
secondary to the strong pro-inflammatory wound microenvironment, supported by TNF-q,
which can up-regulate cellular ROS (Kim et al, 2010). ROS-induced oxidative damage can
trigger both apoptotic and necrotic cell death through multiple mechanisms including DNA
fragmentation (Higuchi, 2003) and mitochondria cytochrome c release (Kirkland & Franklin,
2001). While all previously mentioned forms of skin trauma involve external perturbation to
the epidermis, this endogenous ROS-triggered necrotic cell death secondary to epidermal
trauma may theoretically be the initializing cause of koebnerized psoriasis. Such an ROS-
triggered skin trauma could arise in apparently unwounded psoriatic skin based on
intracellular signaling dysregulation and could help explain the spontaneous occurrence of
psoriatic lesions. However, key questions remain as to how this death-promoting ROS
signal is regulated.

Interestingly, we have found that the wound expression of transforming growth factor-f3
(TGF-P) activated kinase 1 (TAK1), a downstream signaling player of TNF-a, coincides with
the pattern of ROS production, with peak expression also at 3-7 days post-injury (Lam et al,
2011). Like PPARP/d, TAK1 activity is most likely affected by TNF-a induction in
wounding. A known signal transducer in the innate immune response, TAK1 in
keratinocytes may serve as both an epidermal and an immune factor responsible for the
pathogenesis of psoriasis. Another separate study reported that mice with an epidermal
specific deletion of TAK1 suffered massive keratinocyte death attributed to elevated ROS
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levels which subsequently resulted in severe psoriasiform-like skin inflammation (Omori et
al, 2008). These findings strongly suggest that the dysregulation of epidermal homeostasis
could trigger inflammation and initiate/sustain psoriasis of the skin and death by the 7th
post-natal day (Omori et al, 2008). This precise role of TAK1 in psoriasis needs further
elucidation.

To circumvent the limitations of in vivo models, we generated lentiviral-mediated TAK1
knockdown (TAKI1 kd) human keratinocytes and cultured them in organotypic co-cultures
(OTC). OTC consists of seeded keratinocytes cultured on a dermal-like fibroblast embedded
collagen layer. The bottom fibroblast/collagen dermal layer contacts the OTC medium,
while the top keratinocyte layer is exposed to the air. This mimics the in vivo positions of
keratinocytes and fibroblasts in the intact skin, whereby nutrients are solely supplied to the
dermis through the dermal blood circulation with nutrients reaching the epidermal layer
only through diffusion (Stark et al, 2004). The advantage of using OTC models in the study
of psoriasis is that it allows us to study the behavior and development of keratinocytes at
the tissue level without the confounding influences of the immune system. This is especially
useful in psoriasis research so that epidermal factors can be isolated and studied alone,
without any immune related effects. Using this setup, we found that TAK1 kd OTC
epidermis displayed significantly higher ROS levels with an increased incidence of
keratinocyte cell death (Lam et al, 2011). This suggests that TAK1 kd keratinocytes
succumbed to ROS-induced keratinocyte death even in normal tissue development. A
unique feature of keratinocytes is that they are naturally subjected to anoikis-induced death
after detachment from the basement membrane during skin homeostasis. Through flow
cytometric analyses of DCF and annexin V staining, we found that either TNF-a induction
or anoikis could enhance ROS production and subsequently induce cell death in TAK1 kd
keratinocytes (Lam et al, 2011).

Importantly, we found that TAK1 protects healthy keratinocytes from ROS-mediated death
by inducing epidermal expression of stem cell factor (SCF) through transcription factor c-
Jun. SCF is secreted in an autocrine manner to bind and activate its c-Kit receptor on
neighboring keratinocytes (Lam et al, 2011). The activation of c-Kit further leads to the
activation of phosphoinositide-3 kinase (PI3K)/protein kinase B (PKB)a to initiate cell
survival and anti-apoptotic effects (Lam et al, 2011). Incidentally, epidermal deletion of c-
Jun in mice has been shown to produce a realistic psoriatic model (Zenz et al, 2005), further
substantiating the role of TAK1 in psoriasis pathogenesis. As the skin is frequently exposed
to oxidative stress from the external environment (Zhou et al, 2009), additional protection of
keratinocytes is necessary to ensure that epidermal cells do not succumb to a fatal, massive
cell death fate, similar to mice with epidermal specific TAK 1 deletion (Omori et al, 2008).
Likewise, the constant microbial insults the skin confronts may lead to inflammatory
responses like TNF-a induction, which will enhance ROS production in keratinocytes
(Omori et al, 2008). Without the protective effects of TAK1, the epidermis may undergo
necrotic degeneration especially during episodes of skin infection. We postulate that the
pathogenesis of psoriasis may involve the suppression of TAK1 mediated protective
mechanisms against ROS in psoriatic keratinocytes, leading to keratinocyte death and
inflammation. The degree of this suppression may vary with the severity of psoriasis, with
mild cases having lower levels of suppression compared to severe cases. Keratinocytes with
strong suppression would undergo anoikis-triggered ROS elevation and necrotic cell death,
triggering psoriasis even without any external wounding. Several clinically approved
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psoriasis drugs have been found to have a therapeutic effect on ROS-induced oxidative
stress, further favoring the ROS aspect of psoriasis pathogenesis (Zhou et al, 2009). A
primary example is dimethylfumarate (DMF), which is known to up-regulate glutathione
(Ghashghaeinia et al, 2010) and the induction of NADPH:quinine oxidoreductase 1 (NQO1)
(Begleiter et al, 2004), two antioxidative pathways in the cell. Vitamin D analogues also
increase the production and activity of glucose-6-phosphate dehydrogenase (G6PD), which
reduces ROS-induced oxidative stress (Bao et al, 2008).

4, Conclusion

Chronic psoriasis has a complex pathogenesis, involving both epidermal barrier and
immune mediated dysfunction. While much of the recent advances have been in the area of
the immunopathogenesis of psoriasis, the role of epidermal disruption as an initiating event
and perpetuating cause of psoriasis certainly warrants further investigation and
understanding. In this chapter, we have highlighted wound healing studies that support the
key role of epidermal dysfunction in psoriasis and the koebner phenomenon. In particular,
the role of nuclear receptor S100 proteins and the protective role of TAK1 against ROS
induced stress were highlighted and discussed. It is noteworthy that the wound healing
studies using novel organotypic skin cocultures have been crucial in further enhancing our
understanding of the epidermal dysfunction in psoriasis and complementing existing in vivo
models.
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1. Introduction
1.1 Skin

Skin is composed of three layers: epidermis, dermis and hypodermis (Sugihara et al., 1991).
Epidermis is divided into five layers namely, stratum basale, spinosum, granulosum, lucidum,
and corneum (Bragulla & Homberger, 2009, Nagarajan et al., 2009). The differentiation
process implies that keratinocytes are transformed through the different cell layers to reach
their complete maturation in the stratum corneum (Harding, 2004). In this process, various
proliferation and differentiation markers are expressed in a well-orchestrated sequence of
events (Fig. 1). When the differentiation process is negatively affected, skin pathologies such
as psoriasis can appear (Rashmi et al., 2009, Karlsson et al., 2004).
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Fig. 1. Differentiation process
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1.2 Psoriasis

1.2.1 Prevalence

Psoriasis is a severe skin disease affecting men and women worldwide. It affects about 2 %
of the world population (Baker ef al., 2008, Wippel-Slupetzky & Stingl, 2009). Previous
studies have demonstrated that psoriasis prevalence varies as a result of two factors: (1)
geographical localization and (2) ethnic group. Firstly, psoriasis shows a significant
geographical variability with the lowest incidence seen at the equator and increasing
frequency towards the poles (Kormeili et al., 2004, Krueger & Bowcock, 2005, Lowes et
al., 2007) (Fig. 2). Secondly, even if psoriasis is universal, it does not affect all ethnic
groups in a similar way. In fact, various studies have demonstrated that psoriasis
prevalence can be modified in function of ethnic factors. They established that, in the
United States, the prevalence was of 0.5 to 0.7 % in African population compared with
1.4 to 4.6 % for Caucasian population (Schon & Boehncke, 2005). Furthermore, some
populations, such as Samoan population (Polynesia), are exempt from psoriasis, whereas
other ethnic groups show a high percentage of affected peoples such as observed in
Kazach’ye population (12.0 %).
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Fig. 2. Worldwide psoriasis prevalence

Psoriasis prevalence shows a significant geographical variability. A lower incidence can be
observed at the equator while the frequency increases towards the poles. Studies suggest
that the incidence may be related with the time and/or the intensity exposure to the
ultraviolet wavelengths of sunlight (Menter & Stoff, 2010).



Psoriatic Skin Models: A Need for the Pharmaceutical Industry 49

1.2.2 Physiopathology

Psoriatic skin is characterized by remarkable hyperplasia of the epidermis (acanthosis), loss
of the granular layer, increased vascularization in the dermis, and thickening of the
cornified layer (hyperkeratosis). Additionally, the incomplete keratinocyte differentiation
(parakeratosis) and the leukocyte infiltration in skin are hallmarks of this disease (Tonel &
Conrad, 2009).

So far, the pathogenesis of psoriasis constitutes a matter of scientific debate. Controversy
exists about whether this disease starts as a primary abnormality of altered keratinocytes or
as a result of an altered immune response against an undetermined antigen. According to
the first hypothesis, epidermal alterations could be sufficient for the initiation of psoriasis in
genetically predisposed individuals. Moreover, it has been demonstrated that the
abrogation of JunB/activator protein (AP-1) in epidermal mouse keratinocytes leads to a
phenotype that notably mimics psoriasis with inflammation, disturbances in epidermal
differentiation and dermal changes, including the expression of chemokines/cytokines,
which are able to recruit neutrophils and macrophages in the epidermis (Zenz et al., 2005).

According to the second hypothesis, psoriasis could be a result of an altered immune
response to an undetermined antigen. However, it is still not clear where the psoriatic
immune response begins. This theory arises from evidences obtained using xenograft
psoriatic models, where uninvolved psoriatic skin is transformed into a psoriatic lesion
under the action of skin resident cells present in the graft (Boyman et al., 2004, Conrad et al.,
2007). The failure to generate a psoriatic lesion after the administration of an anti-CD3 mAb,
demonstrated that T cells and not keratinocytes alone were necessary to generate the
psoriatic phenotype (Boyman et al., 2004, Conrad et al., 2007). Thus, psoriatic lesions could
be initiated by an initial trigger which activates dendritic cells (DCs) and induces their
migration to skin-draining lymph nodes. DCs thus prime antigen-specific T cells to
differentiate into effector T cells bearing the skin addressing CLA (Cutaneous Lymphocyte
Antigen). Activated T cells then traffic to the skin, where they induce together with DCs and
other cells, the release pro-inflammatory cytokines, which in turn stimulate keratinocytes to
synthesize other cytokines, chemokines and pro-inflammatory molecules, thereby causing
the typical epidermal changes observed in psoriasis (Bowcock & Krueger, 2005).
Furthermore, migration of T cells in the epidermis seems to be connected with the
disturbances of desmosome connection between keratinocytes, thereby contributing to the
disruption of epidermal integrity (Krueger, 2002). That could be interpreted by
keratinocytes as an injury with a further wound repair response, and the release of cytokines
leading to a regenerative epidermal growth.

Psoriasis is considered to be an immune-mediated disease characterized by a predominantly
Thl-type cytokine profile in lesional skin with elevated levels of interferon-y (INF-y),
tumour necrosis factor-alpha (TNF-a), IL-12, and IL-18, among others. Thus, the secretion of
the INF-a from DCs and the production of TNF-a by cells of the innate and adaptive
immune system are considered to be one of the earliest events leading to psoriasis (Nestle et
al., 2005). Cytokines released by T cells, DCs, macrophages and neutrophils such as IL-1, IL-
6 and INF-y have been shown to directly induce epidermal hyperplasia (Krueger, 2002).
Additionally, other inflammatory cytokines such as IL-23, have gained attention for their
role in psoriasis pathogenesis. IL-23 leads to the production of IL-17 and IL-22, contributing
to the enhancement and maintenance of inflammation as well as epidermal proliferation
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(Chan et al., 2006, Wolk et al., 2004). Intradermal injection of this IL-23 contributes to the
development of epidermal acanthosis in mice (Chan et al., 2006, Zheng et al., 2007). Other
evidence supporting its role in psoriasis includes the clinical efficacy of anti-p40 monoclonal
antibody (Krueger et al., 2007).

Overall, psoriasis involves a complex interplay between various cells of the immune system
and skin, including dendritic cells, T cells, neutrophils, and keratinocytes, which leads to the
release of numerous cytokines and chemokines that signal keratinocytes to hyperproliferate
and undergo abnormal differentiation (Gottlieb et al., 2003).

1.2.3 Treatment satisfaction: Results of worldwide surveys

Previous worldwide surveys of psoriasis affected individuals have revealed widespread
dissatisfaction with available treatments, as well as frustration with current management
strategies, thereby demonstrating the need for more appropriate forms of therapy (Nijsten et
al., 2005, Stern et al., 2004) and the importance for an improved access for patients to health
care services (Klotz et al., 2005, Simpson et al., 2006).

In 1998, a self-administered questionnaire was mailed to the entire membership of the
National Psoriasis Foundation in the United States (n=40,350) and followed by a telephone
survey of patients with severe psoriasis. Of the 40,350 questionnaires mailed out, a response
rate of 43 % was realized. Although 48 % of responders were very or fairly satisfied with
psoriasis treatments, a nearly similar number of patients (49 %) reported that they were only
somewhat or not at all satisfied (Krueger et al., 2001). Additionally, 46 % of patients
responded that their treatment functioned “just somewhat well” or “not well at all” and a
high degree of dissatisfaction with the capacity of treatments to control the symptoms was
reported. In the case of patients with severe disease, 78 % reported that their treatment did
not function well enough, thereby leading them to a frustration with their medications
(Krueger et al., 2001). In fact, 32 % of these patients replied that the treatment they received
was not aggressive enough. As a consequence, many of the responders (43 %) had tried
over-the-counter medications or alternative therapies such as herbs, relaxation or
acupuncture in order to control their psoriasis (Krueger et al., 2001). Another survey,
conducted with 77 psoriatic patients in Israel also demonstrated that 62 % of patients used
complementary and alternative medicines including herbal medicines and nutritional
treatments followed by homeopathy and traditional Chinese medicine. The main reasons for
complementary and alternative medicines were: the less toxic indications, disappointment
with conventional treatments and stress reduction (Ben-Arye et al., 2003).

In order to assess the satisfaction of psoriatic patients with four systemic medications
(methotrexate, PUVA-therapy, cyclosporin and acitretin), 1,197 patients were interviewed in
the United States between 2001 and 2002 (Nijsten et al., 2005). Of these patients, only 26 %
(n=311) indicated the use of these systemic treatments for their psoriasis. Less than 40 % of
these patients were very satisfied with their treatment, while a comparable proportion
indicated being dissatisfied. Low levels of satisfaction were related with treatment
resistance, toxicity, convenience, costs and unrealistic patients’ expectations (Nijsten et al.,
2005). Patients were more satisfied with methotrexate and PUV A-therapy than with acitretin
and cyclosporine. Furthermore, PUVA-therapy had the highest satisfaction rate and
cyclosporine the lowest compared with other therapies.
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In 2002, the European Federation of Psoriasis Patient Associations (EUROPSO) carried out a
Europe-wide survey investigating quality of life of psoriatic patients, as well as their
satisfaction with available treatments (Dubertret et al., 2006). Self-administered
questionnaires were thus mailed to members of psoriasis associations in Germany, Belgium,
Finland, France, Czech Republic, Italy and Netherlands. From 18,386 responders, 17,990 had
psoriasis. At the time of the survey, 32 % of all participants used a topical treatment, 17 % a
systemic treatment and 13 % phototherapy treatment. Although many patients were
satisfied with the information and care offered by their physicians (40 % highly satisfied),
available treatment modalities were less satisfactory, with over 70 % reporting low or
moderate satisfaction. Higher satisfaction (score of 8-10) was observed for treatments with
methotrexate (30 %), cyclosporin (28 %) and fumarates (26 %) followed by PUVA-therapy
(38 %). Lower satisfaction (score of 1-4) was observed for tazarotene (42 %) and etretinate
(38 %). Responders (50 %) reported that the time consumed during therapies was the most
troublesome aspect, followed by ineffectiveness of treatments (32 %). Patients with severe
psoriasis reported side effects as a problem (31 %), whereas only 23 % of patients with mild
psoriasis considered this aspect (Dubertret et al., 2006). Furthermore, another survey
conducted in 2003 with 301 psoriatic patients in Europe, also demonstrated that 42 % of
patients were dissatisfied with their treatment (Christophers et al., 2006). Lack of satisfaction
was lower among the patients receiving treatment with more than one agent, and in those
who had more frequent psoriasis relapses, demonstrating the high need for safe and
effective therapies for management of this disease (Christophers et al., 2006).

Patients diagnosed with psoriasis in the United States between 2006 and 2007 were
contacted to complete an online survey ('Psoriasis Patient Study Wave 1") related to their
psoriasis diagnosis, treatment and treatment satisfaction (total of patients=1,006). Of those
who had ever taken a prescription (topical, phototherapy, systemic oral or biologics, n=557),
31.8 % (n=177) reported that their current treatment was not able to satisfactorily clear their
psoriasis. When patients were separated by treatment, 20.8 % (n=33) of those using
biologics, 31.1 % (n=33) of those using systemic oral, 46.4 % (n=13) of those using
phototherapy, and 34.2 % (n=163) of those using topical treatments reported that their
current treatment was not able to satisfactorily clear their psoriasis. Patients with severe
disease were less satisfied than those with mild and moderate disease (47.9 % vs. 32.9 % vs.
27.6 % respectively) (DiBonaventura ef al., 2010).

An online Canadian survey conducted in December 2007 with 514 patients diagnosed with
moderate, severe and very severe plaque psoriasis demonstrated that awareness of available
treatment options ranged from 98 % for topical treatments to 75 % for phototherapies, 49 %
for oral treatments and 35 % for injectable medications. Satisfaction with treatments were
generally low, and only 24 % of patients reported to be “very satisfied” with their current
therapy. Satisfaction decreased with the increase of psoriasis severity, 39 % of patients with
mild/very mild psoriasis reported to be “very satisfied”, compared with 16 % of those
diagnosed with moderate/severe/very severe psoriasis (Wasel et al., 2009). In this survey,
dissatisfaction with the efficacy of antipsoriatic treatment was highlighted by the majority of
patients (68 %) reporting that “No medication works really well for my psoriasis”.
Additionally, patients with severe psoriasis more frequently complained that “medication
was very ineffective for my psoriasis” compared to those less affected (49 %, 69 % and 77 %
for respondents with 0-2 %, > 3%, and > 10% of body surface area (BSA) involvement,
respectively) (Wasel et al., 2009). Additionally, most affected patients were concerned about
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side effects from medication to treat psoriasis (54 %, 64 % and 69 % of psoriatic patients with
0-2 %, > 3% and > 10% BSA involvement, respectively). Patients also manifested that the
reasons for treatment discontinuation were as following: lack of efficacy (60 %),
inconvenience (23 %) and improvement of symptoms (22 %), side effects (20 %), cost (14 %)
and doctor’s advice (14 %) (Poulin ef al., 2010).

Opverall, results of worldwide surveys demonstrate that a substantial proportion of psoriatic
patients are highly dissatisfied with current therapies, particularly those with greater
psoriasis severity. A perceived lack of efficacy of available treatments suggests the
importance of the development of more relevant treatments, in order to allow the
establishment of more individualized therapies.

2. Challenges for antipsoriatic drug development

The most significant challenge for antipsoriatic drug development is to provide safe and
effective long-term management of this disease. In general, a conventional vision of this
process starts with the study of disease in relevant model systems, in order to determine
cellular and molecular mechanisms involved in pathogenesis. Afterwards, new therapeutic
approaches are developed in these models before clinical trials in humans (Guttman-Yassky &
Krueger, 2007). The comprehension that psoriasis is an immune-mediated disease, which
involves a complex interplay of T cells, natural killer cells, dendritic cells, macrophages and
other leukocytes, has led to the development of new biological treatments. The positive results
obtained with these agents have expanded our understanding on psoriasis pathogenesis.
However, many questions remain regarding psoriasis pathogenesis, and other medications
should be developed to offer individualized treatments able to improve patient’s quality of
life. Some of the challenges for this field include the improvement of efficacy and safety of new
drugs, the solution of problems related to formulation/administration/costs of new agents,
and the development of more relevant psoriatic skin models.

2.1 Efficacy

Many psoriatic patients are unresponsive to current therapies or have aggressive disease
that is not addressed by current approaches. The determination of relevant biomarkers
directly related to psoriasis pathogenesis to be targeted with effective treatments could
allow quantitative assessment of treatment response (Rashmi et al., 2009).

2.2 Safety

The challenge of improving the safety of new antipsoriatic drugs is a very important aspect
for long-term therapies, and can be overcome through the understanding of the toxicity
mechanisms of new agents at early stages of drug development. Unfortunately, this is not
always feasible during the drug development process, and the “safety question” should
respond to what constitutes an acceptable risk. Thus, it is important to carefully analyse the
risk/benefit rate of new antipsoriatic agents, mainly in the case of severe disease.

2.3 Practical issues

In the case of drugs approved for clinical use, their specific immunogenicity, costs, patient
access and inconveniences for administration should be considerate. Other challenges
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include the optimization of the new drug delivery to give maximum effects to its intended
biological targets.

2.4 Development of more relevant psoriatic skin models

Maybe the most important challenge for antipsoriatic drug development is the inexistence of
validated in vivo and in vitro skin models. Psoriasis is a complex disease in which
interactions with 30 or more upregulated cytokines and chemokines implies the formation
of interactive circuits that are not completely reproduced by in vivo and in vitro models. In
the case of animal models, which are very important in pre-clinic stages of drug
development, no one can fully mimic the genomic signature of this disease in which
expression than more of 1,300 genes is altered (Guttman-Yassky & Krueger, 2007). Other
problems are related to the fact that murine skin is different from human skin, and often
the immune infiltrates are less intense and contain different mixtures of leucocytes
compared with psoriatic plaques (Gudjonsson et al., 2007). Furthermore, animal models of
epidermal hyperplasia are not selective enough, being also used for the study of other
diseases, such as atopic dermatitis, even when different inflammatory genes are implied
in these two diseases. Thus, it is not a surprise that targeted therapies such as the
antibody efalizumab, are effective in both diseases (Farshidi & Sadeghi, 2006). The lack of
representative in vivo and in vitro skin models could also be related to failures of clinical
trials at late stages. Hence, some psoriatic models are of questionable value for the
development of selective antipsoriatic treatments. A detailed explanation of these models
will be provided in subsequent sections.

3. In vivo and in vitro psoriatic skin models
3.1 In vivo models
3.1.1 Spontaneous mutations

Psoriasis is a typical human skin disease. Even if spontaneous mutation models do not
exhibit every features found in psoriasis, various pathology-like characteristics can be
observed, including hyperkeratosis and scaly formation (Mizutani ef al., 2003). Hundred of
these spontaneous mutation models have been described in the literature (Sundberg et al.,
1990), but no one shows all the characteristics of psoriasis. However, these models can be
really practical for studying individual characteristics such as hyperkeratosis (Schon, 2008).
A comparison between the characteristics observed in the three major models of
spontaneous mutations is presented in table 1.

3.1.2 Xenotransplantation

Animal models based on transgenic technology have been used extensively to study the
pathogenesis of various skin diseases, including psoriasis (Raychaudhuri et al., 2001, Jean &
Pouliot, 2010). Xenotransplantation approach consists of grafting a piece of in vivo psoriatic
skin (or an in vitro psoriatic substitute) on a genetically modified mouse. Currently, three
major models are used: athymic nude mice (Fraki et al., 1983), severe combined
immunodeficient mice (SCID) (Raychaudhuri et al., 2001), and spontaneous AGR129 model
(Boyman et al., 2004). The main difference between each model is the immunological
potential of the immune system. Athymic nude mice have no thymus and therefore no T
cells, whereas severe combined immunodeficient mice have no T and no B cells
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Model Characteristics References
Psoriasis-like Psoriasis-unlike
Homozygous asebia Epidermal acanthosis Alterations of the (Schon,
(Scd1ab/Scd1ab) cutaneous lipid 2008, Zheng
Increased dermal metabolism different et al., 1999)
vascularization from psoriasis
Dermal infiltrate (mast ~ Lack of T cells and
cells and macrophages)  neutrophils
Flaky skin mice Best spontaneous model ~Comprises aspects not  (Sundberg et
(Ttcfsn/ Ttcfsn) of psoriasis described find in psoriasis al., 1990,
Danilenko,
Proliferation and Lack of the 2008, Stratis
hyperkeratosis of immunological side et al., 2006,
stratified squamous Sundberg et
epithelia al., 1994,
Schon, 1999)
Positive Koebner reaction
after tape-stripping
Spontaneous chronic Hyperproliferative skin ~ Lack of T cells (Schon,
proliferative dermatitis 1999)
mutation Infiltration of
(Sharpincpdm/Sharpincpdm) inflammatory cells in the
skin

Dilation of blood vessels
in the dermis

Table 1. Examples of spontaneous mutation models and their characteristics

(Raychaudhuri ef al., 2001). As for AGR129 model, it is characterized by the absence of T and
B cells and by the presence of immature natural killer (NK) cells, less cytotoxic than mature
NK cells (Boyman et al., 2004). A weaker system is potent to dwell skin transplants for a
longer time on a compromised mouse upon rejection. Thus, the amount of transplant
rejection is reduced in the AGR129 model compared to the others. Boyman et al.
demonstrated that human wuninvolved psoriatic skin grafted onto AGR129 mice
spontaneously developed psoriatic plaques without the injection of any activated immune
cells or any other exogenous factor, suggesting that uninvolved psoriatic skin is not exactly
comparable to the normal human skin of healthy patients (Boyman et al., 2004, Gudjonsson
et al., 2007, Jean & Pouliot, 2010). However, the absence of an inflammatory system could be
a significant weakness of these models, since the importance of the immunology has been
described by many research groups.

3.1.3 Genetically modified models

Development of rat and mouse transgenic models was an important step in the field of in
vivo models. These genetically modified animals allow the observation of psoriasis-like
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characteristics in rodents following the overexpression or underexpression of cytokines (or
enzymes) (Bullard et al., 1996, Danilenko, 2008, Keith et al., 2005). It is important to note that
psoriasis is a multisystemic skin disease, and that transgenic models consider only a single
gene at the time. Thus, even if these models are interesting to observe isolated psoriasis-like
features, they do not allow the study of all the characteristics of the pathology. There exist a
broad variety of genetically modified in vivo models. An exhaustive list can be seen in table

2 (Jean & Pouliot, 2010).

g &
g £ =
— —© — c [
Model £ EE 3 § g 2 g
g5 < ¢ OF &
Targeting the immune system
HLA-B27/p2 microglobulin rat + + + + (Keith et al., 2005,
Breban et al., 1996)
Hypomorphic CD18 + + + +  (Bullard etal., 199,
Kess et al., 2003)
oE (CD103) + + ? +  (Schon et al., 2000)
K14/p40 + ? ? +  (Koppetal., 2001)
Targeting vascular endothelium
pTek-tTA/Tie2 + + + +  (Voskas et al., 2005)
K14/VEGF + + + +  (Xiaetal., 2003)
Targeting epidermal proteins
K5/Stat3C + + + +  (Sano et al., 2005)
IKK2 + + ? - (Pasparakis et al., 2002)
¢-Jun/JunB + + + +  (Zenzetal., 2005)
K14/KGF + + + - (Guoetal,1993)
K14/TGF-a + o+ 2 SOMe yoccar & Fuchs, 1991)
animals
K14/1L-20 + + - - (Blumberg et al., 2001)
K14/amphiregulin + + + +  (Cooketal., 1997)
K14/IL-1a + + - ?  (Groves et al., 1995)
K14/1L-6 + - - - (Turksen et al., 1992)
K10/BMP-6 + + + +  (Blessing et al., 1996)
Involucrin/integrins + + + +  (Carroll et al., 1995)
Involucrin/ MEK1 + + ? +  (Hobbs et al., 2004)
Involucrin/amphiregulin + + + +  (Cook et al., 2004)
Involucrin/IFN-y + + + - (Carroll et al., 1997)
Chymotryptic enzyme + + ? +  (Hansson et al., 2002)

Table 2. In vivo genetically modified models of psoriasis

Reproduced and modified from Jean ef al., 2010 according to the copyright policy of the

publisher. © 2010 InTech.
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3.2 In vitro models
3.2.1 Monolayer

By using only a small skin biopsy, monolayer techniques allow the attainment of a large
number of cells (normal or pathological) supporting the production of many experiments. In
monolayer models, only one cell type is studied. Thus, keratinocytes (or fibroblasts) can be
used to test different conditions or to observe psoriatic skin features such as
hyperproliferation or abnormal differentiation of keratinocytes. These models allow the
isolation of one cell type for step by step dissection of the implied mechanisms. Even if it
was not possible to observe direct interaction between cell types, these models allowed the
discovery of many interesting facts about psoriasis, and favoured a better understanding of
the pathology (Jean & Pouliot, 2010).

3.2.2 Collagen gels

Despite the absence of a complete in vitro model allowing the observation of interactions
between different cell types, such as keratinocytes and fibroblasts, some teams have
developed specialized techniques which imply an exogenous matrix: the collagen gel.

3.2.2.1 Organ culture

Some teams decided to put down complete skin biopsies on collagen gel, containing
fibroblasts, to observe cell proliferation. Total surface recovered by keratinocytes was used
to calculate cell proliferation percentage (Saiag et al., 1985). Higher keratinocyte proliferation
values were obtained in the presence of psoriatic fibroblasts (Saiag et al., 1985). Furthermore,
this model led to the conclusion that normal fibroblasts are unable to suppress the
hyperproliferative growth of psoriatic keratinocytes, and that hyperproliferation of normal
epidermis can be induced both by uninvolved and involved psoriatic fibroblasts (Saiag et al.,
1985, Jean & Pouliot, 2010).

3.2.2.2 Models using many cellular types

Other teams developed skin substitutes composed of two cell types, in order to observe
the effects of psoriatic keratinocytes on fibroblasts and vice versa. In a global way, these
models consist of isolating normal and pathological cells from a small biopsy. Fibroblasts
are extracted from dermis, expanded and seeded in collagen gel. Keratinocytes are
extracted in a similar way and are placed on the pre-prepared collagen gel (Konstantinova
et al., 1996). Barker et al. developed and characterized an in vitro psoriatic skin model
using collagen gel. This model was very representative of the pathology (Barker et al.,
2004). In fact, they have demonstrated that the model kept many characteristics of
psoriasis such as hyperproliferation and abnormal differentiation of keratinocytes,
augmentation of the interleukin 6 and 8 concentrations, as well as the overexpression or
underexpression of some proliferation, differentiation and inflammatory markers
observed in psoriatic skin. Researchers concluded that involved and uninvolved skins
seem to have the same pathological characteristics as psoriatic human skin (Barker ef al.,
2004, Jean & Pouliot, 2010). Barker, Konstantinova and Saiag models are interesting in
vitro models for studying psoriasis, but they are produced with a contractile exogenous
material (collagen gel).
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3.2.3 Self-assembly approach

Facing the absence of exogenous material-free models, our group developed a new
pathological skin model to study psoriasis in vitro by using the self-assembly approach
(Michel et al., 1999) (Fig. 3). Briefly, normal and pathological fibroblasts are thawed and
cultured with ascorbic acid for a period of time of four weeks. Then, dermal sheets are
produced and removed from flasks. Two fibroblast sheets are superimposed to form a new
dermal equivalent. Seven days later, normal or pathological keratinocytes are seeded on the
dermal equivalent to obtain a new epidermal equivalent. After another 7 days of culture, the
substitutes are raised to the air-liquid interface to favour cell differentiation and
stratification. Finally, biopsies are taken after 21 days of culture at the air-liquid interface,
and samples are analyzed using histological, immunohistochemical, physico-chemical or
permeability techniques (Jean et al., 2009).

I 4 4 4 —
Day 0 Day 28 Day 35 Day 42 Day 63
Seeding of Superposition Seeding of Air-liquid Biopsies
fibroblasts of sheets keratinocytes interface

Fig. 3. The self-assembly approach for the production of skin substitutes

Schematic representation of the various steps of skin substitutes production in function of
time. Reproduced and modified from Jean et al., 2010 according to the copyright policy of
the publisher. © 2010 InTech.

In 2009, Jean et al. showed that self-assembled skin substitutes partially maintained
psoriasis-like features such as a thick epidermis, hyperproliferation as well as abnormal cell
differentiation of epidermal cells (Jean et al., 2009). In 2011, they demonstrated for the first
time that pathological substitutes produced by the self-assembly approach can be treated
with an anti-psoriatic molecule and react positively to the treatment such as observed in
psoriatic skin in vivo. This functional study suggests that the self-assembled skin substitutes
could be useful to better understand the mechanisms through which retinoic acid regulates
cellular physiology in psoriatic skin, and could become an effective and innovative
dermopharmaceutical tool for the screening of new treatments (Jean ef al., 2011).

4. Conclusion

Psoriasis is characterized by the presence of physical and psychological pains, which can
severely affect the quality of life of psoriatic patients. Currently, a broad spectrum of anti-
psoriatic treatments, both topical and systemic, is available for the management of psoriasis.
These treatments only allow to control psoriasis without curing it. Challenges for
antipsoriatic-drugs development are numerous, and the pharmaceutical industry strongly
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needs highly predictive in vivo and in vitro models to improve the success rate of the
development of new drugs. Effectively, the lack of representative in vivo and in vitro models
could be related with failures of clinical trials. Thus, the elaboration of these models
represents a key component in the fight against psoriasis.
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1. Introduction

Psoriatic arthritis (PsA) was first recognized as a specific rheumatic entity in 1964 by the
American Rheumatism Association (later American College of Rheumatology) (Blumberg,
1964). In the forthcoming years it has become clear that PsA belongs to the spondyloarthritis
(SpA) family that comprises several heterogeneous clinical conditions. These are Ankylosing
Spondylitis, Reactive Arthritis (which occurs after bacterial infections), Spondyloarthritis
associated to Chronic Inflammatory Bowel Diseases (Crohn’s disease and Ulcerative
Colitis), Undifferentiated Spondyloarthritis, and juvenile forms (figure 1). The term
spondyloarthritis relates to inflammatory manifestations of peripheral and spinal joint
structures. The Spondyloarthitides are defined by classification criteria (Sieper, 2009; Zeidler
2011, Rudwaleit 2011). The main clinical manifestation will trigger the main group for each
disease entity may have varying degrees of articular, spinal, and extraaticular
manifestations. Furthermore, extraarticular inflammatory manifestations may also occur at
different intensity levels. However, it needs to emphasized that classification criteria are not
diagnostic criteria. Classification criteria were developed for clinical studies in order to
include rather homogenous disease manifestations. In daily clinical practice it may occur
that although the classification criteria are not fully met, the patient still may be allocated to
a certain disease entity.

Peripheral joint Spinal manifestations Extra-articular Manifestations
manifestations

Arthritis Spondylitis Uveitis, Scleritis, Conjunctivitis
Enthesitis Enthesitis Psoriasis

Bursitis Sacroiliac joint arthritis Urethritis

Tendosynovitis Facet joint arthritis Inflammatory bowel disease
Erosive-proliferative joint Bony ankylosis Periodontitis with dental loss
destruction

Table 1. Clinical manifestation of the Spondyloarthritides, which may be present in all the
different disease entities (Fig. 1).
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Fig. 1. Clinical entities of Spondyloarthritis. The overall disease group is the
Spondyloarthritis, which comprises 6 distinct diseases. Psoriasis Arthritis is one disease
entity of the group. Common abbreviations are given in parenthesis.

In clinical practice, articular and extraarticular manifestations overlap quite frequently
among the SpA diseases. Initially, the clinical manifestations of PsA were collected and a set
of manifestations was proposed as classification criteria by Moll and Wright in 1973 (Moll,
1973). These described clinical features were considered to be “Psoriatic Arthritis”.
However, over the following years, 6 modified classification criteria for PsA (Bennet, 1979;
Dougados, 1991; Fournie, 1999; Gladman, 1987; McGonagle, 1999; Vasey, 1984) have been
proposed by different research groups in order to differentiate between the different disease
entities (Taylor, 2002). As in the Moll and Wright criteria proposal, these criteria mainly
have been established in groups of patients with classical and fully developed disease
manifestations. The validity of these criteria have never been formally proven in studies.
Formal prove of PsA criteria was done in 2006 with the publication of the CASPAR
(Classification of Psoriasis Arthritis Study Group)-Criteria (Taylor, 2006) as a joint project of
the EUAR and ACR. As with the other above mentioned 7 criteria sets, the CASPAR criteria
also were established in a group of patients with long standing psoriasis arthritis (mean
disease duration of greater than 10 years (Taylor, 2006). As we know that chronic
inflammatory arthritis like Rheumatoid Arthritis (RA) and PsA can destroy joints and cause
significant disability (see Tab. 1) we need to diagnose arthritis before destruction of tissue
has taken place. For this reason, in RA, arthritis classification criteria have just been revised
to also classify early RA (Aletaha, 2010). Next to the new RA early classification criteria, the
newly proposed classification criteria for spinal spondyloarthritis now include MRI
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diagnostics of the sacroiliac joints (Rudwaleit, 2009). Bone marrow edema around the
sacroiliac joints seen in MRI in water sensitive squences, i.e. STIR (short tau inversion
recovery, T1 plus contrast media) detects inflammatory processes significantly earlier than
actual joint destruction can be seen on conventional X-ray films.

However, we still do not have validated early PsA criteria and early PsA most times does
not present with the classical, fully developed clinical picture as is described in our
textbooks.

This book chapter is dedicated to discuss why we need to detect PsA early and will answer
the question of how patients with psoriasis can be screened for possible early peripheral and
spinal arthritis manifestations. Suggestions on how cooperation between dermatologists and
rheumatologists can be effectively set up will be given at the end.

2. Why is early detection of inflammatory processes important?
2.1 The earlier the better or time is joint function

Early detection and treatment of chronic inflammatory joint disease has been shown in
numerous reports to correlate with better long-term outcome in rheumatoid arthritis (van
der Bijl, 2007; Verstappen, 2007). Severity of joint destruction and loss of quality of life in
PsA has been shown to be similar to RA (Husted, 2001; Rahman, 2001). Therefore, many
aspects in PsA may be compared with aspects in RA. As depicted in figure 2, the chronic
inflammatory process begins with an undulating situation of clinical and subclinical
manifestations of joint pain with or without swelling. A trigger event then sets off the
clinical manifest chronic inflammatory course. Joint destruction begins very early after this
event. If the inflammatory process is not stopped, the natural disease course will occur with
more or less destruction of joint structures.

N
gzg:nans'osf Late induced therapy>
iasi
Arthritis

Early induced therapy > EX

Remitting
arthritic
inflammation

Idealy, very early induced therapy

Beginn of i

jo?r?tlr:ir:a:truction tlme
Fig. 2. Time course of the development of PsA. The earlier detection and treatment of
arthritis takes place, the better the outcome in the following years will be, adapted according
to (Machold, 1998).
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However, if we treat to the target of remission and control the inflammatory process, it is
possible to prevent or slow down the destructive process. We have plenty of evidence for
this targeted approach for RA as reviewed elsewhere (Schoels, 2010). Furthermore,
recommendations for physicians (Smolen, 2010) and patients (de Wit, 2011) on how to treat
to the target of remission have recently been published. Very likely, the targeted approach is
also true for PsA, because PsA also shows destructive disease courses and we use the same
outcome measures than for RA. However, this has not yet been formally proven as has been
for RA.

Inflammation of articular structures always is coupled with loss of function. Early in the
disease course inflammation and loss of function correlate very well. This means, if
inflammation is suppressed, function is completely regained. However, the longer the
inflammatory process goes on, the more fibrotic and destructive changes occur which are
not reversible (Aletaha, 2006). This implies that effective suppression of inflammation will
not result in full regain of function anymore (figure 3). Furthermore, fibrotic tissue may
cause destruction by itself thus uncoupling the destructive process from classic immune
mediated mechanisms (Neumann, 2006).

Reversible
decline of function
with early

therapy of inflammation Irreversible functional decline

time (years)

Fig. 3. Correlation of inflammation (black), loss of function (yellow) and joint destruction
(blue) with time. Very early in the inflammatory process loss of joint function is tightly
correlated with the degree of inflammation. In this phase, complete reduction of joint
inflammation will restore joint function. However, the longer the inflammatory process goes
on, the more destruction of joint structures will occur along with continuously more
irreversible loss of function and destruction. Finally, there may occur an uncoupling of
inflammation and irreversible joint destruction with loss of function, adapted according to
(Kirwan, 2001).
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2.2 Chronic inflammation confers a cardiovascular risk factor by itself

An upcoming discussion is that chronic inflammatory processes enhance the cardiovascular
risk to a similar extend like the classical known risk factors diabetes, hypertension,
hyperlipidemia, obesity, smoking and genetics (van Halm, 2009). This implies that treatment
of inflammation may be similar important to the treatment of the classical cardiocascular
risk factors in order to reduce the overall cardiovascular risk. Prospective studies on
reduction of cardiovascular risk by anti-inflammatory treatment are still pending but it was
shown retrospectively that effective reduction of inflammation with combination therapy of
methotrexate and anti-TNF (Tumor Necrosis Factor) medication may reduce the risk for the
first cardiovascular event (Cugno, 2010).

As in RA the cytokine TNF plays an important role in the pathophysiological mechanism of
Ps and PsA. The prothrombotic effects of TNF in cardiovascular disease are discussed in a
recent review and may play an important role in the about 4 fold enhanced cardiovascular
risk compared with the normal population (Jacobsson, 2005). However, Ps and PsA patients
seem to additionally have an increased prevalence of cardiovascular risk factors such as
smoking, hypertension, raised levels of homocysteine, excessive alcohol consumption and
metabolic syndrome compared to the normal population (Tobin, 2010). Therefore, it cannot
be finally answered to what extend chronic inflammation of the skin, joints, and spine in
Ps/PsA add to an enhanced cardiovascular risk.

2.3 Health care costs of PsA are high

Another reason for early detection of PsA is health care costs. PsA shows increasing costs
with the duration of the disease. This seems to mainly be due to the rising risk of work
disability. However, the association of work disability and disease duration has not very
well been studied up to day. Only 3 studies were published on this topic (Mau, 2005;
Verstappen, 2010) and one review gets to the conclusion that the data is too heterogeneous
to draw hard conclusions (Tillett, 2011). Nevertheless the study of Mau et al. describes a
reduction of the standard employment rate in PsA patients from 0,94 to 0,7 within 5 years.
Functional status seems to be the most important factor to predict total costs. Zink et al.
summarize that patients with a poor functional status of 50% (HAQ of more than 1,7) cost
more than double compared to patients with a good functional status (functional status of
70% or HAQ less than 1,2) (Zink, 2006).

2.4 Psychosomatic comorbidity is important to consider

Finally, the psychological and psychiatric comorbidities resulting from the cutaneous
stigmatization and the painful, debilitating arthritic manifestations of joint and spine add to
the disease burden of PsA (Devrimci-Ozguven, 2000; Esposito, 2006). There seems to be no
difference in depression rate among sex and age of patients with PsA. Effective therapy of
cutaneous manifestations and arthritis may reduce depressive disorders, which will
significantly reduce health costs and therefore needs to be balanced against the high costs of
modern treatment with biologics.

3. How can patients with PsA be identified in daily clinical routine?

In clinical practice, psoriatic patients with a dominant skin manifestation primarily consult
dermatologists and patients with a dominant peripheral or spinal manifestation primarily
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consult rheumatologists or orthopedics. However, the vast majority of Ps patients gather
within the dermatology setting. Therefore, it seems rational to screen patients for arthritic
manifestations in the dermatology setting.

From July 2005 until October 2008, we validated and established the self-administered
patient-screening questionnaire GEPARD (GErman Psoriasis ARthritis Diagnostic
questionnaire) to detect PsA in psoriatic patients seeking primarily dermatologic care
(Harle, 2010) (Tab. 2 and www.kkm-mainz.de/rheumatologie). In order to keep the
questionnaire simple, only dichotomous answers (yes/no) were used. The twelve questions
were derived from discussions about appropriate questions among the authors and
additional advice provided by other experienced rheumatologists. Questions number 1 to 4
relate to clinical signs of arthritis but do not necessarily impose a momentary active state of
arthritis by asking if the patient ever had these signs. It was considered that these questions
take into account the remitting and relapsing nature of PsA. We considered the detection of
these patients being especially important in the context of a longitudinal follow-up of
fluctuating arthritis, which might eventually lead to establishing prognostic parameters for
PsA. Questions number 5 to 8 pertain to arthritis in a more indirect way by relating to the
discomfort caused by joint pain or dysfunction. Questions number 9 to 13 relate to the
clinical signs of inflammatory back pain which can be associated with PsA. An additional

# Question Yes No

1 Have you ever had joint pain accompanied by swelling?

2 Have you ever had a completely swollen digit or toe?

3 Have you ever had joint pain accompanied by redness of that
joint?

4 Do your joints feel stiff after waking up in the morning?

5 Hawe you ever thought of having a joint disease?

6 Have you ever consulted a doctor because of your joint
problems?

7 Have you ever received the diagnosis of "arthritis"?

8 Do you take pain medication for your joint pain?

9 Do you suffer from back- or buttock pain? If yes, does/is this
pain.... (please, answer questions 8a to 8d)

10 | ... most intense in the early morning hours?

11 | ... improve through exercising or moving around?

12 | ... persist while resting?

13 | ... accompanied by back stiffness in the morning hours?

14 | Ifyou answered one of the above questions with “YES”:
Since when do you have these complaints?

More than | More than | More than | More than | More than | More than | More than
1 week 1 month 3months | 6 months | 1 year 3 years 5 years

Table 2. The GEPARD questionnaire targets arthritic complaints of peripheral joints and
spinal manifestations in addition of duration of arthritic symptoms thus enableing early
detection of PsA. The patient alone answers the questionnaire. The physician or assistant
counts the positive answers. The cut-off value of equal or more than 4 positive answers
showed a sensitivity of 89% and a specificity of 73% to detect PsA in Ps patients
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question related to the time period since the first occurrence of complaints lasting from one
week up to more than 5 years in order to detect early PsA manifestations. In the statistical
evaluation of the study, we calculated a cut-off value of greater than or equal to 4 positive
answered questions. This cut-off showed a sensitivity of 89% and a specificity of 73% to
detect PsA in Ps patients (Harle, 2010).

In the final evaluation, we clinically evaluated 54 patients. These patients were selected by
the GEPARD questionnaire from dermatology outpatient clinics. We found 43 patients who
had some arthritic manifestations according to clinical examination, ultrasound, x-ray, MRI,
and Technecium-Szintigraphy. This accounts for 79,6% patients being positive for PsA
manifestation. This percentage of PsA among patients with Ps is in line with earlier
publications (Sadek, 2007). Furthermore, 23 patients were first diagnosed as having PsA.

According to the time duration of arthritic complaints we found 57% suffering over 4 years
but 43% of patients below 4 years (figure 4) which may still be considered as being early
arthritis. From these patients with complaints of less than 4 years 80% could be classified for
PsA just by clinical examination according the CASPAR criteria without the use of
sonography, x-ray, MRI, or szintigraphy (figure 5). Considering that the initial screening
process was exclusively based on patients” answers, without evaluation by a physician, the
GEPARD patient - questionnaire is well suited for routine clinical usage. In addition, the
screening tool does not consume additional time from the dermatologist but still enables
him to identify patients who need to be referred to a rheumatologist for further evaluation
of arthritic manifestation.

Il Arthritis <1 year

B Arthritis >1<2 years

[ Arthritis >2<3 years

[ | Arthritis >3<4 years 57%
[ Arthritis >4 years

8%

1% 15%

Fig. 4. Pie chart of arthritis duration according to the GEPARD patient-questionnaire. Forty-
three percent suffered of symptoms of less than 4 years. Less than 4 years is considered to be
early arthritis.
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B Arthritis
I Arthralgia
I No complaints

16%

80%
4%

Fig. 5. Distribution of arthritis, arthralgia and no complaints in percent of GEPARD patient-
questionnaire early arthritis patients (< 4 years). According to the CASPAR classification
criteria, eighty percent were classified as having PsA.

4. How could the cooperation between dermatologist and rheumatologist be
set up?

As described in the previous paragraphs screening of patients with Ps can easily be done by
using the GEPARD patient self-administered questionnaire. In the case of equal or more
than 4 positive answers in the questionnaire, the dermatologist may refer the patient to a
cooperating rheumatologist. Since the end of the 90s most rheumatologists have set up an
early arthritis schedule. With the GEPARD questionnaire the patient is already screened for
arthritis and is more likely to have an arthritic manifestation. After the rheumatologic
assessment the decision has to be made which discipline is advantageous to take the lead in
guidance and treatment of the patient. Usually a cooperative way is chosen, taken into
consideration that the general practitioner is the stearing physician for the other comorbid
and social problems of the individual patient (figure 6).
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In the case of leading arthritis, the consultation of the dermatologist is necessary to confirm
the diagnosis of Ps by clinical means or by biopsy in unclear situations (figure 7).
Furthermore, topical treatment may be instituted if systemic therapy of PsA does not lead to
full treatment success of the skin. The same treatment cycle as described before is necessary
in order to treat all facets of PsA.

Psoriasis patient in
primary care by the Dermatologist

|

positiv
e, pm—— o Pcnosomatcs
s Appointment with Rheumatologist Psychiatry

(early arthritis clinic)

o i =

Fig. 6. Flow chart of possible cooperation among the medical disciplines. Screening starts
in the dermatology practice by using the GEPARD patient self-administered
questionnaire.
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Arthritis-patient in primary care by the <
Rheumatologist / Internist /
General Practitioner

v

: 4 '
General

Practitioner / Psychosomatics /
Internist Appointment with Dermatologist Psychiatry

L

Fig. 7. Flow chart of possible cooperation among the medical disciplines. In the case of
suspected psoriatic manifestation or in the case of suboptimal treatment response of Ps by
systemic therapy the rheumatologist confers the patient to the dermatologist for further
evaluation.

—

5. Summary

Considering all the many facets of PsA and the different diagnostic and therapeutic
strategies is the art of modern medicine and good clinical practice. We need to understand
the context of inflammatory skin, joint, and spine manifestations with mental health, extra
articular problems and economical considerations. This can only be accomplished by good
cooperation between dermatologist and rheumatologist in addition to the comprehensive
care by the general practitioner, internist, and psychological disciplines (figure 8).
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economical
considerations

spinal
inflammation
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Fig. 8. Interdisciplinary, holistic view of Ps and PsA.
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1. Introduction

Psoriasis is an immuno-mediated condition whose pathogenesis is still unclear and that in
head and neck area presents six specific aspects that justify the title of this chapter: 1)
visibility of the lesions and their impact on quality of life (QOL); 2) the very common
involvement of the scalp; 3) the difficulty of the treatment; 4) the aberrant epidermal-
mesenchymal interactions theory; 5) the rare mucous occurrence and the PPP-tonsil-related
disease; 6) the significantly increased risk of head and neck cancer in men with Psoriasis.

2. Visibility and the impact on quality of life

Visibility of head and neck Psoriasis has a considerable impact on patients” QOL. The
differential diagnosis for pustular skin disorders is extensive but facial Psoriasis more
commonly affects eyebrows, the skin between the nose and the upper lip, the upper
forehead and the hairline. Scalp Psoriasis is very common. Multiple instruments have been
used to determine the severity of scalp Psoriasis and tools for patient self-assessment have
also been developed (Psoriasis Area and Severity Index or PASI, Psoriasis Scalp Severity
Index or PSSI, Body Surface Area or BSA, Physicians' Global Assessment or PGA, Lattice
Physician Global Assessment or LS-PGA, and Self-assessed Psoriasis Area and Severity
Index or SAPASI) but none of the severity scores used for Psoriasis meets all of the
validation criteria required for an ideal score. However the PASI score is the most
extensively studied (Puzenat & al, 2010).

While head represents only 10% of the whole body’s surface, consequences of scalp Psoriasis
are disproportionate to its extension as it can be seriously debilitating inducing important
social and emotional distress.

Although it is unclear why initial scalp involvement is so common, scalp tissue has unique
features that may promote its vulnerability to psoriatic lesions. For example, its high
follicular density provides a dark, warm and moist environment that reduces environmental
UV exposure which normally would limit lesion development. In addition, inflammation-
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promoting microorganisms flourish in the sebum-rich setting of the scalp and, as seen in one
study, an association with the severity of scalp disease was suggested to be related to
isolation of Malassezia globosa yeast from patients scalp (Gupta & al., 2004).

Additional inflammation may be triggered or exacerbated by frequent friction and trauma
to the scalp (Koebner phenomenon: psoriatic lesions as consequence of trauma in psoriatic
patients) from brushing or use of styling implements.

Psoriasis of the eye is extremely rare. When it does occur, it can cause inflammation,
dryness and discomfort. It may cause vision impairment. When Psoriasis affects the eyelids,
scales may cover lashes and topical antibiotics may be used to treat infection.

Psoriasis generally affects the external auditory canal without involvement of the ear or
behind the eardrum but can cause scale buildup that can block the auditory canal with
subsequent temporary hearing loss.

Rarely Psoriasis appears on the gums, the tongue, inside the cheek and the nose or on the
lips. The lesions in these areas are usually white or gray and can be relatively uncomfortable
as they can cause chewing and swallowing discomfort.

When Psoriasis involves the face, it can be much more disabling and can severily decrease
patient’s QOL. Facial Psoriasis is difficult to treat and is associated with severe cutaneous
disease. In fact, patients who have a long history of Psoriasis or an early age of onset are
more likely to suffer from facial involvement. Facial Psoriasis may also be associated with
pruritus, psoriatic arthritis, and with a family history of Psoriasis.

Various clinical manifestations of Psoriasis make it more than a dermatological nuisance, as
it interferes with many normal daily activities, such as use of hands, walking, sleeping, and
sexual activity. At least 30% of patients contemplate suicide, which places Psoriasis on par
with other major medical diseases such as depression, heart disease and diabetes (Krueger,
2001).

Alexithymia was originally defined as the inability to recognize and verbalize emotions. It is
characterized by an emptiness of feelings, poverty of imagination or of a life fantasy and by
difficulties in communicating with other peoples, as well as lack of positive emotions and a
high prevalence of negative emotions. Its presence has been incriminated in genesis and
maintenance of various psychosomatic pathologies.

As patient’s psychological dimension seems to be related to the onset of the illness, to its
evolution and to its prognosis, Psoriasis is classified among psychosomatic pathologies too.

In this perspective Alexithymia does not appear to be simply a condition related to
Psoriasis, but a worsening of patient’s condition, exposing him to other psychosomatic
diseases and alcoholism and to a worsening of his global prognosis. That's why
psychological approach in treatment favouring expression of patient's emotions and
opening a symbolic dimension is as important as the biological approach and is necessary
for improvement (Masmoudi, 2009).

A recent cohort study (Gelfand & al., 2011) has also shown that severe Psoriasis (defined as
Psoriasis patients with a history of systemic therapy) is associated with an increased risk of
mortality as male and female patients in the study died 3.5 and 4.4 years younger
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respectively than those without Psoriasis (even after adjustment for classical risk factors of
mortality). Hence Psoriasis is a major public health problem.

The data analysis suggests that a minimum of two summary scores (one for skin and one for
joints), and potentially a third for nails, are required to accurately assess severity across the
full spectrum of psoriatic disease. The optimal design of such assessment tools remains the
objective of many research projects, with efforts continuing to identify the most meaningful
contributing elements that define the full spectrum of the psoriatic disease state (Wittkowski
& al., 2011).

2.1 Addictions and Psoriasis

Association between Psoriasis and addictive disorders is a longtime suspect and several
studies are supporting association of Psoriasis and alcohol, and of Psoriasis and tobacco.
Association between Psoriasis and alcohol seems not to be influenced by gender and shows
a dose-effect relation. The most striking link between cigarette smoking and Psoriasis has
been established in Palmo-Plantar Pustulosis (PPP). This link also seems to exist for other
forms of Psoriasis with a dose-effect relation.

The relationship between cigarette smoking and Psoriasis has been the subject of several
studies. It was showed that cigarette smoking represents a significant risk factor for
appearance of Psoriasis, especially in women, in a case about five, and it has been pointed
out that risk increases with the number of cigarettes consumed per day and increases in
those who smoke 20 or more daily. The risk would increase further in those who have a
family history of this disease. Also for PPP seems to be a relation to cigarette smoking, with
a risk factor 7.2 times higher in smokers than in non smokers. The report is based on
leukocyte neutrophil counts: PPP is a neutrophilic dermatosis and cigarette smoke increases
peripheral neutrophil counts and alters it in morphological and functional way.

Cigarette smoking may be involved in the high prevalence of lung and oral cancer and
cardio-vascular disorders in psoriatic patients. The association between alcohol and
development of plaque-type Psoriasis is complex and confusing because many of the initial
studies did not control for confounding factors such as tobacco use.

There are a number of difficulties in the assessment of the correlation between Psoriasis,
cigarette smoking and alcohol, and even more so in establishing a causal or etiologic
relationship between the three because of several confusing factors (Meyer &al., 2008).

Alcohol-controlled studies suggest that women who are smokers have an up to 3.3-fold
increased risk of developing plaque-type Psoriasis. Men who are smokers do not exhibit
such an increased risk, but studies have shown that smoking more than 10 cigarettes per
day by men who are Psoriasis patients may be associated with a more severe expression of
disease in their extremities. In addition, smoking among both men and women who are
Psoriasis patients has been shown to reduce improvement rates.

Dermatologists are not only the sentinels for early diagnosis of psoriatic arthritis, but also
for metabolic complications such as dyslipidemia or diabetes. Moreover, they need to keep
in mind interactions between (systemic) anti-psoriatic drugs and the co-medication of their
patients as well as possible consequences of these co-medications on the course of Psoriasis
(Behnam & al., 2005).
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The association between Psoriasis and alcoholism represents one of the major
psychodermatological issues where a multidisciplinary approach (including dermatologist,
psychiatrist, psychologist and others) is crucial for optimal outcome. Psoriasis is associated
with an increased risk of comorbidity and mortality compared to the general population. It
appears that patients with Psoriasis have a higher prevalence of metabolic disorders such as
diabetes, hypertension, obesity, and hyperlipidemia, as well as a higher frequency of
cigarette smoking. These concomitant diseases can complicate the treatment of Psoriasis.

3. The very common involvement of the scalp

The estimated prevalence of Psoriasis worldwide is 0.3-5%, depending on ethnic origin
(Naldi, 1994; Valdimarsson, 2007). In a retrospective analysis in children was present scalp
involvement in 48% on 125 patients by Stefanaki & al. (2011) and in 50.3% on 137 patients
(most common initial site affected) by Wu & al. (2010) .

Psoriasis of the scalp is estimated to occur in 40-90% of patients with Psoriasis. Up to 79% of
patients with chronic plaque Psoriasis may have scalp involvement (Farber & Nall, 1992). It
can be mild to severe, frequently itchy and so cosmetically embarrassing to affect patient’s
QOL adversely. Treatment is often prolonged for a long period of time and can be another
cause of worsening of patient’'s QOL because of hair staining, face irritating, messy, time-
consuming and cosmetically unacceptable applications prescribed.

As with Psoriasis elsewhere on the body, skin cells grow too quickly on the scalp and cause
red lesions to be covered with scales. Scalp Psoriasis can be very mild with slight and fine
scaling but can also be severe with thick, crusted plaques covering the entire scalp. Psoriasis
can extend beyond the hairline onto the forehead, the back of the neck and around the ears.

The scalp is frequently involved in patients with Psoriasis vulgaris but rarely it is the only
site affected. Lesions look like an erythematous crown with net margins covered by dry
silvery-white scales. They are located at the hairline in the fronto-temporal, parietal or
occipital areas (where, often, the erythematous component is more pronounced) and are
associated to scaling-scratching squamous lesions. In the fronto-temporal regions,
particularly in young subjects, the spots extend beyond the scalp involving the skin of the
forehead and ear. In patients with a long history of scalp Psoriasis the confluence of many
spots and the scant evidence of the erythematous component leads to the formation of a real
shell that can cover the entire scalp. In other cases, silvery-white scales are seen on a
widespread dry pityriasiform furfuracea-like desquamation, sometimes showing follicles.
The spots do not produce alopecia and hairs are not incorporated by squamous heaps but in
the less restrictive forms the pseudotinea amiantacea can be seen. This lesion, once
considered a variant of impetigo, is characterized by the presence of small opaque white
adherent scales similar to asbestos, that incorporate the proximal part of the hair shaft.

Psoriasiform lesions localized to the face often represent the extension of scalp lesions to the
brow, the temporal regions, the ears and the retroauricular fold where it is observed a
tendency to fissures. The involvement of the face in the course of Psoriasis is considered an
index of extended or severe disease as in the case of erythrodermic Psoriasis. Rarely small
droplike lesion in the face can be seen in case of eruptive Psoriasis; in case of mild forms of
Psoriasis Vulgaris (minimal Psoriasis) instead, the eyelid involvement by small patches of
whitish scales is characteristic. Psoriasis of the ear is characterized not only by the
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involvement of the auricle but also by the involvement of external auditory canal by heaps
of scales that can stamp it. Diagnosis of SeboPsoriasis, that is characterised by the presence
of yellowish-white unctuous scales can be put when psoriasiform lesions are localized
exclusively in seborrheic areas of the face (naso-labial fold, glabella and eyebrows, auricle
and retroauricular fold) and are associated with similar lesions of the hairline and the
presternal area. This clinic form, on the border between Psoriasis Vulgaris and Seborrheic
Dermatitis, is considered a Psoriasis arisen on patches of Seborrheic Dermatitis because of
the Koebner phenomenon.

Family history may predispose patients to scalp Psoriasis. In an analysis of Psoriasis genes
in an Icelandic patient population, 296 of 1,000 Psoriasis patients experienced onset of
Psoriasis on the scalp. Cluster analysis (Karason & al., 2005) of this subset of patients
determined that 198 patients fit within 79 families and determined a linkage to
chromosome 10. The familial nature of Psoriasis has long been recognized with evident
intra and interfamilial variability. Thirty nine individual with Psoriasis (25 men and 14
women) from 9 Tunisian unrelated multiplex families (in Tunisian population the
estimated prevalence of Psoriasis is of 3%) were investigated during a study period of 1
year (Ammar & al., 2009). The common form of Psoriasis was discovered in 37 cases. The
nails, the scalp, the mucous membranes were involved respectively in 21, 12 and 13 cases.
The Psoriasis was severe in 11 cases.

Methods used to diagnose scalp Psoriasis vary in sensitivity, reproducibility, and
invasiveness. Recently has been introduced a videodermoscopy scalp Psoriasis severity
index (VSCAPSI) for evaluation of scalp Psoriasis (Rossi &al., 2011). This index is
particularly useful in mild and moderate forms that often are not clinically appreciable.
VSCAPSI takes into account extension of the area of the scalp affected, the presence and
morphology of vascular patterns, erythema and desquamation. Videodermoscopy images
obtained between November 2009 to June 2010 from 900 participants with various scalp and
hair disorders were reviewed for distinguishing features. During the 2010 Italian congress
on Psoriasis, in order to assess the reproducibility and efficacy of the VSCAPSI, 146
dermatologists were asked to evaluate 16 videodermoscopy images of scalp Psoriasis using
the VSCAPSI. Of the 900 patients, 85 new cases of scalp Psoriasis were diagnosed. The other
815 patients were found to be suffering from different scalp and hair diseases. Of 146
dermatologists, 28 did not recognize erythema, 15 desquamation and 7 the vascular
patterns. The VSCAPSI provides an important tool for early diagnosis, differential diagnosis
and follow-up and screening.

3.1 Histology of head and neck Psoriasis: Gross findings

Head and neck Psoriasis (in the form of the so-called Psoriasis vulgaris or plaque type of
Psoriasis and guttate Psoriasis) commonly involves the skin surface of the scalp and the face
(eyebrow, nose, upper lip, forehead, and hairline) and presents as papules, well-demarcated
erythematous plaques with a scaly surface or as papulo-squamous lesions covered by fine
silvery-white and loosely adherent scales. The amount and thickness of the scales is variable
such are the plaques, ranging in size from few to several centimeters, with coalescence of
smaller plaques into larger and sometimes fissured lesions. On the other hand, less thick
plaques and less scaly lesions are commonly encountered in children with face psoriatic
localization compared with adults. Pustular forms of Psoriasis are rarely described on the
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face as annular or circinnate and pustular lesions on an erythematous background with an
acute, subacute or chronic clinical course. Pustular eruptions are frequently associated with
a classic form of skin Psoriasis, and both hair loss and involvement of tongue mucosal
surface may be appreciated. Oral localizations, less commonly observed in children than in
adults, appear as pustular and hyperemic lesions within a geographic and fissured tongue.
In such a localization, infections, smoking and physical agents all may affect the course and
duration of Psoriasis and may cause dysphagia. Unusual mucosal (nose, oral cavity) or
ocular localizations are commonly described in patients with otherwise usual skin psoriatic
dermatitis. Mucosal lesions show a non-specific macroscopic appearance ranging from
erythematous and slightly raised lesions to a white annular, serpiginous and ulcerated
pattern that may disappear quickly, with no obvious clinical symptoms, or may have
exacerbations and remissions similar to skin lesions. Pustular forms, mixed white and
erythematous lesions, ulcerative, vescicular and indurated lesions, multiple annular coin-
sized lesions, gray, yellowish, translucent and silvery-white forms are described with
macroscopic findings similar to several so-called psoriasiform benign and malignant
conditions involving the oral cavity. In this setting, the diagnosis mainly rely on an
interdisciplinary clinical and histological approach with a crucial role played by the
microscopic findings on mucosal biopsy. Psoriasis vulgaris may also be associated to oral
localizations such as the case of geographic tongue and the stomatitis areata migrans.
Patients with Psoriasis rarely develop uncommon ocular manifestations such as uveitis,
blepharitis and conjunctivitis as a result of changes, alterations and dysfunctions of
conjunctival surface, tear film and meibomiam gland changes.

3.2 Microscopic findings

Variabilities in clinical macroscopic findings of Psoriasis reflect different histologic pictures
with relation to the stage of the disease. Generally, early stages show more typical and
pathognomonic microscopic clues to the diagnosis than that of the advanced and fully
developed lesions. Moreover, histologic differences could also be noted in psoriatic lesions
affecting mucosal surfaces.

In its classic histologic appearance, cutaneous Psoriasis shows achantosis (thickened of
epidermal layers) and parakeratosis (retention of cell nuclei in stratum corneum) of the
epidermis, with thin or loss of granular cell layer, downward elongation of rete ridges and
thinning of the epidermis overlying the dermal papillae that shows edema and small vessels
close to the epidermis. The latter condition underlies the so-called Auspitz sign: when the
silvery scales (parakeratotic layers) are removed from the plaque (epidermal achantosis),
small pinpoint bleeding (from dermal capillaries) is seen.

The inflammatory cutaneous infiltrate of Psoriasis is characterized by neutrophils and
lymphocytes throughout the superficial papillary dermis. Activated CD3+ T cells are mainly
observed around small papillary vessels and are admixed with neutrophils and
macrophages. Neutrophils and lymphocytes can migrate upwards from the dermis to the
epidermis and in parakeratotic layers (exocytosis). Collections of intraepithelial neutrophils
(Munro abscesses) and those arranged in the epidermis in a network of degenerated
keratinocytes (spongiform pustule of Kogoj) are characteristics of Psoriasis but not always
present nor specific to the disease.
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In the pustular form of Psoriasis, such a collection of neutrophils occurs as characteristic
macropustules (abscesses), while epidermal and dermal changes are similar to those seen in
Psoriasis vulgaris. The so-called eruptive or guttate Psoriasis, with small and numerous red
papules and an acute onset on clinical examination, shows similar microscopic findings to
that of early Psoriasis vulgaris lesions unless the same degree of achantosis.

Mucosal localizations show a more variable histological presentation ranging from classic
hyperparakeratotic lesions, with thinning of the suprapapillary plate and mixed
inflammatory infiltrate with neutrophils exocytosis to mild and quickly self-limited
erythematous inflammatory conditions with capillaries engorgement but without
microabscess formation. Similar microscopic characteristic are shared by different
inflammatory mucosal diseases generally known as psoriasiform mucositis or psoriasiform
lesions. In such instances, histological distinction between Psoriasis and other inflammatory
mucosal entities cannot be made with confidence unless mucosal lesions are associated to or
are coincident with cutaneous psoriatic dermatitis and additional data (family history, HLA
typing) are available.

3.3 Differential diagnosis

Although the diagnosis of Psoriasis mainly rely on clinical settings, histological
evaluation should be used to confirm the diagnosis as well as to evaluate unusual clinical
lesions and to exclude benign and malignant conditions that may mimic Psoriasis or may
be associated to it.

On the other hand, microscopic findings alone should pose problems in differential
diagnosis with other inflammatory disorders as well as in the evaluation of the phase of
Psoriasis normally evolving through early, advanced and later lesions with a different
microscopic variability with lesion’s age and activity.

Skin psoriatic manifestations should sometimes require a differential diagnosis from
dermatoses such as lichen planopilaris, florid seborrheic dermatitis and discoid lupus
erythematosus.

On the other hand, differential diagnosis of oral localization of Psoriasis could also consider
Reiter’s syndrome, erythema migrans, benign migratory glossitis, oral lichen planus and
other inflammatory conditions generally described as psoriasiform lesions.

Clinical data alone may be inadequate such as the case of Koebner phenomenon that could
be present in lichen planus.

In this settings, the macroscopic characteristics of cutaneous psoriatic lesions (well defined
elevated lesions, with silvery-white or micaceous scale), the clinical data (symmetrical
distribution, Auspitz sign, patient’s history reporting itchy, skin scaling and peeling, lesions
at site of injury or trauma) and the classic histologic findings may all contribute to a
definitive diagnosis of Psoriasis.

Oral lichen planus, mainly occurring in adults, appears as bilateral plaques, papules and
erythematous-atrophic or ulcerated lesions on the oral mucosa, gingivae (desquamative
gingivitis) and tongue. Oral white striations (so-called Wickham striae) may coincide with
cutaneous lesions on the scalp, laryngeal and esophageal mucosa or less frequent
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conjunctival lesions. Skin involvement of the scalp (lichen plano-pilaris) appears as scarring
alopecia and violaceous and erythematous papules with hair loss. On histologic
examination, more irregular acanthosis, prominent granular cell layer and dense sub-
epithelial T-cell CD8+ inflammatory infiltrate along with damage of basal keratinocytes
represent clues to the diagnosis in contrast to Psoriasis. Moreover, since patients with oral
lichen planus could develop oral squamous cell carcinoma and commonly show a
significant local morbidity with negative impact on QOL, a proper diagnosis based on
clinical and histological findings is mandatory.

Discoid lupus erythematosus may sometimes be responsible for unusual manifestations in
head and neck localizations that can mimic several skin diseases (Psoriasis, acne rosacea,
lichen planopilaris) or be associated with liken planus-like lesions and Psoriasis.
Nonetheless, clinical findings are usually characteristic as erythematous papules and
plaques that progress to scaling lesions with pigmentary changes (central hypopigmentation
and peripheral hyperpigmentation) in a centrifugal spread. Cutaneous scalp lesions may
result in permanent alopecia with atrophy and scarring (localized form of discoid lupus
erythematosus) with histologic picture similar to that of lichen planopilaris. Rare mucosal
involvement are described with clinical and microscopic characteristic that may simulate
lichen planus lesions. In this setting, laboratory data (hematologic and serologic
abnormalities frequently observed in widespread discoid lupus erythematosus) along with
meticulous clinical attention and microscopic findings (essentially dependent on familiarity
with these lesions) can pose a correct diagnosis.

Psoriatic lesions may also not look much different from those caused by seborrheic
dermatitis, a papulo-squamous disease of the scalp, face and trunk. In its facial localization,
the disease may be associated with squamous blepharitis, a chronic inflammation of the lid
margins with small white scales accumulated among the lashes, or may present as mild
scaling to widespread crust adherent to the skin of the scalp, forehead, neck and
postauricolar skin. Secondary infections may occur as eczematoid dermatitis. Microscopic
picture shows a more irregular acanthosis than that seen in psoriatic lesions along with
spongiosis and follicular ostia involvement.

The guttate variety of Psoriasis may appears as an acute exanthema in young adults, often
associated to streptococcal pharyngitis, with papules on the face similar to those seen in
psoriasiform drug eruption. The latter condition is also known as localized drug reactions
related to medications and usually involving the face, chest and back with a papulo-
erythematous or vescicular and pustular appearance. Similarly, psychogenic and emotional
factors, infections and environmental factors may all contribute to the development of
cutaneous lesions similar to those seen in Psoriasis or may be related to increase in Psoriasis
activity and severity.

Histologic overlapping in such cases, with lacking of microscopic characteristic features,
require a correct clinical evaluation in the differential diagnosis of these conditions.

Differential diagnosis of head and neck Psoriasis, in both cutaneous and mucosal
localizations, should also consider preneoplastic and neoplastic conditions. Since head and
neck Psoriasis is more often a chronic and long standing process, frequently associated with
severe cutaneous disease and difficult treatment, a significant risk of cancer has been noted.
Such an association could be related to the reactive epidermal hyperproliferation seen in
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psoriatic lesions along with keratinocytes activation and expression of molecules involved in
cell proliferation. In particular, basal cell and squamous cell carcinomas are frequently
reported and should be taken into account when evaluating psoriatic patients.

Moreover, malignant conditions should be ruled out as is the case of the rare acrokeratosis
paraneoplastica (Bazex syndrome). The disease can be associated with head and neck and
upper aerodigestive tract squamous cell carcinomas and differs from Psoriasis in its
localizations (erythematous squamous plaques or scaly patches of earlobes, helices and tip
of the nose along with similar lesions in the extremities and nail dystrophy) and lack of
histological findings typical of Psoriasis.

Investigators use several physical examination measures to assess clinical features and
severity of Psoriasis and psoriatic arthritis (PsA) in clinical trials, clinical registries, and
clinical practice; however, no relevant training modules are widely available to teach and
standardize the performance of these measures. At a GRAPPA (Group for Research and
Assessment of Psoriasis and Psoriatic Arthritis) meeting adjacent to the 2009 International
Federation of Psoriasis Associations in Stockholm, members were updated on the
development status of online training videos of Psoriasis and PsA examination measures.
Dermatology assessment modules include the PASI, the PGA, the BSA, the original and
modified Nail Psoriasis Severity Index (NPSI), the Palmar-Plantar Pustular Psoriasis Area
and Severity Index (PPP-PASI), and the PSSI. Rheumatology modules include assessment of
tender and swollen joint counts used in the American College of Rheumatology criteria,
Disease Activity Score, and other composite arthritis scores; enthesitis assessment used in
various enthesitis scoring systems; dactylitis; and spine disease. Each module will include
background information for each measure, diagrams and photographs to emphasize
teaching points, demonstration video of examination where applicable, and an optional
examination at the end. Future plans include evaluating the modules for their influence on
interrater and intrarater reliability and development of additional modules (Callis Duffin &
Mease, 2011).

4. The difficulty of the treatment

Head and neck Psoriasis treatment is still a challenge because its difficult to get topical
agents through hair to be absorbed by the scalp. In fact, scalp is not susceptible to many
topical Psoriasis treatment or phototherapy because hair prevent adequate contact with the
affected tissue. Moreover current therapies can only bring some relief to the symptoms
without any cure to the disease and treatments can carry important side effects in face of
high therapeutic costs.

Medications for scalp Psoriasis include those to be left on the scalp and wash off products.
Left on products are gels, lotions and ointments containing steroids, coal tar, salicylic acid or
vitamin D analogs.

Wash off products are shampoos containing coal tar, salicylic acid, sulfur, selenium,
ketoconazole or zinc pyrithione. Recently, Handa (2010) proposed a treatment algorithm for
scalp Psoriasis (see Tab. 1), dividing a first line and a second line therapies.

In 2009 van de Kerkhof & al. divided treatment of scalp Psoriasis into four phases. First
phase involves descaling using salicylic acid or urea preparations. The second phase is the
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clearing phase in which topical corticosteroids, vitamin D analogs, tar, dithranol, antifungal
treatment, ultraviolet B light therapy or systemic treatment are used. The third phase is
stabilization using a steroid-sparing vitamin D analog during the week and a super potent
topical corticosteroid at weekends. Finally, the fourth phase is maintenance, using a vitamin
D analog alone or with a tar shampoo.

First line therapies

Salicylic acid/ Urea
Topical corticosteroids (short term use)
Calcipotriol
Dithranol/ Anthralin
Coal tar (Shampoo/pomade)
Tazarotene
Combination therapies
Second line therapies (for recalcitrant or severe disease)
Phototherapy
Systemic drugs (Methotrexate, Acitretin, Cyclosporine)
Biologics

Table 1. Treatment algorithm for scalp Psoriasis (from Hanna S., 2010)

4.1 Corticosteroids

Topical corticosteroids are the recommended first-line therapy for short-term use. Response
to treatment is quick but high potential for side effects, such as atrophy, striae,
telangiectasias and tachyphylaxis, limits the period of use. These side effects are virtually
never seen in the scalp. Use of potent steroids (twice a day) should be limited to 4 weeks.
The choice of preparation such as ointment, cream, gel, lotion, foam, spray or shampoo
should be patient oriented.

In any single patient the lowest strength preparation that allows clinical clearing should be
used for the shortest time, in order to minimize side effects and tachyphylaxis. Nevertheless,
long-term use of mid-potency preparations or intermittent use of potent steroids is more
commonly practiced by physicians. Clobetasol propionate (CP) 0.05% and betamethasone
dipropionate 0.05% are the most potent topical corticosteroid preparations currently used.
Exceptionally intralesional corticosteroids can be used for one or two localized patches not
responding to topical steroids. Foam vehicles are the new alternatives to traditional topical
preparations because of the advantage of minimal residue and increased ease of application.
They are absorbed more rapidly, have a higher bioavailability, are not associated with
suppression of the hypothalamic pituitary adrenal (HPA) axis and once-daily
administration has been seen to be as effective as twice daily administration. They are also
associated with better patient compliance. CP foam 0.05% is generally as effective as CP
solution for scalp Psoriasis and may produce superior results against scaling. Dose is limited
to 50 g/week. Mid-potency corticosteroid betamethasone valerate (BMV) has also become
available in a new thermolabile, low-residue foam vehicle, BMV 0.12% foam. In a recent
study BMV foam produced greater improvement in the primary signs of scalp Psoriasis than
BMYV lotion, placebo or other standard topical therapies (Stein, 2005). Shampoo preparations



Head and Neck Psoriasis 89

are another new development. When clobetasol shampoo 0.05% was tried in a patient
experience program, 50% of the patients said that the shampoo was easy to use and did not
interfere with their daily routine. Almost 90% of patients found the shampoo better than
other prescriptions they had used before for their scalp Psoriasis.

Medication used to treat facial Psoriasis should be applied carefully and sparingly; creams
and ointments can irritate eyes. Because facial skin is delicate, prolonged use of steroids may
cause it to become thin, shiny and/or prone to enlarged capillaries. Treatment with steroids
is safe if a careful treatment schedule is followed.

4.2 Non steroidal topical preparations

This group includes: Calcipotriene/ calcipotriol, Anthralin, Coal Tar, Tazarotene.

4.2.1 Calcipotriene/calcipotriol

These are vitamin D 3 derivatives used for chronic, moderately/severe Psoriasis of the scalp.
The 0.005% solution is applied to the affected area and rubbed gently onto the scalp twice a
day. Response to therapy takes about 8 weeks. It is not recommended in patients with acute
psoriatic eruptions on the scalp, those with hypercalcemia or hypervitaminosis D. The main
side effects are burning, itching, irritation and dryness. Irritation tends to decrease with
time. Clearance has been observed even with 8 weeks of once a day treatment in up to 60%
of patients.

4.2.2 Anthralin

Anthralin 0.1-3% cream has been used for long-term treatment of scalp Psoriasis.
Concentration should be gradually increased according to body response and tolerance of
the patient. Anthralin is applied in a thin layer to the psoriatic area once a day, rubbed in
well and left on the scalp for 5-10 minutes before washing with a shampoo and rinsing well.
It is not used for acutely inflamed scalp Psoriasis. Redness or irritation of the treated scalp is
common. Anthralin may temporarily stain the fingernails, gray/white hair, skin and fabrics.
Caution is advised in patients having history of allergy to anthralin or to condoms (e.g.,
parabens).

4.2.3 Coal tar

Coal tar is an effective and cheap treatment modality for scalp Psoriasis but staining and an
acrid smell associated with its use may have an important impact on patients QOL. Topical
tar solution (liquor picis carbonis-LPC, or liquor carbonis detergens-LCD) is widely
available and commonly used for scalp Psoriasis. Newer preparations specifically meant for
scalp include coconut oil compound ointment (coal tar solution with precipitated sulfur,
salicylic acid, coconut oil, yellow soft paraffin and emulsifying wax) and tar pomades
(contain LCD, Tween 20 and salicylic acid in a hydrophilic ointment). Compound ointment
should be applied once at night and washed off the next morning with a coal tar shampoo.
Coal tar shampoos contain 1-20% coal tar extract. They are used twice a week. A tar blend
1% shampoo Polytar (Steifel, Johannesburg, South Africa) is made of coal tar, juniper tar
(cade oil) and pine tar. In a comparative 4-week study of tar blend 1% shampoo (Polytar)
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and CP 0.05% shampoo (Clobex, Galderma, Ft. Worth, USA), the corticosteroid shampoo
was significantly more effective and showed a better patient’s compliance too.

Coal tar has been a very popular traditional treatment for various types of Psoriasis for over
a century and still it’s the first-line treatment for scalp, hand, and foot Psoriasis. However,
application of coal tar on hair invariably causes staining, which results in a high degree of
patient non-compliance, especially in patients with non-black hair. Thus, treatment of scalp
Psoriasis with a topical coal tar formulation requires that special concern to be paid to
product esthetics. A novel lecithinized coal tar (LCT) formulation seems to be less likely to
stain hair and thus has excellent potential to be exploited in treatment of scalp Psoriasis
(Bhatia & al. 2011).

4.2.4 Tazarotene

There are no controlled studies on the use of tazarotene in scalp Psoriasis. Response to
tazarotene (0.1%) compared to topical calcipotriol or steroids is less effective but relapse
rates are reported to be minor as well. Dryness and irritation are common side effects.

4.3 Combination therapies

Combining different treatment allows enhanced efficacy and minimizes toxicity.
Corticosteroids, when combined with vitamin D analogs, require a minor total amount of
dose and induce less skin irritation. In treatment of moderate to severe plaque Psoriasis of
the scalp, the fixed-combination suspension containing betamethasone 0.05% and
calcipotriene 0.005% is used once a day. In a randomized double-blind controlled trial
over 8 weeks, 71.2% patients achieved "absent" or "very mild" disease with the two-
compound scalp formulation, compared to 64% treated with betamethasone dipropionate,
36.8% with calcipotriene and only 22.8% with the vehicle alone. Pruritus was the only
adverse event reported.

Topical steroids with Puvasol gave better results: 37.3% clearance versus 13.3% with Puvasol
alone. LPC 10% along with 2% salicylic acid in a cream base along with Puvasol for 8 weeks
gave a much better clearance rate than Puvasol alone. Tazarotene has also been found to be
efficacious in combination with topical steroids and calcipotriol.

In a prospective non-interventional trial in German dermatological practices, 721 patients
with scalp Psoriasis received Xamiol(®) gel (calcipotriol 50 png/g, betamethasone 0,5 mg/g)
topically for 4 weeks. Severity was assessed by physician’s global assessment (PGA) and
QOL was assessed by using a scalp-specific questionnaire at the beginning of the study and
after 4 weeks treatment. The mean disease severity of scalp Psoriasis (PGA) improved from
4.26 to 2.49 (-41.8 %, p < 0.0001) during 4 weeks treatment and QOL improved from 10.57 to
3.22 (-69.5 %, p < 0.0001). Among patients with pre-treatment 89.5% of patients and 87.9% of
dermatologists judged treatment response to Xamiol(®) gel as better/ much better compared
to previous therapy. Tolerability of Xamiol(®) gel was rated good/very good by 98 % of
dermatologists and patients, respectively. The use of Xamiol(®) gel was found easy/very
easy by 90.4 % of the patients (Mrowietz, 2011).

McCormack (2001) reviewed the efficacy and tolerability of calcipotriol/betamethasone
dipropionate in patients with Psoriasis vulgaris summarizing its pharmacological
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properties. Calcipotriol/betamethasone dipropionate showed low systemic absorption and
displayed local anti-inflammatory and immunoregulatory properties. It reduced
hyperproliferation of keratinocytes and helped normalize keratinocyte differentiation. In
large, well designed clinical trials, calcipotriol/betamethasone dipropionate, either as the
ointment or the gel formulation, applied once a day for 4-8 weeks, was more effective than
placebo, calcipotriol and tacalcitol, as well as betamethasone dipropionate in most instances,
for the topical, symptomatic treatment of Psoriasis vulgaris of the trunk/limbs. Likewise,
calcipotriol / betamethasone dipropionate gel applied once daily for 8 weeks was more
effective than placebo or either component alone in the topical, symptomatic treatment of
Psoriasis vulgaris of the scalp. Long-term, once a day, when required therapy with
calcipotriol / betamethasone dipropionate for 52 weeks was more effective than calcipotriol
alone for the treatment of scalp Psoriasis and was at least as effective as switching to
calcipotriol for 48 weeks after 4 weeks of calcipotriol/betamethasone dipropionate or
alternating between calcipotriol/betamethasone dipropionate and calcipotriol every 4
weeks for 52 weeks in the treatment of Psoriasis vulgaris of the trunk/limbs.
Calcipotriol/betamethasone dipropionate also improved health-related QOL.

Calcipotriol/betamethasone dipropionate was generally well tolerated, with most
adverse drug reactions being lesional or perilesional effects of mild or moderate severity
(see Fig. 1).

Calcipotriol /betamethasone dipropionate was often associated with fewer lesional/
perilesional adverse reactions than calcipotriol or tacalcitol and did not appear to be

Fig. 1. Scalp Psoriasis after treatment with calcipotriol / betamethasone dipropionate gel
formulation , applied once daily for 4 weeks.
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associated with a higher incidence of corticosteroid-related adverse events during long-term
therapy. Pharmaco-economic analyses predicted calcipotriol/betamethasone dipropionate
to be more cost effective than other topical therapies.

Puig & al. (2010) reported the recommendations developed by an expert panel using the
Delphi process to reach a consensus and then ratified by the members of the Psoriasis Group
of the Spanish Academy of Dermatology and Venereology. The recommended induction
therapy for scalp Psoriasis is either a topical corticosteroid or a topical treatment combining
calcipotriol and betamethasone. The choice of an appropriate vehicle is crucial in improving
effectiveness and patient adherence to treatment. The only formulations that have been
studied in long-term treatment of scalp Psoriasis are a combination of calcipotriol and
betamethasone in gel and calcipotriol alone in solution.

4.4 Second line treatments for recalcitrant disease

These are used when all topical treatments fail. No controlled studies exist regarding their use
and include phototherapy and systemic drugs like methotrexate, retinoids, cyclosporine and
biologics. They are used based on physician experience, choice and risk versus benefit ratio.

4.4.1 Phototherapy

Hair blocks adequate penetration of ultraviolet light. Better results are achieved with
conventional UV units, if hair is parted in many rows or if the patient has thin hair or if the
head is shaved. Hand-held devices (UV combs) deliver a higher intensity of UV light. There
are reports of the use of targeted phototherapy with excimer laser which provides
narrowband ultraviolet B (NB-UVB) (308 nm) phototherapy with a very high irradiance,
allowing for a shorter treatment time.

4.4.2 Biologics

The emergence of biologic therapies as an effective modality for treatment of plaque
Psoriasis may provide another option for patients. The biological agents employed in
therapy of Psoriasis are classified into three groups (see Tab. 2).

Inhibitors of tumor necrosis factor-a

Adalimumab
Certolizumab
Etanercept
Golimumab
Infliximab

Inhibitors of Interleukin-12 and Interleukin-23
Ustekinumab
Briakinumab

T-cell modulating agents

Alefacept
Efalizumab

Table 2. Biological agents employed in scalp Psoriasis.
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Recent findings suggest that Efalizumab may be effective for treatment of head and neck
Psoriasis (Krell & al., 2008). Katsambas (2009) recorded a PSSI score for 1150 patients at
baseline and by week 12; there had been a median improvement in PSSI score of 73.3% (IQR
33.3-94.3) compared with baseline. At week 12, PSSI 50 and PSSI 75 responses were
achieved by 62.4% (718/1150) and 44.7% (514/1150) of patients, respectively. In many cases,
a response to Efalizumab was apparent early in treatment, with over half of the patients
classified as PSSI 50 responders at week 12 having already achieved this response by week 4
(n =425).

However, Efalizumab has now been recommended for withdrawal in European market due
to adverse effects. European Medicines Agency evaluated all safety data in light of post-
marketing surveillance of patients with Psoriasis receiving Efalizumab continuously for
more than 3 years that showed opportunistic infections and, in particular, cases of JC virus
infection (polyomavirus) resulting in progressive multifocal leucoencephalopathy (PML). It
was concluded that the benefits of Efalizumab treatment no longer outweighed the risks
associated with the drug and was recommended suspension of marketing authorization on
19 February 2009. The drug has also been voluntarily withdrawn from the US market.

Adalimumab, a monoclonal humanized tumor necrosis factor alpha inhibitor proved to be
successful in treatment of severe facial Psoriasis (Noiles & Vender, 2008).

Accumulating evidence supports efficacy and safety of ustekinumab for treatment of
moderate to severe Psoriasis. There is some suggestion from head-to-head comparisons that
ustekinumab may offer some advantage over TNF-a inhibitors. However, there is a need for
larger and longer-term studies to assess the safety profile, cost-effectiveness and advantages
of anti-interleukin 12 and 23 activity in the modern era of biological therapy (Garcia-
Valladares & al., 2011).

4.5 Miscellaneous agents

Salicylic acid 5-10% is combined with other topical therapies as a keratolytic. Many topical
treatments do not work well until thick scales that reduce drug penetration are removed.
Urea 10% and lactic acid 10% have been used as scalp moisturizers. In resistant cases topical
imidazole derivatives are used to control the overgrowth of Pityrosporum in scalp Psoriasis.

Kircik (2011) stated that Salicylic acid 6% emollient foam provides a useful option that is
highly effective, well tolerated and acceptable to patients. Efficacy, tolerability and patient
acceptability of salicylic acid 6% emollient foam were assessed in an open-label pilot study
of 10 subjects with scalp Psoriasis. All Psoriasis severity parameters were reduced with a
significant decrease in PSSI score from 15.3 to 3.0 after four weeks of monotherapy
(P<0.001). Sixty percent of subjects were either "completely cleared" or "almost cleared" from
their Psoriasis. No adverse events were reported.

Psoriasis skin lesions can be secondarily infected with bacteria according with Brook (Brook
& al., 1999). In this report the predominant aerobic and facultative bacteria were S. aureus,
group D Enterococcus and Escherichia coli while the predominant anaerobes were
Peptostreptococcus spp. and Bacteroides spp., Propionibacterium acnes and pigmented
Prevotella spp. in two each. Nineteen of the micro-organisms isolated from 78% patients
produced lactamase.
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The US. Food and Drug Administration (FDA) has approved two drugs, Protopic and
Elidel, for treatment of eczema which many dermatologists have found to work well in
treating Psoriasis of the face or of other sensitive areas.

5. The aberrant epidermal-mesenchymal interactions theory

The normal adult epidermis is a self-renewing tissue consisting of 10 to 20 layers in which
cell proliferation is primarily restricted to the basal layer. Orthokeratinized epithelium
similar to that in skin is seen in the hard palate, whereas other regions are either
parakeratinized (gingiva) or nonkeratinized (buccal mucosa) (Squier & al., 1976). Injury to
the epidermis activates a homeostatic response resulting in inflammation, re-
epithelialization, followed by tissue remodelling (Martin, 1997). Several studies have
suggested release of interleukin-1 from keratinocytes at the wound site as the initial trigger
for the inflammatory reaction. This serves as an autocrine signal to surrounding
keratinocytes and paracrine signal to other cells, such as fibroblasts, endothelial cells, and
lymphocytes resulting in a pleiotropic effect on them (Freedberg & al., 2001). The changes in
gene expression that accompany re-epithelialization are similar to those seen in other
disorders associated with hyperproliferation such as Psoriasis, contact dermatitis, and
squamous cell carcinoma (SCC) suggesting considerable overlap in the signaling cascades.
The development of a normal scar is dependent on the reversal of expression of these genes
at the wound site. However, in some cases the inflammatory and proliferative signals persist
even after wound closure resulting in pathological scars, such as hypertrophic (HTS) and
keloid scars. Although most previous studies have considered these scars as dermal
phenomena (Akagi & al., 1999), others have identified abnormalities associated with
epidermal keratinocytes in HTS perhaps as a result of aberrant epidermal-mesenchymal
interaction (Niessen & al.,, 2001). One of the most sensitive biochemical markers of
terminal differentiation in keratinocytes is the keratin protein family that constitutes the
major cytoskeletal architecture of all epithelia. In humans, the family consists of 30
polypeptides (including trichocytic keratins of hair and nail) that are divided into two
types; type I is acidic and includes K9 to K20; type II is basic/neutral and includes K1 to
K8. The normal expression of K2e in the upper spinous and granular layers of
interfollicular epidermis is increased in keloid scars but showed distinct down-regulation
in Psoriasis and hypertrophic scars where keratinocytes are known to undergo activation.
Unlike normal and psoriatic skin, K2e expression in hypertrophic and keloid scars began
in the deepest suprabasal layer. In cutaneous basal and squamous cell carcinomas, K2e
was absent in most tumor islands but the overlying epidermis showed strong expression.
In mild-to-moderate oral dysplasia with orthokeratinization, K2e was highly expressed
compared with parakeratinized areas but in severe dysplasia as well as in oral squamous
cell carcinoma, K2e expression was undetectable. Taken together, the data suggest that
K2e expression in skin is sensitive to keratinocyte activation but its up-regulation in oral
lesions is a reflection of the degree of orthokeratinization (Bloor & al., 2003). K 15 protein
and mRNA are primarily located in the basal keratinocytes of stratified tissues (Waseem
al., 1999) and the k 15 gene is upregulated in human subjects where both alleles for k 14
have beeen inactivated. In hyperproliferating epidermis, such as in Psoriasis, K 15
expression, both protein and mRNA, is downregulated, suggesting that K 15 expression
may not be compatible with the activated phenotype.
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6. The rare mucous occurrence and the PPP-tonsil-related disease
6.1 Mucous membrane localization

The occurrence of true psoriatic lesions on mucous membranes is disputed. For many years
it has been claimed that this disease does not affect oral mucosa. Today it is thought that
involvement of the oral cavity is rare but does exist. Oppenheim (1903) was the first to
describe oral Psoriasis in a biopsy after histological examination. In a review of English-
language and European non-English literature Younai and Phelan (1997) identified only 57
cases of oral Psoriasis. Since then, few new cases have been reported bringing the total to
less than 100 cases described. The reports described a number of oral sites affected, such as
lips, buccal mucosa, gums, palate, tongue and floor of the mouth. In the cases reviewed by
Younai and Phelan, clinical presentation was a white intraoral lesion in 44% of patients,
erythematous in 24% and red and white mixed in 13%. The remaining lesions appeared
ulcerative, vesicular, pustular, or indurated. The histopathological findings in oral mucous
membranes are assumed to be similar to those found in skin lesions. Epithelial
parakeratosis, elongated rete ridges and the presence of an inflammatory infiltrate of the
upper dermis were described in most cases. Differential diagnosis from other oral diseases
such as benign migratory glossitis, fissured tongue, oral candidosis and the oral lesions of
Reiter’s syndrome may be subtle. The diagnosis is easily made when the clinical features of
oral lesions parallels that of skin lesions and it is supported by histological investigation
(Weathers et al., 1974; Younai and Phelan, 1997; Bruce and Rogers, 2003).

6.2 Recurrent streptococcal infection theory in pathogenesis of psoriasis

Recent immunological studies have shown that hyperactivation of tonsillar T cells is caused
by a hyperimmune response to a-streptococci; recruitment of the T cells to lesions may be
involved in the pathogenesis of PPP. $31 integrin, expressed on T cells, not only provides a
co-stimulatory signal for T-cell activation but also facilitates the accumulation of T cells in
inflammatory skin lesions. In this study was found that expression of £81 integrin on both
tonsillar and peripheral blood CD4-positive T cells was higher in PPP patients than in non-
PPP patients. It was demonstrated that £81 integrin may play a key role in the pathogenesis
of PPP (Ueda & al., 2010).

Psoriasis is a T-cell-mediated disease that can be triggered by group A beta-haemolytic
streptococci infection.

The results of many experimental studies provide evidence that Psoriasis is largely a T-cell
mediated disorder. It may result from antigen-specific activation of T cells in the skin of
genetically predisposed individuals. These T cells apparently have a particular functional
differentiation and promote the psoriatic skin changes by secreting a certain set of cytokines.
Based on the fact that streptococcal throat infections are a trigger of guttate Psoriasis, the
putative psoriatic antigens are assumed to be in keratinocyte proteins that share structural
homologies with streptococcal proteins and thus induce cross-reactive responses of
antibacterial T cells against skin components. Together with the particular phenotype of
psoriatic skin lesions these findings can suggest that Psoriasis represents a sterile
antibacterial tissue reaction, which is mediated by streptococci-specific T cells that cross-
react against epidermal autoantigens.
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Psoriasis is strongly associated with streptococcal throat infection and patients have
increased occurrence of such infections. Psoriatic lesional T cells are oligoclonal, and T cells
recognizing determinants common to streptococcal M-protein and keratin have been
detected in patients” blood. The streptococcal association might reflect the concurrence of
superantigen production promoting skin-homing of tonsil T cells, M-protein mimicking
keratin determinants, and adjuvant effects of the peptidoglycan. Accordingly, improvement
of Psoriasis after tonsillectomy should be associated with fewer T cells that recognize keratin
and streptococcal determinants (Valdimarsson & al., 2009).

6.3 Tonsillectomy and antistreptococcal antibiotic therapy

Tonsillectomy may be a successful treatment modality in selected patients with recalcitrant
guttate or chronic plaque Psoriasis. In the study of Hone & al. (1996) Psoriasis was cleared
completely after tonsillectomy in five out of six patients (83%) with guttate Psoriasis and
was improved in one patient. Two out of seven patients with plaque Psoriasis (29%) were
cleared, two (29%) were improved and three (42%) were unchanged.

Numerous studies implicate subclinical or recurrent streptococcal infection as a trigger or
maintenance factor in the pathogenesis of Psoriasis in children but the study of Wilson & al.
(2003) stated that the available evidence does not demonstrate the efficacy of either
antibiotic therapy or tonsillectomy in treatment of childhood Psoriasis. Clinical trials
assessing the efficacy of antibiotics or tonsillectomy as treatments for childhood Psoriasis
were identified with a search of the medical literature and the results were compared. Only
one controlled clinical trial was identified and it did not find a significant effect of antibiotic
treatment on Psoriasis. In other studies, the percentage of Psoriasis patients who
experienced a disease clearance with antibiotic therapy ranged from 0% to 55%, with no
patients experiencing disease worsening during treatment. No controlled trials of
tonsillectomy for Psoriasis were identified. The percentage of patients who experienced a
disease clearance after tonsillectomy in uncontrolled trials ranged from 32% to 53% and a
similar percentage reported significant improvement in their Psoriasis, with a maximum of
7% noting worsening of the disease after operation.

Owen & al. (2000) agreed on the previous conclusions. They searched the Cochrane Clinical
Trials Register (Cochrane Library, Issue 3, 1999), Medline (1966- September 1999), Embase
(1988-September 1999), the Salford Database of Psoriasis Trials (to November 1999) and the
European Dermato-Epidemiology Network (EDEN) Psoriasis Trials Database (to November
1999) for terms [STREPTOCOCC* or ANTIBIOTIC* or TONSIL*] and PSORIASIS using the
Cochrane Skin Group search strategy. The only one eligible trial identified compared the use
of two oral antibiotic schedules in 20 Psoriasis patients, predominantly of guttate type, who
had evidence of beta-haemolytic streptococcal colonisation. Either rifampicin or placebo was
added to the end of a standard course of antistreptococcal antibiotic
(phenoxymethylpenicillin or erythromycin). No patient in either arm of the study improved
during the observation period. No randomised trials of tonsillectomy for Psoriasis were
identified. Although both antibiotics and tonsillectomy have frequently been advocated for
patients with recurrent guttate Psoriasis or chronic plaque Psoriasis, there is no good
evidence that either intervention is beneficial to date.



Head and Neck Psoriasis 97

Because these treatments are relatively benign compared to other treatments for severe
Psoriasis, the use of antibiotic therapy or tonsillectomy may still be worth considering,
especially for those patients with recurrent streptococcal infections that seem to trigger or
maintain their skin disease.

6.4 Psoriasis as T cell-mediated disease and correlation with PPP

Another item of correlation between Psoriasis and inflammatory disease of the upper
aerodigestive tract is represented by PPP. PPP is a tonsil-related disease and tonsillectomy
is somewhat effective in treating the condition. However, aetiological association between
tonsils disease and PPP has not been elucidated fully. Recently, some chemokines and
chemokine receptors, including CC chemokine receptor (CCR) 4, CCR6 and CX chemokine
receptor (CXCR) 3, have been reported to play important roles in the development of
Psoriasis, which is related closely to PPP. Chemokines and chemokine receptors have been
known to play a crucial role in directing the movement of mononuclear cells throughout the
body, contributing to the pathogenesis of several skin diseases. In the skin lesions of PPP
and/or Psoriasis, IL-8 and regulated upon activation normal T cell expressed and secreted
are reported to be up-regulated on epidermal keratinocytes, suggesting that such
chemokines may play an important role for migration of leucocytes and T cells.

Yoshizaki & al.(2009) have demonstrated that: (1) CCR6 expression was up-regulated in
both tonsillar and peripheral blood T cells; (2) CCR6 expression on tonsillar T cells was
enhanced by in vitro stimulus with a-streptococcal antigens; (3) tonsillar T cells exhibit more
intense chemotactic responses to CCL20; (4) the number of CCR6-positive peripheral blood
T cells decreased after tonsillectomy and this reduction was correlated with an improvement
in skin lesions; and (5) CCR6 expression of T cells and CCL20 expression of epidermal cells
were up-regulated in PPP skin lesions.

These results indicate that CCR6 may be induced by a novel immune response to a-
streptococci in tonsillar T cells in PPP patients. CCR6-positive tonsillar T cells may be
recruited to the skin via peripheral blood circulation and then attracted to keratinocytes
expressing CCL20 in the epidermis. Therefore, CCR6 may act as an important factor,
bridging the tonsils and PPP. CCR6-positive tonsillar T cells may move and circulate in the
peripheral blood, being recruited ultimately to the skin lesions of PPP patients. The
mechanism underlying the manner in which CCR6-expressing tonsillar T cells are recruited
to the skin lesions of PPP patients remains obscure; the skin-specific homing receptor CLA
may play an important role.

The pathogenic role of T lymphocytes and immune cross-reaction between human-HSP60
and bacterial-HSP65 in PPP was also revealed (Hayashi & al. 2009).

The evidence that T lymphocytes play a key role in the pathogenesis of Psoriasis is now
compelling. Eruption of psoriatic skin lesions coincides with epidermal infiltration and
activation of T cells and spontaneous or treatment-induced resolution of the lesions is
preceded by the reduction or disappearance of epidermal T cells. An up-regulation has
also been demonstrated for various molecules associated with T-cell mediated
inflammation and treatments selectively directed against T cells have proved to be very
effective. Infections with group A beta-haemolytic streptococci have been associated with
onset of acute Psoriasis and exacerbation of chronic Psoriasis. Such infections are also
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frequently accompanied by erythematous skin rashes. Also, recent reports indicate that
streptococcal superantigens can induce expression of cutaneous lymphocyte antigens
(CLA), believed to play a major role in enabling T cells to migrate to the skin. A novel
immune response to alpha-streptococci may enhance CLA expression on tonsillar T-cells
through TGF-beta production in patients with PPP, resulting in moving of CLA-positive
tonsillar T-cells to skin and tissue damages. This may play a key role in pathogenesis of
PPP (Nozawa & al., 2005).

Helper T-cells are frequently activated in tonsils from PPP patients and this activation may
be related to unresponsiveness of TGF-betal by overexpression of Smad7. Such hyper-
activation of T-cell may increase the risk of elicitation of self-reactive T-cell, being associated
with pathogenesis of PPP (Takahara & al., 2005).

Furthermore, T-cell lines isolated from psoriatic lesions may show strong reactivity to
streptococcal antigens. It was demonstrated that active Psoriasis is associated with a Thl
type response to short peptides with epitopes shared by streptococcal M-protein and
keratin. This is consistent with the hypothesis that Psoriasis may be induced and
exacerbated in susceptible individuals by M-protein-specific Thl-like cells that cross-react
with human epidermal keratin (Valdimarsson & al., 1997).

6.5 Interaction between epidermal keratinocytes and the immune system

Psoriasis is associated with an increase of Th17 cytokines, such as IL-17, IL-22, IL-21, and
TNF-a, which are produced by Th 17 cells. Adipokines are peptide hormones or cytokines
secreted from adipose tissues and involved in the pathogenesis of metabolic syndrome.
Psoriasis patients have a high prevalence of metabolic syndrome. Increased serum levels of
IL-22 and adiponectin were positively correlated with PASL In contrast, serum high
molecular weight adiponectin levels were decreased in Psoriasis and negatively correlated
with PASI (Nakajima & al. 2011).

Th 17 cells have crucial functions in host defense and dysregulated Th17 responses mediate
a variety of autoimmune and inflammatory conditions. Th17 cells coexpress interleukin-22
and its receptor is expressed on epidermal keratinocytes. IL-17 and IL-22 cooperatively
enhance some immunological responses. A close relationship between IL-17 and the
cutaneous milieu has been suggested by a number of observations. IL-17 induces the
production of certain cytokines, chemokines and antimicrobial peptides by keratinocytes,
and its cooperation with IL-22 has been documented. Recent findings have suggested that
Th17 cells profoundly participate in the pathogenesis of certain skin disorders, in particular,
Psoriasis. The concept of the subsets of T cells responsible for Psoriasis has been modified in
the order of Thl, T cytotoxic 1, and again Thl, and Thl7 cells. IL-22 is the strongest cytokine
in the keratinocyte-proliferative ability. Since IL-22 is produced by Th17 cells, they are
crucial for the proliferation of keratinocytes. Furthermore, IL-22 with the help of IL-17 can
induce the critical events of Psoriasis, including signal transducer and activator of
transcription 3 (STAT3) activation, cytokine/chemokine (IL-8 etc.) production, and
antimicrobial peptide elaboration. For maintaining Th17 cells, IL-23 is required and is
released from tumor necrosis factor-alpha (TNF-alpha) and inducible nitric oxide synthetase
(iNOS)-producing dendritic cells (TIP-DCs). TIP-DCs are activated via an autocrine
mechanism by virtue of TNF-alpha.
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The above cytokine network in the pathogenesis of Psoriasis has been proven by the
therapeutic effectiveness of cytokine-blocking biologics. Antibodies against TNF-alpha or its
soluble receptor have already been widely used in the treatment of Psoriasis.

The involvement of Th17 cells has also been shown in allergen-specific immune responses.
The percentage of Th17 cells is increased in the peripheral blood of patients with atopic
dermatitis (AD) and associated with the severity of AD. Drug eruption is another disease
where Th17 cells are involved in the pathogenesis. The percentage of circulating Th17 cells
are increased in drug-induced hypersensitivity syndrome, etc. Th17 cells and IL-22 are
increased in patients with acute generalized exanthematous pustulosis. Since IL-17 and IL-
22 cooperatively stimulate keratinocytes to produce IL-8, keratinocyte-derived IL-8
contributes to the accumulation of neutrophils in the lesional epidermis of this drug
eruption (Tokura & al., 2010).

In conclusion, more recent data suggest that Psoriasis is caused by an interaction between
epidermal keratinocytes and the immune system and that one possible candidate linking the
immune system and epidermal keratinocytes is IL-22, a T-cell-derived cytokine that is
produced by Th17 polarized T cells that are stimulated by IL-23, but that acts on epidermal
keratinocytes to induce acanthosis and differentiation toward a psoriatic phenotype.
Regardless of the specific underlying pathogenesis, Psoriasis is characterized by a
disregulated epidermal acanthosis, dermal and epidermal leukocytic infiltration, and
dilatation of dermal blood vessels—lesions that are maintained by the complex interplay
between T cells and their cytokines, other leukocytes, vascular endothelium, and epidermal
keratinocytes. As noted above, epidermal keratinocytes as well as vascular endothelial cells
are active participants in the psoriatic inflammatory process via secretion of cytokines and
growth factors, and the up regulation of signaling and adhesion molecules on their surfaces
(Danilenko, 2008).

6.6 SAPHO syndrome and CMRO

SAPHO (synovitis, acne, pustulosis, hyperostosis, osteitis) syndrome and CMRO (chronic
recurrent multifocal osteomyelitis) represent pathologic entities related to Psoriasis and PPP
in regard to the relationship between infection and autoimmunity. In genetically susceptible
individuals, environmental factors (mainly infections) play a critical role in the pathogenesis
of autoimmune diseases. Molecular similarity of microbial and host antigens has recently
been proposed as a promoting factor for pathogen expansion when microbial agents are not
recognized as alien and not completely eliminated (Rozin, 2009).

SAPHO syndrome is now recognized as a distinct medical entity: a reactive infectious
osteitis. Infectious agents isolated from SAPHO patients have gained special attention for
many years. Their possible etiological role is supported by the pathogen isolation from
different sites: anterior chest wall, spine, synovial fluid, bone tissue and skin pustules. A
range of pathogens have been found, including Staphylococcus aureus, Hemophilus
parainfluenzae, Actinomyces, and even Treponema pallidum (Arnson, 2008).
Propionibacterium acnes is a much more frequent pathogen and plays a particular role.
Multiple affected members who segregated a SAPHO syndrome-like phenotype had
neutrophil dysfunction and reduced internal oxydant production (Ferguson & al., 2008).
That may explain the inability of the innate system to eliminate the pathogen from
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affected sites and justifies long-term or permanent antibiotic therapy (Rozin, 2009;
Magrey, 2009). Treatment of SAPHO syndrome remains empirical as the underlying
aetiopathogenesis is unclear.

A growing body of literature has identified the association between neutrophilic dermatoses
and multifocal, aseptic bone lesions in children, termed chronic recurrent multifocal
osteomyelitis (CRMO). Classically, patients present with swelling, pain, and impaired
mobility of the affected area, with skin lesions developing concurrently or in the future.
Bone biopsy reveals inflammatory changes consistent with infectious osteomyelitis, but
cultures and histologic staining invariably fail to identify an infectious source. Patients are
refractory to antibiotic therapy, but dramatically respond to systemic steroids and may need
to be maintained on low-dose steroids to prevent relapse. Numerous authors have
suggested that CRMO and SAPHO syndrome lie along the same clinical spectrum (Tlougan,
2009; Shilling, 2000).

7. Psoriasis and tumours in head and neck area

Overexpression of S1I00A7 (psoriasin), a small calcium-binding protein, has been associated
with the development of Psoriasis and carcinomas in different types of epithelia but its
precise functions are still unknown. Using human tissue specimens, cultured cell lines and a
mouse model it was found (Zhou & al., 2008) that S100A7 is highly expressed in
preinvasive, well-differentiated and early staged human squamous cell carcinoma of the
oral cavity (SCCOC), but little or no expression was found in poorly differentiated, later-
staged invasive tumors. Interestingly those researchers showed that SI00A7 inhibits both
SCCOC cell proliferation in vitro and tumor growth/invasion in vivo. Furthermore, they
demonstrated that S1I00A7 is associated with the beta-catenin complex, and inhibits beta-
catenin signaling by targeting beta-catenin degradation via a non canonical mechanism that
is independent of GSK3beta-mediated phosphorylation. More importantly their studies also
indicated that beta-catenin signaling negatively regulates SI00A7 expression. Thus, this
reciprocal negative regulation between S100A7 and beta-catenin signaling implies their
important roles in tumor development and progression. Despite its high levels of expression
in early stage of SCCOC tumorigenesis, S100A7 actually inhibits SCCOC tumor
growth/invasion as well as tumor progression. Downregulation of SI00A7 in later stages of
tumorigenesis increases beta-catenin signaling, leading to promotion of tumor growth and
tumor progression.

Significantly increased risk of cancer was demonstrated in patients with Psoriasis at an
average of 9.3 years after discharge from hospital. This risk, amounting to 1.4 times that in
the general population, is mainly relative to skin and lung cancer in both sexes and to
pharynx and larynx cancer in men. Still this data are not definitive as no studies have been
published with bias correction for smoke and alcohol consumption. Non-melanoma skin
cancer is the most common malignancy, occurring in 196 of 795 patients with cancer:
standardized incidence ratio 2.4 for men and 2.6 for women. This means an overall lifetime
risk (up to the age of 75 years) of 14.1%. Women run the highest risk of basal cell carcinoma
in the age range 20-40 years, while men in the age range 30-60 years run a particularly high
risk of squamous cell carcinoma (Frentz & Olsen, 1999).
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Standardized incidence ratios (SIR) was found to be 2.80 (95% CI 1.96, 3.87) for oral cavity
and pharynx cancer in a nationwide series of psoriasis patients from Sweden with a
hospital discharge diagnosis of psoriasis made during 1965-83, who were alive and free
from malignancy 1 year after first discharge, compared with the national population
(Boffetta & al., 2001). Psoriasis was associated with a significantly increased prevalence
ratio of lip, oral cavity and pharynx cancer (1.49; [1.22, 1.80]), in a national database in
Taiwan (Tsai & al. 2011).

8. Conclusion

Psoriasis is a disease treated near exclusively from dermatologists. Nevertheless some
factors indicate the need for a new attention by the head and neck area specialists, especially
by the otorhinolaringologists and maxillofacial surgeons.

Recent literature focuses on relationship between autoimmunity and infection, the latter
representing the prince environmental factor that could play a critical role in the
pathogenesis of autoimmune diseases in susceptible individuals with the production of
cross-reacting antibodies and the induction of the inflammatory second hit. When infectious
agents are not recognized as alien and not completely eliminated, pathogen expansion
could be promoted by molecular similarity of microbial and host antigens.

As above mentioned important relationship has been demonstrated between tonsillar T cells
and skin lesion in PPP patients with immune response to a-streptococci.

Further investigations with translation from bench research to clinical knowledge and vice
versa and with interrelation between dermatologists and head and neck specialists could
result in considerable progress in understanding immunopathogenesis of Psoriasis and
other immuno-mediated diseases.
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1. Introduction

Psoriasis is a chronic inflammatory disease affecting about 3% of the worldwide population
(Gottlieb A et al, 2007).

Recent findings have shown that the previous concept “ psoriasis as a disease of healthy
people” must be revisited into psoriasis as a complex entity with multisistemic involvement.

Although the overall mortality attributed to psoriasis is about 0.64 deaths per 100 000
psoriatic patients annually in the USA, erythrodermic and generalized pustular soriasis, are
associated with a greater risk of mortality and morbidity (Boyd AS et al, 1989; Prystowsky
JH et al, 1995).

Psoriasis can be associated with other disease, such as metabolic syndrome, which may have
a major impact on quality of life, morbidity and mortality.

The aim of this chapter is to focus on two newly emergent comorbidities in psoriatic
patients, the cardiovascular disease (CVD) and the metabolic syndrome (MetS).

2. The metabolic syndrome

The metabolic syndrome (MetS) is a cluster of risk factors including obesity, atherogenic
dyslipidaemia, hypertension, glucose intolerance and a proinflammatory and prothrombotic
state predisposing the patients to cardiovascular diseases (CVD), type 2 diabetes (DM),
renal failure and stroke (Gisondi et al, 2007).

Furthermore, it has recently been suggested that the metabolic syndrome might be a risk
factor for cancer, in particular colon cancer (Gottlieb A et al, 2007).

The MetS prevalence in Western Europe population ranges from 15% to 35% and it
strictly correlates with age, increasing sharply after the age of 60 (Gisondi et al, 2007).

The National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III)
have proposed the criteria for the metabolic syndrome diagnosis; other organizations, such
as The World Health Organization (WHO) and the European Group on Insulin resistance,
agree with it in the essential components, differing from it in the details and criteria (Chung
CP et al, 2005).

According to NCEP ATPIII the diagnosis of MetS requires at least three of these following
criteria:
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e Abdominal obesity, defined as waist circumference > 102 cm in men and > 88 cm in
women

e Tryglicerides plasma levels > 150 mg/dl

e HDL cholesterol plasma levels less than 40 mg/dl in men and 50 mg/dl in women

¢  Blood pressure more than 130 mmHg (systolic) and 85 mmHg (diastolic)

¢  Fasting plasma glucose levels more than 100 mg/dL [Grundy et al., 2005]

It is now thought that non-alcoholic fatty liver disease (NAFLD) is a component of
metabolic syndrome, that may progress to steatoepatitis (NASH) with complications of
fibrosis and cirrhosis (Capeau J, 2008).

Recent study have demonstrated that the prevalence of metabolic syndrome is
significantly higher in psoriatic patients compared to controls after the age of 40 years
and psoriatic patients have an increased risk for the individual components of MetS
(Gisondi et al, 2007).

Moreover, the association between psoriasis and metabolic syndrome is also true for mild
severity psoriasis and it is independent from the tendency of psoriatic patients to be obese
(Mallbris L et al, 2006; Neimann AL et al, 2006; Sommer DM et al, 2006).

Although the link between psoriasis and metabolic syndrome is not completely elucidated,
the pathophysiology of both these entities shows many shared cytokines contributing to the
underlying chronic inflammatory status.

It is known that both innate and adaptive immunity are involved in psoriatic
pathogenesis and, in particular, NK cells appear crucial in the inflammatory process
initiation, with an increased release of proinflammatory cytokines, such as TNF-alpha
and IFN-gamma and the subsequent interaction with TH1 and Th17 cells (Teunissen
MBM et al , 2007).

Dysregulation of T-cell antigen presenting cell interactions and overexpression of
proinflammatory cytokines lead to the hyperproliferation of keratinocytes and the activation
of neutrophils and endothelial cells until the development of the characteristic psoriatic skin
lesions (Kimball AB et al, 2008).

The molecular mechanisms involved in psoriasis-associated dysregulation of metabolic
functions are believed to be due to an underlying low and persistent inflammatory status
with increased levels of proinflammatory factors, such as tumor necrosis factor-alpha and
IL-6 (Fig.1).

TNF-alpha is a proinflammatory cytokine produced by many cell lines, such as
keratinocites, T cells, NK cells, dendritic cells, neutrophils, mast cells and adipocytes
(Ronti T et al, 2006).

It is expressed as a 26-kD cell surface trans-membrane protein that undergoes cleavage to
produce a 17-kD soluble, biologically active form of TNF-a (Ronti T et al, 2006).

IL-6, a pleiotropic circulating cytokine, shows multiple effects ranging from inflammation to
host defence and tissue injury. It is secreted by many cell types, including immune cells,
fibroblasts, endothelial cells, skeletal muscle and adipocytes (Ronti T et al, 2006).
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Fig. 1. The molecular mechanisms involved in psoriasis-associated dysregulation of
metabolic function.

3. Obesity and psoriasis

Among different MetS components, the association between obesity and psoriasis is the best
documented.

Several studies have shown that the severity of PsO may be linked to obesity and a
population-based study of mild or severe PsO has demonstrated that the risk of obesity was
significantly increased in PsO patients compared with healthy controls. Unlike in other
inflammatory diseases, such as rheumatoid arthritis, the risk of obesity is strongly
associated with disease severity (Sterry W et al, 2004).

Although it is controversial if psoriasis is the result or the cause of obesity itself , recent data
support the obesity is a consequence of psoriasis (Henseler T et al, 1995; Neimann AL et al,
2006; Herron MD et al. 2005).

Obesity is considered the main pathogenic factor in the metabolic syndrome and it is
characterized by a low and persistent sistemic inflammatory status, whose mainstay is the
adipose tissue (Greenberg et al., 2006).

Adipose tissue is principally divided into two compartments, subcutaneously and centrally:
the central one is characterized by omental adipose tissue and other intra-abdominal fat
sources such as mesenteric fat. Central adipose tissue, also called visceral fat, is considered
more metabolically active than peripheral subcutaneous fat (Kershaw EE et al, 2004; Galic S
et al, 2010).
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The importance of adipose tissue location in terms of dysmetabolism risk is evident:
patients with excess visceral fat (central obesity) show an higher risk of developing insulin
resistance and the features of the metabolic syndrome than patients with excess
subcutaneous fat (Kissebach AH et al, 1982).

One of the most commonly used antropometric indexes is BMI (Body mass index), which
measures adiposity and body composition as weight in kilograms divided by the square
ofthe height measurement in metres (kg/m2). BMI have high specificity, but low sensitivity
to identify adiposity and excess body fat (Okorodudu DO et al, 2010).

Waist circumference (WC), alone or in combination with BMI, has been shown to be an
accurate predictor of visceral fat directly reflecting total abdominal fat mass but failing to
quantify the visceral and subcutaneous fat compartments individually (Kashihara H et al,
2009).

The visceral adipose tissue is not only an energy storage organ, but also an important
component of the immune system through the adipocytes” expression of toll receptors and a
real active endocrine organ producing proinflammatory cytokines (TNF-alpha, IL-6), free
fatty acids, procoagulant molecules and bioactive products called adipokines (Ronti et al,
2006).

Many adipokines have been identified, such as leptin, visfatin, resistin and adiponectin; they
act in a communications network with other tissues and organs such as the skeletal muscle,
adrenal cortex, brain and sympathetic nervous system and participate in appetite and
energy balance, immunity, insulin sensitivity, angiogenesis, blood pressure, lipid
metabolism and haemostasis (Ronti T et al, 2006).

In particular, leptin and resistin appear to be two proinflammatory cytokines, while
adiponectin has anti-inflammatory properties (Ronti T et al, 2006).

Leptin, a 16-kD adipocyte-derived cytokine, is synthesized and released from fat cells in
response to changes in body fat. Leptin circulates partially bound to plasma proteins and
enters the CNS by diffusion through capillary junctures in the median eminence and by
saturable receptor transport in the choroid plexus. In the hypothalamus, leptin binds to
receptors that stimulate anorexigenic peptides such as proopiomelanocortin and cocaine-
and amphetamine-regulated transcript and inhibit orexigenic peptides, such as
neuropeptide Y. Leptin reduces intracellular lipid levels in skeletal muscle, liver and
pancreatic beta cells, thereby improving insulin sensitivity. There is strong evidence
showing that the dominant action of leptin is to act as a ‘starvation signal’: leptin declines
rapidly during fasting. Therefore, leptin deficiency was perceived as a state of unmitigated
starvation, leading to compensatory responses, such as hyperphagia, decreased metabolic
rate and changes in hormone levels, designed to restore energy balance. The concept of
‘leptin resistance” was introduced when increased adipose leptin production was observed
in obese individuals, who were not leptin-deficient. Moreovere, some studies suggest leptin
may affect vascular structure with an angiogenic activity and contributes to arterial
thrombosis through the platelet leptin receptor. Leptin also stimulates production of
reactive oxygen species as a result of monocyte activation. Therefore, in an obese subject
leptin may no longer be able to regulate caloric intake and energy balance, but may still
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exert its angiogenic activity and production of reactive oxigen species, which affect vessel
walls (Ronti T et al, 2006).

Resistin is a dimeric protein. In murine models, obesity is associated with rises in
circulating resistin concentrations. Resistin increases blood glucose and insulin
concentrations and impairs hypoglycaemic response to insulin infusion. In obese mice,
antiresistin antibodies decrease blood glucose and improve insulin sensitivity: these data
support the hypothesis that in obese rodents, resistin induces insulin resistance and
contributes to impaired insulin sensitivity. In humans, the physiological role of resistin
must be elucidated and its role in obesity and insulin resistance and/or diabetes is
controversial. In humans, as resistin is primarily produced in peripheral blood monocytes
and its levels correlate with IL-6 concentrations. the question of its inflammatory role has
been raised (Ronti et al, 2006).

Four genes encode for resistin in the mouse and two in humans. Some genetic case
control studies demonstrated genetic variations in the resistin gene are associated with
insulin resistance and obesity in humans. Others show that the very low resistin mRNA
expression in isolated human adipocytes does not correlate consistently with insulin
resistance or obesity, making the role of human resistin in insulin resistance unclear. No
differences have been observed in resistin expression in adipocytes from normal, insulin-
resistant, and type 2 diabetic individuals. Mc Ternan et al. reported greater resistin
mRNA expression in fat depots in the abdomen than in the thigh, suggesting human
resistin could play a role in obesity-related insulin resistance (McTernan et al, 2002; Ronti
et al, 2006).

Adiponectin is almost exclusively expressed in white adipose tissue, whose expression is
inhibited by IL- 6 and TNF-a. Unlike most adipokines, adiponectin expression and
serum concentrations are reduced in obese and insulin-resistant states and, in vivo, high
plasma adiponectin levels are associated with reduced risk of myocardial infarction.
Although further studies are needed to clarify whether adiponectin independently
predicts coronary heart disease events, in men with type 2 diabetes, increased adiponectin
levels are associated with a moderately decreased risk of coronary heart disease. The
association seems to be mediated in part by the effects of adiponectin on high-density
lipoprotein cholesterol (HDL), through parallel increases in both. Moreover, it has been
demonstrated that weight loss, caloric restriction and thiazoladinedione treatment
increase adiponectin plasma levels and gene expression in white adipose tissue (Ronti et
al, 2006).

Recent studies have evidenced a high leptin levels and decreased serum levels of
adiponectin in obesity, insulin-resistent PsO patients and they emphasized an inverse
correlation between serum levels of adiponectin and IL-6 (Satapathy SK et al, 2004).

The precise physiological events leading to the initiation of the inflammatory response in
obesity remain incompletely understood. One theory underlined that the expansion of
adipose tissue leads to adipocyte hypertrophy and hyperplasia with a consequent local
oxygen supply, cell hypoxia and the activation of cellular stress pathways releasing
proinflammatory cytokines and signals. These proinflammatory chemokines attract pro-



112 Psoriasis

inflammatory macrophages into the adipose tissue with the creation of crown-like structures
around hypertrophic dead or dying adipocytes. Furthermore, these macrophages release
cytokines that stimulate an inflammation in neighboring adipocytes developing a vicious
circle (Esposito K et al, 2004; Das UN, 2001).

Thus, excess adipose tissue results in elevated levels of pro-inflammatory adipokines,
resulting in an imbalance between increased inflammatory stimuli and decreased anti-
inflammatory mechanism leading to persistent low-grade inflammation (Wajchenberg BL et
al, 2000; Esposito K et al, 2004; Das UN, 2001).

Among proinflammatory cytokines, TNF-a and IL-6 represent two driving cytokines,
which link psoriasis with many MetS components, such as obesity-related insulin-resistance
(Ronti T et al, 2006).

In humans TNF-a is synthesized and secreted by adipocytes and stromovascular cells:
adipose tissue TNF-a is not secreted in systemic circulation and acts in an autocrine and
paracrine pathways. Adipose tissue TNF-a mRNA correlates with body mass index,
percentage of body fat and hyperinsulinaemia; weight loss decreases TNF-a levels (Ronti T
et al, 2006).

TNF-a modifies the gene expression profile of adipocytes and liver with an increased release
and production of FFAs, cholesterol and VLDL; elevated IL-6 levels appears to be
associated with decreased levels of HDL cholesterol, which may contribute to a state of
chronic inflammation (Gottlieb A et al, 2008).

Fig. 2. The vicious circle linking obesity and hyperinsulinemia
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Moreover, levels of soluble TNF-a receptors are directly proportional to total and LDL
cholesterol concentrations and inversely correlated with certain HDL cholesterol subfraction
levels (Gottlieb A et al, 2008).

Obesity-induced chronic inflammation is a key component in the pathogenesis of insulin
resistance ( Fig.2).

4. Insulin-resistance

Several studies have demonstrated a potential association between PsO and increased
serum fasting glucose levels, hyperinsulinemia, insulin-resistance, and type 2 diabetes.
However, insulin resistance does not significantly correlate with PsO disease severity and
duration (Gottlieb A et al, 2008).

Insulin resistance is a characteristic feature of most patients with Type 2 diabetes mellitus
and is one of the MetS clinical features. Insulin is a pleiotropic hormone stimulating nutrient
transport into cells, regulating gene expression, modifying enzymatic activity and
regulating energy homeostasis (De Luca C et al, 2008).

Insulin exerted to these multiple functions through several intracellular signaling
cascades, such as the phosphatidylinositol 3-kinase (PI3K)-AKT (also called protein
kinase B (PKB)) pathway and the Ras-mitogen activated protein kinase (MAPK) pathway.
PI3K-AKT is largely responsible for insulin action on glucose uptake and in the
suppression of gluconeogenesis, while MAPK mediates gene expression and controls cell
growth and differentiation, interacting with the first pathway. The insulin action is
evidenced on target tissue, such as liver, adipose tissue and skeletal muscle (De Luca C et
al, 2008).

In the liver, insulin regulates glucose metabolism depending on the meal or starvation,
while in adipose tissue insulin signaling results in decreased hormone sensitive lipase
activity and this anti-lipolytic effect inhibits free fatty acid efflux out of adipocytes (De Luca
Cetal, 2008).

Increased levels of TNF-alpha, IL-6 and FFAs produced by excess visceral adipose tissue
can cause insulin resistance in adipose tissue, skeletal muscle and liver by inhibiting insulin
signal transduction and they can determine the production of other inflammatory-related
factors, such as CRP (Gottlieb A et al, 2008).

TNF-alpha causes a decrease in the autophosphorylation of tyrosine residues of insulin
receptor (IR) and phosphorylation of insulin receptor substrate 1 (IRS-1) (Hotamisligil GS,
2003).

Thus, in psoriasis obesity and insulin resistance have a proinflammatory effect perpetuated
through a positive feedback loop in PsO patients.

5. NAFLD

The liver plays a central role in lipid metabolism, importing serum free fatty acids and
manufacturing, storing and exporting lipids and lipoproteins (Adams LA et al, 2005).
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NAFLD is the acronym for nonalcoholic fatty liver disease and it includes a wide spectrum
of liver pathology, from hepatocellular steatosis to nonalcoholic steatohepatitis (NASH)
(Browning JD et al, 2004).

The prevalence of NAFLD is 10-25% in the western world and it is a an emergent condition
now recognized as the most frequent cause of abnormal liver tests, especially in obese
individuals (Papatheodoridis GV et al, 2007).

NAFLD is considered the hepatic manifestation of the metabolic syndrome closely
associated to visceral obesity and insulin resistance (Marchesini G et al, 2003; Tsochatzis EA
et al, 2009).

Adipocytokines, free fatty acids, mitochondrial dysfunction, bacterial endotoxin and
vascular disturbance have all been implicated in the development of hepatic inflammation
and fibrosis in patients with NAFLD (Adams LA et al, 2005).

The pathogenesis of NAFLD is currently seen as a two steps process, initially characterized
by the accumulation of liver fat followed by the development of necroinflammation and
fibrosis (Day CP et al,1998).

Insulin resistance results in both increased adipose tissue lipolysis and increased hepatic
lipogenesis leading to lipid accumulation in the hepatocytes, mainly in the form of
triglycerides and FFAs (Emmanuel A et al, 2009).

The increased liver deposition of TG and FFAs contributes to lipotoxicity and predisposes
hepatocytes to the second step: the mythocondrial disfunction and the oxidative stress
(Emmanuel A et al, 2009).

A recent study has emphasized that NAFLD is highly prevalent among psoriasis patients
and it seems that patients with NAFLD and psoriasis are at higher risk for severe liver
fibrosis than their age, sex and BMI-matched counterparts with NAFLD without psoriasis
(Marra M et al, 2007).

Psoriasis, metabolic syndrome and NAFLD might share a common underlying mechanism
characterized by a low level inflammatory status characterized by a pro-inflammatory
cytokines generalized activation (Marra M et al, 2007).

As in obesity and insulin resistance, TNF-alpha seems to have a pivotal role: both serum
and hepatic levels of TNF-alpha are elevated in patients with NAFLD and it is directly
correlated considering the markers of liver damage (Marra M et al, 2007).

AST, ALT and mostly AST/ALT ratio are considered important parameters of liver damage
and they appear correlated to the severity of the hepatic damage to histological disease
severity.[ Pulzi FBU et al, 2011]

It has already demonstrated that psoriatic patients with NAFLD show a higher mean
AST/ALT ratio, a parameter proved to be an independent predictor factor of liver fibrosis in
NAFLD patients (Angulo P et al, 2007).

AST serum levels increase more than those of ALT with the progression of the hepatic
disease; therefore, an higher than 1 AST/ALT ratio may be one element of more advanced
disease (Vanni E et al, 2010).
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6. Atherogenic dyslipidemia

Many evidences suggest a strong link between PsO and abnormalities in fatty acid
metabolism: psoriatic patients show dyslipidemia with increased plasma cholesterol,
triglycerides (TG), low-density lipoprotein (LDL) cholesterol, very low-density lipoprotein
(VLDL) cholesterol, and decreased HDL cholesterol and antioxidant capacity. In particular,
a recent study has underlined that the dyslipidemic profile could precede the psoriasis
manifestations (Gottlieb A et al, 2008).

Studies on lipid profile in psoriatic patients have been conducted since 1994 focusing on the
presence of a significant content in total cholesterol and of the cholesterol/protein ratio in
low-density lipoproteins (LDL) and in high-density lipoproteins (HDL) of psoriatic children.
The compositional changes were associated with alterations of fluidity in LDL and HDL of
psoriatic patients (Offidani AM et al, 1994).

In PsO patients, the detection of raised levels of LDL and low levels of HDL cholesterol is
associated with coronary artery disease and with accelerated mortality for cardiovascular
disease (Jones SM et al, 2000).

7. Hypertension

In PsO patients a higher occurrence of hypertension compared with controls has been
reported. The underlying mechanism of hypertension in psoriasis has been discussed and
multiple hypothesis have been emerged on this topic (Gottlieb A et al, 2008).

The pathogenesis of hypertension in psoriasis seems to be linked to increased production of
angiotensinogen by adipose tissue, subsequently converted to angiotensin II through
angiotensin converting enzyme (ACE) (Armstrong AW et al, 2011).

ACE serum levels are increased in psoriasis patients (Gottlieb A et al, 2008).

Angiotensin II not only promotes salt retention by kidney but also it regulates vascular tone,
acting a vasoconstrictor and stimulates T-cell proliferation promoting inflammation and the
development of atherosclerosis (Armstrong AW et al, 2011).

The association between psoriasis and hypertension may also be attributed to the increased
oxidative stress in psoriasis patients. Greater levels of reactive oxygen species can damage
endothelium-dependent vasodilation (Armstrong AW et al, 2011).

Other studies emphasized the role of endothelin-1 in hypertension development among PsO
patients. Endothelin-1 is a protein produced by several different cell types including
keratinocytes; it induces blood vessels vasoconstriction increasing blood pressure. In PsO
patients endothelin-1 expression appears to be altered in lesional skin and serum and
correlated to psoriasis disease severity (Armstrong AW et al, 2011).

8. Protrombotic state

A proinflammatory and/or prothrombotic state has been associated with MetS and PsO,
probably linked to elevated serum levels of PAI-1, fibrinogen and CRP. Elevated CRP levels
are induced by IL-6 and they have been shown to be predictive of future CVD in initially
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healthy individuals, and the risk of CVD in patients with either diabetes or MetS is
significantly increased in the presence of elevated CRP levels (Gottlieb A et al, 2008).

9. Anti-TNF-alpha in psoriasis and metabolic syndrome

TNF-alpha is an inflammatory cytokine promoting inflammation via the activation and
induction of proinflammatory cytokines (IL-1, IL-6, IL-8) and by the upregulation of
adhesion molecules on endothelial cells leading to increased leukocyte extravasation
(Channual ] et al, 2009).

Given that TNF-a show a pivotal role in many inflammatory conditions and that it
represents one of possible link between psoriasis and metabolic syndrome, theoretically the
TNF-alpha blockade might have a widespread potential in the treatment of both
pathological entities (Channual ] et al, 2009).

Although it is well known the TNF-alpha inhibitors efficacy on PsO and Psoriatic arthritis
(PsA), little is known about their effects on the MetS components in PsO patients.

Currently, three available in the United States are approved for psoriasis and psoriatic
arthritis (PsA): infliximab, etanercept, and adalimumab (Channual ] et al, 2009).

Infliximab is a chimeric monoclonal antibody binding the human tumor necrosis factor
alpha (Staidle JP et al, 2011).

Actually there are no data in literature about infliximab effect on insulin resistance or
sensitivity in PsO patients.

About lipid profiles, studies have shown that infliximab does not significantly modify total
cholesterol, triglycerides and, interestingly, the patient’s lipid profile reverted to baseline
values after infliximab discontinuation (Gisondi P et al, 2008; Antoniou KM et al, 2008).

Studies investigating the effect of infliximab on body weight have reported significant
increase in weight gain and in BMI, without differences among males and females
(Saraceno R et al, 2009).

Etanercept is a fusion protein consisting of two molecules of extracellular domain of human
p75 TNF-alpha receptor attached to the Fc domain of human immunoglobulin G1 (IgG1),
that binds to TNF-alpha with greater affinity than natural receptor. The binding makes TNEF-
alpha biologically inactive, with consequent reduction of inflammation (Weinberg JM,
2003).

Although there are conflicting results on the effect of Etanercept in insulin-resistance,
etanercept have shown an interesting action on reducing serum insulin levels and
improving insulin sensitivity. Similar to Infliximab, Etanercept does not significantly modify
lipid profiles; furthermore, PsO patients treated by etanercept gradually and progressively
gain weight, in particular lean ones (Marra M et al, 2007).

Adalimumab is human monoclonal antibody against TNF-alpha (Staidle JP et al, 2011).

Although there are no reports in literature discussing about adalimumab effect on insulin
resistance or sensitivity in PsO patients, a recent case revealed episodes of hyperglycemia in
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a PsO-PsA patient; these increased serum glucose levels resolved after adalimumab
discontinuation (Wu JJ et al, 2008).

Similar to Infliximab and Etanercept, Adalimumab does not modify lipid profiles and it
increases BMI and weight gain (Saraceno R et al, 2009).

10. Conclusion

Despite further studies on anti-TNF-alpha drug effect on MetS syndrome are required, an
examination of literature data suggest that the combined effects of improved insulin
resistance and sensitivity and a significant reduction in systemic inflammation may
interrupt inflammatory cascade linking PsO and MetS.

Taking into consideration the high potentiality of biological therapies to reduce the
metabolic effect of TNF-alpha, the future goal might be to demonstrate a real in vivo
preventing effect on development of cardiovascular comorbidities in Pso/PsA patients. For
these reason other longitudinal long term clinical studies are needed.
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UVB and Vitamin D in Psoriasis
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1. Introduction

Psoriasis is a chronic, inflammatory disease affecting the skin and potentially the joints. Both
genetic and environmental factors are important in the etiology of the disease. Psoriasis is
characterized by keratinocyte hyperproliferation, abnormal keratinocyte differentiation, and
immune-cell infiltration into the epidermis and dermis.

Disease management is dependent on severity, psychosocial effects and the patient's
lifestyle. Currently, psoriasis may be treated with phototherapy or by using various topical,
systemic, and biologic drug treatments. Topical treatments include creams and ointments
containing tar, dithranol, corticosteroids, salicylic acid or vitamin D-related compounds.

Vitamin D3 analogs inhibit proliferation, induce terminal differentiation of human
keratinocytes and exhibit immunomodulating properties. Several studies have shown
vitamin D analogs to be a safe, efficacious and long-term treatment option for psoriasis.
Vitamin D3 analogs are also used in combination with phototherapy.

Phototherapy (broadband UVB, narrowband UVB (NBUVB) and heliotherapy - treatment
with natural sunlight) is a commonly used treatment modality for widespread psoriasis. A
similar wavelength spectrum of UVB (280-315 nm) is responsible for vitamin D synthesis in
the skin. Vitamin D3, or cholecalciferol, is produced from 7-dehydrocholesterol in the basal
epidermis when exposed to UVB, and is then hydroxylated in the liver into 25-
hydroxyvitamin D [25(OH)D], which is the major circulating metabolite. Further
hydroxylation into 1,25-dihydroxyvitamin D [1,25(OH)2D] occurs primarily in the kidneys.
Hydroxylation in the kidneys is stimulated by parathyroid hormone (PTH) and suppressed
by phosphate. Homeostatic mechanisms include parathyroid activity, serum calcium and
serum 1,25(0OH)2D3 itself. Vitamin D is an essential steroid not only for calcium homeostasis
and skeletal health, but also for regulation of cellular growth, cell proliferation and cell
differentiation. Vitamin D is obtained by skin production in response to UVB or by intake of
vitamin D rich food or supplements. Vitamin D status is measured by serum/blood
concentration of its metabolite 25(OH)D.

The wavelength spectrum of UVB responsible for vitamin D synthesis (broadband UVB,
290-320 nm) has been used successfully for years to treat psoriasis and other chronic
inflammatory skin disorders. This chapter aims to increase knowledge about the effects of
UVB on vitamin D production during treatment with phototherapy in patients with
psoriasis and to investigate the impact of UVB-induced vitamin D on psoriasis, bone, lipid
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and carbohydrate status in psoriasis patients. A review of the published studies will be used
to accomplish this task. In our previously published studies, the serum concentrations of
25(OH)D, 1,25(0H)2D, PTH, calcium and creatinine were measured before and after
phototherapy in Caucasian patients with moderate to severe active plaque psoriasis. Bone
mineral density (BMD) was examined using dual-energy X-ray absorptiometry (DEXA) at
the hip and lumbar spine in a group of postmenopausal women with psoriasis. Lipid and
carbohydrate status were assessed in patients treated with heliotherapy.

We found that UVB/heliotherapy improved the psoriasis score and lipid and carbohydrate
status of the patients, increased serum 25(OH)D synthesis and reduced serum PTH
concentrations. Vitamin D production in psoriasis patients increased less with narrowband
UVB than with broadband UVB phototherapy. There was no correlation between the dose of
UVB and the increase in 25(OH)D. The ratio of low density lipoprotein (LDL) and high
density lipoprotein (HDL) cholesterol decreased, and the levels of glycosylated hemoglobin
Alc (HbAlc) also decreased in psoriasis patients during heliotherapy. Postmenopausal
women with psoriasis had higher BMD than age-matched controls, a finding that could be
related to their higher body weight, levels of physical activity and UVB exposure.

The changes in serum concentrations of vitamin D metabolite 25(OH)D were not related to
the degree of improvement in psoriasis severity. This can be explained by the fact that
25(OH)D is biologically inert. It is unclear if the serum 25(OH)D level is linked to the level of
the active form of vitamin D3 (1,25(OH)2D) present in the skin. It has been suggested that
cutaneous conversion of 25(OH)D to 1,25(0OH)2D does not play a role because the amount of
free 25(OH)D3 that penetrates the cell membrane of epidermal keratinocytes is too small to
produce sufficient amounts of 1,25(OH)2D. Therefore, of great interest will be the study of
UVB induced local effects on vitamin D synthesis and metabolism in psoriatic skin.

2. Content
2.1 Vitamin D, skin production and metabolism

Vitamin D or calciferol refers to cholecalciferol or vitamin D3 and ergocalciferol or vitamin
D2. D3 is produced in the skin as a result of ultraviolet irradiation of 7-dehydrocholesterol
(7-DHC) and D2 is produced by ultraviolet irradiation of the plant sterol ergosterol(1).

Vitamin D was discovered in the 1900's as a result of research efforts geared towards the
treatment of the disease, rickets. Within the last decade, vitamin D has become a popular
topic in medical research as investigators aim to elucidate the role it plays in both
maintaining health and contributing to the onset of disease.

Most people obtain their vitamin D requirement from sunlight exposure (2) in addition to
smaller amounts obtained through the diet since very few foods naturally contain vitamin D.

7-DHC absorbs ultraviolet B (UVB) radiation and optimum wavelengths for vitamin D3
production are between 295 nm and 300 nm with a peak at 297 nm(3). Levels of 7-DHC have
been observed to decline with age, which might negatively impact vitamin D3 synthesis in
the skin (2). Vitamin D3 produced in the skin or ingested from the diet can be stored in body
fat and later released into circulation. Vitamin D3 is sequestered deep into body fat, making
it less bioavailable in obese individuals(4). Vitamin D is biologically inert and must be
hydroxylated in the liver to form 25-hydroxyvitamin D [25(OH)D or calcidiol], which is the
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major circulating metabolite. Further hydroxylation into 1,25-dihydroxyvitamin D
[1,25(0OH)2D or calcitriol] occurs primarily in the kidneys (Figure 1). Hydroxylation in the
kidneys is stimulated by parathyroid hormone (PTH) and suppressed by phosphate.
Homeostatic mechanisms include parathyroid activity, serum calcium and serum
1,25(0OH)2D itself. Conversion of vitamin D to 25(OH)D is mediated by the enzyme vitamin
D-25-hydroxylase (CYP27A1). The synthesis and degradation of calcitriol are regulated by
the enzymes 25(OH)D-1-a-hydroxylase (CYP27B1) and 25(OH)2D-24-hydroxylase
(CYP24A1), respectively. The combined activity of these enzymes is an important factor in
determining the circulating concentrations of 25(OH)D, and 1,25(OH)2D(1). In addition to
the kidney, other tissues and cells, including keratinocytes and immune cells, contain these
enzymes and are able to convert 25(OH)D to active 1,25(OH)2D(5).

Besides being an essential steroid for calcium homeostasis and skeletal health, vitamin D
also plays a role in regulation of cellular growth, cell proliferation and cell differentiation.
Vitamin D also regulates the immune system, controls cancer cell growth and plays a role in
the regulation of blood pressure(6). These effects are mediated through the intracellularly
located vitamin D receptor (VDR). VDR is a member of the steroid, estrogen and retinoid
receptor gene family of proteins that mediate transcriptional activities of the respective
ligands. The VDR complex interacts with vitamin D responsive elements on the target gene.
Alterations in calcitriol levels and polymorphisms of the VDR gene have been shown to be
associated with several malignant and autoimmune diseases including psoriasis vulgaris(7).

25(0OH)D is used clinically to measure vitamin D status. The cut-off level for serum
25(0OH)D, which is used as a diagnostic marker for vitamin D deficiency, has varied over the
years(8-10). The early biochemical changes in vitamin D insufficiency include a rise in serum
PTH, which begins to increase as serum 25(OH)D levels fall below 30 ng/ml or 75
nmol/1(9). This level of 25(OH)D has become the suggested cut-off point for vitamin D
deficiency or inadequacy(9, 11-13). At the present time, there is no clear consensus regarding
levels of 25(OH)D for optimal health but levels of > 50 nmol/1 (20 ng/ml)(14) and > 75
nmol/1 (30 ng/ml) have been based on considering the outcomes of bone health, fracture
prevention and colorectal cancer(15,16). Sun exposure is the strongest factor influencing
25(OH)D. The serum concentrations of 25(OH)D vary seasonally, with maximum and
minimum values in the late summer and winter respectively(17). The extent of this seasonal
variation depends on factors such as latitude, skin pigmentation, clothing, and the use of
sunscreen(18).

Currently, limited data is available on the role of vitamin D deficiency in the pathogenesis or
outcomes of psoriasis. The lack of conclusive data combined with vitamin D’s
immunomodulatory role, warrants further research investigating the role of vitamin D
insufficiency in chronic diseases as well as monitoring 25(OH)D levels in children and
adults of all ages as a part of routine physical examinations.

2.2 The effects of vitamin D in psoriasis

Vitamin D has pleotropic functions; it acts as a hormone by controlling calcium homeostasis
as well as exerting autocrine/paracrine effects on tissues that express CYP27B1 and VDR.
Besides its local effects, calcitriol may also act in psoriasis through its immunomodulatory
properties by inhibiting T-cell proliferation and Thl development, modulating antigen-
presenting cell (APCs) function, inducing hyporesponsiveness to antigens, inhibiting
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production of IL-2, IL-17, IL-8 and interferon-y, increasing the production of IL-10 and
regulatory T cells(19, 20). Calcitriol has also been suggested to reduce production of
interferon-a in some cells(21). Calcitriol is involved in the regulation of antimicrobial
peptides cathelicidin and human p-defensin 2 (HBD2), which both participate in the
pathogenesis of psoriasis (22). Vitamin D’s role in psoriasis is further supported by studies
that confirm the link between VDR polymorphism and psoriasis (23, 24). An association
between VDR genotypes (Apal) and the mean age at onset of psoriasis were previously
observed (25). Since VDR gene polymorphisms show ethnic variability, concern arises on
how to treat psoriasis patients of different populations according to their potentially varied
treatment response (26). Moreover, it has been demonstrated that VDR gene polymorphisms
may also play a role in partial resistance to calcipotriol therapy (24).

There are few studies on high-dose vitamin D3 in the treatment of psoriasis while systemic
administration of 1,25(OH)2D for the treatment of psoriasis might be limited by its toxicity.
A number of small trials show the efficacy and safety of vitamin D metabolites in the
treatment of psoriasis and psoriatic arthritis (27-29). Systemic calcitriol treatment had an
immunomodulatory effect manifested by a short-term temporary decrease in type 1 immune
responses and a decrease in disease activity in patients with psoriatic arthropathy (27).
Administration of vitamin D3 could be a better option than calcitriol or alphacalcidol since it
is safer and less expensive, although more studies are needed to assess its efficacy (21).
However, the use of calcitiol in dermatology is hampered by its hypercalcemic activity.
There is limited information on the role of vitamin D deficiency in the pathogenesis of
psoriasis or the role of vitamin D deficiency in response to treatments with topical or
systemic drugs. There is a report of resolution of anti-TNFa-induced psoriasiform lesions by
high doses of vitamin D3, in a patient with rheumatoid arthritis and vitamin D deficiency
(21). More studies are needed to assess the possible usefulness of high-dose vitamin D3 in
the treatment of psoriasis.

2.3 Effects of vitamin D3 analogues in psoriasis

The observation that keratinocytes and T cells express VDR and that 1,25(OH)2D is a potent
stimulator of keratinocyte differentiation provides a potential basis for the clinical use of
VDR ligands for the treatment of psoriasis (30, 31). Clinical data that first supported the use
of vitamin D analogs was obtained when a patient treated orally with 1-hydroxyvitamin D3
for osteoporosis showed remarkable remission of psoriatic lesions(32). In addition,
promising clinical results were obtained in studies using oral 1-hydroxyvitamin D3, oral and
topical calcitriol which led to improvement of psoriatic lesions in approximately 70-80% of
patients (33). Vitamin D3 analogs (calcipotriol (Dovonex), calcitriol (Silkis) or tacalcitol
(Curatoderm)) inhibit proliferation, induce terminal differentiation of human keratinocytes
and exhibit immunomodulating properties (33). Differentiation of keratinocytes results in
the formation of a cornified envelope (CE) that provides the barrier function of the skin. The
expression of involucrin, a component of the CE, and transglutaminase I (TGase I), the
enzyme that cross-links the components of CE, was increased by calcitriol and other VDR
ligands(35). Treatment of keratinocytes with a medium containing high calcium also
stimulated keratinocyte differentiation by increasing the expression of involucrin and TGase
I. 1,25(0OH)2D also promoted keratinocyte differentiation, at least in part by increasing
intracellular calcium and by increased expression of calcium receptors in keratinocytes(36).
Calcitriol indirectly induces the expression of keratin 1, involucrin, TGase I, loricrin, and
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filaggrin, which are required for CE formation. VDR ligands decreased the expression of
proinflammatory cytokines IL-2, IFN-y, IL-6, IL-8 (37-40) and proliferation of T lymphocytes
and keratinocytes. Furthermore, topical calcipotriol increased anti-inflammatory cytokine
IL-10 in psoriatic lesions(4l), and increased the expression of IL-10 receptor in
keratinocytes(42).

Antigen presenting cells (APCs), which play an important role in psoriasis, are one of the
major targets of calcitriol-mediated immunosuppressive action (43). VDR ligands prevent
the activation, differentiation, maturation and survival of APCs, leading to T cell
hyporesponsiveness(44). Calcitriol also increased the expression of IL-10 and decreased the
expression of IL-12, two major cytokines that are involved in Th1-Th2 balance(45).

Several studies have shown that calcipotriol as well as calcitriol and tacalcitol are
efficacious, safe and can be used on a long-term basis for psoriasis (43, 46-49). Vitamin D3
analogs can be used in combination with phototherapy(50).

2.4 Vitamin D status in patients with psoriasis

Few studies on vitamin D status and its role in psoriasis have been performed or published.
Low vitamin D status is associated with an increased risk of cancer, autoimmune, infectious,
and inflammatory diseases, although the role of vitamin D status in the pathogenesis of
psoriasis is unknown.

3. The effects of phototherapy on vitamin D status in patients with psoriasis

A similar wavelength spectrum of UVB is responsible for vitamin D synthesis (280-315 nm),
which has been successfully used for years to treat psoriasis and other chronic inflammatory
skin disorders.

Phototherapy (broadband UVB, narrowband UVB and heliotherapy - treatment with natural
sunlight) is an effective treatment, commonly used for widespread psoriasis. Therefore,
phototherapy is an excellent option for patients with generalized psoriasis because of its
superior systemic safety profile in comparison to systemic and biologic agents (51).

In addition to standard broadband ultraviolet radiation B (BUVB), (280-315 nm),
narrowband phototherapy (NBUVB) (monochromatic UV between 311-312 nm) and
heliotherapy (treatment with natural sunlight) have become important treatment modalities
for psoriasis. Research suggests that NBUVB is more effective than broadband UVB for
reducing PASI scores, as well as being a safer and better tolerated option for patients in
comparison to PUVA when taken at suberythemogenic doses (52). Furthermore, these
advantages along with the handling ease of the NBUVB lamp led to a reduction in the usage
of broadband UVB. However, one drawback of the new lamp is that the radiation times
have almost doubled (54). Additionally, several studies indicate that combination therapy
using both calcipotriol and UVB radiation illustrate more rapid healing of psoriasis when
compared to monotherapy of either treatment (50,55).

Serum levels of 25(OH)D increased during treatment with artificial UV (BUVB and
NBUVB) and during heliotherapy(56-59). The increase in 25(OH)D was higher in the BUVB
treated patients when compared to the NBUVB (p=0.008) and heliotherapy (p=0.017)
treated groups. Low-dose NBUVB treatment significantly increased vitamin D status in
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patients with psoriasis, atopic eczema and other skin disorders with low initial levels of
25(OH)D(60, 61). Within the following intervention studies, age showed no correlation with
the observed increase in 25(OH)D levels (57, 58, 62). This indicates the skin’s capacity to
produce vitamin D3 during phototherapy of psoriasis is independent of the patient’s age or
psoriasis severity. Phototherapy of psoriasis is the time-consuming procedure long enough
to provide adequate cutaneous production of vitamin D even in elderly patients. The ability
of the skin to produce vitamin D declines with age (63) due to insufficient sunlight exposure
(11, 64) and a reduction in the functional production capacity of the skin(63, 65, 66). The
increase in 25(0OH)D3 was enhanced in patients with low baseline levels of vitamin D.

Vitamin D production in patients with psoriasis increased less with NBUVB than with
BUVB phototherapy(58). One explanation might be that the optimal wavelength for
initiation of the vitamin D3 pathway was 3005 nm in vitro and in vivo(67, 68) which is in
the BUVB range (280-315 nm). The synthesis of vitamin D was stimulated by wavelengths
between 290-315 nm, but not for wavelengths longer than 315 nm. One study (58) reported
that a wavelength of 311 nm effectively induced vitamin D synthesis, but not to the same
extent as wavelengths in the BUVB range. UVB treatment including NBUVB treatment of
psoriasis was a sufficiently time-consuming procedure to increase vitamin D. The time
required for NBUVB to have an effect can reduce the difference in the potential of vitamin D
production between the two lamps. The treatment time correlated strongly with the type of
lamp (patients treated with NBUVB required 4 times the exposure patients treated with
BUVB needed). This is consistent with other studies demonstrating that the dose response of
the erythemal spectra of NBUVB should be about 4.2 times that of BUVB(69). The dose of
UVB also correlated with the type of lamp, but no correlation between the dose of UVB and
the increase of 25(OH)D3 levels was found (58). This might be due to the fact that serum
concentrations of 25(OH)D3 were measured at different time points and a plateau level was
reached after three weeks, which was also seen in a previous study(70). An in vitro study
demonstrated that the dose-response relationship of UV exposure and cholecalciferol
synthesis was nonlinear. It was hypothesized that exposure to additional UV did not result
in a proportional increase in vitamin D levels(71). This might be explained by
autoregulation of the skin synthesis, storage, and slow, steady release of vitamin D3 from
the skin into the circulation(3). Non-linear vitamin D synthesis is easily explained by the
photo equilibrium that is set up as a result of continued exposure to ultraviolet radiation as
reported by Holick et al(72). Vitamin D production is a unique, autoregulated mechanism
which occurs at two levels. Excessive sun exposure does not lead to overdosing of vitamin
D3 due to conversion of previtamin D3 to inactive photoproducts (lumisterol 3 and
tachisterol 3) as well as conversion of vitamin D3 to its isomers in the skin (5,6-trans vitamin
D3, suprasterol I, suprasterol II) which are thought to have a low calcemic effect at
physiological concentrations. The synthesis of previtamin D3 reached a plateau at about 10
to 15 percent of the original 7-dehydrocholesterol content(72). Vitamin D3 is synthesized in
the skin and released steadily and slowly from the skin into the circulation(3).

In a study by Ryan, the number of exposures to NBUVB was the sole predictor of an
increase in serum 25(OH)D level, whereas prior phototherapy was the only predictor of
baseline serum 25(OH)D levels in the group of psoriasis patients treated with
phototherapy(73).
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Patients with lower 25(OH)D levels at baseline responded better to sunlight and
phototherapy which is consistent with other studies(3, 6, 57). All patients reached serum
levels of 30 ng/ml (75 nmol/1) after two weeks of sun exposure(62). A circulating level of
25(OH)D of >30 ng/ml, or >75 nmol/L, appears to be necessary to maximize the health
benefits of vitamin D(6).

Sun exposure is the major source of vitamin D for most humans(6). During the winter
months vitamin D production is insufficient to meet the optimal requirements in both
younger and older adults at Northern latitudes(74). Psoriasis lesions usually worsen during
winter, and many patients are therefore given repeated UVB treatment during this season.
In addition to healing psoriatic lesions, UVB therapy also provides these patients with
vitamin D during the winter months, when levels of 25(OH)D in Northern countries are
generally low. UVB therapy even increased serum 25(OH)D levels in patients taking vitamin
D supplements. This is in line with previous studies, which reported that UV-induced
vitamin D synthesis had a greater influence on the serum levels of circulating calcidiol than
the per oral intake of supplements(75, 76).

Skin pigment, sunscreen use, aging, time of day, season, and latitude all affect previtamin
D3 synthesis(18). There was no difference in the increase of 25(OH)D between the different
skin types in the present studies(59). This was most likely due to subjects being exposed to
individually adjusted doses of UVB depending on skin phototype and erythemal response
to therapy. All patients had previously experienced UVB therapy for their psoriasis disease.
As expected, fair-skinned patients required lower doses of UVB (broadband and
narrowband) than patients with skin type III and IV. This finding is consistent with other
studies examining the effect of skin pigmentation on vitamin D synthesis(77). Melanin
pigment in human skin competes with, and absorbs UVB photons responsible for the
vitamin D synthesis(77).

The increase in 25(OH)D during the first two weeks of heliotherapy was very similar to the
increase in 25(OH)D during treatment with BUVB and NBUVB for two to three months. The
correlation between sunlight measures and serum 25(OH)D is evidently weak(78). Patients
reached their plateau of daily sun exposure after the first week. It is likely that vitamin D
production was most prominent during the first week, when the patients experienced
redness and some of them even got sunburned(56).

The increase in 25(OH)D during 15 days of climate therapy was significant even though
patients used sunscreen on body sites susceptible to sunburn, and though the skin was
affected by psoriasis lesions(56, 62). This indicates that short-term therapeutic UVB
exposures are sufficient to increase vitamin D synthesis in psoriasis patients. SPF-8
sunscreen has been observed to reduce the skin's production of vitamin D3 by 95%(79).
Clothing also completely blocks all solar UVB radiation and thereby prevents vitamin D3
production(79).

Psoriasis improved in all patients, with a reduction in the PASI score of about 75% on all
regimens(59, 73). Improvement in psoriasis correlated positively with the increase in
25(OH)D3 levels in one (58) (p=0.047; the group of patients treated with BUVB and
NBUVB) but not in the other studies (57, 61, 62, 73). There was no correlation between
change in serum 25(OH)D levels and change in PASI or change in DLQI in the study of
psoriasis patients treated with NBUVB in Ireland(73). No relationship was found between
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levels of 25(OH)D and psoriasis but a negative correlation was found between the severity
of psoriasis and the basal serum level of 1,25(0OH)2D(80).

The skin is the only tissue yet known in which the complete UVB-induced pathway from 7-
DHC via intermediates (previtamin D3, vitamin D3, 25(OH)D) to the final product
1,25(OH)2D, takes place under physiological conditions(81), (Figure 1). Levels of
1,25(0OH)2D tended to increase during phototherapy, but significant increases were noticed
only during heliotherapy, and only in women with 25(OH)D3 below 30 ng/ml, and in ages
> 70 years. One explanation might be that these patients had lower serum concentrations of
25(OH)D at the start of the treatment.

Vitamin D metabolism
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Fig. 1. Schematic outline of vitamin D metabolism and mechanism of action in psoriasis.

It has been postulated that the synthesis of 1,25(OH)2D is tightly regulated, and that
increases in 25(OH)D concentrations due to exposure to sunlight have no effect on serum
1,25(0OH)2D levels(6, 82). The observation that both 25(OH)D and 1,25(0OH)2D increased in
vitamin D deficient subjects following UVB exposure(83) or after vitamin D
supplementation(84) has been reported previously. The increase of 1,25(OH)2D levels
between patients treated with heliotherapy and patients treated with NBUVB differed
(p=0.02). This might be explained by lower values of 25(OH)D at baseline in patients treated
with heliotherapy(59).

Keratinocytes are capable of producing a variety of vitamin D metabolites, including
1,25(OH)2D, 24,25(0OH)2D, 1,24,25(0OH)3D(85) from exogenous and endogenous sources of
25(OH)D. Thus, the local UVB-triggered production of calcitriol may primarily regulate
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epidermal cellular functions in an auto- and paracrine manner, but this should not be crucial
for systemic vitamin D effects (5) and systemic vitamin D deficiency does not stimulate
epidermal synthesis of 1,25(OH)2D(86).

Cutaneous production of 1,25(0OH)2D3 may regulate growth, differentiation, apoptosis and
other biological processes in the skin(87, 88). Therefore, topical vitamin D analogs have been
used as a safe and effective treatment for psoriasis vulgaris(89, 90). The NBUVB has been
shown to have less capacity to induce a local skin production of 1,25(OH)2D3 at 44% of the
monochromatic irradiation at 300 £2.5 nm(68). Nevertheless, the known therapeutic effect of
UVB light therapy for the treatment of psoriasis may be mediated via UVB-induced
production of 1,25(0OH)2D(81). In vitro studies have shown that the substrate concentration
of cholecalciferol in keratinocytes mainly determines the synthesis rate of 1,25(OH)2D in
these cells(91). Thus, higher synthesis rates of cholecalciferol should result in a faster and
more pronounced release of 1,25(OH)2D into the extracellular fluid. UVB-induced
membrane damage to epidermal keratinocytes may also increase the outflow of newly
synthesized calcitriol(92).

It is not clear if the serum 25(OH)D level is linked to the level of the active form of vitamin
D3 present in the skin. It has been suggested that cutaneous conversion of 25(OH)D to
1,25(OH)2D does not play a role because the amount of free 25(OH)D3 that penetrates the
cell membrane of epidermal keratinocytes is too small to produce sufficient amounts of
1,25(OH)2D(88). The main form of circulating 25(OH)D is presented in a complex with
vitamin D-binding protein (DBP) with only a very small amount (0.03%) available as the free
form. Furthermore, the deeper layers of the epidermis are not vascularized, which further
impairs the passage of the 25(OH)D3-DBP complex from blood to epidermal
keratinocytes(88).

The receptor for calcitriol and the production of 1,25(OH)2D vary with the differentiation
in a manner suggesting feedback regulation, and both are reduced in the later stages of
differentiation(93). 1,25(OH)2D increases involucrin, transglutaminase activity, and
cornified envelope formation in preconfluent keratinocytes(94). NBUVB treatment
increases cathelicidin and decreases HBD2 levels in healing skin lesions of psoriasis and
atopic dermatitis(61). It has been shown that HBD2 and cathelicidin expression in
psoriatic skin are higher in serum vitamin D sufficient patients than in serum vitamin D
deficient psoriasis patients(95).

The 1,25(0OH)2D molecule and its analogs, as well as UVB phototherapy, exert
antiproliferative, prodifferentiative, and immune-modulatory effects on keratinocytes that
are of particular importance for the therapy of hyperproliferative skin diseases such as
psoriasis vulgaris(5, 96). However, the full range of UVB and vitamin D3 effects is not
completely understood.

4. Serum PTH in psoriasis patients during treatment with phototherapy

PTH decreased after the treatment with phototherapy(57). 25(OH)D concentrations below 30
ng/ml (75 nmol/l) resulted in secondary hyperparathyroidism and a decrease in BMD(97).
PTH increases with increasing age, possibly due to less sunlight exposure and/or reduced
calcium/vitamin D intake(98). The clear concomitant decrease in serum PTH after UVB
exposure indicates that the skin’s capacity to synthesize vitamin D is maintained even at
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older ages and with part of the skin covered by psoriatic lesions. Serum concentrations of
calcium and creatinine were unaltered after phototherapy(58).

5. Bone status in patients with psoriasis treated with UVB phototherapy

Multiple risk factors that contribute to low serum 25(OH)D and osteoporosis have been
identified. They include inadequate sun exposure(99), insufficient intake of fortified foods or
vitamin D supplements(100), low body mass index, white ethnicity, lack of exercise, use of
medications that accelerate vitamin D metabolism, diseases that alter vitamin D metabolism
such as malabsorption syndromes, and chronic liver disease(9, 13, 101).

Information regarding the prevalence of osteoporosis in addition to the epidemiological
study of risk factors for developing osteoporosis among psoriasis patients has been sparse
and controversial. Psoriasis patients with or without arthritis may suffer from
osteoporosis(102). However, a previous study showed that patients with chronic plaque
psoriasis had a low BMD despite risk factors, although the subgroup with joint involvement
appeared to be at a higher risk of developing osteoporosis and therefore required
prevention therapy(103). Reduced BMD has been linked to palmoplantar pustular
psoriasis(104). The existence of less severe periarticular osteoporosis has also been
reported(105). Psoriasis patients with peripheral arthritis with longer duration of joint
disease(106) and patients with a greater number of affected joints are at a higher risk of
developing osteoporosis(102).In a study by Pedreira, patients with psoriasis and psoriatic
arthritis did not present with a lower BMD, but they had a higher prevalence of osteoporotic
fractures and were at a higher risk of developing metabolic syndrome(107).

Postmenopausal women with psoriasis treated with phototherapy had higher BMD of both
the hip and lumbar spine compared with age-matched controls (57, 108). In the same
study(108), patients with 25(OH)D levels below 30 ng/ml and secondary
hyperparathyroidism had lower BMD in terms of both T and Z scores of the hip and the
lumbar spine compared with those with higher vitamin D levels, consistent with another
study(109). No relationship between psoriasis onset and bone status was found. Higher
body weight and BMI are factors, which may have contributed to the higher BMD in
patients(108) compared with controls

In general, bone loss increases with age. BMD has been shown to be a predictive indicator
for bone fractures in healthy subjects and in patients with osteoporosis(111).

A family history of fractures, physical activity, smoking and estrogen substitution are
important factors influencing bone mass(112-114). Low body weight is related to low
skeletal muscle mass and an increased risk of fractures(114, 115). Muscle tissue and strength
are important for body balance and the prevention of falls(116). Previous studies confirm the
protective effect of weight gain against fractures(17).

Physical activity correlated positively with BMD in psoriasis patients(108). Physical activity
has been claimed to be beneficial for bone mass and protective against fractures(117).
Regular walking in middle-aged and elderly women is associated with a reduced risk of
vertebral deformity(118). Subjects who took a daily walk of at least 30 min had a
significantly better climbing capacity, higher BMD and lower concentration of serum
triglycerides than subjects who walked less(119). Lifetime exercise was also positively
associated with BMD of the hip(120).
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Vitamin D is important for bone metabolism(121). Vitamin D deficiency thus contributes to
the pathogenesis of osteoporosis and hip fractures(122). Supplementation strategies
involving calcium and vitamin D supplements are cost-effective for preventing osteoporotic
fractures(123).

The same range of UVB (290-315 nm) that induces vitamin D synthesis also improves
psoriasis. Treatment with UVB in patients with psoriasis is most common during winter
months when UVB is lacking, and levels of vitamin D are low in Northern countries(123).
Furthermore, UVB therapy heals psoriasis and supplies these patients with vitamin D at
levels similar to those of the general population(123), which might have positive effects on
bone status as well.

6. Blood glucose and lipid status in psoriasis patients during treatment with
heliotherapy

Psoriasis is considered a chronic and debilitating inflammatory disease associated with
serious comorbidities (124, 125). Large epidemiological studies have shown that psoriasis
and psoriatic arthritis are associated with metabolic diseases including obesity, dyslipidemia
and diabetes(126). The chronic inflammation in psoriasis can predispose patients to other
inflammatory conditions. The proinflammatory cytokines, such as tumor necrosis factor-o
(TNF-a), and other factors that are overproduced in patients with psoriasis likely contribute
to the increased risk for the development of metabolic syndrome(127, 128).

Inflammatory factors have also been associated with insulin resistance and P-cell failure,
both of which are key features of type 2 diabetes mellitus (129). There is evidence that
vitamin D may stimulate pancreatic insulin secretion directly through nuclear receptors that
are found in a wide variety of tissues, including T and B lymphocytes, skeletal muscle, and
the pancreatic islet p-cells(130). There is some evidence that suggests increased PTH activity
is associated with, and possibly causes, reduced insulin sensitivity(130). The prevalence of
impaired glucose tolerance and diabetes mellitus is increased in patients with primary
hyperparathyroidism (131, 132).

Vitamin D has a wide range of effects on the immune system: it promotes the differentiation of
monocytes into macrophages thus increasing their cytotoxic activity; reduces the antigen-
presenting activity of macrophages to lymphocytes; prevents dendritic cell maturation;
inhibits T lymphocyte-mediated immunoglobulin synthesis in B cells and inhibits delayed-
type hypersensitivity reactions(8, 133, 134). Furthermore vitamin D has been reported to
down-regulate the production of several cytokines: IL-2, IL-6 and IL-12, interferon-y, TNF-q,
and TNF-p (134, 135). Alternations in vitamin D status and/or action may affect insulin
sensitivity, B-cell function or both. Therefore, vitamin D may be involved in the pathogenesis
of type 2 diabetes mellitus at both environmental and genetic levels(129). Psoriasis patients are
more likely to be insulin resistant and to have impaired glucose tolerance, higher fasting
insulin levels, and impaired p-cell function than non-psoriatic subjects(136).

Heliotherapy improves lipid and carbohydrate status of psoriasis patients(56). Increases in
high-density lipoprotein (HDL)-cholesterol and decreases in HbAlc during climate therapy
could be explained by several factors. One possible mechanism could be a direct effect of
vitamin D on insulin sensitivity(130). Another is that sun exposure usually implies greater
outdoor physical activity, leading to beneficial effects on lipids and insulin sensitivity,
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unrelated to serum 25(0OH)D concentrations(130). Diet might also influence glucose and
lipid metabolism. Although climate therapy did not change the basal glucose levels of the
patients, the HbAlc levels decreased about 10 %, indicating improved insulin sensitivity
(56). The observed associations between vitamin D, insulin, and glucose metabolism in
humans have not yet been confirmed by intervention studies and, hence, a causal
association has not been established (130).

A high prevalence of atherosclerosis is also reported in psoriasis patients. High serum lipid
levels have been suggested in the pathogenesis of atherosclerosis. High serum lipid levels
are more common in psoriasis and may be responsible for an elevated prevalence of
cardiovascular accidents in this group of patients(137). Patients with psoriasis exhibit a
dyslipidemic profile, including increased levels of plasma cholesterol, triglycerides (TG),
LDL, very low-density lipoprotein (VLDL) cholesterol and decreased levels of HDL
cholesterol. Lipid abnormalities in psoriasis patients may be genetically determined(138).
The ratio of low-density lipoprotein cholesterol (LDL) and high-density lipoprotein
cholesterol (HDL) decreased, and the levels of hemoglobin Alc (HbAlc) also decreased in
psoriasis patients during heliotherapy(56). Serum concentrations of 25(OH)D at baseline in
psoriasis patients treated with heliotherapy correlated positively with serum HDL at
baseline(56), consistent with a previously published study(139).

Psoriasis is associated with obesity, which is a component of metabolic syndrome. Obesity
has been shown to be an independent risk factor for the development of psoriasis, and is
also associated with more severe psoriasis (140). Abdominal obesity is a proinflammatory
state with the visceral adipose tissue providing a rich source of inflammatory molecules
known as adipocytokines including leptin, adiponectin, visfatin and resistin. This may
explain an important association between obesity, insulin resistance and related
inflammatory disorders.

Inflammation plays a key role in the pathogenesis of psoriasis and a number of chronic
inflammatory systemic diseases listed above. Activated inflammatory cells and pro-
inflammatory cytokines, such as TNF-a and IL-1p, contribute to the development of
psoriatic lesions and play an important role in atherosclerosis (141).

7. Conclusion

Recent literature has provided plenty of information concerning the preventive and
therapeutic role of vitamin D in many inflammatory diseases including psoriasis. Vitamin D
inhibits proinflammatory processes by suppressing the enhanced activity of immune cells
that take part in the autoimmune reaction. Phototherapy (UVB and heliotherapy) improved
psoriasis and lipid and carbohydrate status of the patients, increased serum 25(OH)D
synthesis and reduced serum PTH concentrations. UVB therapy heals psoriasis and supplies
these patients with vitamin D, which might have positive effects on bone status as well.

The beneficial role of vitamin D for psoriasis might be due to both a skin and systemic increase
in vitamin D metabolism. Cutaneous 1,25(OH)2D generated in psoriatic skin after UVB
exposure develops a growth-inhibitory effect on proliferating epidermal keratinocytes similar
to topically applicated calcitriol. It is unknown if skin affected by diseases such as psoriasis or
eczema differ in vitamin D production compared to normal skin. Further research is needed to
achieve a more comprehensive understanding of the synthesis of vitamin D in psoriatic skin
and the role of vitamin D status in the prevention and treatment of psoriasis.
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1. Introduction

During the 8th gestational week, a condensation of cells develops on the distal dorsal aspect
of the digital tip. At week 9, this migrates proximally to form a flat groove, the nail field. At
week 11, an invagination develops from the proximal groove, which later forms the nail
pocket or cul-de-sac, with the matrix at its bottom. Nail production starts around week 13.
At the age of 20 weeks, the nail production is similar to that of an adult. From week 32 on,
all nail components can be recognized (Lewis, 1954, Zaias, 1963).

The nail apparatus consists of epithelial and connective tissue components and covers the
tip of the fingers and toes (Figure 1) (Lewin, 1965, Morgan et al, 2001, Zook et al, 1980). Its
functions are support, protection and maintenance of the digital tips as well as enhancement
of the sensory functions of the digital pulps, and the nail is a tool for scratching, defense,
fine manual work, etc. The cosmetic-aesthetic and social functions of the nail have attained a
lot of attention in recent years.

The nail has four epithelial components:

¢  The matrix epithelium is the sole structure to produce the nail plate. It is commonly
divided into the proximal, medial and distal matrix (Figure 2). The existence of a so-
called dorsal matrix is controversial. Most of the matrix is covered by the proximal nail
fold. Under normal circumstances, its distal portion, the whitish lunula, is only seen in
the thumb, index and middle finger as well as the great toe; however, manicure with
pushing the free margin of the proximal nail fold back makes more of the matrix visible
through the nail and lets the nail plate appear longer.

The matrix epithelium consists of a basal compartment seen as cuboid basophilic cells that
migrate up to form the more eosinophilic superficial compartment (Perrin et al, 2004).
Whenever a nail is avulsed the superficial compartment remains attached to it. During
onychotisation, the superficial cells undergo nuclear fragmentation. Under normal
circumstances, there is no granular layer.
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Fig. 1. Anatomy of the nail apparatus. Oblique view (A) and sagittal section (B) through the
distal phalanx.

The matrix contains melanocytes most of which are located suprabasally. In light-skinned
individuals, they remain functionally inactive. Independent from the skin type, the distal
matrix contains more melanocytes than the proximal one (Tosti et al, 1994, Perrin et al,
1997).

The matrix connective tissue is relatively loose containing blood vessels and a considerable
number of glomus bodies. Recent studies have found that matrix fibroblasts are CD 10+
similar to perifollicular fibroblasts (Lee et al, 2007- 2010). The matrix dermis has an
important morphogenetic capacity allowing it to reproduce matrix epithelium when enough
of it is left after trauma or superficial surgical removal. The distance from the most proximal
matrix epithelium to the bone of the terminal phalanx is about 0.8 - 1 mm (Haneke, 2006,
Kim et al, 2011).

¢  The nail bed epithelium is a relatively thin layer of keratinocytes structurally similar to
tricholemmal cells. It firmly attaches the nail to the underlying distal phalanx and
produces a tiny amount of nail bed keratin, which allows the nail plate to virtually slide
over the nail bed without being detached from it. The nail bed keratin is structurally
different from the nail plate keratin. The nail bed does not produce nail plate (de Berker
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and Angus, 1996, Nishi et al, 1996, Zaias and Alvarez, 1968) although this is also
controversial (Johnson et al, 1991). A normal nail bed does not form a granular layer.

The nail bed epithelium-connective tissue interface is characterized by unique longitudinal
rete ridges, in which 3 to 6 layers of longitudinally running capillaries are arranged one
above the other. Trauma to these capillaries may produce the characteristic splinter
haemorrhages, which in nail psoriasis are equivalent to Auspitz’ phenomenon of the skin.
The connective tissue of the nail bed is a firm layer directly attached to the bone without any
subdermal fat. This and the abundance of nervous structures in the nail bed and matrix are
probably the reason for the extraordinary pain elicited by trauma to the nail apparatus.

e The hyponychium is localized at the distal end of the nail bed and forms a particular
structure allowing the plate to get detached from the bed without injury. It seals the
virtual space between the nail and the nail bed. The normal hyponychium shows a
broad granular layer (Hanno et al, 1986, Perrin, 2008). Distal to it, digital pulp skin is
present.

e The eponychium is a thin layer of keratin produced by the undersurface of the proximal
nail fold (PNF). Approximately halfway it divides into the true eponychium remaining
firmly attached to the dorsal surface of the nail plate and the false eponychium attached
to the epidermis of the PNF’s ventral surface. It forms the bulk of the cuticle, the
function of which is to seal the cul-de-sac or nail pocket.

Proximally and laterally, the nail is ensheathed by the proximal and two lateral nail folds,
which form a frame leaving the distal margin of the nail plate free. This allows the nail plate
to grow out and not up. The proximal nail fold is a continuation of the dorsal aspect of the
skin of the tip of the digit, which folds on itself thereby producing a cover for most of the
matrix. Its free margin forms an acute angle, which bears the cuticle. This is the most distal
portion of the false eponychium. When the distal free margin of the proximal nail fold
rounds up it loses its ability to form a cuticle, and within usually a relatively short period of
time the undersurface of the proximal nailfold detaches from the underlying nail plate.

The lateral nail folds are rolls of connective tissue covered with normal epithelium. Their
border to the nail bed is the lateral nail groove. This is firmly attached to the nail plate
preventing foreign substances from getting under the nail plate. The lateral grooves are
important to guide the nails during their forward growth.

The nail plate - commonly called “the nail” - is the product of the matrix. It is made up of
keratin which is a sulfur-rich fibrous keratin embedded in a sulfur-rich amorphous matrix.
The fibrous protein structure is seen clearly under polarized light. In contrast to hair, which
is made up of exactly the same material, it has no special outer structure like a cuticle of
scales and the nail grows continuously from birth to death without a cyclical pattern. The
plate exhibits a slight longitudinal and a more pronounced transverse curvature, the degree
of which varies between different fingers and toes, during age and some diseases, and has a
concave border proximally and a convex free margin. The lunula border reflects the shape of
the matrix as it runs parallel to the proximal border of the nail. Usually three layers of the
nail plate are distinguished (Figure 2): dorsal (superficial), middle, and deep (ventral). The
dorsal nail plate layer is produced by the proximal matrix. Its cells are considerably flatter
and thus, despite its lesser thickness, it has approximately as many cell layers as the
considerably thicker middle nail plate layer with its higher cells. The dorsal nail plate is
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responsible for the nail shine. The ventral layer is not true nail but keratin derived from the
nail bed. Histologically, it is easily distinguished from nail plate.

& E Hanwke

Fig. 2. Origin of the nail plate layers: The dorsal layer is produced by the proximal matrix
(pink), the main intermediate and deep nail layer by the intermediate matrix (yellow) and
the so-called ventral nail layer is the keratin produced by the nail bed (orange).

The nail organ is an integral part of the functional and sensory finger tip unit (Morgan et al,
2001). This is formed by the nail apparatus itself, all constituents of the finger tip, the distal
interphalangeal joints with their capsule, tendons and ligaments. The entheses, insertion
structures of bone with ligaments and tendons, play an important role for the functional and
aesthetic integrity of the nail and have recently been found to be of utmost importance in
psoriatic arthritis and nail psoriasis (McGonagle et al, 2010, 2011). The proximal tip of the
matrix is just 0.8 to 1 mm from the bone of the terminal phalanx and also very close to the
distal interphalangeal joint (Haneke, 2006). The joint capsule is enforced by the flexor and
extensor tendons which form the dorsal and volar aponeuroses. They insert mostly at the
base of the distal phalanx, but there are also fibers radiating to the more distal dorsal surface
