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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 

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.
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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.

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 
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decreased infiltration by CD22-positive B cells, CD38-positive plasma cells, and CD15-
positive 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). 

Correlation between clinical improvement and changes in synovial 
biomarkers
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 (ICAM-
1), 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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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 

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). 
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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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Abstract
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.
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Introduction 
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 transcriptase-
polymerase 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
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 
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), FITC-
conjugated-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 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 (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 
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

Statistical analysis
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 non-
lesional 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. 

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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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.

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. 
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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.

Table 1.  Demographical data patients

Randomized clinical trial

placebo SCH351125

Number 11 23

Male:female 7:4 18:5

Age (years)1 41.8 (10.2) 49.4 (14.3)

Duration of skin disease (years) 1 20.6 (9.8) 19.8 (11.6)

Baseline PASI1 14.9 (4.7) 15.7 (4.3)

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

34 patients assessed for eligibility

Randomization 2:1

No patients excluded

23 patients allocated to and 
received SCH351125

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

2 AE’s

11 patients allocated to 
placebo

Screening

Enrollment

No patients lost to follow-up.
4 patients discontinued:

1 SAE
2 AE’s
1 non-compliance

Allocation

Follow-up

Analysis 23 patients analyzed 11 patients analyzed

Figure 3 Flow chart of randomized, placebo controlled clinical trial.
SCH351125, CCR5 ligand inhibitor; SAE, serious adverse event; AE, adverse event. 

Fig. 3 Flow chart of randomized, placebo controlled clinical trial. SCH351125, CCR5 ligand inhibitor; 
SAE, serious adverse event; AE, adverse event.
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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).

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 non-
lesional 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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Abstract
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. 
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Introduction
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 lymphocyte-
specific 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 pre-
symptomatic 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 

118



CXCR3 in
 psoriasis

7

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).

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 reverse-
transcribed using Superscript II (Invitrogen) according to manufacturer’s instructions.

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 real-
time 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 real-
time 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 anti-
CD8, 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 Cy3- 
linked 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. 

Quantification of IHC data
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.  

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 non-
lesional skin biopsies from both disease populations compared with normal skin.

Similar distribution patterns of T lymphocytes and CXCR3+ cells in 
psoriatic skin 
To qualify the lesional versus non-lesional biopsies for further analysis, the 
histopathology of the biopsies was first examined for epidermis morphology and 
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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.

122



CXCR3 in
 psoriasis

7

Normal Skin Psoriasis NL Psoriasis L Atopic Derm NL Atopic Derm L
-1.00

-0.75

-0.50

-0.25

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

2.50

2.75

*

*
*

@,

*@,
CXCL10

Ex
pr

es
si

on
 A

na
ly

si
s

(L
og

 tr
an

sf
or

m
ed

)

Normal Skin Psoriasis NL Psoriasis L Atopic Derm NL Atopic Derm L
0.10

0.35

0.60

0.85

1.10

1.35

1.60

1.85

2.10

2.35

2.60

2.85

*@
,

*@,

* *

Ex
pr

es
si

on
  A

na
ly

si
s

(L
og

 tr
an

sf
or

m
ed

)
CXCL9

Fig. 2

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.
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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 non-
lesional 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

CD3ea CD3db CD8e CD8d CXCR3e CXCR3d

Folds (L / NL) 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 

CD3 (NL) CD3 (L) CD8 (NL) CD8 (L) CXCR3 (NL) CXCR3 (L)

Folds 
(dermis / epidermis)

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.

Double immunofluorescent staining of cellular infiltrates in the lesional 
plaques
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 co-
expression 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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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-pos-
itive 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 non-
lesional 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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Summary of chapters
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 side-
effect 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, placebo-
controlled 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 
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and its ligands, CXCL9-11, were 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 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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Samenvatting van de hoofdstukken
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 niet-
lesionale 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.





9 General discussion





Gen
eral discussion

9

Current biologics
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 
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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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dank voor jullie inzet en bijdrage aan de gezellige sfeer.

Daisy, wat zou ik zonder jou kunnen als het om mijn biopten gaat! Dank voor al je 
inzet voor het snijden, kleuren en het o zo enerverende tellen van de vele kleuringen 
(gedeelde smart is halve smart). Ondanks dat je het vaak ontzettend druk had, lukte 
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biopten. Dank daarvoor.
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Maarten Kraan, dankzij jouw inzet zijn hoofdstuk 6 en 7 van de grond gekomen. 
Dank daarvoor! Jouw enthousiasme voor onderzoek is zeer inspirerend.

Shu, thank you for all your efforts, most of which you had to do in your spare 
time. It has resulted in an excellent article! Thank you.

Arno van Kuijk, heel erg bedankt voor je geduld en de prettige samenwerking 
tijdens onze gezamelijke projecten. 

Amber, Gamze, Pina, Elian, Germaine en Lidian, dank dat ik in meer of mindere 
mate gebruik heb mogen maken van jullie expertise met betrekking tot het specialisme 
promoveren. Dat gaf een heleboel kopzorgen minder!

Verder dank aan alle (oud- en huidige) arts-assistenten, stafleden, verpleegkundigen 
en baliepersoneel van de afdeling Dermatologie in het AMC. Hartelijk dank voor de 
prettige samenwerking, jullie begrip en ondersteuning. Jullie zorgen er met z’n allen 
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