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Original Article
The changes in expression of Ki-67, and CD31 in psoriatic
lesions before and after etanercept treatment
Ki-67

CD31

B Tursen, T Kara, U Tursen, DD Apa, O Gubur, TI Kaya

Background: Although the effectiveness of etanercept in the treatment of psoriasis is very wellestablished, the mechanism of action is poorly understood. It was suggested that the therapeutic
effect of etanercept in psoriasis could be mediated by the inhibition of TNF expression. Although
clinical trials have sometimes demonstrated a dramatic response to TNFα inhibition, only a few
studies have examined the changes occuring in the skin upon TNFα inhibition. Objectives: The aim
of our study was to investigate the different effects of etanercept on cell proliferation, inflammatory
infiltrate, and angiogenesis in psoriasis, and to clarify the mechanism by which etanercept exerts
its therapeutic effects. Methods: Clinical response, the morpho-phenotypic changes, epidermal
thickness, mitotic count were analysed and the expression of CD31, proliferative marker as Ki-67,
were evaluated by immunohistochemical techniques in lesional psoriatic epidermis, before and
after treatment with etanercept in 11 patients. Results: In post-treatment biopsies, a decrease in
the degree of epidermal hyperplasia and a significant reduction in the severity of the inflammmatory
infiltrate (p<0.05) were observed. In addition, CD31 expression was significantly decreased in the
dermal cellular infiltrate, (p<0.05). Ki67 expression was significantly suppressed concurrently in
about 90% of cases (p<0.01). Conclusions: We suggest that etanercept may have an inhibitory
effect on an initial integral component of the pathways that leads to psoriasis. Immunopharmacologic
intervention in inflammatory event has the potential to improve psoriasis. Inhibition of
neovascularisation may be another mechanism of action of etanercept.
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Introduction
Psoriasis is a chronic inflammatory T-cell mediated
immune dermatosis, characterised by a high
epidermal cell turnover, which results in a typical
epidermal hyperplasia.1-3 The pathogenesis of
psoriasis is linked to the recruitment and activation
of several types of leucocytes, and to a T-celldependent inflammatory process in skin that
accelerates the growth of epidermal and vascular
cells in psoriatic lesions. The most important
processes in immunological activation are
La n g e r h a n s c e l l a n d T c e l l a c t i v a t i o n ,
differentiation and expression of type 1 T helper
cells, selective trafficking of activated T cells to
skin, and induction of an inflammatory cytokine
and chemokine cascade in the skin lesions.4,5 The
platelet endothelial cell adhesion molecule-1
(PECAM-1)/CD31 is a newly assigned member
of the immunoglobulin superfamily of cell
adhesion molecules.6,7 It is highly expressed at the
lateral junctions of endothelial cells and at a lower
density on the surfaces of neutrophils, monocytes,
platelets, natural killer cells, T and B cell subsets,
and mast cells. CD31 has been implicated to be
involved in neutrophil recruitment in vivo,
neutrophil and monocyte chemotaxis, and
transendothelial migration of monocytes and
neutrophils in vitro.8 In addition, it also plays a
role in angiogenesis, platelet aggregation and
homeostasis, and the maintenance of the vascular
endothelial barrier function. CD31 is highly
expressed in all endothelial cells of existing and

newly-formed blood and lymphatic vessels,
making it a useful and commonly-used endothelial
cell marker.9,10
In psoriasis, assessment of vasculature in the
papillary dermis with monoclonal antibody JC/
70A specific for the endothelial marker CD31
demonstrated a fourfold increase in endothelial
surface area of lesional skin compared with nonlesional skin.9 The proliferative markers such as
proliferating cell nuclear antigen and nuclear
proliferation marker Ki-67, which are nuclear
proteins associated with cell cycle, are increased
in psoriatic when compared with normal skin.11,12
Etanercept is a recombinant tumour necrosis factor
(TNF)-receptor fusion protein, which consists of
two extracellular ligand-binding domains of the
human p75 tumour necrosis factor receptor fused
to the Fc portion of human IgG1. Although clinical
trials have sometimes demonstrated a dramatic
response to TNFα inhibition, only a few studies
have examined the changes occuring in the skin
upon TNFα inhibition. Preliminary studies showed
a decrease in cellular infiltration with normalisation
of keratinocyte differentiation in the skin.13 More
recent studies have highlighted the vascular
changes that occur in the skin upon TNFα
inhibition:14 there is a reduction in vessel number,
expression of vascular endothelial growth factor
(VEGF), and expression of both angiopoietin-1
and angiopoietin-2. These studies show that the
reduction in cellular infiltration may be secondary
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to a reduction in both angiogenesis and in cellular
trafficking.
The aim of our study was to investigate the different
effects of etanercept treatment on cell proliferation,
inflammatory infiltrate, and angiogenesis in
psoriasis, and to clarify the mechanism by which
etanercept is effective against psoriasis. For this
purpose, we evaluated the clinical response,
the morpho-phenotypic changes, epidermal
thickness, mitotic count, the expression of CD31,
the proliferative marker such as Ki-67 in lesional
psoriatic epidermis, before and after treatment
with etanercept in 11 patients with psoriasis.

Material and methods
Patients
Eleven patients (8 males, 3 females) with clinically
active psoriasis treated with subcutaneous
etanercept 25 mg twice weekly (Enbrel®, Wyeth
Pharmaceuticals, Havant, England) were included
in the study. Active psoriasis was defined as
plaques increasing in size and number at the time
of investigation. The ages of patients ranged from
22 to 69 years (mean 47.50±13.52). The duration
of psoriasis ranged from two to 25 years (mean
9.80±6.52 years). All topical and systemic
treatments had to be discontinued two weeks to
two month respectively, prior to the study. The
severity of psoriasis was assessed using the
psoriasis area and severity index (PASI), a well
established grading system that takes into account
erythema, induration and scaling of psoriatic
plaques and skin surface area affected by
psoriasis.15 In the patients studied, the PASI scores
ranged from 7.1 to 23.5 (mean 12.51±5.39). All
patients gave their informed consent to donate
skin specimens for investigation.

Biopsies
Two 4-mm punch biopsies were obtained under
local xylocaine anesthesia from the lesional skin
of each patient at the same affected site before,
and at 1.5 months of etanercept therapy.
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Formalin-fixed skin fragments were embedded in
paraffin and processed routinely. Hematoxylineeosin sections were used to grade the severity of
psoriatic lesions. The severity of the inflammatory
infiltrate was measured as (1) mild (very few
inflammatory cells), (2) discrete (perivascular
inflammatory infiltrate with occasional exocytosis),
(3) moderate (perivascular inflammatory infiltrate
with marked exocytosis), and (4) severe
(perivascular and diffuse dermal infiltrate with
severe exocytosis and intraepidermal pustule
formation). Cell turnover was evaluated by
calculating the number of the mitotic figures in
ten fields (at a magnification of x400). The
epidermal basal layer was also included in the
counts.

Morphometric evaluation
Epidermal thickness was measured in sections
stained with hematoxyline and eosin. Nikon Digital
sight DS-L1 attached to Nikon Eclipse E 600
microscope was used. The mean distance from
the bottom of the stratum corneum to the bottom
of the rete ridge was calculated from the
measurement of five fields (at a magnification of
x100).

Immunohistochemistry
Five-µm-thick sections were prepared from the
parafin tissues and evaluated to quantify Ki-67
and CD31 protein expression. The avidin-biotin
complex immunoperoxidase staining system was
used.
Primary antibodies used were: Ki-67 Ab-2
(Diagnostic Biosystems, Clone SP6) rabbit
monoclonal antibody with a dilution of 1:25;
CD31/PECAM-1 (endothelial cell marker)
Ab-1 (Diagnostic Biosystems Clone JC/70A)
mouse monoclonal antibody with a dilution of
1:30. The sections were de-paraffinised in
xylene through ethanol to phosphate-buffered
saline (PBS; pH 7.2). To block endogenous
peroxidase activity, 3% hydrogen peroxide was
applied for 30 minutes. The slides incubated in
citrate buffer were heated in a microwave oven
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for 5 minutes. After waiting for 20 minutes, they
were removed, and ultra V block was added.
Primary antibodies were applied and incubated
for one and a half hours in a moist chamber at
4°C. The slides were subsequently incubated in
biotinylated goat antipolyvalent for 10 minutes
and in streptavidin peroxidase for 20 minutes.
Finally, 3-amino -9- ethylcarbazole (AEC)
substrate system (ThermoScientific Labvision
Corporation, Fremont, CA, USA) was applied
for about 3 minutes. After incubation, the
sections were rinsed with distilled water and tap
water. The tissue was counterstained with
Mayer's hematoxyline. All slides were covered
with a cover-slip after mounting in buffered
glycerin

Immunohistochemicaldetermination
Ki-67
The level of staining was scored on the following
4-point scale: no staining (grade 0), moderate
focal/faint diffuse staining (grade 1), strong focal/
moderate diffuse staining (grade 2), and strong
diffuse staining (grade 3).

P-values of less than 0.05 were considered
statistically significant. The statistical analysis was
performed by using SPSS statistical software
(Microsoft, Chicago, Ill., USA).

Results
Clinical and histological examination
An overall favourable clinical response to
etanercept was seen in our patients. Despite
significant improvement in all patients, complete
clearing was not achieved in any case after 1.5
months of therapy. The patients tolerated the
therapy well. There were no significant adverse
effects. The histological examination of lesional
skin revealed a decrease in inflammmatory cells
and progressive loss of elongated rete pegs with
the return of a normal stratum corneum.

Immunohistochemistry

Statistical analysis

CD31 protein was detected in vascular
endothelial cells (Figure 1a) and Ki-67 protein
was observed in the epidermal cells (Figure 2a).
The mean±standard deviation of epidermal
thickness was significantly greater in psoriatic
skin before therapy (4009.87±1270.08 µm)
than after therapy (1739.19±705.66 µm)
(p<0.001) (Table 1). Although the turn-over
median value of epidermis before therapy (a
mitotic count of 3.00) decreased to 0.00 after
therapy, the difference was not statistically
significant (p>0.05).

Data from image analysis studies were expressed
as mean±standard error or mean rank, as
appropriate. We also calculated 95% confidence
intervals for the mean difference. Correlation was
determined by Spearman's rank correlation,
depending on the normality of the data for some
variables. Continuous variables were tested for
normal distribution using the Kolmogorov-Smirnov
normality test, comparisons between groups
(psoriatic patients before and after therapy, and
non-psoriatic patients) were assessed using the
Wilcoxon signed-rank test and paired t test.

Examination of biopsies obtained after therapy
showed that there were reductions in the
inflammatory infiltrate, the expression of
CD31, and number of Ki-67 positive cells in
comparison to pretreatment lesions (Figures 1a
and 1b and Figures 2a and 2b, Table 2).
A remarkable reduction in the number of Ki-67
stained nuclei was demonstrated (p<0.01). In
the vascular endothelium of involved psoriatic
skin, a significantly decreased expression of
CD31 was noted after treatment (p<0.05).

CD31
A semi-quantitative scale was used to evaluate
the staining: (0) no staining; (1) weak staining,
limited to papillary endothelium; (2) moderate,
diffuse endothelial staining; (3) severe, diffuse
endothelial staining.
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Discussion
Psoriasis is a chronic inflammatory skin disorder
affecting 2-4% of the world's population. The
disease is characterised by epidermal
hyperproliferation and inflammation. Psoriasis is
considered to be a genetically programmed
disease of dysregulated inflammation, which is
driven and maintained by multiple components

(a)
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of the immune system. The pathologic
collaboration between innate immunity and
acquired immunity results in the production of
cytokines, chemokines, and growth factors that
contribute to the inflammatory infiltrate seen in
psoriatic plaques. The aggravated state of innate
immunity is represented by the activity of natural
killer T cells, dendritic cells, neutrophils and
keratinocytes, leading to the recruitment and

(b)

Figure 1. (a) Immunostaining of microvasculature in psoriatic lesional skin with CD31 before treatment with
etanercept (CD31, x400). (b) There is a marked reduction of CD31+ cells following etanercept treatment in
dermal vasculature (CD31, x400).

(a)

(b)

Figure 2. (a) Ki-67-positive cells were observed in the epidermal cells in psoriatic lesional skin before treatment
with etanercept (Ki-67, x400). (b) Immunopositivity for Ki-67 is markedly reduced with etanercept therapy
(Ki-67, x400).
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Table 1. Mean ± standard error of epidermal thickness in psoriatic patients before and after therapy
Before therapy
After therapy
Paired sample t test
Mean ± standart
Mean ± standart
significance
deviation
deviation
(p values)
Epidermal thickness

4009.87±
±1270.08 µm

1739.19±
±705.66 µm

<0.001

Table 2. The statistical results of changes in inflammatory infiltrate, turn-over and the expression of Ki-67, and
CD31 in psoriatic patients before and after etanercept therapy. Results are shown as mean rank. P-values are
also presented
(Minimum-Maximum)
Wilco
ilcox
Median (Minimum-Ma
ximum)
W
ilco
xon t test
significance
(P values)
Before Therapy Ki-67

3.00 (2.00-3.00)

After Therapy Ki-67

1.50 (1.00-2.00)

Before Therapy CD-31

3.00 (1.00-3.00)

After Therapy CD-31

1.00 (1.00-2.00)

Before Therapy Turn-over

3.00 (1.00-10.00)

After Therapy Turn-over

0.00 (0.00-6.00)

Before Therapy Inflammation

2.00 (2.00-3.00)

After Therapy Inflammation

1.00 (0.00-1.00)

activation of preferentially type 1 T cells, possibly
in an antigen-independent way.3-5
(c)

Tumour necrosis factor-alpha is a cytokine
produced by lymphocytes and macrophages, two
types of white blood cells. It mediates the immune
response by increasing the transport of white blood
cells to sites of inflammation, and through
additional molecular mechanisms which initiate
and amplify inflammation. Etanercept is a drug
that treats autoimmune diseases by the inhibition
of TNF. Etanercept is a fusion protein produced
through expression of recombinant DNA. It is a
product of a DNA "construct" engineered to link
the human gene for soluble TNF receptor 2 to the
gene for the Fc component of human
immunoglobulin G1 (IgG1). Expression of the
construct produces a continuous protein "fusing"
TNF receptor 2 to IgG1. Production of etanercept
is accomplished by the large-scale culturing of
cells that have been "cloned" to express this

<0.01
<0.05
>0.05
<0.01

recombinant DNA construct. It is a large molecule,
with a molecular weight of 150 kDa., that binds
to TNFα and decreases its role in disorders
involving excessive inflammation in humans and
other animals, including psoriasis and psoriatic
arthritis, and, potentially in a variety of other
disorders mediated by excessive TNFα. This
therapeutic potential is based on the fact that TNFalpha is the "master regulator" of the inflammatory
response in many organ systems.16,17 It reduces
the effect of naturally present TNF, and hence is a
TNF inhibitor, functioning as a decoy receptor that
binds to TNF. There are two types of TNF
receptors: those found embedded in white blood
cells that respond to TNF by releasing other
cytokines, and soluble TNF receptors which are
used to deactivate TNF and blunt the immune
response. In addition, TNF receptors are found
on the surface of virtually all nucleated cells.
Etanercept mimics the inhibitory effects of naturally
occurring soluble TNF receptors, the difference

Ki-67 and CD31 in psoriasis during etanercept treatment

being that etanercept, because it is a fusion protein
rather than a simple TNF receptor, has a greatly
extended half-life in the bloodstream, and
therefore a more profound and long-lasting
biologic effect than the naturally occurring soluble
TNF receptor.18,19
Although clinical trials have sometimes
demonstrated a dramatic response to TNFα
inhibition, only a few studies have examined the
changes occuring in the skin upon TNFα inhibition.14
Expansion of the dermal microvasculature is a
prominent feature of psoriasis. Although the
pathogenetic process resulting in vascular
morphological changes remains unclear,
considerable evidence suggests the involvement
of angiogenesis.20 In our study, CD31 expression
on dermal cellular infiltrate was decreased after
etanercept treatment. Psoriatic microvasculature
changes are related to improvement of psoriasis
plaques.2 But there have been few studies on the
antiangiogenic effects of antipsoriatic drugs.14,21
We already showed that the inhibition of
neovascularisation could be another mechanism
of action of methotrexate in psoriatics.2 Noborio
et al observed that CD31 expressions decreased
significantly after pulsed dye laser therapy in
psoriatic lesions.22 It was shown that based on
the histological change of synovium, treatment
by etanercept could be involved in vascular and
cell proliferations with inhibition of the expression
of CD68 and MMP-3 in the synovium of
rheumatoid arthritis patients, suggesting that the
inhibition of neovascularisation may be another
action of etanercept in psoriasis treatment.23
Some proliferative markers are increased in
psoriasis, when compared with normal skin.
Various proliferative indices, such as the mitotic
count, and markers, like Ki-67, have been
evaluated in various fields of pathology to assess
the rate of cell proliferation.2,11,12 Miracco et al
found that Ki-67 expressions decreased after
ciclosporin treatment in psoriatics. 11 We have
already indicated that Ki-67 expression was
suppressed after methotrexate treatment in
patients with psoriasis.2 Recently, Gambichler et
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al evaluated whether etanercept plus narrowband
ultraviolet B phototherapy was superior to
etanercept monotherapy at 6-week therapy of
psoriasis. They found that Ki-67 expressions did
not differ significantly between the two treatments.24
In 2010, Van der Velden et al observed that the
number of Ki-67+ cells was decreased after
topical calcipotriol/betamethasone dipropionate
treatment in psoriatics. 25 In 2009, Kvist et al
indicated that topical calcipotriol/betamethasone
dipropionate and calcipotriol treatments reduced
epidermal thickness, Ki-67 and cytokeratin 16
expression in the murine psoriasis xenograft
model.26 Adi en et al showed that calcipotriol and
methylprednisolone aceponate decreased the p53
and Ki-67 expressions in psoriatics. 27 Van
Duijnhoven et al also observed that treatment of
psoriasis with short-term topical steroids resulted
in a trend towards normalisation of Ki-67
antigen. 28 Ormerod et al found a significant
reduction in proliferating cells (stained by Ki-67)
in the epidermis with topical sirolimus treatment
compared with controls.29 Smit et al concluded
that systemic treatment of psoriatic patients with
bexarotene suppressed Ki-67 expression.30 Vincek
et al observed that in the skin biopsies of the
psoriatic skin, the fraction of Ki-67-positive cells
did not decrease after infliximab infusion and was
comparable to the psoriatic skin before the
treatment, although the epidermal thickness was
decreased.31 Jang et al found that retinoic acid
treatment reduced Ki-67 expressions correlated
with telomerase activity.32
Recently, Avramidis et al showed that etanercept
caused a statistically significant time-dependent
reduction in the number of dermal blood vessels,
the number of CD31+ cells and VEGF in psoriatic
lesions, with induction of endothelial cell apoptosis
and statistically significant upregulation of
antiangiogenic factor thrombospondin-1 in
psoriatic vessels. They also showed significant
reduction of NF-κB, Bcl-2 and Bcl-xL expression
in endothelial cells during treatment. These
changes were accompanied by a marked clinical
response. 33 The pattern of reduced VEGF in
relation to increased angiopoietin-2 in synovial
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tissue suggests that vascular regression is a
potential mechanism underlying the antiangiogenic effect of infliximab in psoriatic
arthritis. 34 In-vivo reduction of cutaneous
en-plaque capillaries using intra-vital
videocapillaroscopy analysis and VEGF
expression by the etanercept is associated with
improvement of psoriasis.35 Several studies have
shown that TNF-α can directly induce antiapoptotic proteins in endothelial cells, and
keratinocytes.36 Inhibition of the nuclear factorκB signalling pathway (NF-κB) is one of the major
mechanisms by which anti- TNF-α therapy induces
cell apoptosis. 37 Treatment with etanercept
selectively induces apoptosis of dermal myeloid
dendritic cells in psoriatic plaques before clinical
and histological clearance. It has been
hypothesised that etanercept inhibits activation /
phosphorylation of NF-κB and induces dermal
dendritic cell apoptosis via down-regulation of
anti-apoptotic proteins Bcl-xL and Bcl-2.38
Ki-67, CD-31 and TNF-alpha expressions were
significantly higher in psoriatic epidermis than in
normal epidermis. In our study, a decrease of the
degree of epidermal hyperplasia and a significant
reduction in the severity of the inflammmatory
infiltrate was observed in post-treatment biopsies.
The effect of etanercept on Ki-67 expression was
more pronounced than on CD31 expression. Ki67
and CD31 expression decreased concurrently in
about 90% of cases. This study reported a rapid
onset of clinical and histological improvement in
psoriasis after etanercept treatment. These
histological effects were seen within six weeks and
were correlated with clinical improvement. Our
results showed that the expression of CD31, and
Ki-67 in psoriatic lesions was inhibited by
etanercept therapy. Our findings were in line with
these observations, suggesting that a concerted
regulation of several angiogenic and inflammatory
regulators by etanercept plays a significant role
in the involution of psoriatic skin. We have shown
that etanercept exerts a rapid and measurable
anti-inflammatory effect on the psoriatic skin of
patients with psoriasis. The clinical efficacy of
etanercept therapy is well-established in psoriasis,

but the exact pathophysiological mechanisms of
this action in psoriatic skin are not entirely clear.
In the present study, we provide additional
information on the effect of etanercept on blood
vessels in psoriasis and the mechanisms related
to proliferative regression during treatment.
Further work is necessary to determine the
mechanisms by which etanercept inhibits
angiogenesis, which is now considered to be an
angiogenesis-dependent disease. Novel and
selective therapeutic strategies in the treatment of
psoriasis may be developed on this basis.

References
1.

Piskin G, Tursen U, Sylva-Steenland RM, Bos JD,
Teunissen MB. Clinical improvement in chronic plaquetype psoriasis lesions after narrow-band UVB therapy is
accompanied by a decrease in the expression of IFNgamma inducers - IL-12, IL-18 and IL-23. Exp Dermatol
2004:13;764-72.
2. Yazici AC, Tursen U, Apa DD, Ikizoglu G, Api H, Baz K,
et al. The changes in expression of ICAM-3, Ki-67,
PCNA, and CD31 in psoriatic lesions before and after
methotrexate treatment. Arch Dermatol Res 2005;297:
249-55.
3. Kundakci N, Tursen U, Babiker MO, Gurgey E. The
evaluation of the sociodemographic and clinical features
of Turkish psoriasis patients. Int J Dermatol 2002;41:
220-4.
4. Piskin G, Tursen U, Bos JD, Teunissen MB. IL-4 Expression
by Neutrophils in Psoriasis Lesional Skin upon HighDose UVB Exposure. Dermatology 2003;207:51-3.
5. Gaspari AA. Innate and adaptive immunity and the
pathophysiology of psoriasis. J Am Acad Dermatol
2006;54:67-80.
6. Avramidis G, Kruger-Krasagakis S, Krasagakis K,
Fragiadaki I, Kokolakis G, Tosca A. The role of
endothelial cell apoptosis in the effect of etanercept in
psoriasis. Br J Dermatol 2010;163:928-34.
7. Wong MX, Roberts D, Bartley PA, Jackson DE. Absence
of platelet endothelial cell adhesion molecule-1 (CD31)
leads to increased severity of local and systemic IgEmediated anaphylaxis and modulation of mast cell
activation. J Immunol 2002;168:6455-62.
8. Bogen S, Pak J, Garifallou M, Deng X, Muller WA.
Monoclonal antibody to murine PECAM-1 (CD31) blocks
acute inflammation in vivo. J Exp Med 1994;179:
1059-64.
9. Creamer D, Allen MH, Sousa A, Poston R, Barker JN.
Localization of endothelial proliferation and
microvascular expansion in active plaque psoriasis. Br
J Dermatol 1997;136:859-65.
10. Ilan N, Madri JA. PECAM-1: old friend, new partners.

Ki-67 and CD31 in psoriasis during etanercept treatment

Curr Opin Cell Biol 2003;15:515-24.
11. Miracco C, Pellegrino M, Flori ML, Vatti R, Materno M,
Andreassi L. Cyclin D1, B and A expression and cell
turnover in psoriatic skin lesions before and after
cyclosporin treatment. Br J Dermatol 2000;143:950-6.
12. Chang SL, Hu S, Hung SI, Huang YL, Hsiao WC, Chung
WH. A comparison of Ki-67 antigen presentation in
acute generalized exanthematous pustulosis and
pustular psoriasis. Arch Dermatol Res 2010;302:
525-9.
13. Gottlieb AB, Matheson RT, Lowe N, Krueger GG, Kang
S, Goffe BS, et al. A randomized trial of etanercept as
monotherapy for psoriasis. Arch Dermatol 2003;139:
1627-32.
14. Markham T, Fearon U, Mullan R. Anti-TNF alpha therapy
in psoriasis: clinical and angiogenic responses [abstract].
Br J Dermatol 2003;143(suppl 59):40.
15. Marks R, Barton SP, Shuttleworth D, Finlay AY. Assesment
of disease progress in psoriasis. Arch Dermatol 1989;
125:235-40.
16. Tak PP, Kalden JR.Advances in rheumatology: new
targeted therapeutics. Arthritis Res Ther 2011;13 Suppl
1:S5.
17. Horiuchi T, Mitoma H, Harashima S, Tsukamoto H,
Shimoda T. Transmembrane TNF-alpha: structure,
function and interaction with anti-TNF agents.
Rheumatology (Oxford) 2010;49:1215-28.
18. Cordoro KM, Feldman SR.TNF-alpha inhibitors in
dermatology. Skin Therapy Lett 2007;12:4-6.
19. Thomson A.Etanercept in psoriasis: the evidence of its
therapeutic impact. Core Evid 2007;2:51-62.
20. Heidenreich R, Röcken M, Ghoreschi K. Angiogenesis
drives psoriasis pathogenesis. Int J Exp Pathol 2009;
90:232-48.
21. Yamasaki E , Soma Y, Kawa Y, Mizoguchi M.
Methotrexate inhibits proliferation and regulation of the
expression of intercellular adhesion molecule-1 and
vascular cell adhesion molecule-1 by cultured human
umbilical vein endothelial cells. Br J Dermatol 2003;
149:30-8.
22. Noborio R , Kurokawa M, Kobayashi K, Morita A.
Evaluation of the clinical and immunohistological
efficacy of the 585-nm pulsed dye laser in the treatment
of psoriasis. J Eur Acad Dermatol Venereol 2009;23:
420-4.
23. Suzuki Y, Inoue K, Chiba J, Inoue Y, Kanbe K.
Histological analysis of synovium by treatment of
etanercept for rheumatoid arthritis. Int J Rheum Dis
2009;12:7-13.
24. Gambichler T, Tigges C, Scola N, Weber J, Skrygan M,
Bechara FG, et al. Etanercept plus narrowband
ultraviolet B phototherapy of psoriasis is more effective
than etanercept monotherapy at 6 weeks. Br J Dermatol
2011;164:1383-6.
25. Van der Velden HM, Pasch MC, Van Erp PE, Van Lingen
RG, Otero ME, de Boer-van Huizen RT, et al. Treatment
of plaque psoriasis with the two-compound product
calcipotriol/betamethasone dipropionate versus both
monotherapies: an immunohistochemical study.

13

J Dermatolog Treat 2010;21:13-22.
26. Kvist PH, Svensson L, Hagberg O, Hoffmann V, Kemp
K, Røpke MA. Comparison of the effects of vitamin D
products in a psoriasis plaque test and a murine psoriasis
xenograft model. J Transl Med 2009;7:107.
27. Adi en E, Gülekon A, Erdem O, Dursun A, Gürer MA.
The effects of calcipotriol and methylprednisolone
aseponate on bcl-2, p53 and ki-67 expression in psoriasis.
J Eur Acad Dermatol Venereol 2006;20:527-33.
28. Van Duijnhoven MW, Hagenberg R, Pasch MC,
Van Erp PE, Van de Kerkhof PC. Novel quantitative
immunofluorescent technique reveals improvements in
epidermal cell populations after mild treatment of
psoriasis. Acta Derm Venereol 2005;85:311-7.
29. Ormerod AD, Shah SA, Copeland P, Omar G, Winfield
A.Treatment of psoriasis with topical sirolimus: preclinical
development and a randomized, double-blind trial.
Br J Dermatol. 2005;152:758-64.
30. Smit JV, de Jong EM, van Hooijdonk CA, Otero ME,
Boezeman JB, van de Kerkhof PC. Systemic treatment
of psoriatic patients with bexarotene decreases
epidermal proliferation and parameters for
inflammation, and improves differentiation in lesional
skin. J Am Acad Dermatol 2004;51:257-64.
31. Vincek V, Jacob SE, Nassiri M, Herbert LM, Nadji M,
Kerdel FA. Infliximab monotherapy in psoriasis: a case
of rapid clinical and histological response. Int J Dermatol
2004;43:303-8.
32. Jang HS, Oh CK, Jo JH, Kim YS, Kwon KS. Detection of
telomerase activity in psoriasis lesional skin and
correlation with Ki-67 expression and suppression by
retinoic acid. J Korean Med Sci 2001;16:623-9.
33. Avramidis G, Krüger-Krasagakis S, Krasagakis K,
Fragiadaki I, Kokolakis G, Tosca A.The role of
endothelial cell apoptosis in the effect of etanercept in
psoriasis. Br J Dermatol 2010;163:928-34.
34. Cañete JD, Pablos JL, Sanmartí R, Mallofré C, Marsal
S, Maymó J, et al. Antiangiogenic effects of anti-tumor
necrosis factor alpha therapy with infliximab in psoriatic
arthritis. Arthritis Rheum 2004;50:1636-41.
35. Campanati A, Goteri G, Simonetti O, Ganzetti G,
Giuliodori K, Giuliano A, et al. Angiogenesis in psoriatic
skin and its modifications after administration of
etanercept: videocapillaroscopic, histological and
immunohistochemical evaluation. Int J Immunopathol
Pharmacol 2009;22:371-7.
36. Jaganathan J, Petit JH, Lazio BE, Singh SK, Chin LS.
Tumor necrosis factor-related apoptosis-inducing ligandmediated apoptosis in established and primary glioma
cell lines. Neurosurg Focus 2002;13:1.
37. Scott BB, Zaratin PF, Colombo A, Hansbury MJ, Winkler
JD, Jackson JR. Constitutive expression of angiopoietin1 and -2 and modulation of their expression by
inflammatory cytokines in rheumatoid arthritis synovial
fibroblasts. J Rheumatol 2002;29:230-9.
38. Malaviya R, Sun Y, Tan JK, Wang A, Magliocco M, Yao
M, et al. Etanercept induces apoptosis of dermal
dendritic cells in psoriatic plaques of responding
patients. J Am Acad Dermatol 2006;55:590-7.

