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General introduction
and aims of the thesis

Introduction

introduction & aims

Psoriasis is one of the most common skin diseases and has been recognized since
ancient times. Although sometimes mixed up with for example leprosy in early times,
psoriasis is viewed as a separate entity since 18411. Psoriasis is estimated to have an
incidence of 1-3% worldwide and prevalence rates varies from 0.5% in China to
4.8% in Norway 2.
This thesis focuses on psoriasis vulgaris, also known as chronic plaque psoriasis,
and this is the most common form of psoriasis occurring in more than 80% of cases.
It is characterized by symmetrical red scaly well-demarcated plaques that are typically
found on elbows, knees, the scalp, buttocks and genitalia. There are clinical variants
of psoriasis, defined as subsets, with identical histopathological changes in the skin.
These subsets are described based on their form (guttate, pustular, annular) or their
distribution (inversa, palmoplantar, erythrodermic). Occasionally combinations of the
different types develop simultaneously or sequentially over time in the same patient.
About 50% of patients with psoriasis have distinctive nail changes, e.g. pitting,
onycholysis, oil-spots and dystrophy, related to the disease 3.
In addition to the skin and nail involvement, a seronegative inflammatory arthritis
can develop in 7-39% of psoriasis patients 4-7. This wide range is probably due to
variable methods of assessment. More recent studies suggest that the prevalence of
psoriatic arthritis tends towards the higher end of this range. The course of psoriatic
arthritis varies, with some having mild changes and others severe, rapid destruction
of joints. Usually the skin lesions precedes the involvement of the joints or tendons,
but in 19% the arthritis is present before skin lesions appear 8.
Psoriasis is classified as mild, moderate, or severe. This classification takes account
of the severity of cutaneous manifestations, which are usually rated with the Psoriasis
Area and Severity Index (PASI) 9-11. This index is based on the degree of erythema,
infiltration, and scaling and the extent of involvement of the four body areas (head,
trunk, arms and legs). Psoriasis is classified as mild if the PASI is below 10, and
moderate to severe if it is 10 or above; the highest possible PASI value is 72. Total
body surface area (BSA) is another method to classify the severity of psoriasis, and
then BSA >10 is the criterion for moderate to severe psoriasis 12.
Once psoriasis appears, it is usually a life-long disease characterized by a variable
and unpredictable course and spontaneous remissions is uncommon 13. Psoriasis
patients need long-term therapy, which often give rise to a variety of side-effects,
including organ-toxicity. Although psoriasis itself is not life-threatening, it causes
significant psychosocial morbidity and a decrease in health-related quality of life 14-18.
Quality of life in psoriasis patients equals or exceeds that due to other severe disorders
such as diabetes, rheumatoid arthritis, or cancer 15;18;19. The combined costs of longterm therapy and social costs of the disease due to reduced levels of employment
have a major impact on health care systems and on society in general.
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There is increasing awareness that psoriasis as a disease is more than skin
deep 3. Co-morbidities thought to have an increased prevalence in psoriasis include
cardiovascular disease, lymphoma, non-melanoma skin cancer, Crohn’s disease and
metabolic disorder 20-32. The relative influence of known confounders like concomitant
therapy with immunosuppressants and phototherapy, smoking and alcohol is currently
unknown 33-36.
Although there is currently no cure for psoriasis, there are several treatment
options comprising topical therapy, phototherapy and systemic agents. In Table 1 an
overview of currently applied (and widely approved) treatments of psoriasis is given.

Table 1
Topical

Photo(chemo)therapy

Systemic

Corticosteroids186

Broadband UVB (290-320nm)187

Methotrexate188

Dithranol189

Narrowband UVB (311 nm)190

Cyclosporine A53

Tar

PUVA (320-400 nm)

Acitretin193

191

Tazarotene194
Vitamine D analogues

192

Excimer laser (308)195
197

Fumaric acid196
Biologicals198

Immunopathogenesis
The cause of psoriasis can be considered multifactorial, resulting from an interaction
of genetic 37;38, environmental 39;40, and immunological factors.
Twin and family studies have shown that psoriasis has a strong genetic component
although the inheritance pattern is still unclear. In patients with childhood psoriasis
71% have a positive family history 41. Siblings and first-degree relatives of psoriasis
patients show a four-fold or more increased risk in developing psoriasis 42. Studies
of disease concordance among twins show a risk of psoriasis that is two to three
times as high among monozygotic twins as among dizygotic twins 43-45. At least ten
chromosomal loci have been identified that are evidently linked to psoriasis (PSOR110), the most important of which is PSOR1 on chromosome 6p21 and is considered
to be responsible for up to 50% genetic susceptibility 46.
Environmental factors that trigger psoriasis in genetically predisposed individuals
are suggested with the finding that psoriasis often manifests itself initially, or is
worsened at some point in its further course, after exposure with factors of various
types. The main ones that have been identified are streptococcal upper respiratory
infections, certain medications (beta-blockers, ACE-inhibitors, lithium salts, interferonalpha, anti-malarials) and stress 47;48.
With regard to immunological factors, the hypothesis of the pathogenesis of
psoriasis is continuously evolving with new developments achieved in immunology.
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Until the early 1980s, psoriasis was believed to be a disease primarily of epidermal
keratinocyte proliferation. Along with the development of immunohistochemical
staining techniques, it was discovered that the leukocyte infiltrate consists mainly of
CD4 positive and CD8 positive T cells 49-51. Furthermore, reported beneficial effects
of specific T-cell therapies, such as cyclosporin A and DAB389IL-2 suggesting a
prominent role for T cells in the pathogenesis of psoriasis 52-56. Some years later, when
the T cells were divided into Th1 and Th2 on the basis of the cytokine production
profile, the T-cell hypothesis was refined and psoriasis was considered a Th1-cellassociated disease with a prominent role for interferon (IFN)-g 57-59.
In recent years, clinical and basic science observations have shown that innate
immunity as well as adaptive immunity is crucial in the initiation and maintenance
of psoriatic plaques 60;61. Innate immunity comprises the immediate response against
pathogens and usually precedes the adaptive immunity, which requires several days
to develop. The division in innate and adaptive immunity is not so clear-cut, however,
as some overlap exists. In addition, these two branches do not operate independently,
but rather are able to influence each other 62. Practically all cellular and humoral
elements of the innate part of the skin immune system are upregulated or increased
in lesional skin of psoriasis patients 63. Keratinocytes, neutrophils, natural killer (NK)
cells, NK T cells and dendritic cells are all part of the cutaneous inflammation in
psoriasis 60. Of the dendritic cells specifically plasmacytoid dendritic cells are of
importance. This specific type of dendritic cell accumulates in the skin of psoriasis
patients and produces IFN-α early in the development of psoriasis. This activates and
expands the autoimmune T cell cascade leading to psoriasis, and may provide an
unique link between the innate and adaptive immune system in driving inflammation
in psoriasis 64.
In 2005, a new type of T cell, Th17, was described 65. Th17 cells are distinguished
from both Th1 and Th2 cells in that they secrete a distinct set of proinflammatory
cytokines, including IL-17A (IL-17), IL-17F, IL-6, and, to a lesser extent, TNF-α and IL-22
66-70
. Th17 cells and Th17-related cytokines play a pivotal role in the pathogenesis of
psoriasis 65;71;72. IL-17 potently stimulates keratinocytes to produce proinflammatory
cytokines and IL-22 induces proliferation of keratinocytes and production of
antimicrobial peptides as well as chemokines 71;73 . Furthermore, successful anti-TNF
treatment reduces Th17 cells in psoriasis lesions 74. Th17 cells activation is induced by
IL-23, which is overproduced by activated dendritic cells in psoriasis lesions 75;76 and
keratinocytes 77. Biologically active IL-23 is a heterodimer molecule consisting of a
unique p19 subunit and a p40 subunit shared with heterodimer IL-12, which combines
the p40 subunit with a specific p35 subunit. IL-12 is a cytokine that promotes Th1 cell
differentiation and production of IFN-γ 78. Both IL-23 p19 and IL12/IL-23 p40 mRNA
are increased in skin lesions of psoriasis patients, but in contrast IL-12 p35 mRNA
expression is decreased compared with uninvolved skin 62.
More recently, in 2009, inflammatory CD4+ T cells were described, that produced
IL-22, but do not express IL-17A or IFN-γ, the so-called Th22 cells 79-82, which are
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also increased in psoriasis 81;83. Concentration of plasma IL-22 is higher in psoriatic
patients and levels are highly reflective of skin disease activity 84. In the skin, IL-22
induces antimicrobial peptides, promotes keratinocyte proliferation, and inhibits
keratinocyte differentiation, which suggests a role in remodeling wound healing and
in innate defense mechanisms 85.
At present it is unknown whether Th1, Th17 and Th22 cells might cooperate in
order to amplify immune responses or whether these cells are involved at different
stages during development of the inflammation in psoriasis. In model systems
cross-regulation between Th1 and Th17 was demonstrated, suggesting important
functional interactions 86;87. Lowes et al. demonstrated Th17 to be a discrete
population localized predominantly to the dermis of psoriasis skin lesions, separate
from Th1 cells, suggesting a mixed Th1 and Th17 inflammatory environment 88. Th17
cells might participate in the initial acute inflammation, while Th1 cells are involved
in prolonging and perpetuating tissue inflammation 89. The clinical relevance of Th22
remains to be determined 84.
During the last decade a tremendous progress in understanding of the pathogenesis
of psoriasis was made 78. Discovery of new cell types (e.g. plasmacytoid dendritic
cells, NK T cells), new cytokines, and other developments in fundamental and clinical
immunology have all been incorporated in the etiology of this skin disease. The
current model comprises a complex network with many different cell types that can
reciprocally stimulate each other by a still growing list of bound and soluble factors
(see Figure 1). What causes this cascade of immunological events in skin of psoriasis
patients is still a mystery. Due to its complexity it is as yet (and perhaps will always be)
impossible to pinpoint a single cell, factor, or gene as the culprit of psoriasis.

Chemokines and chemokine receptors in psoriasis
For psoriatic lesions to develop, inflammatory cells must be able to migrate into lesional
skin. Chemokines are small (8-14kD) chemotactic peptides that have an important
role in host defence by regulating the migration of passing immune cells. More than
45 chemokines have been identified 90 and their secretion can be controlled by various
agents including cytokines and lipopolysaccharide 91. They have been grouped into
four classes -CXC, CC, CX3C and C- on the basis of their disposition and number of
invariant cysteines 92. A common feature of most chemokines is a heparin-binding
domain comprised mainly, but not exclusively, of residues in an α-helical region near
the C-terminus 93. This allows chemokines in the blood to bind to glycosamineglycans
that are exposed on the cell surface of endothelial cells, thus rapidly forming a solidphase chemotactic gradient. By this means they are able to attract and activate
passing immune cells 94. Chemokines exert their biological effects by binding to and
activating cell-surface receptors that belong to the G-protein-coupled receptor (GPCR)
superfamily. Currently, 19 chemokine receptors have been identified 95. They are
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Figure 1 The immunopathogenesis of psoriasis in a nutshell. A still enigmatic trigger (injury, infection,
otherwise?) of the innate immune system initiates a cascade of events in normal- appearing skin
of psoriatic individuals. IFN-α released from activated plasmacytoid dendritic cells (PDC) stimulates myeloid dermal dendritic cells (DDC) to produce cytokines that support TH1 development. In
addition, CD8+ cutaneous psoriatic T cells (Th1-prone and autoreactive) have an increased sensitivity to IFN-α and are activated to produce IFN-g. Triggered NK-T cells also release IFN-g and in
concert with the TNF-α from dermal dendritic cells these cytokines stimulate keratinocytes to synthesize inflammatory cytokines and chemokines. As a result an array of leukocytes are recruited
into the skin, like neutrophils (N), all kinds of T cells, Langerhans cells (LC), inflammatory dendritic
epidermal cells (IDEC), TNF/iNOS-producing- dendritic cells (Tip-DC), and monocytes (MO). The
latter may differentiate into dendritic cells under inflammatory conditions of the tissue. Activated
resident DDC and infiltrating Tip-DC produce IL-12 and IL-23, which stimulate Th1 and Th17 cells
to release IFN-g and IL-17, respectively. TNF-α, IFN-g, and IL-17 activate synergistically keratinocytes
to produce huge amounts of inflammatory cytokines and chemokines, which leads to an amplification of the infiltration and activation of leukocytes. IL-20 subfamily cytokines released by DDC,
Tip-DC, and T cells cause hyperproliferation of the keratinocytes. Likely due to a lack of sufficient
downregulatory capacity of the skin immune system the superfluous reciprocal activation signals
between numerously infiltrated leukocytes and keratinocytes ends up in a vicious circle of inflammation and a psoriatic plaque develops. Cytokines released by leukocytes are depicted in black
letters, while the factors produced by keratinocytes are in white letters on a black background.
Reprinted with permission from Edizioni Minerva Medica: Giornale Italiano di Dermatologia e Venereologia. Teunissen MBM, Piskin G, Res PCJM, De Groot M, Picavet DI, De Rie MA, Bos JD. State of
the art in the immunopathogenesis of psoriasis. Giornale Italiano di Dermatologia e Venereologia
2007;142(3):229-242.

expressed on a variety of cells including immune cells, endothelial cells and neurons
96
, and are either constitutively activated or induced by agents such as cytokines 97
and lipopolysaccharide 98. Each receptor has a repertoire of chemokine ligands that
activates it. These range from CCR1, which has at least nine ligands that bind with
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high affinity, to specific receptors such as CCR8, which only has one ligand 92. So, it
seems that there is a great degree of redundancy in the chemokine receptor system.
This is accentuated even further by the fact that some chemokines can bind with
high affinity to more than one receptor. For example, CCL5 (also known as RANTES)
can bind to CCR1, CCR3 and CCR5. By contrast, others such as CCL1 (also known as
I-309) only bind a single receptor (CCR8). In addition, chemokines that are agonists
for one receptor can be natural antagonists for others 99.
Various studies have documented a strong chemokine expression in keratinocytes
in psoriatic skin, and the production of chemokines by keratinocytes may contribute
relevantly to the formation of the inflammatory infiltrate 100. The intra-epidermal
accumulation of neutrophils, a characteristic feature of psoriasis, is caused by CXCL8
(also known as IL-8) and CXCL1( also known as GRO-α), which were found to be in
a high content within psoriatic scales 101-103. In addition, the infiltrating neutrophils
in psoriatic skin express the corresponding receptors CXCR1 and CXCR2, of which
CXCR2 is overexpressed in psoriatic skin 104-106.The monocytes and Th1 cells found in
psoriatic lesions are attracted predominantly by CCL2 ( also known as MCP-1), CCL5,
CXCL9 (also known as Mig) and CXCL10 (also known as IP-10) 107-110.
The predominant chemokine receptors expressed on Th1-cells are CCR5
and CXCR3 63;111-116. Besides its preferential expression on Th1 cells, CCR5 is also
expressed on monocytes, macrophages, natural killer and dendritic cells: all thought
to be significant elements in the pathogenesis of psoriasis 117-127. The ligands of CCR5
(CCL3, CCL4 and CCL5 (also known as MIP1a, MIP1b and RANTES, respectively))
are highly expressed by keratinocytes in psoriatic tissue 128-131. Furthermore, it has
been demonstrated that the proinflammatory cytokines IFN-γ and TNF-α can
induce the expression of these chemokines 129;130 and that treatment of psoriasis
resulted in a significant decrease of CCL5, as well as a reduction of CCR5+ T cells in
the skin 130;132;133.
The other chemokine receptor predominantly expressed on Th1 lymphocytes,
CXCR3, has been suggested to be one of the major chemokine receptors responsible
for their recruitment to inflamed sites in vivo 134. In addition, it can also be expressed
by natural killer (NK) cell, B cells, plasmacytoid dendritic cells and myeloid dendritic
cells 135-141. The presence of infiltrating CXCR3+ T cells in psoriasis as well as other
inflammatory skin disorders has been reported 142-147. The cognate ligands of CXCR3,
CXCL9, CXCL10 and CXCL11 (also known as ITAC) are induced by IFN-g and have
been shown to be expressed by inflammatory cells and/or keratinocytes in psoriatic
skin and lesional skin of other inflammatory skin disease 107;143;148.
Another important chemokine receptor in the pathogenesis of psoriasis is CCR6149.
This chemokine receptor is expressed on the Th17 subsets of CD4+ T cells150 and,
together with its ligand, CCL20 (also known as MIP-3α), it is expressed at statistically
higher levels in lesional psoriatic skin than in non-lesional or normal donor skin151.
Furthermore, studies have shown that CCR6 is necessary for the pathology induced in
a mouse model of psoriasis-like inflammation152. A nice overview on chemokines and
chemokine receptors that have been associated with psoriasis is published by Homey153.

New directions in psoriasis therapy
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Although there are several systemic treatments for patients with moderate to severe
psoriasis, they do not fully meet the needs of patients 154. The toxicity, inefficacy and
often inconvenience of current conventional treatments, in addition to the impaired
quality of life in psoriasis patients, call for new therapeutics options.
With the growing knowledge and understanding of the pathogenesis in psoriasis,
more specific immunomodulating therapies are being developed, the so-called
‘biologic response modifiers’ or ‘biologics’. These custom-made, protein-like molecules
can target specific parts of the activated immune system in psoriasis, e.g. activation,
co-stimulation, or proliferation of T cells, their trafficking into the skin, or effector
cytokines 155;156. Since 1989 several biological therapies have been tested for psoriasis
and in January 2003 Alefacept (Amevive®), anti-CD2, was the first biological that was
approved by the US Food and Drugs Administration (FDA). In Table 2 an overview is
given of all biological therapies registrated by the European Medicines Agency (EMEA)
and the FDA for the treatment of moderate to severe plaque type psoriasis.
Alefacept is an intravenously or intramuscularly administered fusion protein
which contains of human immunoglobin (IgG) and the binding site of lymphocyte
function-associated antigen-3 (LFA-3). It binds to the CD-2 receptor located on T
cells, resulting in inhibition and memory T cell activation and proliferation 157. Beside
T cells, CD2 is also expressed on NK cells and a small population of CD14+ DC’s 158.
Two randomized, double-blind, placebo-controlled trials showed an improvement of
PASI with 75% (PASI-75) after 12 weeks of treatment in 28 to 40% of the patients
159;160
. Alefacept is currently approved in the USA and in Europe only in Switzerland.
Another anti-CD2 therapy, which is currently still under investigation, is siplizumab
(MEDI-507). In vitro studies of this humanized monoclonal anti-CD2 antibody have
shown that high doses of siplizumab cause depletion of lymphocytes, whereas lower
doses induce T-cell hyporesponsiveness. Currently, clinical studies in psoriasis patients
are going on 161;162.
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Table 2
Generic name Brand name Mode of action

registrated indications beside psoriasis

alefacept

Amevive®

anti-CD2

-

efalizumab

Raptiva®

anti-CD11a

-

etanercept

Enbrel®

anti-TNF-α

Pediatric plaque psoriasis, RA, PsA, JIA, AS

infliximab

Remicade®

anti-TNF-α

RA, PsA, AS, Crohn’s disease (childeren and
adults), ulcerative colitis

adalimumab

Humira®

anti-TNF-α

RA, PsA, JIA, AS, Crohn’s disease (adults)

ustekinumab

Stelara

anti-p40 IL12/IL23 -

®

RA, rheumatoid arthritis; PsA, psoriatic arthritis; JIA, polyarticular juvenile idiopathic arthritis; AS,
ankylosing spondylitis
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Efalizumab was also designed to interfere with T-cell adhesion and co-stimulation.
This humanized murine monoclonal antibody targets CD11a, which is a subunit of
leukocyte function-antigen-1 (LFA-1) that is expressed on all leukocytes. In order for
leukocytes to bind to other cell types, CD11a needs to bind to intercellular adhesion
molecule-1 (ICAM-1). Efalizumab blocks this binding, which interrupts many
processes, including the activation of T cells, adhesion of T cells to endothelial cells
and migration of T cells to sites of inflammation, including psoriatic skin 163. In clinical
trials PASI-75 was achieved in 22-39% of patients after 12 weeks of treatment with 1
mg kg-1/wk efalizumab subcutaneously 164. In February 2009 the European Medicines
Agency (EMEA) has recommended the suspension of the marketing authorization for
efalizumab after concluding that the benefits of efalizumab no longer outweighed its
risks, because of safety concerns, including the occurrence of progressive multifocal
leukoencephalopathy (PLM) in three patients treated with efalizumab 165.
Currently there are three registered TNF-α inhibitors for the treatment of
psoriasis. Etanercept was the first to be approved and is a human TNF-α receptor
and immunoglobulin fusion protein that binds TNF-α and lymphotoxin-α, rendering
TNF-α biologically inactive. As a result etanercept modulates multiple biological
responses induced or regulated by TNF-α, including serum levels of cytokines,
expression of adhesion molecules responsible for leukocyte migration and, to a lesser
extent, ICAM-1 166. About 30% of patients treated in doses of 25 mg twice weekly
and 50% of patients treated in doses of 50 mg twice weekly achieve PASI 75 in 12
weeks. Continuing therapy up to 6 months improves response rates further to 43%
and 57% for 25 mg biweekly and 50 mg biweekly, respectively 167-170.
While etanercept is a fusion protein, infliximab and adalimumab are both
monoclonal antibodies directed at TNF-α. Infliximab is a chimeric monoclonal antibody
given intravenously every 2 months after a loading period. Onset of action is rapid,
with evidence of significant improvement within the first 2 weeks of treatment and
maximum benefit by week 10, when 79% of patients achieve PASI-75 171-173.
Adalimumab is a human monoclonal antibody given subcutaneously once every
other week. As with infliximab, onset of action is rapid, with significant improvements
in disease severity within 2 weeks of treatment initiation. At week 12, 69% of patients
treated with 40 mg every other week achieve PASI-75 174;175.
Currently, two new monoclonal antibodies against TNF-α are on the horizon,
golimumab and certolizumab. Golimumab (Simponi®) is the first transgenic human
monoclonal antibody against TNF-α approved for the treatment of rheumatoid
arthritis, psoriatic arthritis and ankylosing spondylitis. It is synthesized using
conventional hybridoma technique after immunizing transgenic mice containing
human immunoglobin genes. The constant region of golimumab is identical to that
of infliximab, but the variable regions of golimumab have fully human sequences 176.
Certolizumab (Cimzia®) is a PEGylated Fab’fragment of an anti-TNF-α monoclonal
antibody. The compound binds to TNF-α and prevents binding to cell surface
receptors. As certolizumab does not contain an Fc region, unlike infliximab and
adalimumab, it does not fix complement or cause antibody-dependent cell-mediated
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cytotoxicity in vitro 177. It has been approved for the treatment of Crohn’s disease and
rheumatoid arthritis 178. Although both medications are currently not registered for
the treatment of psoriasis, given their mechanisms of action, it is likely to have similar
benefits as other TNF-α inhibitors and therefore in the future they may be added to
the treatment options for patients with moderate to severe psoriasis.
More recently, monoclonal antibodies directed against p40, a polypeptide shared by
IL-12 and IL-23, are being tested in clinical trials. Ustekinumab is the first registered IL-12/
IL-23 inhibitor in Europe and the US for the treatment of moderate to severe plaque
psoriasis. In total 2,666 patients were investigated in three large randomized controlled
clinical trials and both doses of ustekinumab (i.e. 45 mg and 90 mg) were highly
effective in psoriasis. Onset of action is evident within 2 weeks, with 67% and 72% of
patients achieving PASI 75 by week 12 for the 45 mg and 90 mg doses, respectively,
and maximal efficacy evident between week 20 and week 24 179-181. Remarkable is the
low dosing frequency: at week 12 only two administrations of the drug have been
given to the patients. Ustekinumab has a median half-time of approximately 3 weeks,
yet the dosing frequency is once every three months, after a loading period. Although
this appears to be favorable for the patient, in case of an infection or non-elective
surgery treatment cannot be antagonized. Recently, ustekinumab was compared with
etanercept in chronic plaque psoriasis in a large phase II randomized controlled trial.
The percentage of patients achieving PASI 75 by week 12 with ustekinumab 90 mg
and 45 mg at week 0 and 4 was 74% and 68%, respectively, compared with 56% for
patients randomized to etanercept 50 mg biweekly for 12 weeks 182. Besides psoriasis,
ustekinumab is currently also being evaluated for the treatment of psoriatic arthritis 183.
ABT-874 (Briakinumab®) is another monoclonal antibody directed against p40
IL-12/IL-23 and is in the pre-registration phase for treatment of chronic plaque
psoriasis 184. A phase II randomized placebo-controlled trial showed that over 90% of
patients receiving more than one dose (100 or 200 mg) of ABT-874 achieved a PASI
75 by 12 weeks 185.
With the increasing knowledge and understanding of psoriasis, new treatment
options are now available without the cumulative organ toxicity of systemic
treatments like methotrexate and cyclosporine. The usefulness of this new generation
of sophisticated therapeutical agents is a good example that fundamental research
in immunology is indispensable for human health. With these more specific
immunomodulating therapies, the treatment of patients with moderate to severe
psoriasis has shifted to long-term disease management, and hence, requires long-term
evaluation of efficacy and safety. For this purpose patient registers are indispensable.
And although tremendous progress has been made in the last decade regarding
the understanding of the pathogenesis of psoriasis, and subsequently the treatment
of psoriasis patients, psoriasis still remains a chronic disease, which we cannot cure.
Therefore, the ultimate challenge for the next decade will be the determination of
the factor or factors that actually trigger psoriasis, enabling the possibility to prevent
this skin disorder in genetically predisposed individuals.
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Aims of the studies
The first part of this thesis considers the clinical and/or the effects on different
leukocyte subsets in situ of several registered biological treatments for psoriasis. The
last two chapters consider possible treatment targets for psoriasis patients.
Although biologics are a big leap forward for the treatment of moderate to
severe psoriasis, these effective treatments still show side-effects. In Chapter 2a a
case-report on a clinical side-effect is described of a psoriasis patient treated with
efalizumab. Chapter 2b is a written response to a comment made in the discussion
of another case-report, which referred to the case-report mentioned in 2a.
Randomized clinical trials regarding biologics show large clinical improvement in
patients with moderate to severe psoriasis. Yet, patients included in these studies
did not have to fit strict criteria regarding unresponsiveness to several systemic
treatments, contrary to patients in daily practice. Chapter 3 describes the results of a
retrospective clinical study evaluating the non-trial based clinical response of normal
and high dosed etanercept treatment in psoriasis patients.
The remarkable improvements of psoriasis seen in clinical trials with tumor necrosis
factor (TNF)-α antagonist, together with the discovery of activation of several cellular
and humoral components of the innate immune system, suggests that aggravation
of innate immunity plays an important role in the pathogenesis of psoriasis. We
hypothesizes that, if malfunctioning of the innate immune system is somehow a
pivotal initiator of psoriasis, successful treatment of psoriasis would diminish the
expression of markers of innate immunity. The in situ effects of etanercept treatment
in psoriasis patients, specifically on different inflammatory markers, are described in
Chapter 4.
In Chapter 5a, the same inflammatory markers as in Chapter 4 are examined in
psoriasis skin lesions, but now after treatment with adalimumab in a prospective,
randomized, placebo-controlled study in patients with psoriatic arthritis. Chapter 5b
describes the results of study in synovial tissue. Both studies were done in order to
identify biomarkers associated with effective treatment.
Although the specific effector cells responsible for the inflammatory process in
psoriasis are not known, T cells play a role in the pathogenesis. The trafficking of
T cells from blood to tissues is essential in chronic inflammatory diseases such as
psoriasis. Key factors in this migration are chemo-attractant cytokine molecules known
as chemokines and their receptor. The predominant chemokine receptors expressed
on Th1-cells are CCR5 en CXCR3. In Chapter 6 the expression of the chemokine
receptor CCR5 and its ligands in lesional and non-lesional psoriatic skin are described.
In addition, the clinical and immunohistochemical results of a randomized placebo
controlled trial with a CCR5 inhibitor are presented. In Chapter 7, the expression
of another chemokine receptor, namely CXCR3, and its ligands are investigated in
lesional and non-lesional psoriatic skin.
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Figure 1 Multiple moderately defined erythematosqamous papules, covered with crusts next to
excoriations, and classical psoriasis lesions on the
trunk and extremities
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Efalizumab is a fully humanized monoclonal antibody against CD11a, the α-chain of
the lymphocyte function associated (LFA)-1 adhesion molecule. By binding to CD11a,
LFA-1 is prevented from binding with its ligand, intercellular adhesion molecule (ICAM1). This inhibits various T-cell processes believed to be important in the pathogenesis
of psoriasis, including T-cell activation, T-cell adhesion to endothelial cells and T-cell
migration. Clinical trials demonstrate that efalizumab, given subcutaneously once
weekly, provides clinical benefit in patients with moderate to severe plaque psoriasis
1-6
. We report a case in which a patient with psoriasis vulgaris developed dermatitis
during efalizumab therapy.
A 48-year-old male, diagnosed with psoriasis in 1991, received weekly
subcutaneously injections efalizumab (0.7 mg/kg) for 12 weeks. Apart from budesonide
and formoterol inhalation medication, the patient used no other medication.
During week 9 of the treatment the patient developed multiple moderately
defined erythemato-squamous papules varying in size from 1 to 2 centimeters on
the extremities and trunk, next to the classical psoriasis lesions. The majority of those
lesions showed excoriations, as seen in Figure 1.

Figure 2 Detail of the right arm with multiple
moderately
defined
erythematosqamous
papules, covered with crusts next to excoriations
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A skin biopsy taken from a papule of the wrist on week 10 showed reactive
epidermal changes which were compatible with the diagnosis lichen simplex
chronicus.
One month after the patient had his last injection of efalizumab, a second biopsy
was taken from another lesion. This showed a widened acanthotic epidermis with
parakeratosis and a chronic inflammation infiltrate in the dermis with local neutrophilic
and eosinophilic granulocytes infiltrating the upper epithelium.
Simultaneously with the dermatitis the patient developed unbearable pruritus for
which he was admitted to the dermatology ward. After treatment with UVB (311 nm)
in combination with topical betamethason twice daily and daily baths with bath oil,
the atypical lesions disappeared and the psoriasis improved.
Efalizumab is one of the new biological therapies targeting T-lymphocyte activity
for the treatment of chronic plaque psoriasis. Common adverse events include
headaches, nonspecific infection, nausea, chills and fever 1;2;5. A variety of unusual
forms of psoriasis have been observed in patients receiving efalizumab, such as
guttate psoriasis, psoriatic erythroderma and pustular psoriasis7. However, all these
manifestations occured after withdrawal of efalizumab and the lesions did not
resemble dermatitis. In contrast, our patient developed lesions of dermatitis during
treatment with efalizumab.
Although drug eruptions due to efalizumab have not been reported yet, it can not
be ruled out that this was the case in our patient. Our patient developed dermatitis 9
weeks after entering the open label phase and this could not be attributed to change
of medication. No rechallenge was performed.
Our patient was known to be atopic. His medical history showed asthma for several
years as well as a positive family history for atopic disorders. Laboratory results showed
a very high IgE of 18200 U ml-1 (normal range < 100U ml-1), particularly positive for
grass, trees and house dust mite, as well as eosinophily (1569 10E6 l-1, normal range
11-330 10E6 l-1), confirming atopy. Although the concomitant manifestion of atopic
dermatitis and psoriasis is very rare, this could be the case in this patient.
Alternatively, since efalizumab influences the natural course of psoriasis, the
lesions could be an atypical presentation of new developing psoriasis lesions during
the treatment.
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We read with great interest the article entitled ‘DRESS syndrome caused by
efalizumab’1. In which a 52-year old male with treatment-resistant severe psoriasis
is presented. He developed a papulovesicular rash after 4 weeks of treatment with
efalizumab, and also had high peripheral eosinophilia, abnormal liver function,
malaise and fever. This patient as having drug reaction with eosinophilia and systemic
symptoms (DRESS) syndrome. In the discussion, White et al. referred to our previously
published case-report on a 48-old male patient with psoriasis who, during efalizumab
treatment, developed multiple, moderately defined, erythematosquamous papules
on extremities and trunk, in close proximity to his classical psoriasis lesions2. White
et al. suggested the patient described in our report could have had less severe
manifestatons of DRESS.
Currently, there is no consensus over specific diagnostic criteria for this diagnosis.
According to Peyrière et al., who conducted a large retrospective study on druginduced cutaneous side-effects, there are no strict diagnostic criteria for DRESS3.
However, a Japanese consensus group states that there are seven diagnostic criteria,
including fever, liver abnormalities, leucocyte abnormalities and lymphadenopathy,
and that the diagnosis is confirmed by the presence of at least five of these criteria 4.
Our patient did not have fever, liver abnormalities, leucocyte abnormalities or
lymphadenopathy. Furthermore, his hypereosinophilia existed, to a lesser extent,
prior to the cutaneous manifestations and persisted after the cutaneous lesions had
disappeared. Together with his medical history of asthma, hayfever and a positive
family history of atopy, we believe that the hypereosinophilia was in concordance
with his atopic constitution and not due to the DRESS syndrome.
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Abstract

3

Background: Etanercept and efalizumab recently became available and reimbursed
for routine use in severe psoriasis in the Netherlands. The criteria for reimbursement
are Psoriasis Area and Severity Index (PASI) ≥10 (or Skindex-29 ≥35 if PASI ≥8 and
<10) and ineffectiveness of ultraviolet (UV) B/psoralenen plus UVA, methotrexate and
cyclosporin, or a contraindication to or serious side effect(s) during these treatments.

routine administration of etanercept

Objectives: We hypothesized (1) that efficacy would be lower than those obtained
in published phase II and III studies because (a) resistance to all conventional therapies
as a reimbursement condition would select for more resistant cases; and (b) inclusion
would be more restricted to severe cases (higher PASI); and (2) that efficacy would be
lower in obese patients due to the possible role of adipose tissue in tumour necrosis
factor (TNF)-a homeostasis.
Methods: We treated 50 patients (38 men, 12 women, mean PASI 15.8) with
etanercept 25 or 50 mg twice weekly and evaluated in a retrospective analysis the
efficacy and safety in comparison with data from published trials. Additionally we
related the clinical effect to the body mass index (BMI), for adipose tissue is thought
to have a possible role in TNF-a homeostasis.
Results: Based on the literature, 30% and 49% of the patients treated with
etanercept 25 mg and 50 mg twice weekly, respectively, should have achieved 75%
or more improvement in PASI compared to baseline (PASI 75), and 10% and 21%,
respectively, should have achieved 90% or more improvement (PASI 90). Our data
showed that 21% in the 2 x 25 mg group and 23% in the 2 x 50 mg group achieved
PASI 75. PASI 90 was only attained in 7% in patients treated with 25 mg and 6% of
those treated with 2 x 50 mg. Contrary to our hypothesis the mean initial PASI was
comparable to the mean PASI mentioned in the phase II and III clinical trials. Although
fatigue is not identified as a side-effect of etanercept, 10% of our patients reported
fatigue as an adverse event during etanercept treatment. High BMI, indicating
overweight or obesity, was found both in patients with little efficacy and in patients
achieving PASI 75 or better.
Conclusion: Use of etanercept in real practice gives impressive results, but these are
generally less favourable than those published in clinical trial reports. This is probably
due to the stringent conditions for reimbursement, which select for more treatmentresistant patients. Fatigue as a possible side- effect of etanercept should also be
an issue for further investigation. Finally, the BMI does not seem to influence the
patients’ response to etanercept, although further investigations would be needed
to confirm this.
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As of early 2005, two biologicals (etanercept, efalizumab) became available and also
reimbursed for patients with moderate to severe psoriasis in The Netherlands. Other
biologicals like alefacept, adalimumab or infliximab are not available yet. The criteria
for reimbursement are Psoriasis Area and Severity Index (PASI) ≥10 and ineffectiveness
of ultraviolet (UV) B/ psoralen plus UVA (PUVA), methotrexate and cyclosporin, or a
contraindication to or serious side-effect(s) during these treatments (Table 1).
In addition to PASI as a criterion for reimbursement, a quality-of-life questionnaire
(Skindex-29) is used as indicator for the severity of psoriasis. The Skindex-29 is a
self-administered instrument that measures the effects of skin diseases on patients’
quality of life.1 On a scale of 0-100, patients with a Skindex-29 ≥35 are eligible
for biological therapy if the PASI is ≥8. The use of a quality of life questionnaire as
selection mechanism for reimbursement of a treatment is new in dermatology in The
Netherlands, and presumably elsewhere as well.
We hypothesized: (i) that efficacy results would be less than those obtained in
published phase 2 and 3 studies until January 2006 because (a) resistance to all
conventional therapies as a reimbursement condition would select for more resistant

Table 1 National reimbursement criteria for treatment of chronic plaque psoriasis with biologicals
in the Netherlands
Psoriasis Area and Severity Index

≥ 10*

Skindex-29

≥ 35*

Methotrexate
response

< 50%

dosing

22,5 mg weekly

duration

16 weeks

Cyclosporin
response

< 50%

dosing

3-5 mg kg-1daily

duration

16 weeks

PUVA / UVB
response

< 50%

dosing

2 times weekly (PUVA)
3 times weekly (UVB)

duration

10 weeks

Contraindication/serious side-effects to UVB/PUVA, methotrexate and/or cyclosporine
UV, ultraviolet; PUVA, psoralen plus UVA. * Skindex ≥ 35 is used as an indicator of the severity of
psoriasis if PASI is ≥ 8 and < 10.
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Patients and methods
Since the introduction of etanercept and efalizumab in our Department of
Dermatology, Academic Medical Center of the University of Amsterdam, a sequential
algorithm is used for the treatment of psoriasis with these biological agents. Patients
who are eligible for biological treatment are first given the option of etanercept,
to be followed by efalizumab when etanercept is contra-indicated, not effective or
has caused serious side effects in the past. This decision is based on our view that
TNF-a plays a central role in the innate immunity activation that is critical to psoriasis
pathogenesis, as compared to inhibition of CD11a.2
We performed a retrospective analysis on 50 consequetive psoriasis patients treated
for 12 weeks with etanercept at our department. Results were compared with the data
from four randomized controlled trials (Pubmed search with MeSH Major topic ‘TNFRFc fusion protein’ and ‘psoriasis’ and limits: randomized controlled trial, humans).
In the pretreatment phase, psoriasis patients who were initially selected for treatment
with etanercept were screened for the national reimbursement and safety criteria.
Patients were treated with either a weekly dose of 2 x 25 mg or 2 x 50 mg
etanercept given subcutaneously. The start dose of 2 x 50 mg per week was given in
case of obesity or very severe psoriasis. In case of clinically inadequate improvement
or worsening of psoriasis the initial dose of 2 x 25 mg weekly could be increased to
2 x 50 mg weekly. This was done on the clinical impression and no strict criteria were
applied. Patients were allowed to use concomitant topical or systemic medication.
To determine the severity of psoriasis, PASI, Body Surface Area (BSA) and Skindex29 were calculated before the start of etanercept therapy and after 12 weeks of
treatment. The Skindex-29 has been selected on the basis of a systematic review of
quality-of-life indices for psoriasis.3 There are 29 question items which are divided over
3 scales of quality of life: symptoms, emotions and functioning. Each question has
5 answer options, varying from ‘never’ to ‘always’. According to the reimbursement
criteria, patients with a Skindex ≥ 35 (on a scale of 0 – 100) are eligible for biological
therapy if the PASI is ≥ 8.
The measure of efficacy was the proportion of patients in each treatment group
attaining 50% or more improvement compared to baseline (PASI 50), 75% or more
improvement (PASI 75) and 90% or more improvement (PASI 90).
The safety criteria screening included blood tests (full blood count, liver
function, kidney function and biochemistry screen), urine tests (protein, glucose and
hemoglobin), and a chest X-ray and a tuberculin skin test to screen for tuberculosis.
When suspect or positive, a specialist in pulmonary medicine was consulted. During

Results
From February until October 2005, 68 patients with psoriasis were initially selected
for treatment with etanercept (Figure 1). Fifty patients started treatment with
etanercept. Of these 50 patients 36 were referred to us by other dermatologists and
14 were referred to our outpatients clinic from our local recruitment area. By January
2006 50 patients had been treated for the duration of 3 months. Demographic data
of these patients are shown in Table 2.
The majority of patients who were eligible for the reimbursement criteria, had a
PASI of 10 or more. Only 3 patients started treatment with etanercept on account of
a Skindex ≥ 35 with a PASI ≥ 8.

Screening/
pre-treatment
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the treatment phase these tests were repeated every 4 to 6 weeks. Side-effects,
the percentage of patients that had to discontinue and reasons for drop-out were
documented. Side-effects were considered mild, when daily activities were not
influenced; moderate when daily activities were somewhat affected and severe when
daily activities were impeded.
To investigate whether efficacy results would be less in obese patients we used
the Body Mass Index (BMI) as a measure for obesity. A BMI of 20-24.9 kg m-2 was
considered normal weight, a BMI of 25-29.9 kg m-2 as overweight and a BMI of 30
kg m-2 or more as obesity.4

68 patients initially selected
for treatment with etanercept
Exclusion:
15 patients excluded who did
not meet inclusion criteria
3 patients with possible
tuberculosis infection
50 patients treated for 12
weeks

Treatment

14 patients treated
with 2x25 mg
weekly

31 patients treated
with 2x50 mg
weekly

5 patients treated
with 2x 25 mg and
2x 50 mg weekly

Figure 1 Disposition of patients.

Figure 1 Disposition of patients.
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Table 2 Demographic and clinical data of patients at baseline (n=50)
Parameter

3

2x25 mg → 2x50 mg weekly
(n=5)

routine administration of etanercept

2x25 mg weekly
(n=14)

2x50 mg weekly
(n=31)

Age (years)*

45.8 (25-68)

43.7 (25-61)

44.2 (36-54)

Male: female ratio

11:3

23:8

4:1

Body Mass Index
(BMI)*

29.4 (21.4-39)

28.5 (18-46.6)

26.3 (21.3-26.4)

Duration of skin
disease (years)*

21.4 (5-52)

20.2 (2-51)

20.2 (5-26)

Psoriatic arthritis (n)

3

12

1

* mean (range)

Table 3 Previous systemic dermatologic treatments (n=50)
Discontinuation due to
Systemic treatment Number of patients Lack of efficacy Side effects/ safety concerns
n (%)
n (%)
UVB

43

37 (86)

6 (14)

PUVA

37

30 (81)

7 (19)

methotrexate

50

28 (56)

22 (44)

cyclosporin

45

26 (58)

19 (42)

acitretin

28

23 (82)

1 (4)

fumaric acid ester

16

15 (94)

0 (0)

alefacept

6

6 (100)

0 (0)

onercept

5

5 (100)

0 (0)

etanercept

5

0 (0)

0 (0)

efalizumab

4

3 (75)

1 (25)

sulfasalazine

3

2 (67)

1 (33)

anti-CD3 mAB

1

1 (100)

0 (0)

siplizumab

1

1 (100)

0 (0)

UV, ultraviolet; PUVA, psoralen plus UVA; onercept, recombinant human tumor necrosis factor-α
binding protein; mAB, monoclonal antibody; siplizumab, anti-CD2 mAB.

The majority of patients had used other systemic treatments in addition to the
required systemic treatments, as shown in Table 3. The main reason for discontinuation
of the therapies was lack of efficacy. Thirteen patients had been treated with one or
more biologicals previously through participation in clinical trials. With the exception of
etanercept, all other biologicals previously used had shown unsatisfactory responses.
Initially a weekly dose of 2 x 25 mg was given to 19 patients and 31 patients used
a weekly dose of 2 x 50 mg subcutaneously. Due to clinically inadequate improvement
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or worsening of psoriasis, the initial dose of 2 x 25 mg weekly was increased to 2 x
50 mg weekly in 5 patients. In one patient this occurred as soon as 2 weeks after the
initiation of etanercept treatment. In the remaining patients the dose was increased
5 to 9 weeks after starting with etanercept.
Throughout the treatment with etanercept, 43 out of 50 patients needed
concomitant treatment besides the etanercept therapy. In most patients concomitant
topical treatment was sufficient; however, 9 patients required concomitant systemic
therapy temporarily or continuously throughout etanercept treatment. Due to
psoriatic arthritis, methotrexate was used simultaneously with etanercept by 3
patients. The methotrexate dosages used were 5 mg (with 2 x 50 mg etanercept), 15
mg (with 2 x 25 mg etanercept) and 20 mg (with 2 x 50 mg etanercept) weekly. The
dosages for methotrexate were determined previously by the patients reumatologists
and were based on the extent of arthritis and the tolerance of methotrexate. The
dosages of etanercept were based on the degree of adiposity and the severity of
psoriasis. Abnormal liver function tests resulted in discontinuation of methotrexate
in the patient using 5 mg weekly. For fear of exacerbation of their already severe
psoriasis, methotrexate was used simultaneously by 3 other patients. Their dosages,
varying from 7.5 mg to 25 mg weekly, were reduced with 1 tablet per week after
starting with 2 x 50 mg etanercept weekly. Cyclosporin, 3 mg kg-1 daily with 2 x 25
mg etanercept, and fumaric acid, 1080 mg daily with 2 x 25 mg etanercept, were
also used simultaneously for fear of exacerbation in two patients and were stopped,
after gradual dose reduction, at 2 and 9 weeks, respectively. Furthermore, acitretin
20 mg daily was used by one patient as prophylaxis for recurrent squamous cell
carcinoma caused by years of extensive phototherapy. No additional monitoring was
performed in patients using concomitant systemic therapy, as patients already had
blood and urine tests every 4 to 6 weeks. So far, no particular side effects occurred.
In Table 4 an overview is given of the efficacy results after 12 weeks of etanercept
for the 2 x 25 mg, 2 x 50 mg and the 2 x 25 mg increased to 2 x 50 mg group. An
improvement of < 50% occurred twice (14%) in the 2 x 25 mg weekly group, nine
times (29%) in the 2 x 50 mg weekly group and twice in the 2 x 25 mg increased to 2
x 50 mg group (40%). Alteration to efalizumab treatment after insufficient response
occurred in 5 out of 9 patients in the 2 x 50 mg weekly group and 2 out of 5 patients
in the 2 x 25 mg increased to 2 x 50 mg weekly group. The remaining patients who
attained an improvement of < 50% continued etanercept treatment in a dose of 2 x
50 mg weekly. Their improvement after 12 weeks was at least 40%.
Of the 7 patients changed to efalizumab therapy, 6 patients completed 12 weeks
of treatment: 3 patients displayed a improvement of 54 to 77% and in 3 patients the
psoriasis deteriorated even further (-16 to -57%). One patient just recently started
efalizumab treatment and no clinical evaluation has yet been made.
Of the patients who deteriorated, 2 patients have recently restarted methotrexate;
this time with intramuscular injections to prevent earlier experienced side effects.
The clinical effects are not known at this point. The other patient was treated with
infliximab successfully.
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Table 4 Clinical data of patients after 12 weeks of etanercept treatment

PASI
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BSA

2x25 mg (n=14) 2x50 mg (n=31)

2x25 mg → 2x50mg (n=5)

Baseline*

13.7 (8.2-22.2)

17.4 (7.6-39)

11.9 (10.2-14.4)

Week 12*

5.5 (0-16.2)

7.4 (1.2-20.8)

7.1 (4.8-10.8)

Improvement (%) 60.0

57.5

40.3

PASI 50 (n)

12

22

3

PASI 75 (n)

3

7

0

PASI 90 (n)

1

2

0

Baseline*

17.0 (5.5-40.3)

23.1 (6-76.5)

9.8 (7.1-16.4)

Week 12*

7.8 (0-27)

8.7 (1.0-27.2)

8.0 (3.9-13.1)

62.3

18.4

Improvement (%) 54.1
Skindex

Baseline*

66.5 (50-97)

60.6 (30-100)

71.2 (54-91)

Week 12*

29.9 (0-88)

36.1 (1-72)

67.0 (50-85)

40.4

5.9

Improvement (%) 55.0
* mean (range)

The improvements in Skindex-29 accomplished in the groups attaining < PASI 50,
PASI 50, PASI 75 and PASI 90, regardless of the dosing, were 9.2% (-44% to 49.1%),
44.2% (-51.5% to 100%), 75.5% (46.6% to 96.7%) and 61.6% (43.6% to 93.1%).
The Skindex-29 of the three patients eligible for reimbursement on behalf of their
Skindex, showed improvements of 49 % ( from 51 to 26), 75% (from 72 to 18) and
80% (from 97 to 19).
The adverse events mentioned by the patients during etanercept treatment are
shown in Table 5. Most events were considered as of mild or moderate and occurred
in similar proportions of patients in each dosage group during the initial 12 weeks
of treatment (data not shown). Laboratory tests remained normal during treatment
with etanercept.
The BMI of the patients attaining a response < PASI 50 (n=13), was increased in
all but one patient. The BMI of this patient was 21.3 kg m-2, whereas the BMI of the
other patients ranged from 25.8 to 39.0 kg m-2. In the patient group which showed
a PASI improvement of 50 to 75% (n=27), one patient had a BMI < 20 (18 kg m-2)
and six patients had a BMI between 20 and 25. A high BMI between 25 and 30 was
found in 13 patients of this group and a BMI of more than 30 in seven patients (33.2
to 45.8 kg m-2). In patients attaining PASI 75 or better (n= 10) one had a BMI of
19.5 kg m-2, three had a normal BMI varying from 21.8 to 24.7 kg m-2 and six were
considered overweight or obese according to their BMI, varying from 25.4 to 31.7 kg
m-2. Of the six overweight or obese patients who showed a significant improvement
of their psoriasis after 12 weeks of etanercept, two had been dosed with 2 x 25 mg
every week.

Table 5 Summary of reported adverse events
Number of reports (%)
13 (26)

Gastrointestinal complaint

7 (14)

Fatigue

5 (10)

Injection side reaction

5 (10)

Worsening of psoriasis

3 (6)

Itch

3 (6)

Headache

3 (6)

Influenza-like symptoms

2 (4)

Joint pain

2 (4)

Fever

2 (4)

Folliculitis

2 (4)

Periodontitis

1 (2)

Urinary tract infection

1 (2)

Kidney stones

1 (2)

Weight gain

1 (2)

Reported adverse events of all patients until January 2006 (n=50).
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Description adverse event
Upper airway infections

Discussion
In order to compare our data to the literature, an overview of the studies with
etanercept is given in Table 6.5-8 The percentage of our patients achieving < PASI 50
and PASI 50 is similar or even better, but the groups attaining PASI 75 and PASI 90
are apparently smaller.
The mean PASI of the patients participating in phase 2 and 3 trials is comparable
with that in our patients; however, the history of previous psoriasis treatments and
the concomitant medication used during etanercept treatment are not. Due to the
reimbursement criteria we are forced to treat patients with more therapy-resistant
psoriasis compared to the patients included in the above-mentioned clinical trials.
This might account for the less favorable results.
Jacob et al. performed a systemic retrospective chart review in order to determine
whether etanercept therapy enables long-term psoriasis patients to discontinue
their traditional systemic psoriatic therapy.9 Their results showed that 50.9% of the
patients were able to discontinue, and 22.6% were able to decrease their traditional
therapy while on etanercept. As additional systemic therapy is still needed in a large
proportion of patients, these data of Jacob et al. also give the impression that daily
practice gives less favorable results in comparison with previously published clinical
trials. However, Jacob et al. mention nothing on the degree of unmanageability by
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17.4

13.7

Mean PASI
baseline
71.9

85.7

21.4

7.1

PASI 50 (%)*

PASI 75 (%)*

PASI 90 (%)*
11

34

64

36

16.9

196

162

21

49

77

23

19

34

58

42

16.1 18.4

194

22

49

74

26

18.5

164

10

30

70

30

17.8

57

2x25

Lower-potency topical
corticosteroids and tarcompounds for scalp, axilla
and groin

- BSA ≥ 10
- ≥ 1 previous phototherapy
or systemic therapy for
psoriasis or candidate for
these treatments

21

47

74

-

18.3

311

2x50

Low or moderate
strength topical
corticosteroids for
scalp, axilla and
groin

- PASI ≥ 10
- ≥ 1 previous
phototherapy or
systemic therapy
for psoriasis or
candidate for these
treatments

Tyring et al.8
2006

PASI, Psoriasis Area and Severity Index; PASI 50, 50% or more improvement compared with baseline; PASI 75, 75% or more improvement; PASI 90, 90% or
more improvement; BSA, body surface area involvement; UV, ultraviolet; PUVA, psoralen plus UVA. * After 12 weeks of treatment.

6.3

22.6

29.0

< PASI 50 (%)* 14.3

31

2x50

14

2x50 2x25

Patients (n)

2x25

2x25

Dosing (mg/
wk)
2x50

Topical corticosteroids,
Moderate strength topical Low or moderate strength
vitamin D analogues,
corticosteroids for scalp, topical corticosteroids for
systemic psoriasis treatment axilla and groin
scalp, axilla and groin

- BSA ≥ 10
- PASI ≥ 10
- ≥ 1 previous phototherapy
or systemic therapy for
psoriasis or candidate for
these treatments

Allowed
concomitant
medication

- BSA ≥ 10
- PASI ≥ 10
- ≥ 1 previous
phototherapy or systemic
therapy for psoriasis
or candidate for these
treatments

Leonardi et al.6
2003

- PASI ≥ 10 (Skindex-29 ≥
35 if PASI ≥ 8)
- Ineffectiveness of /
contraindication to / serious
side effects during UVB /
PUVA, methotrexate and
cyclosporine

Papp et al.7
2005

Inclusion
criteria

Present report

Gottlieb et al.5
2003
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the other systemic therapies, the dosing of etanercept and the duration of treatment
with etanercept in this group of patients.
Although the PASI was sufficient for reimbursement in the majority of our patients
(n=47), a SKINDEX ≥35 was the decisive factor for reimbursement of treatment with
biologicals for three patients (6%). The Skindex-29 showed the largest improvement
in the patients attaining PASI 75 and the smallest improvement in the patients
attaining < 50% improvement.
A perhaps previously under-reported side-effect of etanercept treatment is fatigue.
In our population 10% reported fatigue related to etanercept treatment. However,
fatigue is not mentioned as a side-effect in the instruction leaflet of etanercept.
In a phase 3 clinical trial in psoriatic arthritis patients, fatigue was reported in 4
out of 30 patients (13%) treated with etanercept, although not statistically more as
compared to the patients receiving placebo.10 On the website of the Food and Drug
Administration (FDA), it is reported that fatigue was reported as adverse event during
post-approval use of etanercept.11 As these adverse events are reported voluntarily
from a population of uncertain size, it is not possible to estimate its frequency
reliably. Several studies have indicated that serum levels of TNF-a might be related to
the extent of fatigue.12;13 However, several other investigators found no significant
correlation between general fatigue and changes in levels of TNF-a or improvement
after anti-TNF-a therapy.14-18 It could be that changes in fatigue levels noted in
clinical trials of anti-TNF-a therapy reflect general improvement in pain, function and
psychological status rather than any direct interference with cytokines controlling
fatigue. This is confirmed in a recent investigation in which the effect of etanercept
was assessed on fatigue and depression. This study showed that improvements in
fatigue were correlated with decreasing joint pain and less well correlated with
improvement in PASI.8 Of the patients who reported fatigue in our patient group
(n=5), only one showed almost no psoriasis improvement according to the PASI after
12 weeks (16%). The other PASI improvements attained ranged from 46 to 53%. The
Skindex-29, however, was deteriorated or showed just little improvement (-52% to
13%) in the majority (n=4) of these patients. Only one patient showed a remarkable
improvement in the Skindex-29 of 80%.
Clinical studies have shown that adipocytes are able to produce TNF-a and that
the level of TNF-a is up-regulated in obese subjects.19-21 As the therapeutic effect of
etanercept is to eliminate the surplus of TNF-a found in the circulation and in the skin
lesions of psoriasis by competitively binding to this proinflammatory cytokine,22;23 we
hypothesized that the response to etanercept would be less in obese patients. Oral
communication with Wyeth affirmed our hypothesis. Unpublished analysis done for
registration showed that improvement in PASI in patients with a high bodyweight (>
105 kg) was less as compared to patients with normal weight, even on the maximum
dose of etanercept. The high BMI found in our group of patients with less than 50%
improvement supports our hypothesis. However, the fact that the majority of patients
with significant improvement, of which two even had the standard dose (2 x 25 mg),
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had high BMI as well, contradicts this idea. Besides the upregulated level of the TNF-a
in obese subjects, the soluble receptors in the circulation are also elevated.19 Perhaps
TNF-a and the soluble receptors are equally increased in obese subjects, preventing an
extra surplus due to obesity. Also, the small number of patients could be accountable
for not revealing a probable relation of obesity and response to etanercept.
In conclusion, these initial practical and nontrial-based clinical results of routine
administration of etanercept in patient with psoriasis are less favourable as might
be expected from the phase 2 and 3 clinical trials. Although the mean severity of
psoriasis (PASI) in our patient group did not differ from that described in these
published clinical trials, our patients were more therapy resistant due to the strict
reimbursement criteria.
Fatigue may be a previously underreported side-effect of etanercept.
The BMI does not seem to be influence the patient’s response to etanercept.
The Skindex-29 is of decisive value as a selection mechanism for reimbursement
in 5% of the patient population. Future studies are necessary for affirmation of these
conclusions.
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Abstract

4
reduction markers innate immunity
56

To investigate whether specific markers for innate immunity would diminish with
successful treatment in psoriasis, we analyzed lesional and non-lesional skin biopsies
taken from patients with moderate to severe psoriasis during 12 weeks of treatment
with etanercept in correlation with the clinical response. In the clinical responders
(PASI reduction > 50%), all markers (CD3, CD68, CD161, elastase, BDCA-2, TNF-a)
showed a decline during treatment, indicating a pivotal role for innate immunity in
the pathogenesis of psoriasis.

Background and question addressed

Experimental design
We analyzed lesional and non-lesional skin biopsies, taken on baseline, weeks 3 and
12, from 6 patients with moderate to severe psoriasis treated with etanercept (a
humanized TNF-α receptor) 50 mg subcutaneous twice weekly for 3 months. This
investigation was a biopsy substudy of the study registered at www.clinicaltrials.
gov under NCT00195507. The Psoriasis Area and Severity Index (PASI) and the Body
Surface Area (BSA) were assessed at baseline, weeks 3 and 12. Skin biopsies were
immunohistochemically stained for CD3 (T cells), CD68 (macrophages), CD161 (NK-T
cells), elastase (neutrophils), BDCA-2 (plasmocytoid dendritic cells) and TNF-a. All
sections were randomly coded and were analyzed through manual quantification of
the twenty high power fields per section. Manual quantification was done by two
independent observers blinded for order, patient and clinical data. The epidermal and
dermal regions were separately counted. Positive staining of CD3, CD68, CD161,
BDCA-2, elastase and TNF-α was expressed as positive cells/mm2.

4
reduction markers innate immunity

Over the years, various hypotheses on psoriasis pathogenesis have been proposed,
varying from keratinocyte-centered, to T-cell mediated, to aggravation at the level
of innate immunity 1-3. The latter is based on the remarkable improvements seen in
clinical trials with tumor necrosis factor (TNF)- α antagonists 4-6, together with the
discovery of activation of several cellular elements and humoral components of the
innate immune system in lesional and non-lesional psoriatic skin 7-17.
We hypothesized that, if malfunctioning of the innate immune system is somehow
a pivotal initiator of psoriasis, successful treatment of psoriasis would diminish the
expression of markers of innate immunity.

Results and conclusions
In the lesional skin biopsies of the clinical responders (Table 1, n=3, PASI reduction
> 50%), all investigated markers were clearly reduced after 12 weeks of treatment
with etanercept (Figure 1A), whereas no reduction of these markers was seen in the
non-responders (Figure 1B). Particulary CD68, CD161, elastase and BDCA2-positive
cells declined early during treatment (Figure 2).
Early reduction of CD68-positive cells was also seen by Gottlieb et al. during
etanercept treatment, by Marble et al. during adalimumab treatment and by Markham
et al. during infliximab treatment 18-20.
A rapid decline of CD161-positive cells during etanercept treatment was also
described by Van Lingen et al.21. CD161 is a marker for NK-T cells. Activation of NK-T
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Tabel 1 Demografics and clinical respons
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Pt 1

Pt 2

Pt 3

Pt 4

Pt 5

Pt 6

Gender

M

M

M

F

M

M

Age (years)

43

52

62

49

56

47

Duration psoriasis (years)

18

45

41

45

32

10

PASI wk 0

19.6

11.3

13.6

11.8

11.4

19.4

PASI wk 3

17.3

9.4

13.6

8.0

na

na

PASI wk 12

10.4

11.7

3.8

7.3

4.3

16.5

Improvement of PASI on wk 3 (%)

12

17

0

32

na

na

Improvement of PASI on wk 12 (%)

47

-4

72

38

62

15

BSA wk 0

17.9

14.5

22.5

10.2

8.2

14.5

BSA wk 3

32.5

14.7

19.1

8.3

na

na

BSA wk 12

8.0

12.5

5.7

8.8

1.0

8.0

Improvement of BSA on wk 3 (%)

-81.6

-1.4

15.1

18.6

na

na

Improvement of BSA on wk 12 (%)

55.3

13.8

74.7

13.7

87.8

44.8

PASI, Psoriasis Area and Severity Index; BSA, Body Surface Area; na, data not available

cells results in prompt release of high levels of cytokines like INF-g and TNF-a, and
NK-T cells have mutual interaction with dendritic cells and keratinocytes, which are
thought to be relevant in psoriasis. Remarkably, Bovenschen et al. described a case in
which immuhistochemical analyses in a non-responsive patient on infliximab showed
a correlation between the number of epidermal NK-T cells and the lack of clinical
efficacy, supposing a pathogenic role for these cells in psoriasis 22.
When looking at elastase-positive cells in clinical responders during etanercept, our
results are corresponding with Gottlieb et al.18. Vincek et al. reported a rapid decline of
neutrophils in lesional skin already one day after an infusion with infliximab 23.
No previous investigations are present on the respons of plasmacytoid dendritic
cells in psoriatic skin during etanercept treatment. During adalimumab treatment a
similar fast response was noted by Marble et al.19 BDCA-2-positive cells are mostly
plasmacytoid dendritic cells, which are present in normal-appearing skin of psoriasis
patients, but in contrast, absent in normal skin of healthy individuals 24.
Our results show a clear decline in CD3-positive cells at week 12, which is in line
with Mahiques et al. 25. According to Gottlieb et al. and Zaba et al. this decrease of
T cells can be appreciated at a much earlier time point during etanercept treatment
18,26
. Previous studies done with infliximab all showed a rapid decline of CD3-positive
cells in lesional skin 20,23,27,28.
To our surprise we did not find a clear effect of TNF-a inhibitor etanercept on
the TNF-a expression in the skin in situ in responders. Studies with another TNF-a
inhibitor, infliximab, did show a decline in TNF alpha-positive cells 20,23,29. These
contradictionary results could be due to the marker used to detect TNF-a. TNF-a is a
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cytokine produced by many different cell types and different immunohistochemical
markers will demonstrate TNF-a in various different ways, as shown by Van der Laan
et al. 30. Furthermore, it has been described that levels of TNF-a in the circulation
are stable or even increase after etanercept treatment, probably due to an increased
stability of etanercept-bound TNF-a 31. Moreover, immunohistochemistry gives no
information about the biological activity of the detected TNF-a.
Information on the effect of etanercept treatment on the different leukocyte
subsets in lesional and non-lesional psoriatic skin and possible relationship to the
clinical response is very limited. Gottlieb et al. showed after one month of treatment
a rapid and complete reduction of IL-1 and IL-8 (immediate/early genes), followed
by progressive reductions in many other inflammation-related genes, and finally
somewhat slower reductions in infiltrating myeloid cells (CD11c+ cells) and T
lymphocytes 18. Zaba et al. observed reduction of inflammatory dendritic cell products
that drive Th17 cell proliferation (IL-23), as well as Th17 cell products and downstream
effector molecules (IL-17, IL-22, CC chemokine ligand 20, β-defensin 4) 26.
Mahiques et al. showed a significant decrease of CD4+ and CD8+ T cells after
12 weeks of treatment in the epidermis and dermis of psoriatic skin 25, whereas Van
Lingen et al. only showed a significant decrease of CD8+ T cells in the dermis after
12 weeks in responders 21, as well as a significant decrease of CD161 in the dermis
of responders.

Figure 2 Immunohistochemical staining of psoriatic skin in a responding patient before and after
treatment with etanercept. CD68-positive cells at baseline (a) and week 12 (b). BDCA-2-positive cells
at baseline (c) and week 12 (d).
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In addition to the earlier studies describing the immunohistochemical effects of
treatment with etanercept in psoriasis, this is the first study in which CD68+ cells
and BDCA-2+ cells were investigated. Our data are in concordance with previous
similar studies and show that several innate immunity markers diminish during
effective treatment with etanercept, indicating that innate immunity might play a
role in the pathogenesis of psoriasis. Further investigation is needed to understand
the involvement of other cell types and cytokines of innate immunity.
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Abstract
Objective: To determine which of the changes of several immunological markers in
psoriatic skin correlates best with clinical response associated with effective therapy
(adalimumab).
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Methods: Twenty-four active PsA patients were randomized to receive adalimumab
(n=12) or placebo (n=12) for 4 weeks. Lesional and non-lesional skin biopsies were
obtained before and after 4 weeks of treatment from 22 patients with active skin
lesions. Immunohistochemical analysis was performed to characterize several markers
of innate immunity (CD68, CD161, elastase, TNF-α, BDCA-2) and T cells (CD3).
Sections were analyzed by manual quantification by two independent observers.
Statistical analysis was performed using covariance analysis.
Results: The mean Psoriasis and Severity Index (PASI) after 4 weeks of treatment was
2.61 points lower compared to placebo (95% CI -0.08 to 5.30, p=0.056). Paired
pre-treatment and post-treatment skin samples were available for 18 patients. After
applying a ranked analysis of covariance (ANCOVA) model to correct for baseline
imbalances, a significant effect of treatment was observed on lesional dermal CD161+
and elastase+ cells. There was a median reduction of 6.9 cells/mm2 for lesional
dermal CD161+ cells after adalimumab versus placebo treatment (p=0.0046). For
elastase+ cells there was a median reduction of 9.0 cells/mm2 in lesional dermis after
adalimumab versus placebo (p=0.024).
Conclusion: Adalimumab therapy in psoriasis lesions in PsA is associated with a
reduction of dermal CD161+ and elastase+ cells, suggesting that these parameters
could be used as biomarkers that are sensitive to change after active treatment in
small proof of concept studies.

Introduction
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Because the skin is a primary site for inflammation in psoriasis, and because this
tissue is easy to obtain, serial skin biopsies are commonly used to evaluate the effects
of novel treatments for psoriasis1-5. The increase in the development of a variety of
new, targeted therapies clearly raises the need for sensitive biomarkers, which could
be used for selection purposes during the development process.
Various hypotheses on psoriasis pathogenesis have been proposed over the years,
varying from keratinocyte-centered, to T-cell mediated, to aggravation at the level
of innate immunity6;7. The latter is based on the remarkable improvements seen in
clinical trials with tumour necrosis factor (TNF)- α antagonists8-11, together with the
discovery of activation of several cellular elements and humoral components of the
innate immune system in lesional and non-lesional psoriatic skin12-21. Recently, we
showed reduction of different inflammatory cell types of the innate immune system
in psoriatic skin during etanercept treatment22.
The primairy objective of this study was to investigate the early changes in
lesional and non-lesional psoriatic skin alongside of the clinical response, by using
a known clinically effective therapy (i.e. adalimumab 40 mg subcutaneously every
other week)8;23;24, to identify sensitive biomarkers, in particular of the innate immune
system, that may facilitate the planning of future studies with novel agents to treat
psoriasis. Effect of adalimumab therapy on synovial tissue in these patients has been
published elsewhere 25.
We assessed the cellular changes in the skin and clinical changes (PASI, BSA) at
baseline and after 4 weeks of treatment with either adalimumab or placebo. The
cellular changes were analyzed by immunohistochemical staining of cryostat sections
from lesional and non-lesional psoriatic skin derived from psoriatic arthritis patients.
We focused on the determination of numbers of infiltrating inflammatory cells of the
innate immune system (CD68, CD161, elastase, BDCA-2 and TNF-α) and T cells (CD3).

Patients and methods
Patients
Patients with active psoriatic arthritis were enrolled into a 12 week randomized
double-blind, placebo-controlled treatment period25. In all patients psoriatic arthritis
was diagnosed at least 3 months prior and was considered to be moderate to severely
active, as defined by ≥ 2 swollen and ≥ 2 tender joints. Furthermore, active cutaneous
lesions of psoriasis had to be present or a documented history of psoriasis diagnosed
by a dermatologist. Of the 24 patients included based on their psoriatic arthritis25, 22
also had cutaneous lesions.
Patients were allowed to use concomitant methotrexate, which had to be stable
for at least 28 days. Patients were not allowed to use any other disease-modifying
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anti-rheumatic drugs (DMARDs) one month prior to baseline. Use of non-steroidal antiinflammatory drugs was allowed, provided that the dose had been stable for at least
28 days. Parenteral, intra-articular or oral use of corticosteroids within 28 days before
enrolment into the study was not allowed. Topical treatments for psoriasis were not
allowed 14 days prior to baseline, with the exception of low potency (class I) topical
steroids to be used on scalp, palms, groin and/or soles of feet only, and emollients.
Other exclusion criteria were the use of any biological agent or investigational drug
within the previous 6 months and having a history of tuberculosis or a malignancy
in the past 10 years. Infection with HIV, hepatitis B or C virus was excluded via
serological testing. Patients with another serious infection within 4 weeks before
baseline, or a significant history of cardiac, renal, neurological or metabolic disease
were excluded from the study. Female patients who were pregnant or breastfeeding
were not allowed to enter the study.

Study protocol
This was a randomised, double-blind, placebo-controlled, single center study
performed at the Academic Medical Center of the University of Amsterdam.
The study protocol was reviewed and approved by the medical ethical committee
and all patients gave their written informed consent before enrolment. The study was
conducted according to the Declaration of Helsinki principles.

Treatment
Patients were randomised to receive subcutaneous injections with either adalimumab
40 mg or matching placebo at baseline and day 15 in a 1:1 ratio.

Skin biopsies
At baseline and week 4 lesional and non-lesional punch biopsies of 4 mm were
taken from 22 patients with skin lesions, preferentially from a non-sun-exposed area.
Lesional biopsies were taken from the inside border of the same target psoriatic
plaque, separated by at least 1 cm. The biopsy samples were randomly coded, snapfrozen in Tissue-Tek OCT compound (Sakura Finetek Europe, Zoeterwoude, The
Netherlands) by immersion in liquid nitrogen and stored at -80˚C until processing.
Five-micrometer cryostat sections were cut and mounted on glass slides (Star Frost
adhesive slides, Knittelgläser, Braunschweig, Germany), before being stored at -80˚C
until immunohistochemical staining. For each staining three sections of each biopsy
were analysed to minimize random variation.

Immunohistochemical analysis
Serial sections were stained with the following antibodies: FITC-conjugated anti-CD3
(BD Pharmingen, San Jose, CA, USA) to identify T cells, anti CD68 (clone EBM11;
Dako, Glostrup, Denmark) to identify macrophages, anti-human neutrophil elastase
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(Dako), anti-CD161 (BD Pharmingen) to stain for NK-T cells and Th17 cells, TNF-α
(Monosan, Uden, the Netherlands) and FITC-conjugated anti-BDCA-2 (Miltenyi
Biotec GmbH, Bergisch Gladbach, Germany) to identify plasmacytoid dendritic cells.
A polyclonal rabbit anti human Von Willebrand Factor (VWF; Dako) antibody was
used in double stainings with TNF-α to distinguish TNF-α expressing endothelial
cells from other TNF-α positive cells. After rinsing with Tris Buffered Saline (TBS), all
sections were further incubated with biotin-conjugated goat anti-mouse antibody
and HRP-conjugated streptavidin (Dako) in case of elastase, CD68 and TNF-α which
was amplified with the tyramide signal amplification (TSA) system (Perkin Elmer, MA,
USA). In case of CD3 and BDCA-2 sections were incubated with rabbit anti-FITC
(Dako) in 10% normal human serum (NHS) in TBS for 30 minutes. Following a wash
step with TBS, sections were subsequently incubated with horseradish peroxidase
(HRP)-conjugated goat anti-rabbit antibody (Dako) in 1% Bovine Serum Albumine
(BSA) in TBS for 30 min and in case of BDCA-2 staining the signal was amplified
with the TSA system. For the CD161 staining, the sections were incubated with goat
anti mouse immunoglobulins (GAM) in NHS and after the wash step with alkaline
phosphatase anti alkaline phosphatase (APAAP) in BSA (both from Dako), for further
amplification these steps were repeated. In the case of the TNF-α / VWF double
stainings, TNF-α was labelled with AP-conjugated Streptavidin (Dako) after using
the TSA system and colour development achieved with an AP staining-kit (Vector,
Brunschwig Chemie, Amsterdam, The Netherlands). After this staining the sections
were blocked with 10% normal mouse serum and incubated with HRP-labelled
VWF. The colour development was achieved with Fast Red (Dako) for the CD161
staining and for the other stainings an amino-ethylcarbazole (AEC)-kit from Vector
(Brunschwig Chemie, Amsterdam, The Netherlands) was used. Except for the TNF-α
/ VWF double staining, sections were counterstained with Mayer’s haematoxylin
(Merck, Darmstadt, Germany) and all stained sections were mounted with Kaiser’s
glycerol gelatine (Merck).
All sections were analyzed through manual quantification of the twenty high
power fields per section. Manual quantification was done by two independent
observers blinded for order, patient and clinical data. The epidermal and dermal
regions were separately counted. Positive staining of CD3, CD68, CD161, BDCA-2,
elastase and TNF-α was expressed as positive cells per millimeter squared.

Clinical evaluation
To evaluate the clinical response to the different treatments the Psoriasis Area and
Severity Index (PASI) and the Body Surface Area (BSA) were assessed at baseline,
week 4 and week 12.

Statistical analysis
SPSS 17.0 for Windows (SPSS, Chicago, Illinois, USA) was used for statistical
analysis. Baseline characteristics between the two groups were compared using a
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Student’s t-test for normal distributed data and a Mann-Whitney U test for variables
with a very skewed distribution. Correlations of changes in clinical parameters and
immunohistochemical markers were analysed with Spearman rank correlation.
Additionally, each of the end points was analysed using a analysis of covariance
model (ANCOVA) after rank transformation to correct for baseline differences 26

Results
5a
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The baseline demographical and clinical features of the 22 patients with cutaneous
lesions of the different treatment groups are specified in Table 1. There were no
statistically significant differences with regards to the baseline demographical and
clinical features between the two treatment groups.
The mean PASI score after 4 weeks of adalimumab treatment was 2.61 points
lower compared to placebo (95% CI -0.08 to 5.30, p=0.056). The mean (SD) PASI
decreased from 5.89 (4.25) to 4.01 (2.49) in the adalimumab group, whereas there
was a slight increase in the placebo group from 4.72 (2.55) to 5.45 (4.05).
The mean BSA score after 4 weeks of adalimumab treatment was 1.43 points
lower compared to placebo (95% CI -0.71 to 3.56, p=0.18). In the adalimumab
group the mean BSA (SD) decreased from 4.88 (3.91) to 3.79 (3.81), whereas there
was a slight increase in the placebo group from 3.26 (3.08) to 3.60 (3.53).

Table 1 Demographical and clinical features of 22 patients with psoriatic skin lesions in the different
treatment groups
Adalimumab (n=11)

Placebo
(n=11)

43.1 (21-61.1)

47.4 (25.3-78.4)

No. men/female

8/3

6/5

No. (%) currently receiving MTX

6 (54.5)

4 (36.4)

Dose MTX, mg/week

17.5 (10-25)

20 (15-25)

Duration PsO, yrs

6.0 (0.4-18.5)

7.4(1.9-18.2)

Duration PsA, yrs

11.1(0.1-27.7)

18.8(1.9-53.2)

Baseline PASI

5.9 (1.5-13.8)

4.7 (0.7-7.1)

Baseline BSA

4.9 (0.5-10.6)

3.3 (0.3-9.7)

Age, yrs

Data are shown as means (range). MTX, methotrexate; PsO, psoriasis; PsA, psoriatic arthritis; PASI,
Psoriasis Area and Severity Index; BSA, Body Surface Area
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TNF-α

BDCA-2

elastase

CD161

CD68

CD3

TNF-α

BDCA-2

elastase

CD161

CD68

CD3

epidermis
dermis
epidermis
dermis
epidermis
dermis
epidermis
dermis
epidermis
dermis
epidermis
dermis

epidermis
dermis
epidermis
dermis
epidermis
dermis
epidermis
dermis
epidermis
dermis
epidermis
dermis
0.92
0.96
0.36
0.084
0.58
0.65
0.40
0.16
0.22
0.78
0.59
0.93

0.6 (-2.2-2.1)
-1.6 (-13.4-46.6)
0.3 (-1.1-0.6)
-9.5 (-11.2-75.0)
0.2 (-1.3-2.2)
-3.2 (-3.3-11.5)
0.0 (-0.1-0.4)
-1.1 (-3.0-3.1)
-0.4 (-0.5-1.5)
-0.6 (-5.7-16.4)
0.1 (-0.4-0.6)
0.3 (-4.0-3.9)

0.8 (0.1-3.2)
44.2 (18.5-73.2)
0.5 (0.2-2.3)
27.7 (8.5-90.8)
1.2 (0.6-4.5)
6.0 (3.1-14.9)
0.0 (-0.4-1.0)
2.3 (0.9-6.3)
0.3 (0.1-3.3)
7.3 (4.7-11.2)
0.3 (0.2—1.2)
6.2 (4.4-15.6)

-0.7 (-2.4-5.2)
-7.0 (-32.6-64.1)
-0.2 (-1.1-0.9)
-1.0 (-13.5-29.4)
0.3 (-2.4-0.8)
-2.7 (-0.4-13.3)
0.0 (-1.0-0.4)
0.5 (-2.6-0.9)
0.0 (-0.5-0.3)
-3.3 (-1.2-14.4)
0.0 (-0.7-0.3)
0.5 (-4.3-2.1)

2.4 (1.6-3.7)
45.4 (30.1-70.6)
0.7 (0.4-1.5)
20.4 (11.9-42.2)
0.7 (0.3-1.6)
7.5 (6.0-11.4)
0.0 (-0.01-0.2)
1.8 (-0.7-9.7)
1.2 (0.5-2.1)
5.4 (1.9-17.3)
0.3 (0.1-0.7)
6.8 (5.7-10.4)

0.92
0.51
0.89
0.36
0.83
0.046*
0.73
0.024*
0.31
0.70
0.35
0.31

7.7 (-18.9-6.3)
-67.3 (-91.6-237.1)
-0.2 (-2.1-5.7)
-11.7 (-43.9-58.0)
-0.2 (-3.1-4.6)
-9.5 (-5.5-16.3)
-0.2 (-28.9-8.0)
-8.2 (-123.3-80.0)
-1.2 (-0.6-1.6)
5.8 (-37.0-23.6)
0.0 (-0.2-0.4)
-7.6 (-2.8-13.7)

14.7 (-36.3-34.3)
21.8 (-118.8-70.7)
-0.3 (-8.9-25.3)
19.2 (-95.1-41.9)
1.2 (-5.1-3.0)
6.9 (-17.9-1.2)
0.5 (-21.0-6.5)
9.0 (-100.6-12.5)
0.8 (-2.2-2.1)
7.8 (-23.7-8.7)
-0.2 (-0.5-1.5)
3.4 (-15.3-10.8)

29.5 (16.9-42.3)
308.3 (249.4-375.7)
0.2 (-4.0-2.2)
50.5 (21.2-171.5)
2.0 (0.5-5.4)
23.7 (15.7-35.4)
1.0 (-4.5-31.5)
36.3 (-2.6-162.9)
0.8 (0.4-2.9)
33.2 (16.8-61.6)
0.0 (-0.04-0.3)
19.7 (13.8-28.9)

23.5 (13.8-37.9)
179.8 (105.8-299.8)
0.8 (0.0-4.2)
102.0 (42.8-305.7)
5.5 (1.8-12.5)
33.5 (14.8-44.4)
0.0 (-4.9-18.8)
29.7 (-2.7-115.3)
1.8 (-0.3-7.4)
29.3 (15.9-51.3)
0.0 (-0.4-0.4)
21.2 (11.0-32.7)
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CD3+ T cells, CD68+ macrophages, CD161+ natural killer T cells, elastase+ neutrophils, BDCA-2+ plasmacytoid dendritic cells and TNF-α + cells are provided
as median (range lower, range upper) cells/mm2. After ANCOVA was applied to correct for baseline imbalances, the effect of treatment after 4 weeks was
significant only for the reduction in the number of lesional dermal CD161+ (p=0.046) and elastase+ cells (p=0.024).

Non-lesional

lesional

ANCOVA
p value

reduction

baseline

baseline

reduction

Placebo

Adalimumab

Table 2 Median values (range lower, range upper) for the lesional and non-lesional psoriatic skin biomarkers before treatment and median reduction(range
lower, range upper) after 4 weeks of treatment in each group.
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Immunohistochemical analysis
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Of the 22 patients with cutaneous lesions, paired pretreatment and post-treatment
lesional and non-lesional skin samples were available from 18 patients for analyses.
In three patients no lesional samples could be obtained due to the localization of the
psoriatic lesions (e.g. scalp, intra-auricular or anal cleft) and in one patient we could
not dispose of the non-lesional sample at week 4. The remaining 18 paired lesional
and non-lesional skin biopsies were analysed. The results of this analysis are shown
in Table 2. The differences at baseline between the two treatment groups, as well as
any reduction or increase of cell type after effective treatment, were not statistically
significant. However, following adalimumab treatment in lesional skin almost all
numbers of epidermal and dermal innate immunity markers decreased, with the
exception of epidermal CD68+ and TNF+ cells. In non-lesional skin, adalimumab
treatment decreased the number of epidermal CD161+ cells and dermal elastase+ and
TNF+ cells.
In the placebo group there was a reduction of lesional epidermal CD3+ cells and
dermal BDCA-2+ cells. In non-lesional biopsies there was a reduction of CD3+, CD68+
and CD161+ cells in the placebo group. Furthermore , TNF+ cells were reduced in the
epidermis as well as the dermis.
When ANCOVA was applied to correct for the imbalance at baseline, it turned out
that the baseline measurement of several parameters had a strong effect on change.
The effect of treatment in lesional skin was significant for dermal CD161+ and
elastase+ cells (p=0.046 and P=0.024, respectively). The effect of treatment in nonlesional skin was only significant for epidermal elastase (p=0.040).

Correlation between clinical improvement and changes in psoriatic skin
lesional and non-lesional biomarkers
After applying a Spearman rank correlation, there was no statistically significant
correlation between clinical improvement and changes in cellular markers. Yet, there
was a trend towards a correlation between improvement in PASI and reduction of
elastase+ cells located in epidermis of lesional skin (rho = 0.423, p=0.071).

Discussion
This placebo-controlled study with adalimumab was conducted to address the
question which immunological markers in psoriatic skin could be used as a biomarker
for clinical efficacy on the group level in relatively small studies of short duration.
In concordance with our recently published study in synovial tissue 25, almost all
studied inflammatory cell types showed a trend towards a reduction of numbers
in psoriatic skin, although not statistically significant. After applying a covariance
analysis, a statistically significant effect of adalimumab was seen with regards to
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reduction of lesional dermal CD161+ and elastase+ cells. Previously, we also reported
a decline of CD161+ and elastase+ cells in psoriatic skin after 3 weeks of treatment
with etanercept in psoriasis patients 22.
As concerns CD161, this marker is expressed among others by NK-T cells.
Activation of NK-T cells results in prompt release of high levels of cytokines like
INF-g and TNF-a, and NK-T cells have mutual interactions with dendritic cells and
keratinocytes, which are thought to be relevant in psoriasis 27;28. Furthermore, CD161
is a cell surface marker associated with Th17 cells 29;30, which is a new type of T cell
that plays a pivotal role in the pathogenesis of psoriasis 31.
Contrary to our result, another study with adalimumab in psoriasis did not show
significant reduction of CD161+ cells in either the epidermis or dermis after 12 weeks
of treatment 32. However, only four patients were treated with adalimumab in this study
and no data were shown regarding the clinical response of each individual patient.
Besides CD161+ cells, elastase + cells in lesional dermis were also reduced after
4 weeks of treatment with adalimumab. Elastase is a marker of neutrophils 33 and
infiltration of neutrophils in the epidermis is one of the morphological characteristics of
psoriasis 34. Previous studies showed that elastase correlates well with skin induration 35
and disappears with successful therapy 36. Furthermore, expression of dermal elastase
correlates statistically significant to PASI 37. Consistent with our results, a previous study
showed a significant reduction of elastase+ cells after etanercept treatment 38.
In contrast to findings for the synovial tissue 25, we did not find a significant
correlation between clinical improvement and changes in the cellular markers in the
skin. This might be explained by the selection criteria for this study. Patients were
primarily included based on the activity of their psoriatic arthritis, not on the activity
of the skin lesions. It is known that the severity of the skin disease and the arthritis
often do not correlate with each other39. Furthermore, 10 of the 22 patients were
being treated with a stable dose of methotrexate for their arthritis, but this may have
an impact on their skin disease as well. As a result, the PASI of the included patients in
this study was relatively low, making it more difficult to evaluate the clinical efficacy,
and even more difficult to evaluate a possible correlation between clinical efficacy
and the reduction of expression of several inflammatory markers.
Despite these suboptimal conditions for evaluation of the skin, our study shows
that changes in CD161+ and elastase+ cells of psoriatic dermis may be used as
biomarkers to screen for effective therapies during early drug development. Future
investigations on biomarkers in psoriatic skin are necessary in order to confirm our
results in studies evaluating other mechanisms of action.
CD3+ T cells, CD68+ macrophages, CD161+ natural killer T cells, elastase+
neutrophils, BDCA-2+ plasmacytoid dendritic cells and TNF-α + cells are provided as
median (range lower, range upper) cells/mm2. After ANCOVA was applied to correct
for baseline imbalances, the effect of treatment after 4 weeks was significant only
for the reduction in the number of lesional dermal CD161+ (p=0.046) and elastase+
cells (p=0.024).
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Abstract
Objective: To determine which of the changes in synovial tissue correlates best with
clinical response associated with effective therapy (adalimumab) to facilitate the
planning of future studies with therapeutic agents for psoriatic arthritis (PsA).
Methods: Twenty-four active PsA patients were randomized to receive adalimumab
(n=12) or placebo (n=12) for 4 weeks. Synovial biopsies were obtained before
and after 4 weeks of treatment. Immunohistochemical analysis was performed to
characterize the cell infiltrate, expression of cytokines and matrix metalloproteinases
(MMPs), and vascularity. Sections were analyzed by digital image analysis. Statistical
analysis was performed using covariance analysis.
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Results: The mean Disease Activity Score in 28 joints (DAS28) after 4 weeks was
1.92 units lower (95% confidence interval (CI) 1.07 - 2.77) after adalimumab
therapy compared with placebo. Paired pre- and post-treatment synovial samples
were available from 19 patients. Many cell types were reduced after adalimumab
treatment compared to placebo. After applying a ranked analysis of covariance
(ANCOVA) model to correct for baseline imbalances, a significant effect of treatment
was observed on CD3-positive cells: there was a median reduction of 248 cells/mm2
after adalimumab versus placebo treatment (p = 0.035). In addition, the expression
of MMP-13 was significantly reduced after active treatment: the integrated optical
density (IOD)/mm2 was 18,190 lower after adalimumab treatment as compared to
placebo (p = 0.033).
Conclusion: Adalimumab therapy in PsA is associated with a marked reduction in
T cell infiltration and MMP-13 expression in synovial tissue, suggesting that these
parameters could be used as biomarkers that are sensitive to change after active
treatment in small proof of concept studies in PsA.

Introduction

Patients and Methods
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Because the synovium is a primary site of inflammation, there is increasing interest
in studying the synovial tissue (ST) of patients with rheumatoid arthritis (RA) and
psoriatic arthritis (PsA). In addition to the use of synovial biopsies for diagnostic
purposes 1;2 and pathogenetic studies 3;4, serial synovial biopsies have been used to
evaluate the effects of novel treatments 5;6. This approach has been proposed to
screen for therapeutic effects of novel antirheumatic interventions 7.
The increase in the development of a variety of new, targeted therapies clearly
raises the need for sensitive biomarkers, which could be used for selection purposes
during the development process. In RA a decrease in synovial macrophages has
been shown to correlate with clinical improvement 8-10. No synovial changes were
detectable with analysis of serial synovial samples from RA patients who received
either placebo or ineffective treatment 9;11-13. This suggests that analysis of serial
biopsies could be used as a screening method to test new compounds requiring
relatively small numbers of subjects. The absence of changes in the ST after treatment
would suggest that the therapy is probably not effective.
To date, only a few studies have been conducted in PsA evaluating synovial
changes after therapy. These studies were not placebo-controlled, with biopsies
taken at different time points, and in part with variable results 6;14-18. Based on the
limited data available it was hypothesized that an early decrease in macrophages (or
macrophage subsets), combined with decrease in vascular markers and/or adhesion
molecules, which were observed in some of these studies, would best predict clinical
response in PsA.
The primary objective of this study was, therefore, to investigate the early changes
in the ST alongside clinical response, by using a known clinically effective therapy
(i.e. adalimumab 40 mg subcutaneously every other week) 19, to identify sensitive
biomarkers that may facilitate the planning of future studies with novel agents to
treat PsA.

Patients
Patients with PsA fulfilling the ClASsification of Psoriatic Arthritis (CASPAR) criteria
for PsA 20;21, aged 18-80 years, were included into the study after written informed
consent was obtained. Patients had to have active disease at time of enrollment,
defined by the presence of at least 2 tender and 2 swollen joints out of the 68 joints
for tenderness and 66 joints for swelling assessed. One of the swollen joints had
to be a knee, ankle or wrist joint that was accessible for arthroscopy. Patients were
allowed to use concomitant methotrexate, which had to be stable for at least 28
days. They were not allowed to use any other disease-modifying antirheumatic drugs
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(DMARDs) 1 month prior to baseline. For leflunomide a 2-month washout period was
required. Use of non-steroidal anti-inflammatory drugs was allowed, provided that
the dose had been stable for at least 28 days. Parenteral, intra-articular or oral use
of corticosteroids within 28 days before enrolment into the study was not allowed.
Topical treatments for psoriasis were not allowed 14 days prior to baseline, with
the exception of low potency (class I) topical steroids to be used on scalp, palms,
groin and/or soles of feet only. Other exclusion criteria were the use of any biological
agent or investigational drug within the previous 6 months, and having a history of
tuberculosis or a malignancy in the past 10 years. Infection with HIV, hepatitis B or C
virus was excluded via serologic testing. Patients with another serious infection within
4 weeks before baseline, or a significant history of cardiac, renal, neurological or
metabolic disease were excluded from the study. Female patients who were pregnant
or breastfeeding were not allowed to enter the study.
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Study protocol
This was a randomized, double-blind, placebo-controlled, single center study performed
at the Academic Medical Center of the University of Amsterdam. The study protocol
was approved by the Medical Ethics Committee of the institute and all patients signed
informed consent before start of the study. They had a complete medical history
taken and underwent a full physical examination, including joint assessment by a
rheumatologist and skin assessment by a dermatologist. Routine clinical chemistry,
hematology and urinalysis assessments were performed, as well as a chest X-ray and
purified protein derivative (PPD) skin test prior to baseline to exclude patients with
(latent) tuberculosis. Eligible patients were included into the study within 2 weeks
after screening, and were seen at baseline, week 4 and week 12.
Clinical assessment included a 68 joint count for tenderness and 66 joint count
for swelling, a Psoriasis Area and Severity Index (PASI), a subject’s visual analog score
(VAS) for pain, ranging from 0 mm (no pain) to 100 mm (the worst possible pain),
a subject’s and investigator’s global disease assessment, and a Health Assessment
Questionnaire (HAQ) for functional (dis)ability. Furthermore, C-reactive protein
(CRP) levels and erythrocyte sedimentation rate (ESR) were determined. A blinded,
independent assessor performed the clinical evaluation. The 28-joint Disease Activity
Score (DAS28), which has been shown to discriminate between active drug and
placebo in clinical trials in PsA, was chosen to monitor changes in clinical disease
activity after therapy 22;23. In addition, the American College of Rheumatology (ACR)
criteria for improvement were assessed 24.

Treatment
Patients were randomized to receive subcutaneous injections with either adalimumab
40 mg or matching placebo at baseline (day 1) and day 15 in a 1:1 ratio. After the
second arthroscopy all patients received adalimumab 40 mg every other week.
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Arthroscopy
A needle arthroscopy of an actively inflamed joint (knee, ankle, or wrist) was performed
under local anesthesia in all patients before treatment and 28 days after initiation of
study medication from the same joint. The procedures for needle arthroscopy and
tissue processing were performed as described previously in detail 25. In summary,
to minimize sampling error biopsies were taken from 6 or more sites of the joint
during each procedure 26;27. ST biopsy specimens were immediately embedded in
TissueTek OCT (Miles Diagnostics, Elkhart, IN, USA), snap frozen by immersion in
methylbutane (-80°C), and stored in liquid nitrogen until further processing. Before
staining, coded ST samples were cut with a cryostat (5 mm), fixed with acetone, and
endogenous protease activity was blocked with 0.3% hydrogen peroxide.

Immunohistochemical analysis
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Serial sections were stained with the following antibodies: anti-CD3 (SK7, BD
Biosciences, San Jose, CA, USA), anti-CD4 (SK3, BD Biosciences), anti-CD8 (C8/114B,
Dako, Glostrup, Denmark), anti-CD15 (C3D-1, Dako), anti-CD22 (CLB-B-ly/1,6B11,
Sanquin, Amsterdam, The Netherlands), anti-CD38 (HB-7, BD Biosciences), anti-CD55
(clone 67, Serotech, Oxford, UK), anti-CD68 (EMB11; Dako), and anti-CD163 (5C6
FAT, Bachem Peninsula Laboratories, San Carlos, CA, USA) to analyze the cell infiltrate.
Antibodies against myeloid-related protein (MRP)8 (8-5C2, BMA Biomedicals, Augst,
Switzerland) and MRP14 (S36.48, BMA Biomedicals) were used to detect infiltrating
monocytes/macrophages in an early stage of differentiation.
For immunohistochemical analysis of cytokine expression, IL-1β (2D8;
Immunokontact, Stockholm, Sweden), and IL-6 (B-E8, Invitrogen, Breda, The
Netherlands) were stained. Furthermore, von Willebrand’s factor (vWF; F8/86;
Dako) was used as a marker to detect blood vessels. Additionally, the expression of
metalloproteinase (MMP)-3 (MAB1339, Bio-Connect, Huissen, the Netherlands) and
MMP-13 (VIIIA2, Oncogene, Cambridge, MA, USA) was determined.
Sections with non-assessable tissue, defined by the absence of an intimal lining
layer, were excluded from analysis. Staining for cellular markers was performed
using a three-step immunoperoxidase method as previously described 28. For the
determination of cytokine expression, biotinylated tyramine (BT) was used for
amplification after incubation with the secondary antibody, and incubation with
streptavidin- horseradish peroxidase (HRP) conjugate was followed by detection with
aminoethylcarbazole (AEC), as previously described 29;30. For control sections, the
primary antibodies were omitted or irrelevant antibodies were applied.
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Digital image analysis
After immunohistochemical staining, all sections were coded and randomly analyzed
by computer-assisted digital image analysis (DIA). For all markers, 18 high-power fields
were analyzed. CD68 and CD163 expression (macrophage markers) were analyzed
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separately in the intimal lining layer and the synovial sublining. The images of the
high-power fields were analyzed using the Qwin analysis system (Leica, Cambridge,
UK), as described previously in detail 31;32.

Statistical analysis
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SPSS 12.0.1 for Windows (SPSS, Chicago, IL, USA) was used for statistical analysis.
Baseline characteristics between the two groups were compared using a Student’s
t-test for normal distributed data and a Mann-Whitney U test for variables with
a very skewed distribution. Correlations of changes in clinical parameters and
immunohistochemical markers were analyzed with Spearman rank correlation.
Additionally, each of the endpoints was analyzed using an analysis of covariance
model (ANCOVA) after rank transformation to correct for baseline differences 33. The
model included terms for treatment as a fixed effect and the baseline measurement
as a covariate. The aim was to assess the treatment difference.

Results
Demographic features
A total of 24 patients (15 males, 9 females) were included in the trial, 12 patients
were randomized to receive adalimumab and 12 placebo treatment. The mean age
was 42.8 (range 21-61) years for the patients in the adalimumab group and 47.2
(25-78) years in the placebo group (Table 1). The mean PsA disease duration was
comparable in both groups. Concomitant methotrexate was used by 7 patients in the
adalimumab group and 5 patients in the placebo group in a comparable dose (mean
18.2 mg/week and 19.0 mg/week, respectively). None of the patients had used TNF
inhibitors in the past. Most patients (n=16) had polyarticular involvement according
to the Moll and Wright classification 34, a minority had an oligoarticular phenotype
(n=7) or predominantly distal interphalangeal involvement (n=1). Two of the patients
with polyarticular disease also had axial involvement. The PsA phenotypes were
not equally distributed among the two groups, with the placebo group harboring
more polyarticular patients than the adalimumab group (10 versus 6). Despite this
difference, the patient groups were comparable with regard to disease activity
markers, such as CRP and DAS28.
All patients received the two injections with study medication according to the
protocol. Overall study medication was well tolerated. No infections other than
common cold were reported in the 4 weeks study period. One patient in the placebo
group complained of more pain in her ankle after the first arthroscopy, but could
undergo the second arthroscopy.

Table 1. Demographic and clinical features of the 24 patients with psoriatic arthritis (PsA) enrolled
in the study
Placebo
(n=12)

age, years

42.8 (21-61)

47.2 (25-78)

no. men/women

9/3

6/6

no. (%) currently receiving MTX

7 (58)

5 (42)

dose MTX, mg/week

18.2 (10-25)

19.0 (15-25)

PsA disease duration, years

5.5 (0.4-14.1)

8.4 (1.9-18.2)

no. (%) RF positive

2 (17)

1 (8)

no. (%) anti-CCP positive

1 (8)

0

no. (%) erosive

7 (58)

5 (42)

ESR, mm/hour

24.2 (4-66)

22.4 (3-66)

CRP, mg/liter

19.9 (2.3-81.6)

9.9 (1.3-26.7)

DAS28 score

4.67 (3.0-5.78)

5.07 (2.21-6.83)

patient’s global assessment of disease activity
(VAS 0-100 mm)

73 (45-94)

62.8 (18-92)

patient’s assessment of pain (VAS 0-100 mm)

72.8 (55-91)

67.4 (11-89)

PASI

5.89 (0-14.0)

4.72 (0-7.0)

All values are mean (range) except where indicated otherwise. MTX, methotrexate; RF, rheumatoid
factor; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; DAS28, disease activity score in
28 joints; VAS, visual analog scale; PASI, Psoriasis Area and Severity Index.

Clinical response
As anticipated, a markedly positive effect of adalimumab treatment was seen on
the DAS28 23, which was 1.92 units lower compared with placebo after 4 weeks of
treatment (95% confidence interval (CI) 1.07 - 2.77, p < 0.001) (Figure 1). The mean
(SD) DAS28 decreased from 4.67 (0.98) to 2.87 (1.27) one month after initiation of
adalimumab therapy. This improvement was not seen in the placebo group, where the
mean DAS28 was 5.07 (1.29) before versus 5.20 (1.31) after treatment. After 4 weeks
of treatment, 11 of the adalimumab patients fulfilled the European League Against
Rheumatism (EULAR) criteria for clinical response 23;35 (6 patients were good and 5
were moderate responders), versus 0 in the placebo group. Clinical improvement was
sustained at week 12, when all 12 adalimumab treated patients fulfilled the EULAR
criteria for clinical response (7 good and 5 moderate responders). Based on the 68
tender joint count and 66 swollen joint count an ACR20 response for improvement 24
was observed in 5 patients after 4 weeks of adalimumab treatment (of which 4 also
fulfilled the ACR50 response criteria), but in none of the placebo treated patients.
After 12 weeks of adalimumab treatment 10 patients fulfilled ACR20 criteria, of
which 7 also met the ACR50 response criteria.
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Figure 1 Effect of treatment with either adalimumab or placebo on the individual 28-joint Disease
Activity Score (DAS28). A marked reduction is seen after adalimumab treatment for 4 weeks.

The mean PASI score after 4 weeks of adalimumab treatment was 2.61 points
lower compared to placebo (95% CI -0.08 - 5.30, p = 0.056). The mean (SD) PASI
decreased from 5.89 (4.25) to 4.01(2.49) in the adalimumab group, whereas there
was a slight increase in the placebo group from 4.72 (2.55) to 5.45 (4.05).
At 4 weeks the ESR and CRP levels were respectively 58% (95% CI 30% to 86%,
p = 0.001) and 57% (95% CI 29% to 84%, p < 0.001) lower after adalimumab
treatment than after placebo treatment. The mean (SD) ESR was reduced from 24.2
(21.7) mm/h to 8.1 (7.5) mm/h after adalimumab treatment, and the mean (SD) CRP
from 19.9 (25.7) mg/L to 2.1 (1.4) mg/L, whereas after placebo treatment there was
no clear cut change: ESR from 22.4 (18.7) to 19.6 (11.9) mm/h and CRP from 9.9
(9.1) to 9.2 (10.0) mg/L, respectively.

Immunohistochemical analysis
Paired pretreatment and post-treatment synovial samples from 19 patients were
available for analysis. The pretreatment ST biopsies of 3 patients did not contain an
intimal lining layer, and therefore did not pass the quality control tests. Due to an
unfortunate freezer accident ST biopsies of 2 other patients were lost. The remaining
19 paired ST samples were analyzed, 10 were in the adalimumab group and 9 in the
placebo group. The results of this analysis are shown in Table 2.
Despite randomization, there were clear differences at baseline for several
synovial markers between adalimumab and placebo groups, as shown in Table 2
(adalimumab and placebo before). Most of these baseline differences were not

86

47107 (25755)
272189 (74412)

1423 (262)

1243 (208)

426 (203)

1081 (155)

533 (36)

1130 (265)

177 (103)

35 (13)

306 (167)

15 (11)

660 (218)

137853 (42944)

515740 ( 200575)

169164 (181653)

1483 (1550)

3976 (1380)

247021 (101010)

25822 (15822)

CD68SL

CD163 total

CD163L

CD163SL

CD3

CD4

CD8

CD15

CD22

CD38

CD55

VWF

IL-1β

IL-6

MRP8

MRP14

MMP-3

MMP-13

14673 (10350)

17680 (1913)

1837 (1360)

396 (139)

38671 (12175)

620179 (485911)

87300 (8092)

681 (30)

4 (1)

44 (7)

13 (1)

27 (7)

184 (21)

144 (66)

468 (206)

68 (8)

480 (178)

753 (628)

177 (140)

before
835 (516)
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0.82
0.64
0.033*

138 (529)
-9002 (5469)

0.83

1 (1)

0.11

0.89

20 (27)

489 (247)

0.42

12 (28)

-23 (233)

0.12

-4 (7)

0.18

0.084

-148 (589)

0.31

0.035*

-36 (33)

-66403 (125364)

0.85

256 (389)

31219 (134893)

0.15

39 (46)

0.60

0.67

286 (409)

0.37

0.23

-184 (99)

-38191 (76306)

0.35

-419 (249)

230 (288)

p value
0.31

ANCOVA

reduction
-534 (567)

Placebo

CD68+ macrophages (total), CD68+ macrophages in the intimal lining layer (L) and in the synovial sublining (SL), CD163+ cells (subset of macrophages) (total), CD163+
cells in L and SL, CD3+ T cells, CD4+ and CD8+ T cells, CD15+ neutrophils, CD22 + B cells, CD38+ plasma cells, and CD55+ fibroblast-like synoviocytes are provided as
cells/mm2. Expression of von Willebrand Factor (vWF), IL-1β, IL-6, myeloid related protein (MRP)-8, MRP-14, matrix metalloproteinase (MMP)-3, MMP13, are provided
as median (SE of the median) integrated optical density (IOD)/mm2. Differences before treatment between the groups were statistically significant for CD163+ cells
(total, L and SL), CD8+ cells, and MMP-3 expression, which were higher in the adalimumab group. After ANCOVA was applied to correct for baseline imbalances, the
effect of treatment after 4 weeks was significant only for the reduction in the number of CD3-positive cells (P=0.035) and MMP-13 expression (=0.033)*.

9188 (8653)

138679 (99428)

2814 (2339)

1313 (1644)

39063 (49052)

85 (145)

4 (1)

210 (145)

22 (8)

103 (72)

386 (278)

212 (230)

674 (265)

167 (72)

765 (309)

147 (59)

236 (61)

378 (28)

CD68L

reduction
435 (197)

before
1927 (133)

CD68 total

Adalimumab

Table 2. Median values (standard error (SE) of the median) for the synovial biomarkers before treatment and median reduction (SE of the median) after 4
weeks of treatment in each group and p value of the ranked analysis of covariance (ANCOVA) applied
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statistically significant except for the number of CD8-positive cells, CD163-positive
cells, and MMP-3 expression, which were significantly higher in the adalimumab
group. A marked reduction was observed in most cell types after active treatment. The
effect after adalimumab was significant for CD3-positive T cells: there was a median
decrease of 248 cells/mm2 after adalimumab compared to placebo treatment. There
was clear interindividual variability, which is a well known phenomenon in patients
with various arthritides including PsA 4;36. However, on the group level there was a
marked decrease in CD3-positive T cells (standard error (SE) of the median: 212 (230)
cells/mm2) in the adalimumab group (Figure 2), whereas in the placebo group there
was an increase (36 (33) cells/mm2). A similar effect was observed for the two T cell
subpopulations: there was a trend towards a reduction of CD4-positive cells (386
(278) cells/mm2) after adalimumab compared to an increase (148 (589) cells/mm2)
after placebo treatment; and a reduction of CD8-positive cells (103 (72) cells/mm2)
after adalimumab versus a small increase (4 (7) cells/mm2) after placebo treatment.
Following adalimumab treatment there also was a decrease in the number of
CD163-positive cells (resident macrophages), and CD68-positive macrophages,
especially in the synovial sublining, but these changes did not reach statistical
significance, possibly due to the relatively small number of patients. Similar changes
were observed for MRP-8 and MRP-14-positive macrophages (infiltrating monocytes/
macrophages in an early stage of differentiation). There were also trends towards

Figure 2 Representative photograph showing CD3+ T cells (red-brown) in psoriatic arthritis synovial
tissue before and after treatment with adalimumab (upper panel left and right) or placebo (lower
panel left and right). Magnification x 200. A marked reduction of the number of CD3+ T cells was
observed after 4 weeks of adalimumab treatment.
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decreased infiltration by CD22-positive B cells, CD38-positive plasma cells, and CD15positive neutrophils after active treatment.
There was a trend towards reduction in the expression of the vascular marker vWF,
and the pro-inflammatory cytokines IL-1 and IL-6 after treatment with adalimumab
as compared to placebo, but the differences were not statistically significant. There
was considerable reduction of expression of MMP-3 and MMP-13 in the adalimumab
group as compared to placebo. The expression of MMP-13 was decreased with
9,188 (8,653) IOD/mm2 (median (SE) of the median) after adalimumab treatment as
compared to an increase of 9,002 (5,469) IOD/mm2 after placebo. When ANCOVA
was applied to correct for the imbalances at baseline, it turned out that the baseline
measurement had the strongest effect on change in any parameter tested, but for
reduction in the number of CD3-positive cells and MMP-13 expression the effect of
treatment remained significant (p = 0.035 for CD3 positive cells, and p = 0.033 for
expression of MMP-13).

For the cellular markers clinical improvement was strongly correlated with a decrease
in CD3-positive T cells (Spearman rho = 0.644, p = 0.003), CD4-positive cells (rho =
0.649, p = 0.003), and MRP8-positive macrophages (rho = 0.561, p = 0.012) (Figure
3), but there was no statistically significant correlation with changes in other cell
types. There was also a strong correlation between clinical improvement and the
reduction of MMP-13 (rho = 0.619, p = 0.005) (Figure 3) and MMP-3 (rho = 0.560,
p = 0.013).

Discussion
This placebo-controlled study with adalimumab was conducted to address the
question which features in PsA ST samples could be used as a biomarker for clinical
efficacy on the group level in relatively small studies of short duration. The results
presented here show that clinically effective adalimumab therapy is particularly
associated with a marked reduction in CD3-positive T cell infiltration and expression
of MMP-13 in the ST of PsA patients 4 weeks after initiation of treatment.
Previous work on synovial biomarkers in PsA patients has been mainly limited to
open studies, mostly of longer duration. Open label treatment of 10 PsA patients
with methotrexate resulted in a decrease in T cells and macrophages as well as
reduced expression of IL-8, E-selectin, intercellular adhesion molecule-1 (ICAM1), and MMP-3 after 6 to 12 months of treatment 14. In another study 52 patients
with peripheral arthritis due to spondyloarthritis were included; 16 of these had
PsA 15. The patients underwent synovial biopsy at baseline and 12 weeks following
different treatment regimens (infliximab, etanercept, sulfasalazine or no DMARD).
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Correlation between clinical improvement and changes in synovial
biomarkers
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Figure 3 Scatter plots showing individual data points for the correlation between change in 28-joint
Disease Activity Score (DDAS28, a positive value represents clinical improvement) on the Y-axis and
change in biomarker (a positive value represents a reduction of the expression) on the X-axis after 4
weeks for: CD3-positive cells (rho = 0.644, p = 0.003), CD4-positive cells (rho = 0.649, p = 0.003),
expression of MRP8 (rho = 561, p = 0.012) and MMP-13 (rho = 619, p = 0.005).

Clinical improvement correlated with a decrease in CD163-positive macrophages,
polymorphonuclear cells (PMNs), and MMP-3 expression. A study on the effects of
TNF blockade showed in 11 PsA patients, who were treated with infliximab (3 mg/
kg) combined with stable methotrexate treatment, a significant reduction of ICAM-1,
vWF and avb3 expression 17. There was also a trend towards a reduction of both T cells
and macrophages. Similarly, another study demonstrated a decrease in macrophage
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numbers and vascular markers in the synovium of nine PsA patients 8 weeks after
initiation of infliximab (5 mg/kg) treatment 18. A study on the effects of alefacept
revealed a significant decrease in T cell numbers after 4 weeks of treatment, and a
significant reduction of both T cells and macrophages after 12 weeks of treatment
in 11 PsA patients 6. Finally, experimental treatment with IL-10 subcutaneously for 4
weeks resulted in decreased T cell and macrophage infiltration in the synovium 37.
The present study was designed to determine which synovial biomarkers are
associated on the group level with active treatment, identical to the approach that
we have previously described in RA patients 8. In RA macrophage numbers were
previously identified as synovial biomarkers associated with active treatment. These
results have been confirmed and validated in various studies 9;10;38. Of interest,
although we did observe clear trends towards decreased numbers of macrophages
and macrophage subsets after active treatment, analysis of covariance indicates that
in PsA especially the number of CD3 positive T cells and the expression of MMP-13
could be used to screen for potentially active drugs in small proof of concept studies
of short duration. The results presented here underscore the important role of T cells
in the pathogenesis of PsA 39, consistent with the observation that specific targeting
of T cells may result in clinical benefit in this disease 6;40.
A potential drawback of this study, although randomized, is the fact that there
were baseline differences – in both clinical and synovial variables – between the
adalimumab and placebo group despite randomisation, which is probably related
to the relatively small number of patients. The ANCOVA model, however, includes
the baseline value for each marker as a covariate, thereby correcting for these
baseline imbalances 41. Using this model to describe the relationship between clinical
improvement and changes in ST, the effect of treatment was sustained for a reduction
of T cells and MMP-13 expression. Another potential limitation of this exploratory
study is related to the high number of synovial parameters tested, and the chance of
erroneously reporting statistical significance in the context of multiple comparisons.
The limited power of our study did not allow a conservative Bonferroni correction.
Of importance, very recently other investigators have independently confirmed the
specific decrease in CD3+ T cells in the synovium after initiation of TNF blockade in
patients with PsA 42. Thus, it appears unlikely that the identification of CD3+ T cells
as a key synovial biomarker associated with active treatment can merely be explained
by chance.
The reduction of synovial inflammation associated with clinical improvement of
the joint and skin after adalimumab treatment is also consistent with previous reports
showing a decrease in leukocyte numbers (including T cells and macrophages), as well
as reduced vascularity and expression of pro-inflammatory cytokines and MMPs in the
synovium of PsA patients after infliximab treatment 15-18. The cellular changes might
be explained in part by changes in cell migration due to reduced neoangiogenesis and
reduced expression of adhesion molecules and chemokines, as suggested previously
14;16;17;43
.
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Analysis of molecular markers in synovial tissue is increasingly used in clinical
trials on targeted therapies. With this approach, tissue specificity is not a problem
and examination of serial biopsy samples can be used to monitor the response
in individual patients and screen for interesting biological effects at the site of
inflammation. This study clearly shows that changes in T cell numbers and the
expression of MMP-13 in the synovium of PsA patients may be used as biomarkers
to screen for effective therapies during early drug development. It can be anticipated
that future developments will include the use of more extensive markers of synovial
inflammation and joint degradation as well as the use of panels of biomarkers in
serum and synovial tissue samples.
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Several reports have indicated that the chemokine receptor CCR5 and its ligands,
especially CCL5 (formerly known as RANTES), may play a role in the pathogenesis
of psoriasis. The purpose of this investigation was to examine the expression of
CCR5 and its ligands in chronic plaque psoriasis and to evaluate the clinical and
immunohistochemical effect of a CCR5 receptor inhibitor. Immunohistochemical
analysis showed low but significant increased total numbers of CCR5 positive cells in
epidermis and dermis of lesional skin in comparison to non-lesional skin. However,
relative expression of CCR5 proportional to the cells observed revealed that the
difference between lesional and non-lesional skin was only statistically significant
in the epidermis for CD3 positive cells and in the dermis for CD68 positive cells.
Quantification of mRNA by reverse transcriptase-polymerase chain reaction (RT-PCR)
only showed an increased expression of CCL5 (RANTES) in lesional skin.
A randomized placebo-controlled clinical trial in 32 psoriasis patients revealed no
significant clinical effect and no changes at the immunohistochemical level comparing
patients treated with placebo or a CCR5 inhibitor SCH351125. We conclude that
although CCR5 expression is increased in psoriatic lesions, this receptor does not play
a crucial role in the pathogenesis of psoriasis.

Introduction
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Psoriasis is a chronic skin disease affecting approximately 2% to 3% of the population
worldwide. Despite its common occurrence, the exact pathogenesis of psoriasis
remains unclear and adaptations to the pathogenesis of this inflammatory disease are
continuing 1-6. Although the specific effector cells responsible for the inflammatory
process in psoriasis are not known, reported beneficial effects of specific T cell
targeted therapies, such as cyclosporine A, DAB389IL-2 and alefacept support a
central role for T cells in the pathogenesis of psoriasis 7-13. Further investigation on
the immunophenotype and cytokine secretion patterns of T cells have indicated that
specifically Th1-cells are involved in psoriasis 14-16.
In the many aspects encompassing T-cell homeostasis, the trafficking of T cells
from blood to tissues is thought to be relevant in chronic inflammatory diseases such
as psoriasis. Key factors in this migration are chemoattractant cytokine molecules
known as chemokines and their receptors17-23. The predominant chemokine
receptors expressed on Th1-cells are CCR5 and CXCR3 24-30. Besides its preferential
expression on Th1 cells, CCR5 is also expressed on monocytes, macrophages, natural
killer and dendritic cells: all thought to be significant elements in the pathogenesis
of psoriasis 31-41.
The ligands of CCR5 (CCL3, CCL4 and CCL5 (formerly known as MIP1a, MIP1b
and RANTES, respectively)) are highly expressed by keratinocytes in psoriatic tissue
42-45
. Furthermore, it has been demonstrated that the proinflammatory cytokines IFN-γ
and TNF-α can induce the expression of these chemokines 43;44 and that treatment of
psoriasis resulted in a significant decrease of CCL5, as well as a reduction of CCR5+
T cells in the skin 44;46;47.
Several animal models resembling psoriasis have been developed, yet, none of
these models imitates psoriasis completely, hence limiting their utility 48. Investigations
by Mack et al. showed a different expression pattern of CCR5 in mice and humans
40
. Additionally, different expression of a single amino acid in the CCR5 molecule
between rhesus macaques and humans resulted in a different response to inhibitors
of the receptor in the species 49. Therefore, research on the expression of CCR5 in
psoriasis, as well as clinical efficacy of a CCR5 inhibitor, is limited to humans. So far,
the data available on the expression of CCR5 in psoriatic skin in humans are not
univocal (varying from high to minimal) and was obtained with divergent methods in
investigations in which CCR5 was never the main focus 41;46;47;50;51.
The primary purpose of this study was to determine the expression of CCR5
in its ligands in chronic plaque psoriasis in situ compared to non-lesional skin,
through analysis by immunohistochemistry and quantitative reverse transcriptasepolymerase chain reaction (RT-PCR). In order to examine the possibility that CCR5
plays a functional role in the pathogenesis of psoriasis, we also analysed clinical and
immunohistochemical data obtained from lesional and non-lesional skin biopsies of
psoriasis patients before and after treatment with a CCR5 inhibitor.
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Material and methods
Study design and patients
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Lesional and non-lesional skin biopsies were obtained from 9 patients with moderate
to severe chronic plaque psoriasis, defined by a Psoriasis Area Severity Index (PASI) ≥ 8.
These skin biopsies were analysed by manual quantification of immunohistochemical
double-staining and quantitative RT-PCR. In order to get insight in the possibility of
a functional role of CCR5 in the pathogenesis of psoriasis, 34 patients, including
the previous 9 patients, participated in an 8 week, randomized, placebo-controlled,
parallel group, multi-centre, double-blind clinical trial in which patients received either
50 mg twice daily of the CCR5 inhibitor SCH351125 (23 patients) or matched placebo
(11 patients) orally for 28 days, followed by a follow-up period of 4 weeks. During
the follow-up period patients were only allowed to use emollients as treatment and
on day 56 vital signs, PASI and blood were assessed. Patients were included at the
dermatology outpatient departments of four academic hospitals from April 2004 until
December 2004. At baseline and the last day of treatment (day 28), lesional biopsies
were taken to evaluate the immunohistochemical effect of the CCR5 inhibitor. For
this immunohistochemical evaluation, single- stained sections were analysed with
digital image analysis, semi-quantitative analysis (SQA) and confocal scanning
microscopy, and double-stained sections on baseline and day 28 were analysed by
manual quantification. To evaluate the clinical effect of the CCR5 inhibitor the PASI
was assessed at baseline, day 28 and day 56.
In all patients, psoriasis was diagnosed at least 12 months prior to enrolment and
patients were not allowed to use systemic psoriasis treatment or phototherapy within
4 weeks of study entry. Only emollients were allowed as topical treatment. All other
topical anti-psoriasis therapy (e.g. corticosteroids, vitamin D derivates, etc) had to
be stopped 2 weeks before study entry. The protocol was reviewed and approved by
the medical ethical committees of all participating centres and all patients gave their
written informed consent before enrolment. The study was conducted according to
the Declaration of Helsinki principles and is registered at the ISRCT register (http://
www.controlled-trials.com/ISCRT14986467).

Biopsies
Four-millimeter biopsies were taken from the inside border of a target psoriatic plaque,
preferentially from a non-sun-exposed area. Lesional biopsies from each patient were
obtained from the same target lesion, separated by at least 1 cm. The biopsy samples
were randomly coded, snap-frozen in Tissue-Tek OCT compound (Sakura Finetek
Europe, Zoeterwoude, The Netherlands) by immersion in liquid nitrogen and stored
at -80˚C until processing. Five-micrometer cryostat sections were cut and mounted on
glass slides (Star Frost adhesive slides, Knittelgläser, Braunschweig, Germany), before
being stored at -80˚C until immunohistochemical staining. For each staining three
sections of each biopsy were analysed to minimize random variation.
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Immunohistochemistry
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After fixation of the slides, the endogenous peroxide activity was inhibited with
0.1% sodium azide and 0.3% hydrogen peroxide in Tris-buffered saline (TBS), before
incubating for 15 min with 10% normal goat serum in TBS. Next, the sections were
incubated for 1 hour at room temperature (overnight at 4oC in the case of CCR5)
with the primary antibody in 1% bovine serum albumin (BSA; Sigma-Chemical Co,
St. Louis, MO, USA) in TBS. The following mouse anti-human monoclonal antibodies
were used: FITC-conjugated anti-CD3 (BD Pharmingen, San Jose, CA, USA), FITCconjugated-anti CD68 (clone EBM11; Dako), anti-human neutrophil elastase (Dako,
Glostrup, Denmark), anti-cytokeratin 8.12 (keratin 16; Sigma, Saint Louis, MO, USA),
anti-CD161 (NK-T cells; BD Pharmingen) and anti-CCR5 (CD195; BD Pharmingen).
After rinsing with TBS, sections were further incubated with biotin-conjugated goat
anti-mouse antibody (Dako) or, in case of CD3 and CD68 staining, with rabbit antiFITC (Dako) in 10% normal human serum (NHS) in TBS for 30 minutes. Following
a wash step with TBS, sections were subsequently incubated with horseradish
peroxidase (HPR)-conjugated streptavidin (Dako) or, in case of CD3 staining, with
HRP-conjugated goat anti-rabbit antibody (Dako), in 1% BSA in TBS for 30 minutes.
In case of CCR5 staining an amplification step was performed with the TSA biotin
system (Perkin Elmer, Boston, MA, USA). Sections were counterstained with Mayer’s
haematoxylin (Merck, Darmstadt, Germany) and mounted in Kaiser’s glycerol gelatine
(Merck). Skin sections were double stained with anti-CCR5 together with anti-CD3 or
macrophage marker anti-CD68. The double stained sections were manually counted
by two independent observers blinded for order, patient and clinical data. Using a
0.5x0.5 mm ocular grid and at 200x magnification, single red (CCR5+), single blue
(CD3+ or CD68+), and purple double-positive cells were counted in the entire section.
The epidermal and dermal regions were separately counted. The results are expressed
as the number of double-positive cells/mm2.

RNA analysis
RNA was extracted from frozen skin biopsies using the RNeasy mini kit (Qiagen). RNA
quantity was assessed by OD at 260 nm and RNA quality was analyzed by measuring
the ratio of 28s and 18s rRNA using the Agilent 2100 bioanalyzer.

Quantitative PCR
Taqman primers and probes were designed with Primer Express software (ABI), and
purchased from ABI. The sequences of the human primers and probes are available
upon request. For the human skin tissue, quantitative PCR was carried out with an ABI
Prism 7900HT Sequence Detection System (Applied Biosystems, Foster City, CA, USA).
The PCR reactions were prepared using the components from the Invitrogen Platinum
Quantitative RT-PCR One-Step kit and assembled according to the manufacturer’s
instructions (Invitrogen, Carlsbad, CA, USA). The final concentrations of the primers
and probe in the PCR reactions were 200 and 100 nM, respectively. The RT-PCR
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reactions for each gene were performed in a single 384-well plate. Separate plates
of the same RNAs were used to quantitate 18S RNA as an internal control for RNA
quality, and a primer/probe set for the CD4 promotor was used to check the RNAs for
genomic contamination. The PCR data was quantitated based on a standard curve
generated using fourfold serial dilutions of the target genes. The fourfold dilutions
began at 0.25 ng, and eight dilutions were used to generate the standard curve. This
procedure provides an absolute quantitation of the amount of CCR5 mRNA in a given
tissue. Data were analyzed using Sequence Detection Systems software version 1.7
(Applied Biosystems, Foster City, CA, USA).

Digital image analysis
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Single stained sections were randomly coded and analyzed by computer-assisted
image analysis as described previously in detail 52. In short, images were acquired and
analyzed using Syndia algorithm on a Qwin based analysis system (Leica, Cambridge,
UK). Twenty high power fields per section were analyzed. Positive staining of cellular
markers was expressed as positive cells/mm2.

Semi-quantitative analysis (SQA)
For keratinocyte expression of K16 keratin, a semi-quantitative score was done by two
independent observers, blinded for order, patient and clinical data, with a standard
binocular light microscope (Olympus) at 200x magnification. The semi-quantitative
score ranged from 0 to 4+. A score of 0 represented no expression, while a score of
4 represented abundant expression in all layers of the epidermis.

Confocal scanning microscope
Cryosections of 5mm on silanized slides were fixed with acetone and dried at room
temperature, and stored at -800C. Sections were incubated in PBS-3% BSA for 30
minutes and washed with PBS before all steps. Next, monoclonal anti-human CCR-5
antibody (R&D Systems, MAB183, clone 45549.11), Texas red immunoglobulins
diluted in PBS-3% BSA (1:100) was applied, followed by application of the
primary monoclonal specific antibodies CD3 (clone SK7; BD Biosciences), CD4
(clone SK3; BD Biosciences), CD8 (clone DK25, DakoCytomation) or CD68 (clone
KP1, DakoCytomation). Next, FITC-conjugated affinipure rabbit anti-mouse IgG
(Jackson, A=492, E=520) diluted in PSB-3% BSA (1:200) was applied and sections
were mounted in fluorescent mounting medium (DakoCytomation). Of each double
stained slide three pictures were taken with an image definition of 1024/1024 pixels
at a magnification of x 25.

Sample size calculation
The randomized placebo controlled clinical trial was targeted to randomize a total
of 30 subjects (20 on active treatment and 10 on placebo). With this sample size,
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the trials would be able to detect a difference of 38% in the response rate from the
placebo group assuming a 0% response rate in the placebo group with 80% power
at an alpha level of 0.05 (two-sided test).

Randomization
Randomization was stratified by sites. Each site was assigned a fixed number of
subjects numbers; e.g. site 1 would get numbers 1 to 9 and so on. Once the physician
of the study site would enroll a subject, the subject would be assigned the next
available subject number assigned to the site, starting with the bottom of the list;
e.g. the first subject enrolled in site 1 would get number 1, the second subject would
get number 2, and so on. Treatments would be assigned in a active to placebo ratio
of 2:1 according to a computer generated randomization schedule. No stratification
based on age, sex or other characteristics was performed. Throughout the study
both patient and treating physician were blinded to the group assignment

We used SPSS 12.0.1 for Windows (SPSS, Chicago, IL, USA) for the statistical analysis
of clinical data. The Mann-Whitney test was used to compare lesional and nonlesional skin at baseline and to compare skin biopsies before and after treatment. All
statistical tests were two-sided: P values less than 0.05 were considered significant.
The results are expressed as median ± standard error of the mean. To evaluate the
clinical effect of treatment with a CCR5 inhibitor, an intention to treat analysis was
performed. Quantitative PCR data analysis was performed by two-sided t-test as
implemented by Graphpad Prizm (version 4.0 Graphpad Software, San Diego, CA,
USA). A P value less than 0.05 was considered significant.
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Statistical analysis

Results
Comparison of CCR5 expression in lesional versus non-lesional psoriatic skin
The expression of CCR5 in T cells (CD3) and macrophages (CD68) in lesional and
non-lesional skin of nine psoriasis patients was compared at baseline. We observed
a clear expression of CCR5 which was primarily present in the dermis. In absolute
numbers approximately half of the T cells and half of the macrophages co-expressed
CCR5 (Figure 1). The CD3+CCR5+ and CD68+CCR5+ double positive cells showed a
low but statistically significant increased expression of CCR5 in epidermis and dermis
of lesional skin in comparison to non-lesional skin, as shown in Figure 1. Focussing on
the expression of CCR5 as the percentage of all T cells or macrophages present in the
sections, the difference between lesional and non-lesional skin was only statistically
significant in the epidermis for CD3+ cells (p< 0,05) and in the dermis for CD68+ cells
(p< 0,001).
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Fig. 1 Immunohistochemical analysis of CCR5 in lesional versus non-lesional skin. Data are shown as
mean ± SD; ns, non-significant, * P< 0.05, ** P< 0.01, *** P< 0.001.

Quantitative RT-PCR analysis indicated no increased expression of mRNA for CCR5
and CCR5-ligand CCL4 (MIP-1b) in lesional skin (Figure 2), only the expression of
CCR5-ligand CCL5 (RANTES) and IL-8 was significantly increased in lesional skin
(p<0,0001 and p<0,05). The well-known enhanced expression of IL-8 in psoriatic skin
was included as positive control.
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Lack of clinical efficacy of SCH351125, a CCR5 inhibitor
In total 34 patients were randomized, as shown in Figure 3. The demographical data
of the patients are shown in Table 1. With regards to co-morbidities, one patient had
hypercholesterolemia and one had obesity in the placebo group. In the SCH351125
group one patient also had obesity and two had a history of hypertension. After
treatment with the CCR5 inhibitor there was no change in mean PASI in the
SCH351125 group (n=23) (15.5± 3.8 at baseline, 15.4 ± 7.4 at day 28 (Figure 4A)).
Three of the patients treated with SCH351125 (13%) attained an improvement of
50% or more compared to baseline (PASI 50 responders), showing improvements of
67%, 77% and 69%. In the placebo group (n=9) the mean PASI slightly decreased
(14.2 ± 4.7 at baseline, 12.9 ± 3.7 at day 28). None of the patients treated with
placebo showed an improvement of more than 50%. All changes observed were not
statistically significant. In the follow-up period no changes in mean PASI were seen in
either treatment groups.
In the treatment group four patients discontinued. One patient developed an
erythrodermic eruption after 4 days of treatment, which was considered by the site
physician as an serious adverse event (SAE). Two patients discontinued due to adverse
events (AEs): one developed shingles in the n.trigeminus area of the right side of his
face after 8 days of treatment and one patient discontinued due to hair loss after 21
days of treatment. One patient discontinued due to non-compliance. In the placebo
group two patients discontinued due to AEs: both exacerbation of their psoriasis
after two weeks of treatment.

CCR5 in psoriasis

Fig. 2 mRNA analysis of CCR5 in lesional psoriatic skin in comparison with non-lesional skin. IL-8 is
used as a control marker. * P<0.0001, ** P<0.05.
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Screening

34 patients assessed for eligibility

No patients excluded

Enrollment

Randomization 2:1

Allocation

23 patients allocated to and
received SCH351125

Follow-up

11 patients allocated to
placebo

No patients lost to follow-up.
4 patients discontinued:
1 SAE
2 AE’s
1 non-compliance
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Analysis

No patients lost to follow-up.
2 patienst discontinued:
2 AE’s

23 patients analyzed

11 patients analyzed

Fig. 3 Flow
chart
of randomized,
placeboplacebo
controlled
clinicalclinical
trial. SCH351125,
CCR5 ligand inhibitor;
Figure
3 Flow
chart of randomized,
controlled
trial.
SAE, serious
adverseCCR5
event;
AE, adverse
SCH351125,
ligand
inhibitor;event.
SAE, serious adverse event; AE, adverse event.

Table 1. Demographical data patients
Randomized clinical trial
placebo

SCH351125

Number

11

23

Male:female

7:4

18:5

Age (years)

41.8 (10.2)

49.4 (14.3)

Duration of skin disease (years) 1

20.6 (9.8)

19.8 (11.6)

Baseline PASI

14.9 (4.7)

15.7 (4.3)

1

1

SCH351125, CCR5 ligand inhibitor; PASI, Psoriasis Area and
Severity Index; BSA, Body Surface Area; 1mean (±SD).

Fig. 4 Clinical and immunohistochemical respons after treatment with a CCR5 receptor inhibitor. In
a randomized placebo controlled clinical trial 34 psoriasis patients were randomized for treatment
with a CCR5 receptor inhibitor (SCH351125) or placebo for 28 days. Clinical efficacy was measured
by Psoriasis Area and Severity Index (PASI) (a). Lesional skin biopsies were taken from all patients at
baseline and day 28 to evaluate immunohistochemical effect. Immunohistochemical single staining
of CCR5 of a patient treated with SCH351125 at baseline (b) and day 28 (c). Immunohistochemical
markers in relation to clinical response (d). PASI 50 non-responder, improvement of PASI of less than
fifty percent; PASI 50 responder, improvement of PASI of fifty or more percent; data are shown as
mean ± SD; ns, non-significant; 1P=0.05.
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CCR5 expression before and after treatment with SCH351125
Immunohistochemical analysis of lesional tissue samples from the SCH351125 group
and the placebo group revealed no statistically different expression of CCR5 between
baseline and day 28 in both treatment groups, as illustrated by Figure 4B and C.
When focusing on the markers CD3, CD68, CD161, elastase and K16 in relation to
the clinical response, no statistically significant difference after 28 days of treatment
with either SCH351125 or placebo was found (Figure 4D), except for elastase and
dermal CCR5+CD3+ cells, which were statistically significantly lowered in the three
PASI 50 responders treated with SCH351125. Additional data obtained by confocal
scanning microscopy corresponded with the digital image and semi-quantitative
analysis (data not shown).
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Discussion
The primary objective of this study was to explore the possibility of involvement of
CCR5 in the pathogenesis of chronic plaque psoriasis. Therefore we determined the
expression of CCR5 in situ at the protein and mRNA level by immunohistochemical
analysis and, quantitative RT-PCR respectively. The total number of single positive
(CCR5+) and double positive (CCR5+CD3+ and CCR5+CD68+) cells in lesional psoriatic
skin significantly outnumbered those in non-lesional skin. However, when expressed
as percentage of CD3 or CD68 cells, the difference between lesional versus nonlesional expression was less clear. With the latter approach we found that the
proportion of CCR5 expression was significantly higher in the epidermal CD3+ cells
and dermal CD68+ cells only, when comparing lesional skin to non-lesional skin.
Analysis of CCR5 mRNA expression demonstrated a slight, though not significant,
increased expression of CCR5 in lesional psoriatic skin, perhaps due to the small
numbers of patients. In line with earlier observations we found that the mRNA
expression for CCL5 42;44 and IL-8 53-57 was significantly higher expressed in the lesional
samples. However, in contrast to previous research 58 the expression of CCL4 was not
increased in lesional psoriatic skin.
In summary, our results do not provide a clear answer to our objective of
determining whether the percentage of CCR5 expressing cells is similar in lesional
and non-lesional skin, or if this percentage is increased in lesional skin.
To assess any possible functional participation of CCR5 in the development or
maintenance of psoriatic plaques we investigated the clinical response to treatment
with a CCR5 inhibitor as well as the effect of this drug on the inflamed skin in
situ. The randomized placebo-controlled clinical trial revealed no significant clinical
effect and changes at the immunohistochemical level between patients treated with
placebo or the CCR5 inhibitor. The specific type and dose of the CCR5 inhibitor used
in this clinical trial has proven its efficacy previously in vitro, in vivo and clinical studies
with other diseases in which CCR5 is known to play a pivotal or significant role 59-62.
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However, only 3 patients treated with the CCR5 inhibitor demonstrated a clinical
improvement of 50% or more. It cannot be excluded that this low and not statistically
significant number of patients is due to a spontaneous improvement, reflecting the
unpredictability of psoriasis. Surprisingly, the immunohistochemical markers analysed
in the skin biopsies of the so-called PASI 50 responders, did only partially correspond
with the clinical response. Of all immunohistochemical markers only elastase and
dermal CCR5+CD3+ showed a significant decline after 28 days of treatment. Notably,
the expression of CD3, a marker known to correspond well with the clinical severity
as measured by PASI, was increased after treatment with SCH351125 in two out of
the 3 responding patients (Fig. 4D). In addition, their baseline expression of CD3
was lower in comparison with the other patients while their PASI was similar. This
inconsistency could be due to the low number of patients or suggests an individual
difference in CD3 kinetics.
The increased expression of CCR5 observed by immunohistochemistry and the
increased mRNA expression of CCR5-ligand CCL5 in lesional psoriatic skin may
suggest an involvement of this receptor and ligand in psoriasis. However, our clinical
trial with an effective CCR5 inhibitor unequivocally demonstrated that this is not
the case. Previous research has shown increased expression of several chemokines
and chemokine receptors in psoriasis, 54;63-66 indicating that multiple receptors may
participate in regulating T cell recruitment to the inflamed skin. Furthermore, CCL5
is known to also bind with CCR1 and CCR3, whereas CCL4 is solely connected to
CCR5. Given this complexity of interactions between chemokines and chemokine
receptors, it is not unlikely that blocking a single chemokine receptor (i.e. CCR5)
would have been insufficient in diminishing the inflammatory process.
According to Homey, chemokine antagonistic approaches to impede with
the inflammatory process may perhaps be preventive rather than therapeutic 38.
Chemokines and their receptors play an essential role in the trafficking of T cells to all
kinds of tissue, including the skin. Yet, once leucocytes have entered the target organ
and underwent activation processes, impairment of recruitment of pathogenic T cells
is likely to be less effective in reducing the clinical symptoms. When combined with a
successful eradicative treatment of the T cells, chemokine antagonists could perhaps
be promising candidates for prevention of acute flares, prolongation of lesion-free
interval and therefore provide optimized long-term management of patients suffering
from chronically relapsing inflammatory skin disease such as psoriasis. So, although
CCR5 does not seem to be a key chemokine receptor in the pathogenesis of psoriasis,
further efforts are needed to unravel the complete set of chemokines and chemokine
receptors significant in the recruitment of inflammatory cells in psoriasis, and may
help to identify crucial molecules, as demonstrated previously by TNF in various
immune mediated inflammatory diseases.
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In psoriasis, leukocytes that infiltrate skin lesions have been shown to be involved
in the pathogenesis of this disease. Previous investigations reporting the presence
of CXCR3+ T lymphocytes in psoriatic lesional skin have suggested a role of this
receptor in the recruitment of T cells into the lesion. The purpose of this study was
to quantify the mRNA levels of CXCR3 and to perform a systematic analysis of the
cell populations that express CXCR3 in human lesional and non-lesional psoriatic
biopsies. We showed by real-time reverse transcriptase-polymerase chain reaction
(RT-PCR) that the mRNA levels of CXCR3 and its ligands, CXCL9-11, were significantly
elevated in psoriatic lesions, as compared to non-lesional samples. Serial cryostat
sections of psoriasis skin biopsies were evaluated by immunohistochemistry. The
number of CXCR3+ cells was low in non-lesional tissues. Quantitative image analysis
demonstrated significant increases in the number of both epidermal and dermal
CXCR3+ cells in lesional compared to non-lesional biopsies. The majority of CXCR3+
cells were located in the dermis of the lesional skin and 74% were demonstrated
to be CD3+ T lymphocytes. A small number of CXCR3+ cells were CD68+ myeloid
cells. In addition, we found that nearly all BDCA-2+ plasmacytoid dendritic cells in
the psoriatic biopsies were CXCR3+. These findings support and extend prior reports
suggesting the potential role for CXCR3 in the pathophysiology of plaque psoriasis,
by mediating the recruitment of plasmacytoid dendritic cells and T cells into the
developing lesions.

Introduction
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Psoriasis is an inflammatory skin disease with unique histopathological characteristics
including the formation of rete peg morphology of the epidermis, thickening of
epidermal layers, parakeratosis, increased vascularization and marked leukocyte
infiltration into the dermis. The majority of the cellular infiltrates are mononuclear
T lymphocytes. Other cell types, such as neutrophils, macrophages, dendritic cells
and natural killer cells are among the infiltrating leukocytes. It was reported that
the presence of infiltrating T lymphocytes and macrophages in the dermis preceded
any significant epidermal changes1. The role of T lymphocytes in the maintenance of
psoriasis was originally suggested by the efficacy of cyclosporine2 and a lymphocytespecific toxin3. Moreover biological agents that either stimulate T lymphocyte
apoptosis or block T lymphocyte activation, co-stimulation and migration have
demonstrated efficacy and gained approval as therapeutics for psoriasis (for review,
see 4). In xenograft models, injection of activated lymphocytes5;6 or expansion of
local resident T lymphocytes7 was required to induce psoriasis-like phenotype in presymptomatic non-lesional human skin.
Both CD4+ and CD8+ T lymphocytes are present among the infiltrating T cells
in psoriasis, although the role of each T lymphocyte subset in the pathogenesis of
psoriasis is not well understood. It is thought that CD4+ T cells are essential for
the induction of psoriasis based on the ability of purified CD4+, but not CD8+, T
lymphocytes to induce psoriatic lesions in the SCID-hu xenograft model8. However,
CD8+ T cells are the prevalent infiltrating T cells present in psoriatic epidermis9 and
have been speculated to be responsible for the activation of psoriatic keratinocytes.
Both CD4+ and CD8+ T cells in psoriasis express Th1 cytokines such as interferon-g
(IFN-g), interleukin (IL)-2 and tumor necrosis factor (TNF)-α. Based on this cytokine
profile, psoriasis was initially considered to be a T-helper type 1 (Th1)-mediated
inflammatory skin disease. Moreover, recent evidence also suggests an important
contribution by Th17 cells in the development of psoriatic disease10-14.
In addition to T lymphocytes, dendritic cells (DCs) are also among the prominent
cellular aggregates in the dermis of psoriatic lesions. There are two major subsets of
dermal DCs in psoriatic skin, myeloid (mDCs) and the plasmacytoid DCs (pDCs). mDCs
are CD11c+ while pDCs are CD11c–/BDCA-2+/CD123+. mDCs are the predominant
DCs in psoriatic tissue, found in both the epidermis and dermis, and express high
levels of proinflammatory molecules such as TNF-α, IL-23 and IL-2012;15;16, which may
activate T lymphocytes and keratinocytes. In contrast, activated pDCs are present in
lower numbers but express high levels of interferon-α (IFN-α). In contrast to normal
human skin of healthy subjects, pDCs are present in normal-appearing skin of
psoriasis patients, and considerable numbers of these cells can be present in lesional
skin17. pDCs express intracellular toll-like receptor (TLR)7 and TLR9. These receptors
recognize viral or microbial nucleic acids. The exacerbation of psoriasis in patients
treated with TLR7 agonist imiquimod for other conditions was accompanied by a
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large infiltrates of pDCs and a massive induction of type I IFN activity18. Very recently, a
report demonstrated a unique pathway of pDC activation and its induction to secrete
high levels of IFN-α by the binding of self-DNA in complex with an antimicrobial
peptide LL37 over expressed in psoriatic skin19. These data suggest an upstream role
of pDCs in the induction of the psoriatic lesion.
The role of chemokines and their receptors in the trafficking of various subtypes
of leukocytes has been well documented. Chemokine receptor CXCR3 is known to
be highly expressed by activated Th1 lymphocytes20 and has been suggested to be
one of the major chemokine receptors responsible for their recruitment to inflamed
sites in vivo21. In addition, it can also be expressed by natural killer (NK) cell, B cells,
pDCs and mDCs22-28. The presence of infiltrating CXCR3+ T cells in psoriasis as well
as other inflammatory skin disorders has been reported29-34. The cognate ligands
of CXCR3, CXCL9 (MIG), CXCL10 (IP-10) and CXCL11 (ITAC) are induced by IFN-g
and have been shown to be expressed by inflammatory cells and/or keratinocytes
in psoriatic skin and lesional skin of other inflammatory skin diseases30;35;36. Despite
its documented role in the trafficking of activated T cells in vitro and the reported
presence of CXCR3 T lymphocytes in the lesional psoriatic skin, a systematic analysis of
CXCR3 expression in lesional psoriatic versus non-lesional skin biopsies has not been
performed previously. In order to fully appreciate its potential role in the pathogenesis
of this inflammatory skin disease, we have extensively examined the level and pattern
of CXCR3 on infiltrating leukocytes in psoriatic lesions obtained from patients with
extensive clinical histories. Here we report the leukocyte populations expressing
CXCR3 in the psoriatic lesions and the results of our quantification.

Methods
Skin biopsies
The human inflammatory skin disease panels were obtained from two independent
clinical trials. One panel consists of lesional skin biopsies from 35 patients with
moderate to severe chronic plaque psoriasis, defined by a Psoriasis Area Severity
Index (PASI) ≥ 8. Skin samples from this collection were used in both quantitative
PCR and immunohistochemistry. In 12 out of these 35 patients non-lesional skin
biopsies were obtained. Four millimeter biopsies were taken from the inside border
of a target psoriatic plaque, preferentially from a non-sun-exposed area. Lesional
biopsies from each patient were obtained from the same target lesion, separated by
at least 1 cm. The biopsy samples were randomly coded, either directly snap frozen in
liquid nitrogen or snap-frozen in Tissue-Tek OCT compound (Sakura Finetek Europe,
Zoeterwoude, The Netherlands) by immersion in liquid nitrogen and stored at -80˚C
until processing. In all patients, psoriasis was diagnosed at least 12 months prior
to enrolment and patients were not allowed to use systemic psoriasis treatment
or phototherapy within 4 weeks of study entry. Only emollients were allowed as
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RNA isolation and amplification
Total RNA was isolated from skin by pulverization of tissue in a dry ice encased metal
mortal and pestle, followed by extraction using the RNeasy fibrous kit (Qiagen,
Valencia, CA, USA) according to manufacturer’s instructions. Total RNA (5 mg) was
subjected to treatment with DNase (Roche Molecular Biochemicals, Indianapolis,
IN, USA) according to manufacturer’s instructions to eliminate possible genomic
DNA contamination. RNA quantity was assessed by OD at 260 nm and RNA quality
was analyzed by measuring the ratio of 28S and 18S rRNA using the Agilent 2100
bioanalyzer (Agilent Technologies, Germany). DNase-treated total RNA was reversetranscribed using Superscript II (Invitrogen) according to manufacturer’s instructions.
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topical treatment. All other topical anti-psoriasis therapy (e.g. corticosteroids, vitamin
D derivates, etc) was stopped 2 weeks before study initiation. The protocol was
reviewed and approved by the medical ethical committees of all participating centres
and all patients gave their written informed consent before enrolment. The study
was conducted according to the Declaration of Helsinki principles. Tissues from this
panel were used in quantitative PCR and immunohistochemistry studies described in
this report.
A second panel of skin biopsies was also analyzed by quantitative PCR for the
expression of CXCR3 ligands. This panel includes 35 normal skin samples (15 from
autopsy donors and 20 from normal donors in clinical trial setting; see below), 24
non-lesional psoriasis skin samples, 25 lesional psoriasis skin samples, 30 non-lesional
atopic dermatitis skin samples, and 30 lesional atopic dermatitis skin samples. All
non-lesional and lesional patient samples were ranked by severity using either the
PASI score or EASI (eczema area and severity index) score. For psoriasis patients,
the PASI scores were in the range of 9-20.75. For atopic dermatitis patients, the
EASI scores were in the range of 1.85-35.95. Two 4 millimeter punch biopsies were
taken from each patient. Samples were obtained in a clinical trial setting at Stanford
University Dermatology Department37. Autopsy donor materials were obtained from
Zoion Diagnostics (Hawthorne, NY, USA).

Quantitative PCR
TaqMan primers and probes were designed with PrimerExpress software (ABI), and
purchased from ABI (Applied Biosystems, Foster City, CA, USA). The PCR reactions were
prepared using the components from the iScript Custom One-Step RT-PCR Kit with
ROX and assembled according to the manufacturer’s instructions (Bio-Rad, Hercules,
CA, USA). The fluorogenic probes were labeled with 6-carboxyfluorescein (6FAM) as
the reporter and 6-carboxy-4,7,2,7’-tetramethylrhodamine (TAMRA) as a quencher.
Real-time quantitative PCR was performed using either of two methods. In the first
method, each 10 ml PCR reaction contained 20 ng of total RNA in a TAQMANTM realtime quantitative PCR reaction on an ABI 7900 sequence detection system. The final
concentrations of the primers in the PCR reactions were at 200 nM and the probe at
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100 nM respectively. The RT-PCR reactions were performed in triplicate in a 384-well
plate. An eukaryotic 18S rRNA endogenous control probe/primer set (ABI) was used
as an internal control for RNA quality, and a primer/probe set for the CD4 promoter
was used to check the RNAs for genomic DNA contamination. The PCR data was
quantified based on a 12-point standard curve generated using 4-fold serial dilutions
of a cDNA containing the gene of interest. The fourfold dilutions began at 20,000
fg. This procedure provides an absolute quantification of the amounts of CXCR3,
CXCL9, CXCL10 and CXCL11 mRNA in a given sample.
In the second method, 10 ng of cDNA from each sample was used. Two
unlabelled primers at either 400 nM or 900 nM each were used with 250 nM of
FAM-labelled probe (Applied Biosystems, Foster City, CA, USA) in a TAQMANTM realtime quantitative PCR reaction on an ABI 7000, 7300 or 7700 sequence detection
system. Ubiquitin levels were measured in a separate reaction and used to normalize
the data by the D-D cycle threshold (Ct) method. (Using the mean cycle threshold
value for ubiquitin and the gene of interests for each sample, the equation 1.8 e (Ct
ubiquitin minus Ct gene of interest) x 104 was used to obtain the normalized values.)
Measurement of Ct values for ubiquitin was also used as a secondary measurement
of RNA/cDNA quality and samples were deemed acceptable if they were at a Ct of 23
or less. High quality RNA generally leads to ubiquitin Ct values between 17 and 23
for 10 ng of input cDNA (McClanahan, unpublished data). The absence of genomic
DNA contamination was confirmed using primers that recognize a region of genomic
DNA. Samples with Ct values for genomic DNA of 35-40 were considered acceptable
for analysis. The D-D Ct method described above results in normalized expression
values relative to the housekeeping gene ubiquitin. Normalized values less than 1.0
are considered to be at the limit of detection for this method and were considered
to be negative for analysis. Kruskal-Wallis statistical analysis was performed on log
transformed data (median method).

Immunohistochemistry (IHC)
Acetone-fixed fresh frozen sections of skin biopsies at 5 mm thickness were incubated
with primary antibodies for 1 hour at room temperature. Following washes, the
bound primary antibodies were detected by incubation with either biotinylated
donkey anti-rabbit or horse anti-mouse for 30 min followed by incubation with an
alkaline phosphatase kit, Vectastain ABC kit (Vector Laboratories, Burlingame, CA,
USA). Visualization of the IHC signal was accomplished by incubation with Liquid
Permanent Red from Dako Cytomation (Carpinteria, CA, USA). After immunostaining
tissue sections were counterstained with hematoxylin. Antibodies used were antiCD8, anti-CD3, anti-CD68 (Dako Cytomation, Carpinteria, CA, USA), anti-CXCR3 (BD
Biosciences, San Diego, CA, USA), Cytokeratin 16 (K16, Novacastra Lab., New Castle,
UK), anti-BDCA-2 (Miltenyi Biotec, Auburn, CA, USA) and anti-CD123 (BioLegend,
San Diego, CA, USA). Detection of anti-BDCA-2 was amplified using Tyramide Signal
Amplification (TSA) kit from Perkin Elmer Life Sciences (Boston, MA, USA) according
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to the manufacturer’s directions. A total of 45 fresh frozen skin biopsies with 11
paired (lesional and non-lesional) tissue blocks were included in the final IHC analysis.
Adjacent sections were used to compare the distribution patterns of T cells and
CXCR3+ cells.
The co-localization of cell type markers and CXCR3 was evaluated by double
immunofluorescent (IFC) staining. Alexa Fluor 488 linked secondary antibodies, Alexa
Fluor 488 linked streptavidin, Cy3 linked streptavidin and fluorescein (FITC)- or Cy3linked TSA kits were used to detect the binding of primary antibodies. Sometimes
both primary antibodies in the double staining were raised in the same species
(such as CD8 vs. CXCR3 or CXCR3 vs. BDCA-2). In this situation, the first primary
antibody was carefully titered to a concentration that would not be detected by
the conditions used to detect the second primary antibody under the experimental
condition. Detection of the binding of the first antibody was then amplified with a
TSA kit while no TSA amplification was used to detect the binding of the second
antibody. The reliability of this approach to avoid artificial co-localization generated
from cross reactivity was evident by the co-existence of single and double positive
signal of each marker, and was further confirmed by the lack of double positive cells
when eliminating the second primary antibody in the staining protocol.

Single stained sections were randomly coded and analyzed by computer-assisted
image analysis as described previously in detail38. Briefly, images were acquired and
analyzed using Syndia algorithm on a Qwin based analysis system (Leica, Cambridge,
U.K.). Five random, non-overlapping, high power fields (100X) per section were
analyzed.
The percentage of CXCR3+ T cells in the psoriatic lesions were analysed by
double IFC staining and counted manually. Six random, non-overlapping, high power
fields (200X) per section were counted twice. The sum of the total cell number was
calculated for the epidermis and dermis compartments separately of the six fields and
used to calculate the percentage of CXCR3+CD3+ in either the CXCR3+ or CD3+ cell
populations.
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Results
Up-regulated expression of CXCR3 and its ligands in psoriatic lesional skin
To evaluate the expression of CXCR3 in the psoriatic lesions of moderate to severe
psoriasis patients in comparison to non-lesional skin, the steady-state mRNA levels of
CXCR3 and its ligands were analyzed by real-time RT-PCR. Thirty lesional and twelve
non-lesional skin biopsies were included in the analysis. As shown in Figure 1, CXCR3
expression was significantly up-regulated in the lesions as compared to non-lesional
biopsies. The same samples were also analyzed for the expression of its cognate
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ligands, CXCL9, CXCL10 and CXCL11. A significant increase of the mRNA levels
of all three ligands in psoriatic lesions was observed as compared to non-lesional
samples (Figure 1).
In contrast to our findings, it was previously reported that the message levels of
CXCR3 ligands were not significant upregulated in psoriatic lesional skin as compared
to normal human skin or non-lesional skin39. To confirm our initial observation, a
second panel of inflammatory skin biopsies which was obtained independently was
analyzed for the expression of CXCL9 and CXCL10. This panel of samples includes
skin biopsies from healthy donors and donors from patients with psoriasis and atopic
dermatitis. As shown in Figure 2, significant increases in the expression of both
ligands were observed in the lesional tissues from each patient population compared
with normal skin or the corresponding non-lesional skin samples of each disease. In
addition, the message levels of both ligands were also significantly elevated in nonlesional skin biopsies from both disease populations compared with normal skin.
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Figure 1 Real-time RT-PCR analysis of mRNA of CXCR3 and its ligands, CXCL9, CXCL10 and CXCL11,
in psoriatic skin biopsies. The message levels of CXCR3 and its ligands from 12 non-lesional and 30
psoriatic lesional skin biopsies were evaluated by RT-PCR. **p< 0.01; *p< 0.05 versus non-lesional
biopsies.
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Figure 2 Real-time RT-PCR analysis of mRNA of CXCR3 ligands, CXCL9 and CXCL10, in psoriatic and
atopic dermatitis skin biopsies. The message levels of CXCL9 and CXCL10 were evaluated by RT-PCR in
35 normal skin samples, 24 non-lesional psoriasis skin samples, 25 lesional psoriasis skin samples, 30
non-lesional atopic dermatitis skin samples and 30 lesional atopic dermatitis skin samples. CXCL9 and
CXCL10 mRNA levels were normalized against the ubiquitin expression level and log transformed as
described in Methods. *p< 0.01 versus normal skin; @p< 0.05 versus respective non-lesional biopsies.

Fig. 3

CD3

CXCR3

CD8

B

C

D

E

F

G

H

I

7
CXCR3 in psoriasis

A

Figure 3 The distribution patterns of CD8+, CD3+, and CXCR3+ positive cells in psoriatic skin biopsies.
Representative images of CD3 (A, D, G), CXCR3 (B, E, H) and CD8 (C, F, I) stained sections, showing
the presence and distribution patterns of these cells in non-lesional skin biopsies (A-C) and psoriatic
plaque lesions (D-I). All images are at the same magnification, 100x. Positively stained cells are in red.
Yellow arrowheads in (E) highlight the CXCR3+ cells located at the basal keratinocyte layer.
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thickness followed by staining with anti-cytokeratin 16 (K16) for the proliferation/
differentiation of keratinocytes. All non-lesional skin biopsies resembled normal
skin histologically and were completely devoid of K16 staining, whereas all lesional
tissue samples showed intense K16 staining (data not shown) and demonstrated
histopathological characteristics of psoriasis, including rete elongation and thickening
of epidermis (Figure 3). These observations are consistent with previous reports
regarding the pattern of K16 expression40.
Adjacent skin sections were used to compare the distribution pattern of CXCR3+
cells to those of CD3+ and CD8+ T lymphocytes. Owing to the expression of CD4
by cell populations other than T lymphocytes41, we excluded this cell marker in our
analysis of T lymphocyte expression. In the non-lesional skin biopsies, small numbers
of CD3+ and CD8+ T lymphocytes were detected and were mainly present in the
dermis and occasionally in the epidermis (Figure 3). In psoriatic lesions, the majority of
CD3+ lymphocytes were found in the dermis, while CD8+ cells appeared to be evenly
distributed in the dermis and epidermis or slightly more prevalent in the epidermis. In
most samples, the T lymphocytes had a scattered distribution, but in a small number
of lesional biopsies, we observed large massive infiltrates of CD3+ as well as CD8+ T
lymphocytes in the dermis (Figure 3G-I). The distribution pattern of dermal CXCR3+
cells was similar to that of CD3+ T cells (compare Figure 3E versus 3D; and 3H versus
3G) in the psoriatic lesions. There appeared to be fewer CXCR3+ cells in the lesional
epidermis as compared to those of CD8+ and CD3+ T lymphocytes (Figure 3D-F),
indicating that the frequency of CXCR3+ T cells in the epidermis is lower than in the
dermis. Interestingly, the majority of epidermal CXCR3+ cells in psoriatic lesions were
frequently located at the basal keratinocyte layer as shown in Figure 3E.

Quantification of T lymphocytes and CXCR3+ cells by digital image analysis
To quantify the numbers of CD3+, CD8+, and CXCR3+ cells in the skin biopsies,
single positive cells were counted using a computer-aided image analysis program.
Consistent with our visual observation, all three cell populations were significantly
increased in both epidermis and dermis of lesional biopsies compared to the nonlesional samples (Table 1). Overall, there was a mean 6.9-fold increase of CD3+ T
lymphocytes in the lesional biopsies as compared to those in non-lesional tissue.
The increase in CD3+ positive cells in lesional compared to non-lesional tissue was
proportionally greater in the dermis than the epidermis (Table 2). The numbers of
CD8+ T lymphocytes also were increased in lesional compared to non-lesional tissue
and they were more evenly distributed between epidermis and dermis in both lesional
and non-lesional biopsies (Table 1 and 2). There was a very large fold increase in the
numbers of epidermal CXCR3+ cells in lesional compared to non-lesinal tissue (Table
1), and this large increase was heavily skewed towards the dermis over the epidermis
(Table 2). These data indicate the selective accumulation of CXCR3+ leukocytes
associated with lesional tissues in psoriasis patients, especially in the dermis.
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Table 1 Fold increase in cell numbers in the lesional skin biopsies

Folds (L / NL)

CD3ea

CD3db

CD8e

CD8d

CXCR3e

CXCR3d

4.4

8.6

3.1

3.4

15.4

6.8

The difference in cell numbers between NL and L is statistically significant for each cell marker. L,
lesional skin biopsies; NL, non-lesional skin biopsies; a, e stands for epidermis; b, d stands for dermis.

Table 2 Fold increase of each cell population in dermis as compared to epidermis

Folds
(dermis / epidermis)

CD3 (NL)

CD3 (L)

CD8 (NL)

CD8 (L)

CXCR3 (NL)

CXCR3 (L)

1.5

2.8

1.4

1.6

21.4

9.5

The difference in cell numbers between dermis and epidermis is statistically significant for each cell
marker in lesional skin samples and CXCR3 in non-lesional skin samples. L, lesional skin biopsy; NL,
non-lesional skin biopsy.

To identify the subtypes of CXCR3+ cells in the psoriatic lesions, we performed
double immunofluorescent staining with cell surface markers in combination with
anti-CXCR3 antibody. As shown in Figure 4A, the majority of CXCR3+ cells are clearly
CD3+ T lymphocytes. The proportion of CXCR3+ T cells in the lesional biopsies was
further quantified by manual counting of five subjects. Our analysis indicated that
71.3 ± 2.2% of CXCR3+ cells co-stain as CD3+ T lymphocytes, while 54.3 ± 3.7 %
of CD3+ T cells co-express CXCR3. Interestingly, while the percentage of CXCR3+ T
cells in the CXCR3+ cell population remains constant in both dermis (71.4% ± 2.1%)
and epidermis (71.1% ± 3.6%) of the psoriatic lesions, the frequency of epidermal
CXCR3+ T lymphocytes (30.7 ± 5.2%) was significantly lower that of the dermis (59.5
± 4.5%, p<0.003). Among the CXCR3+ T lymphocytes in the lesional skin, a subset
of these also expresses the CD8 marker (Figure 4B). CD8+CXCR3+ T cells were also
found in the epidermis of psoriatic lesions albeit at a much lower frequency than
CD3+CXCR3+.
To further identify additional subsets of CXCR3+ cells, we investigated the coexpression of the myeloid marker CD68 and the pDC marker BDCA-2. Although high
numbers of CD68+ cells were present in lesional skin, only a small percentage of these
were CXCR3+ (Figure 4C). We next examined the expression of CXCR3 by pDCs and
found that nearly all BDCA-2+ cells were CXCR3+. In addition, the pDCs appeared to
express the highest levels of this receptor (Figure 4D). To ensure that this observation
did not result from a technical artifact, we validated the identity of the pDCs and
the expression patterns of BDCA-2 and CXCR3 by analyzing the adjacent sections
for the expression of CD3 versus BDCA-2 and CXCR3 versus CD3. As shown on
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Double immunofluorescent staining of cellular infiltrates in the lesional
plaques
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Figure 4 Expression of CXCR3 by CD3+, CD8+ T lymphocytes, CD68+ myeloid cells and BDCA-2+
pDCs in psoriatic lesional skin. Representative double-stained sections showing expression of CXCR3
by CD3+ T lymphocytes (A, F), CD8+ T lymphocytes (B), CD68+ myeloid cells (C) and BDCA-2+ pDCs
(D). (A), CD3, red, CXCR3, green; (B), CXCR3, red, CD8, green; (C), CXCR3, red, CD68, green; (D),
BDCA-2, red, CXCR3, green; (E), CD3, red, BDCA-2, green; (F), CD3, red, CXCR3, green. Double-positive cells are revealed as yellow. All images are at the same magnification, 100x. White arrowheads
in (C) point to CD68/CXCR3 double-positive cells. (D-F), white circles illustrate that the BDCA-2/
CXCR3 double-positive cells in (D) are not CD3+ T lymphocytes (E) and neither are they CD3/CXCR3
double-positive (F).

Figure 4D – 4F, the CXCR3+BDCA-2+ cells were in fact CD3–. The identity of CXCR3+
pDCs was also confirmed by their expression of CD123 (data not shown). Thus,
both T lymphocytes and pDCs appear to be the predominant infiltrating leukocyte
populations expressing CXCR3 in human psoriatic lesions.

Discussion
CXCR3 has been suggested to be one of the major chemokine receptors responsible
for the trafficking of T lymphocytes to the psoriatic dermis30. Intraepidermal T
lymphocytes that expressed cutaneous lymphocyte antigen (CLA) and αEβ7 integrin
have been demonstrated to selectively express CXCR3 and these data suggest that
CXCR3 may also be responsible for T cell homing to the psoriatic epidermis30. However,
a thorough analysis of CXCR3 expression in human psoriatic lesions has been lacking,
which has limited the understanding of the role of this receptor in the etiology of
this disease. In this study, we have performed a systematic analysis of the expression
and pattern of CXCR3 in these tissues, and the identification of the cell types that
express this receptor. We have demonstrated a significant increase of mRNA levels of
CXCR3 and its cognate ligands in the psoriatic lesions as compared to non-lesional
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skin from the same patients. In addition, using a distinct panel of biopsy samples, we
have confirmed our observation for CXCL9 and CXCL10 expression and extended
the study to include another inflammatory skin disease, atopic dermatitis. Our data
contradicts a previous report by Meller et al.39, which showed a lack of significant
difference in the levels of these chemokines by RT-PCR between normal skin and the
lesional skin biopsies from psoriatic or atopic dermatitis patients. Transcript levels of
CXCR3 ligands in psoriatic lesions were relatively low and within similar ranges in both
studies (see Figure 1 in this report and Figure 2 in39). Only patients with moderate
to severe psoriasis were included in our study. It is likely that the difference between
lesional skin and normal skin could be obscured if skin samples from milder disease
or a wider range of disease scores were included in a study. Furthermore, differences
in current or prior use of medications by the patient populations included in a study
could also contribute to the variations in experimental results. The low expression
levels of CXCR3 ligands detected in our study is consistent with previous observations
made with in situ hybridization35, microarray analysis or immunohistochemistry34. In
spite of the low message levels observed a significant increase of CXCL9 protein in
lesional skin from psoriasis and atopic dermatitis patients compared to normal skin
has been reported34. Given the high affinity of these ligands to CXCR342, a relatively
small but significant increase in their levels can still be envisioned to play a role in the
etiology of the disease.
The elevation of CXCR3 messages in psoriatic lesions correlates with the marked
increase in the number of CXCR3+ leukocytes observed in situ. Most of the CXCR3+
cells are located in the dermis of both non-lesional skin and psoriatic lesions. More
than 50% of CD3+ T lymphocytes present in lesional biopsies were CXCR3+ and a
subset of these CXCR3+ T lymphocytes belonged to the CD8 subpopulation. In the
epidermis, we also observed CXCR3+CD8+ T cells but their absolute numbers were
relatively small. The numbers of CXCR3+ cells were dramatically increased in both the
epidermis (15-fold) and dermis (7-fold) of lesional tissues as compared to paired nonlesional samples. Interestingly, we also confirmed the prior observation that epidermal
CXCR3+ cells are located in the basal keratinocyte layer30. Based on these findings,
our data support and extend the hypothesis that CXCR3 likely plays an important
role in the recruitment of T lymphocytes into the dermis of psoriatic lesions. It is
intriguing that despite high levels of CXCL9 and CXCL10 shown to be expressed by
psoriatic keratinocytes30;36 and the large numbers of CXCR3+ T lymphocytes present in
the lesional dermis, there was only a low frequency of T cells in the epidermis which
expressed CXCR3 by our analysis. This observation suggests that this chemokine
receptor may not be essential for the migration of T cells into the epidermis in
psoriatic tissues and that the T lymphocytes that migrated into the epidermis were
predominantly CXCR3– cells. Thus, other mechanisms, such as those involving α1β1
integrin, may be more integral for the accumulation of epidermal T cells and the
development of psoriasis43. Alternatively, we cannot rule out the possibility that the
apparent low numbers of CXCR3+ cells in the epidermis may have resulted from
the internalization of this receptor following exposure to high levels of its cognate
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ligands present in the tissues as the cells migrated into this anatomical site, as has
been previously reported in the case of the asthmatic lung44;45. This possibility may
also account for the predominant localization of epidermal CXCR3+ T cells detected
at the basal layer of the lesional epidermis.
In addition to T cells, we found that nearly all BDCA-2+ pDCs express high levels of
CXCR3. Consistent with previous reports we also observed higher numbers of pDCs in
biopsies taken from lesional skin compared to non-lesional skin. It is relevant that pDCs
are believed to be the major type I IFN-α producing cells in vivo in response to viral and
certain microbial infections, and that accumulating data suggest that pDCs and type I
IFN pathways play an integral role in the early events of the immunopathogenesis of
psoriasis. For example, locally activated IFN-α signaling pathway has been reported
in psoriatic skins with no alteration in IFN-α sensitivity46;47. Psoriatic T cells have
increased sensitivity to IFN-α which resulted in prolonged activation of several STAT
transcription factors and increased IFN-g production48, a cytokine known to induce
the expression of CXCR3 ligands. In a xenograft model in AKG-129 mice, blocking
IFN-α signaling or inhibiting the ability of pDCs to produce IFN-α prevented the T
cell-dependent development of psoriasis17. Enhanced type I interferon signaling and
recruitment of CXCR3-expressing cells into the skin has been demonstrated following
treatment with the TLR7-agonist imiquimod32. CXCR3 ligands have been shown
to cooperate with CXCL12 to induce migration of pDC28. CXCR3-dependent pDC
migration had also been shown in response to immobilized CXCR3 ligands24. Very
recently another chemokine, chemerin, has been described to play a critical role for
the recruitment of pDC into psoriatic lesion 49 and its combination with CXCL10 and
CXCL12 leads to a significantly higher migratory response of this cell type than the
response to each individual chemokine50. Based on the data described here, along
with the putative collaborative role of these three distinct molecules in mediating
pDC migration, it is conceivable that interfering with one arm of this process, such
as selective CXCR3 antagonism, could directly impact pDC migration into the skin of
psoriatic patients. Together with its role in the trafficking of activated T lymphocytes
into the dermis of psoriatic skin, CXCR3 represents a highly attractive target for the
treatment of this disease.
Interestingly, a selective CXCR3 antagonist, T0906487, was found to be ineffective
in a 28 day clinical psoriasis trial51. Pharmacodynamics responses were highly variable
in all treatment groups in this study, and this was suggested to be due to the highly
variable pharmacokinetics. The possibility also exists that the timeframe of this study
was insufficient to optimally inhibit T cell-dependent activity in this disease, and
that a longer (eg. 12 weeks study) may be preferable. Based on our observation
that more than 40% of the T cells in the psoriatic lesions are CXCR3–, the potential
for redundancies among chemokine-dependent pathways in this disease may also
be considered. With other CXCR3 antagonists currently in development52;53 the
therapeutic value of targeting CXCR3 in psoriasis will likely be conclusively defined
with these emerging reagents.
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The first part of this thesis considers the clinical effects and/or the effects on different
leukocyte subsets in situ of several registered biological treatments for psoriasis. The
last two chapters consider possible treatment targets for psoriasis patients.
Chapter 1 is a general introduction on psoriasis and describes the lines of
knowledge on its pathogenesis. The development of treatments for psoriasis is
summarized, which almost paralleled the increasing knowledge of this skin disease.
In Chapter 2a a case-report on a clinical side-effect is described of a psoriasis
patient treated with efalizumab. Chapter 2b is a written response to a comment
made in the discussion of another case-report, which referred to the case-report
mentioned in 2a.
When etanercept and efalizumab became available for routine use in severe psoriasis
in the Netherlands, we hypothesized that efficacy results would be less than those
obtained in published phase 2 and 3 studies because resistance to all conventional
therapies as a reimbursement condition would select for more resistant cases and
inclusion would be more restricted to severe cases (higher PASI). Furthermore, we
hypothesized that efficacy would be less in obese patients due to the possible role of
adipose tissue in TNF-α homeostasis. In Chapter 3 we present the efficacy and safety
results of a retrospective analysis of 50 patients treated with etanercept 25 or 50 mg
twice weekly, and we compared it with data from published trials. Additionally we
related the clinical effect to the Body Mass Index, for adipose tissue is thought to
have a possible role in TNF-α homeostasis. Based on the literature 30% and 49% of
the patients treated with respectively twice weekly 25 mg and 50 mg should have
achieved PASI 75. PASI 90 should have been achieved in 10% and 21% in patients
treated with respectively twice weekly 25 mg and 50 mg. Our data showed that 15,4%
in the 2 x25 mg group and 17% in the 2x50 mg group achieved PASI 75. PASI 90 was
only attained in 7.7% in patients treated with 25 mg and 11.1% after treatment
with 50 mg. In contrary to our hypothesis the mean initial PASI was comparable to
the mean PASI mentioned in the phase 2 and 3 clinical trials. In contrast to earlier
reports on etanercept, fatigue was a often mentioned side-effect. High Body Mass
Index, indicating overweight or obesity, was found both in patients with little efficacy
and in patients achieving PASI 75 or better. We concluded that use of etanercept in
real practice gives impressive results, but these are generally less favorable as those
published in clinical trial reports. This is probably due to the stringent conditions for
reimbursement, which select for more treatment-resistant patients. Fatigue as sideeffect of etanercept should be an issue for further investigation. Finally, the Body
Mass Index does not seem to influence the patients’ response to etanercept, although
further investigations would be needed to confirm this.
To investigate whether specific markers for innate immunity would diminish with
successful treatment in psoriasis, we analyzed lesional and non-lesional skin biopsies
taken from 6 patients with moderate to severe psoriasis during 12 weeks of treatment
with etanercept in correlation with the clinical response, as described in Chapter 4.
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In the clinical responders (PASI reduction > 50%), all markers (CD3, CD68, CD161,
elastase, BDCA-2, TNF-α) showed a decline during treatment, indicating a pivotal role
for innate immunity in the pathogenesis of psoriasis.
In Chapter 5a we describe the results of a prospective, randomized, placebocontrolled study in which we determined which of the changes of several immunological
markers in psoriatic skin correlates best with clinical response associated with effective
therapy (adalimumab). Therefore, twenty-four active PsA patients were randomized
to receive adalimumab (n=12) or placebo (n=12) for 4 weeks. We obtained lesional
and non-lesional skin biopsies before and after 4 weeks of treatment from 22 patients
with active skin lesions. Immunohistochemical analysis was performed to characterize
several markers of innate immunity (CD68, CD161, elastase, TNF-α, BDCA-2) and T
cells (CD3). A significant effect of treatment was observed on lesional dermal CD161+
and elastase+ cells. We concluded that adalimumab therapy in psoriasis lesions in
psoriatic arthritis patients is associated with a reduction of dermal CD161+ and
elastase+ cells, suggesting that these parameters could be used as biomarkers that
are sensitive to change after active treatment in small proof of concept studies.
The results of this study in synovial tissue are described Chapter 5b.
Immunohistochemical analysis was performed to characterise the cell infiltrate,
expression of cytokines, MMPs and vascularity. Many cell types were reduced after
adalimumab treatment compared to placebo. A significant effect of treatment
was observed on CD3+ cells (T cells), and on the expression of MMP13; both were
significantly reduced after active treatment. This suggest that these parameters, a
reduction in synovial expression of CD3 and MMP13 following treatment, could be
used as synovial biomarkers that are sensitive to change after active treatment in
psoriatic arthritis.
In Chapter 6 we describe the expression of the chemokine receptor CCR5 and its
ligands in lesional and non-lesional psoriatic skin. In addition, we present the clinical
and immunohistochemical results of a randomized placebo controlled trial with a
CCR5 inhibitor.
Immunohistochemical analysis showed low but significant increased total numbers
of CCR5+ cells in epidermis and dermis of lesional skin in comparison to non-lesional
skin. However, relative expression of CCR5 proportional to the cells observed revealed
that the difference between lesional and non-lesional skin was only statistically
significant in the epidermis for CD3+ cells and in the dermis for CD68+ cells.
Quantification of mRNA by reverse transcriptase-polymerase chain reaction (RT-PCR)
only showed an increased expression of CCL5 (RANTES) in lesional skin. A randomized
placebo-controlled clinical trial in 32 psoriasis patients revealed no significant clinical
effect and no changes at the immunohistochemical level comparing patients treated
with placebo or a CCR5 inhibitor SCH351125. We concluded that although CCR5
expression is increased in psoriatic lesions, this receptor does not play a crucial role in
the pathogenesis of psoriasis.
In Chapter 7 we describe the expression of CXCR3 and its ligands in lesional
and non-lesional psoriatic skin. RT-PCR showed that the mRNA levels of CXCR3

and its ligands, CXCL9-11, were elevated in psoriatic lesions, as compared to nonlesional samples. Serial cryostat sections of psoriasis skin biopsies were evaluated by
immunohistochemistry. The number of CXCR3+ cells was low in nonlesional tissues.
Quantitative image analysis demonstrated significant increases in the number of both
epidermal and dermal CXCR3+ cells in lesional compared to non-lesional biopsies.
The majority of CXCR3+ cells were located in the dermis of the lesional skin and 74%
were demonstrated to be CD3+ T lymphocytes. A small number of CXCR3+ cells were
CD68+ myeloid cells. In addition, we found that nearly all BDCA-2+ plasmacytoid
dendritic cells in the psoriatic biopsies were CXCR3+. These findings support and
extend prior reports suggesting the potential role for CXCR3 in the pathophysiology
of plaque psoriasis, by mediating the recruitment of plasmacytoid dendritic cells and
T cells into the developing lesions.
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Het eerste gedeelte van dit proefschrift behandelt de klinische effecten en/of de in
situ effecten op verschillende leukocyten subsets van verschillende geregistreerde
behandelingen met biologicals van psoriasis patiënten. De laatste twee hoofdstukken
gaan over mogelijke aangrijpingspunten voor nieuwe behandelingen van psoriasis
patiënten.
Hoofdstuk 1 is een algemene introductie en beschrijft de ontwikkeling van
nieuwe inzichten in de pathogenese van psoriasis. Daarnaast wordt een samenvatting
gegeven van de ontwikkeling van de verschillende nieuwe behandelingen van
psoriasis, die bijna parallel loopt met de toename van kennis over psoriasis.
In Hoofdstuk 2a wordt een case report beschreven van een psoriasis patiënt
die behandeld werd met efalizumab. Hoofdstuk 2b betreft een schriftelijke reactie
op commentaar dat was ontstaan mede naar aanleiding van publicatie van dit case
report van hoofdstuk 2a.
Toen etanercept en efalizumab in Nederland beschikbaar kwamen voor reguliere
behandeling van patiënten met psoriasis, werd verondersteld dat de werkzaamheid
in de dagelijkse praktijk minder zou zijn dan die van de gepubliceerde fase 2 en
3 studies. Deze gedachte was gestoeld op het feit dat als gevolg van de strikte
vergoedingscriteria die worden gehanteerd, in de dagelijkse praktijk patiënten met
ernstigere en meer therapie-resistente psoriasis zouden worden behandeld, dan in
de registratie studies. Verder werd verondersteld dat de werkzaamheid in obese
patiënten minder zou zijn, vanwege de mogelijke rol van vetweefsel in de homeostase
van TNF-α. In Hoofdstuk 3 beschrijven we de resultaten betreffende werkzaamheid
en veiligheid van een retrospectieve analyse van 50 patiënten die werden behandeld
met tweemaal per week 25 of 50 mg etanercept. Deze data zijn vergeleken met de
resultaten van gepubliceerde klinische trials. Daarnaast hebben we het klinische
effect afgezet tegen de Body Mass Index, aangezien gedacht wordt dat vetweefsel
een mogelijke rol speelt in de homeostase van TNF-α. Volgens de gepubliceerde data
van de klinische trials zou 30% en 49% van de patiënten die respectievelijk met
tweemaal per week 25 en 50 mg etanercept behandeld wordt een verbetering van
de PASI van 75% moeten hebben. Een verbetering van 90% van de PASI zou bereikt
moeten worden in 10% en 21 % van de patiënten die respectievelijk met tweemaal
per week 25 en 50 mg etanercept behandeld wordt. Onze data toonde dat 15.4%
in de tweemaal per week 25 mg groep en 17% in de tweemaal per week 50 mg
groep een verbetering van de PASI van 75% behaalde. Een verbetering van 90%
van de PASI werd slechts door 7.7% in de groep behandeld met 25 mg behaald en
door 11.1% in de groep behandeld met 50 mg. In tegenstelling tot onze hypothese,
was de gemiddelde PASI op baseline vergelijkbaar aan de baseline PASI in de fase 2
en 3 klinische trials. Moeheid was een vaak gemelde bijwerking, hoewel deze niet
als bijwerking in de eerdere studies werd genoemd. Een hoge Body Mass Index, wat
overgewicht of obesitas aangeeft, werd zowel gezien bij patiënten met weinig effect
van etanercept, als in patiënten die 75% of meer verbetering van de PASI lieten zien.
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De conclusie van onze analyse is dat behandeling met etanercept in de dagelijkse
praktijk indrukwekkende resultaten geeft, maar dat deze resultaten over het algemeen
iets minder zijn, dan die van de gepubliceerde klinische trials. De oorzaak hiervoor
is waarschijnlijk het hanteren van strikte vergoedingscriteria, die ervoor zorgen dat
er therapie-resistentere patiënten mee worden behandeld. Moeheid als bijwerking
van etanercept zou een onderwerp van verder onderzoek moeten zijn. Tenslotte lijkt
de Body Mass Index geen invloed te hebben op de werkzaamheid van etanercept,
hoewel verder onderzoek hiernaar nodig is om dit te bevestigen.
Om te onderzoeken of specifieke markers van de aangeboren immuniteit af zouden
nemen door een effectieve behandeling van psoriasis, analyseerden we lesionale en
niet-lesionale huidbiopten, die afgenomen waren van 6 patiënten met matig tot
ernstige psoriasis die 12 weken behandeld waren met etanercept en vergeleken de
uitkomsten met de klinische respons, zoals beschreven in Hoofdstuk 4. In de klinische
responders (verbetering van PASI met > 50 %), toonden alle markers (CD3, CD68,
CD161, elastase, BDCA-2, TNF-α) een daling tijdens de behandeling, wat wijst op een
cruciale rol voor de aangeboren immuniteit in de pathogenese van psoriasis.
In Hoofdstuk 5a beschijven we de resultaten van een prospectieve,
gerandomiseerde, placebo-gecontroleerde studie, waarin we hebben gekeken welke
van de veranderingen van verschillende immunologische markers in psoriasis huid
het beste correleert met een klinische respons op behandeling met adalimumab.
Vierentwintig patiënten met actieve artritis psoriatica werden gerandomiseerd naar een
behandeling met adalimumab (n=12) of placebo (n=12) voor de duur van 4 weken.. We
namen lesionale en niet-lesionale biopten af op baseline en na 4 weken behandeling.
Immunohistochemische analyse werd uitgevoerd om verschillende markers van de
aangeboren immuniteit inclusief het aantal T cellen (CD3), te karakteriseren (CD68,
CD161, elastase, TNF-α, BDCA-2). Een significant effect van de behandeling werd
gezien op lesionale dermale CD161+ en elastase+ cellen. We concludeerden dat een
behandeling met adalimumab van artritis psoriatica patiënten gepaard gaat met een
afname in de psoriasis laesies van de huid van deze CD161+ en elastase+ cellen. Dit
suggereert dat deze parameters gebruikt zouden kunnen worden als biomarkers voor
het evalueren van het therapeutische effect in ‘proof of concept’ studies.
De resultaten van deze studie naar de effecten van adalimumab op synovium weefsel
zijn beschreven in Hoofdstuk 5b. In deze studie werd een immunohistochemische
analyse gedaan om het celinfiltraat, de expressie van cytokines, MMP’s en vasculariteit
te karakteriseren. Veel celtypen namen in aantal af na behandeling met adalimumab in
vergelijking met placebo. Een significant effect van de behandeling werd gezien op het
aantal CD3+ cellen (T cellen) en op de expressie van MMP13; beide waren significant
afgenomen na actieve behandeling. Dit suggereert dat deze parameters (synoviaal
gelokaliseerde CD3 en MMP13) zouden kunnen worden gebruikt als synoviale
biomarkers voor evaluatie van behandeling van patiënten met artritis psoriatica.
In Hoofdstuk 6 beschrijven we de expressie van de chemokine receptor
CCR5 en de bijbehorende liganden in lesionale en niet-lesionale psoriasis huid.
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Daarnaast presenteren we de klinische en immunohistochemische resultaten
van een gerandomiseerde, placebo-gecontroleerde trial met een CCR5 remmer.
Immunohistochemische analyse toonde een licht verhoogd, maar significant, aantal
CCR5+ cellen in de epidermis en dermis van lesionale huid in vergelijking met nietlesionale huid. Echter, het verschil in relatieve expressie van CCR5 tussen lesionale
en niet-lesionale huid was alleen statisch significant voor het aantal CD3+ cellen in de
epidermis en CD68+ cellen in de dermis. Bepaling van mRNA (RT-PCR) liet alleen een
toename zien van expressie van CCL5 (RANTES) in lesionale huid. Een gerandomiseerd,
placebo-gecontroleerde klinische trial met 32 psoriasis patiënten toonde geen
significant klinisch effect en geen veranderingen op immunohistochemische vlak bij
vergelijking van patiënten die werden behandeld met placebo of een CCR5 remmer
(SCH351125). We concludeerden dat, hoewel CCR5 expressie verhoogd is in psoriasis
lesies, deze receptor geen cruciale rol speelt in de pathogenese van psoriasis.
In Hoofdstuk 7 beschrijven we de expressie van CXCR3 en de bijbehorende
liganden in lesionale en niet-lesionale psoriasis huid. Bepaling middels RT-PCR toonde
aan dat de mRNA waarden van CXCR3 en de liganden CXC9-11 verhoogd waren in
psoriasis lesies in vergelijking met niet-lesionale lesies. Seriële cryostat secties van
psoriasis huidbiopten werden geëvalueerd door middel van immunohistochemie. Het
aantal CXCR3+ cellen was laag in niet-lesionaal huid. Digitale analyse van de biopten
(zgn. quantitative image analyse) toonde significante toenames van zowel epidermale
en dermale CXCR3+ cellen in lesionale huid, in vergelijking met niet-lesionale huid.
Het merendeel van de CXCR3+ cellen was gelokaliseerd in de dermis van de lesionale
huid. Bovendien bleken 74% van deze CXCR3+ cellen CD3+ T lymfocyten te zijn.
Een klein aantal van de CXCR3+ cellen was CD68+, hetgeen duidt op myeloide
oorsprong. Daarnaast vonden we dat bijna alle BDCA2+ plasmacytoide dendritische
cellen in de psoriasis biopten CXCR3+ waren. Deze bevindingen bevestigen eerdere
onderzoeken, die suggereerden dat CXCR3 een centrale rol te speelt in het aantrekken
van plasmacytoide dendritische cellen en T cellen naar zich ontwikkelende psoriasis
lesies. Dit betekent dat CXCR3 een belangrijke rol speelt in de pathogenese van
psoriasis vulgaris.
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Without a doubt, the arrival of biologics has meant a big step forward for the treatment
of psoriasis patients with moderate to severe psoriasis. Randomized clinical trials as
well as prospective1;2 and retrospective cohort studies on biological treatment in daily
practice, like the study presented in Chapter 3 with etanercept3, clearly show great
clinical improvement of psoriasis in patients treated with biologics. Furthermore, a
large proportion of patients treated with biologics indicate a substantial improvement
on health-related quality of life4.
However, although the clinical improvement by some these of immunosuppressive
biologicals is impressive, the situation is still not optimal. There are still some
serious side-effects, like drug eruptions as presented in Chapter 2, and long-term
safety of biological is a concern. Biologics are associated with increased infections
(tuberculosis, aspergillosis, etc), malignancies (lymphoma), haematological disorders
and demyelating disorders (multiple sclerosis) 5;6. The formation of autoantibodies and
antibodies against biologic drugs themselves can occur causing impaired treatment
outcome or even giving rise to certain side effects 7-10. Also, with regards to the
TNFα antagonists, there is a growing number of reports mentioning the paradoxical
onset or worsening of psoriatic skin lesions during treatment with TNF inhibitors11;12.
Besides side-effects and long term safety, the high costs are another factor limiting
the widespread use of biologics. The average medication costs for a treatment with
a biologic per year are € 12 00013 and in case of non-optimal response requiring a
double dosage, costs rise accordingly. In the future however, generic biologics will
become available, making the costs less excessive.
As to clinical improvement, it is questionable whether new therapeuticals will
be able to exceed the current clinical advances with regard to improvement of PASI.
Ustekinumab and infliximab are already able to reduce PASI with 80% and the
difference between 80% and 95% PASI improvement is almost negligible.
In clinical practice these new biological drugs have been remarkably well tolerated,
but we have relative short-term safety data, for some biologics (like ustekinumab)
even shorter than others (like etanercept), and need to continue to monitor these
patients for long-term safety. National registries are of the utmost importance for
collecting these data. Information from these registries will help us to guide strategies
for long-term disease management of psoriasis.

Future directions
Despite numerous recent advances in the treatment of psoriasis, it remains still a very
recalcitrant disease to treat. For example, we cannot predict who is likely to respond
well to a particular therapy and who will not. There are two major areas where we
can expect to see further developments that may profoundly affect our ability to
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help psoriasis patients in the future. First, continued advances in the understanding
of the complex immunologic pathways that contribute to the chronic inflammatory
state in psoriasis will certainly lead to the discovery of new targets and development
of additional interventions. Second, personalization of treatment based on genetic
and demographic characteristics may lead to better and safer outcomes in patients.
With regards to continued advances in the understanding of the complex
immunological pathways that contribute to psoriasis lesions, the discovery that
certain chemokines and their ligands that are upregulated in psoriasis (Chapter 6 and
7) may be a potential therapeutical target. Currently, several chemokine inhibitors
are approved by the FDA for the treatment of several diseases14. In 2007 maraviroc, a
CCR5 inhibitor, was approved for prevention of HIV and in 2008 a CXCR4 antagonist
was approved for hematopoietic stem cell mobilization. Furthermore, recent result
of a phase III trial with a CCR9 inhibitor for Crohn’s disease are promising. Novel
chemokine antagonist-based strategies to interfere with skin inflammation are rather
preventive than therapeutic15. Chemokine antagonist could be excellent tools to
impair the recruitment of pathogenic leukocyte subsets to the skin. Once leukocytes
have entered the skin and underwent activation processes, chemokine antagonist
are supposed to be less effective. In combination with established drugs, such as
methotrexate, cyclosporine, phototherapy or biologicals, however, chemokine
antagonist could be promising candidates for prevention of acute flares, prolongation
of lesion-free interval and therefore provide optimized long-term management of this
chronically relapsing disease. Chemokine antagonist could be an effective additional
treatment in patients with specific phenotypes of psoriasis, like pustular psoriasis,
where accumulation of neutrophils causes the specific phenotypic features.
Evolving insight in the pathogenesis of psoriasis has led and will lead to the
development of new treatment options. In order to proof its clinical efficacy and
safety, large numbers of patients have to be tested. Yet, large randomized controlled
trials will become more difficult to perform: fewer psoriasis patients match up to
the proposed inclusion criteria, whereas the number of candidate therapeuticals is
ever-growing. Moreover, due to availability of effective treatment for a large number
of psoriasis patients, their willingness to participate in clinical trials diminishes. In
psoriasis only limited data on biomarkers are available16;17. Therefore, research
regarding identification of biomarkers (Chapter 4-5) that could be used for prediction
of the clinical response to treatment is necessary, enabling quick assessment of the
efficacy of new treatment modalities in a small number of patients.
With regards to personalized treatment, pharmacogenomics may play a role in
the future for psoriasis patients. Gene expression profiles could predict response
to therapy or risk for side effects, preventing unnecessary periods of ineffective
treatments (and thereby frustrations in patients and physicians) and consequently
unnecessary high health care costs. Also, new targets could be identified that may
lead to specific treatments. Several psoriasis-associated heritable loci have been
identified, and the increased expression of several genes has been identified, but a

marker that predicts therapeutic response has yet to be identified. And perhaps, with
the increasing knowledge of responsible genes in psoriasis, one day psoriasis may
actually be cured by means of gene therapy.
Until then, we need to continue the research and keep the therapeutic pipeline
active and productive.
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