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Abstract 
In the last decade, TNF-oc targeted therapy has proven to be a successful 

treatment for plaque psoriasis. Of this class etanercept has recently been 

approved for the treatment of psoriasis. Etanercept is a fusion protein 

consisting of two identical chains of a recombinant human TNF receptor (p75) 

monomer fused to the Fc portion of human lgG1. By competitive inhibition 

of the interaction of circulatingTNF-awith cell surface-bound TNF-receptors, 

etanercept is thought to prevent TNF-mediated cellular responses by 
128 rendering TNF biologically inactive. Since little is known about the actual 

mechanism of action of etanercept in psoriasis, we studied the effects of 

etanercept in lesional psoriatic skin in situ in a double-blind placebo-

controlled study. Patients were treated with either 50 mg s.c. twice weekly 

(n=1), 25 mg s.c. twice weekly (n=2), or placebo (n=3). Skin biopsies were 

performed at baseline, after 4, and after 12 weeks of treatment. We observed 

a strong reduction in infiltrating T cells in lesional epidermis and dermis after 

4 weeks in etanercept-treated patients, in contrast to placebo-treated patients. 

There was a reduction in the expression of the adhesion molecules E-selectin, 

VCAM-1, and ICAM-1 in the etanercept-treated patients. No changes in the 

expression of vWF, avP3, and VEGF were observed. In conclusion, etanercept 

induces a decreased influx of activated T cells in lesional skin of psoriasis 

patients in association with a downregulation of the expression of adhesion 

molecules on endothelial cells. 



Introduction 
Al though the exact pathogenesis of psoriasis and psoriatic arthritis (PsA) is not 

yet identi f ied, mult iple clues point in the direct ion of TNF-a as a key cytokine 

in the inf lammatory cascade that characterizes these diseases. For example, 

levels of TNF-a and TNF-a-receptors are increased in psoriatic lesional skin 

compared to uninvolved and normal skin (1, 2). Second, TNF-oc is a versatile 

cy tok ine capable of i nduc ing numerous pro- in f lammatory cytokines and 

chemokines exerting specific effects in the pathogenesis of psoriasis. Infl iximab 

and etanercept are two immunobiologicals targeted against TNF-a that have 

demonstrated significant improvement in clinical parameters of psoriasis and 

PsA. Etanercept is a fus ion prote in consist ing of two identical chains of a 

recombinant human TNF receptor (p75) monomer fused to the Fc port ion of 

human lgG1. By interfer ing wi th the binding of circulating TNF-a to cell surface 

TNF-receptors , e tanercept is t h o u g h t to prevent TNF-media ted cel lu lar 

responses by renderingTNF biologically inactive. Infl iximab has identical effects 

on circulating TNF-a but has addit ional effects on membrane and receptor 

bound TNF-a not observed wi th etanercept (3). Recently per formed trials wi th 

etanercept s.c. 25 mg twice a week as monotherapy for psoriasis demonstrated 

that approximately 30% of patients achieved a reduct ion in psoriasis area and 

severity index (PASI) of 75% after 12 weeks of treatment, and 44 - 56% of patients 

reached this level after 24 weeks of treatment (4,5). A comparable study wi th 

infl iximab for treatment of moderate to severe psoriasis demonstrated that 88% 

of patients achieved PASI 75 after 10 weeks of treatment, and 58% achieved 

PASI 90 by week 10 (6). Clinical efficacy of infl iximab in psoriasis was supported 

by changes in immunohistochemical parameters in lesional psoriatic skin after 

infl iximab treatment, as seen by reductions inTcel l numbers after only 48 hours 

after init iation of therapy, as wel l as reduced expression of adhesion molecules 

after 4 weeks of treatment (7). 

A l t h o u g h comparab le immunoh i s tochemica l effects are expec ted after 

etanercept therapy (8), no evaluat ion of the changes in the in f lammatory 

inf i l trate in psoriasis lesions dur ing etanercept therapy has been per formed 

as yet. For this reason, we per fo rmed an explorat ive p lacebo-cont ro l led, 

randomised, doub le-b l inded, single-centre study to evaluate changes in the 

inf lammatory infi l trate, adhesion molecule expression, and angiogenesis in 

psoriatic lesional skin of patients treated wi th etanercept. 



Methods 
Patients Six patients w i th moderate to severe plaque-type psoriasis (PASI > 

10 at baseline) were inc luded in the biopsy analysis. There was a 4-week 

washout per iod for PUVA therapy and systemic therapy, and a 2-week washout 

per iod for UVB therapy and topical therapy. After inclusion, patients were 

t reated in a doub le -b l i nded regimen w i th ei ther etanercept 50 mg s.c twice 

weekly (n=1), etanercept 25 mg s.c twice weekly (n=2), or placebo twice weekly 

(n=3) for 12 consecut ive weeks. Clinical improvement was evaluated by PASI 
1 3 0 at baseline and after 4 and 12 weeks of therapy. 

Skin biopsies At baseline, 4 weeks, and 12 weeks after ini t iat ion of treatment, 

4 -mm punch biopsies were taken f rom the inside border of a target psoriatic 

p laque, pre ferent ia l ly f r om a non-sun exposed area. Biopsies f rom each 

indiv idual pat ient were obtained f r o m the same target lesion, separated by at 

least 1 cm. The biopsy samples were randomly coded, snap-frozen in Tissue-

Tek OCT (Miles, Elkhart, IN), and stored at -70°C unt i l fur ther processing. 

Five-micrometer cryostat sections were cut and moun ted on glass slides (Star 

Frost adhesive sl ides, Knittelglaser, Germany) , and stored at -70°C unt i l 

i m m u n o h i s t o c h e m i c a l staining was p e r f o r m e d . For each sta in ing three 

sections of each biopsy were analysed to min imize random variat ion. 

Immunohistochemical analysis Skin sections were stained w i th anti-CD3 

monoc lona l ant ibody (Mab) (BD Pharmingen, San Jose, CA) to detect T cells. 

T-cell subpopulat ions were detected wi th anti-CD4 (BD Pharmingen) and anti-

CD8 (BD Pharmingen) Mab. Epidermal hyperpro l i ferat ion was evaluated by 

keratin-16 expression (Sigma, Saint Louis, M l ) . To analyze the expression of 

adhesion molecules, sections were stained w i th anti-vascular cell adhesion 

mo lecu le (VCAM)-1 (CD106, BD Pharmingen), ant i - intercel lu lar adhesion 

molecu le (ICAM)-1 (CD54, R&D Systems Inc., Minneapol is , MN), and anti-E-

se lec t in (CD62E, BD Pharmingen) M a b . To s tudy ( factors invo lved in) 

vascularity, sections were stained w i th anti-vascular endothel ia l g rowth factor 

(VEGF, Santa Cruz Biotechnology, Inc., Santa Cruz, Ca), anti-alpha-v-beta-3-

in tergr in (a (3, CD51/CD61, Santa Cruz Biotechnology, Inc.), and ant i-von 

W i l l e b r a n d Factor (vWF, Dako, G los t rup , Denmark ) Mab . The sta in ing 

procedure was pe r fo rmed as described previously (9). Fol lowing a primary 



step of incubat ion wi th Mab, bound ant ibody was detected according to a 3-

step i m m u n o p e r o x i d a s e m e t h o d . Horserad ish perox idase act iv i ty was 

detected using hydrogen peroxide as substrate and amino-ethylcarbazole 

(AEC) as chromogen, produc ing a reddish colour. 

Digital image analysis Stained sections were randomly coded and analyzed 

by computer-assisted image analysis as descr ibed previously (9). In short, 

images were acquired and analyzed using Syndia a lgor i thm on a Q w i n based 

analysis system (Leica, Cambridge, U.K.). Twenty high power fields per section 

were analysed. Positive staining of cellular markers was expressed as posit ive 

cel ls/mm2 (dermis) or as posit ive cel ls/mm (epidermis). Positive staining of 

adhesion molecules, angiogenesis markers, and growth factors was expressed 

as integrated optical densi ty/mm2 ( IOD/mm2 ) . 

Semi-quantitative analysis For keratinocyte expression of K16 keratin, a semi

quanti tat ive score was used ranging f rom 0 to 4+. Scores of 0 or 1 + were 

considered as normal expression, scores of 2+, 3+, or 4+ were considered as 

abnormal expression. Epidermal thickness was expressed in mm. 

Results 
Etanercept reduces clinical signs of psoriasis activity W e observed a 

reduct ion in PASI in 2 of 3 patients treated w i th etanercept (17% and 4 1 % 

reduct ion compared to baseline respectively) after 4 weeks of treatment, and 

a minor reduct ion in one of the placebo-treated patients at this t ime po in t 

(7% reduct ion compared to baseline). After 12 weeks of treatment, all 3 patients 

treated w i th etanercept showed a reduct ion in PASI (56%, 52%, and 78% 

reduct ion compared to baseline respectively). There was no di f ference in the 

clinical response between the patient receiving 50 mg etanercept twice weekly 

and the patients receiving 25 mg etanercept twice weekly. One patient treated 

w i th placebo responded w i th a 36% reduct ion in PASI compared to baseline, 

another patient showed a reduct ion in PASI of 8% reduct ion compared to 

baseline. The individual PASI values of the patients are shown in Table 1. 



Table 1. Individual PASI values at baseline, and after 4 and 12 weeks of either etanercept 
treatment (25 mg twice weekly or 50 mg twice weekly) or placebo treatment. Numbers between 
brackets represent % reduction in PASI from baseline. 
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Patient 

Baseline 
Week 4 
Week 12 

1 
(50 mg) 

10.9 
9 (17%) 

4.8 (56%) 

2 
(25 mg) 

11.4 
6.7 (41%) 
5.5 (52%) 

3 
(25 mg) 

21.7 
28.8 (0%) 
4.7 (78%) 

4 
(placebo) 

15.2 
18.4 (0%) 
9.8 (36%) 

5 
(placebo) 

15.2 
19.8 (0%) 
16.5 (0%) 

6 
(placebo) 

14.1 
13.1 (7%) 
13 (8%) 

Etanercept reduces the number of T cells and T-cell subpopulations in 

lesional epidermis and dermis A strong reduct ion in the number of CD3 + T 

cells in both epidermis and dermis was found in all three patients af ter4 weeks 

of etanercept t reatment, wh ich was even more pronounced after 12 weeks of 

t reatment. The mean reduct ion in epidermal T-cell numbers was 93% and the 

mean reduct ion in dermal T-cell numbers was 80%. There was no di f ference 

in response between the patient receiving 50 mg etanercept twice weekly 

and patients receiving 25 mg etanercept twice weekly. Of the placebo-treated 

patients, on ly one patient showed a transient reduct ion in epidermal and 

dermal T-cell numbers at week4, wh ich returned to the baseline observat ion 

Table 2. Absolute numbers of CD3* T cells and CD4+ and CD84 T-cell subpopulations before 
and after treatment. Data are expressed as cells/mm (epidermis) or cells/mm2 (dermis). 

Patient 1 2 3 4 5 6 
(50 mg) (25 mg) (25 mg) (placebo) (placebo) (placebo) 

CD3 epidermis 

dermis 

CD4 epidermis 

dermis 

CD8 epidermis 

dermis 

Baseline 
Week 4 
Week 12 
Baseline 
Week 4 
Week 12 

Baseline 
Week 4 
Week 12 
Baseline 
Week 4 
Week 12 

Baseline 
Week 4 
Week 12 
Baseline 
Week 4 
Week 12 

63 
19 

5 
185 
51 
59 

4 
4 
0 

15 
12 

8 

8 
4 
0 

16 
10 
3 

20 
12 

1 
373 

75 
42 

63 
26 
1 

480 
186 

24 

1 
0 
0 

13 
4 

10 

45 
26 

2 
185 

(J2 
35 

23 
10 

2 
159 
57 
18 

5 
3 
I 

11 
7 

16 

7 
22 
32 
69 

179 
299 

3 
4 
4 

64 
44 
49 

8 
0 
2 

38 
6 

20 

27 
14 
43 

391 
110 
388 

6 
4 

17 
77 

164 
96 

6 
5 

16 
21 
11 
22 

20 
63 
12 
37 

246 
102 

47 
47 

8 
409 
653 
249 

59 
49 

3 
37 

m 
17 
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Figure 1. CD3, E-selectin, VCAM-1, and ICAM-1 immunohistochemical staining of lesional 
skin of patient 1 at baseline and after 4 and 12 weeks of etanercept treatment (50 mg s.c. twice 
weekly). Original magnification: 400x. 



in the biopsy taken after 12 weeks. The epidermal thickness was reduced in 

all etanercept- t reated patients at week 4 (mean reduct ion 34%) and week 12 

(mean reduc t ion 56%), in contrast to no changes in the placebo-treated 

patients. After 12 weeks of etanercept t reatment keratin-16 expression was 

normal ized in all patients, whereas at the same t ime point this expression 

was still abundant ly present in placebo-treated patients. 

Look ing at T-cell subpopulat ions, both epidermal and dermal CD4T T cell 

numbers showed a reduct ion at week 4 and week 12 in all patients treated 
1 3 4 with etanercept . W e also observed a reduct ion in ep idermal CD8' T cell 

numbers in all three patients treated w i th etanercept. Dermal CD8+ T cell 

numbers of these patients showed also a reduct ion at week 4, wh ich was less 

ev ident at week 12. In the patients treated w i th placebo the CD4 and CD8 

expression was qui te variable and did not show a clear decrease as was found 

in the etanercept-treated patients. Absolute T-cell numbers before and after 

therapy are shown in Table 2. 

Etanercept reduces the expression of adhesion molecules A s t rong 

reduc t ion in the expression of E-selectin was observed in all etanercept-

t reated patients at bo th t imepoints, wh ich was not observed in the placebo-

t reated patients. The expression of VCAM-1 was reduced at week 12 in all 

etanercept- t reated patients and in none of the placebo-treated patients. The 

express ion of ICAM-1 was reduced in the week 4 and 12 biopsies in 2 

etanercept- t reated patients and 1 placebo-treated patient (Table 3). 

Table 3. Expression of E-selectin, VCAM-1, and ICAM-1 on endothelial cells at baseline and 
after 4 and 12 weeks of either etanercept treatment (25 mg s.c. twice weekly or 50 mg s.c. 
twice weekly) or placebo treatment. Data is expressed as IOD/mm2. 

Patient 1 2 3 4 5 6 
(50 mg) (25 mg) (25 mg) (placebo) (placebo) (placebo) 

E-selectin 

VCAM-1 

ICAM-1 

Baseline 
Week 4 
Week 12 

Baseline 
Week 4 
Week 12 

Baseline 
Week 4 
Week 12 

439 
205 
250 

7685 
3591 
2821 

1707 
943 

75 

1105 
125 
35 

5221 
6220 
846 

258 
318 
554 

1102 
738 
395 

5326 
1542 
1670 

396 
382 
180 

980 
394 

1741 

3816 
1734 
5532 

609 
987 

1683 

1371 
427 

1024 

5001 
2334 
5472 

4628 
3994 
1906 

3056 
6575 
2502 

6683 
7875 
9731 

2081 
1802 
1954 



Etanercept does not induce a significant change in vascularity and 

angiogenesis The expression of vWF, av(33, and VEGF in etanercept-treated 

patients after 4 weeks and 12 weeks of t reatment was qui te variable and no 

clear shift cou ld be detected (Table 4). 

Table 4. Expression of vWF, av(33, and VEGF at baseline and after 4 and 12 weeks of either 
etanercept treatment (25 mg s.c. twice weekly or 50 mg s.c. twice weekly) or placebo treatment. 
Data is expressed as IOD/mm2. 

Patient 1 2 3 4 5 6 
(50 mg) (25 mg) (25 mg) (placebo) (placebo) (placebo) 

Baseline 
Week 4 
Week 12 

Baseline 
Week 4 
Week 12 

Baseline 
Week 4 
Week 12 

15032 
3083 
2733 

1554 
2390 
1604 

1331 
313 

1195 

5624 
3922 

11609 

482 
884 

2608 

84 
412 
110 

21967 
37203 
25840 

1379 
1071 

475 

647 
175 
952 

4243 
23858 
15563 

2145 
1781 
1588 

295 
297 
101 

21165 
39862 
63350 

3985 
2274 
2240 

817 
893 
799 

28685 
36053 
23901 

1522 
669 
797 

2017 
704 
313 

Discussion 
Despi te extensive research in d i f fe rent immuno log i ca l areas, the exact 

pathogenic mechanism in psoriasis remains an unsolved puzzle. Besides 

excessive T-cell activation as a trigger for the development of a psoriatic plaque 

(10,11), more recently TNF-a has been recognized to play a pivotal role in the 

inf lammatory cascade. TNF-a has mult ip le effects; it induces product ion of 

other pro- inf lammatory cytokines, such as IL- I , IL-6, and IFN-y, and is capable 

of increasing the product ion of N F K B (12, 13) result ing in protect ion against 

apoptosis. TNF-a is also involved in T-cell t raf f icking to lesional skin via the 

induct ion of chemokines, and it st imulates the upregulat ion of adhesion 

molecules such as E-selectin, vascular cell adhesion molecule (VCAM)-1 and 

intercel lu lar adhesion molecu le (ICAM)-1 on endothe l ia l cells (14-17). In 

connect ion w i th this, a posit ive correlat ion between the expression of E-

selectin and VCAM-1 on endothel ial cells and the number of inf i l t rat ing T 

cells in active psoriatic skin was ident i f ied (18). Finally, TNF-a has been shown 



to induce the expression of vascular endothel ial g rowth factor (VECF) mRNA 

in kerat inocytes (19), thus st imulating angiogenesis in lesional psoriatic skin. 

The two bio logical anti-TNF-a agents current ly used for the t reatment of 

psoriasis and PsA are inf l iximab and etanercept. Inf l ix imab has been shown 

to induce complement-mediated cell lysis, ant ibody-dependent cytotoxicity, 

and caspase-dependent apoptosis of cells expressing membrane TNF-a in 

vitro (3, 20, 21), in contrast to etanercept (22). Also, the interact ion between 

etanercept and membrane as well as soluble TNF-a is ' reversible' in that the 
1 3 6 inh ib i t ion of biological activity of TNF-a is less than that of inf l ix imab and the 

b ind ing is of lower aff ini ty (3). Besides dif ferences in efficacy, this might 

exp la in d i f fe rences in adverse events, such as decreased host defence, 

between inf l ix imab and etanercept. 

The aim of this study was to investigate the immunohis tochemica l changes 

fo l l ow ing etanercept treatment in patients wi th plaque psoriasis. Previous 

studies on lesional psoriat ic skin after inf l ix imab therapy demonst ra ted a 

significant reduct ion inT-cel l infiltration already after 48 hours of therapy. This 

observation was accompanied by a significant reduct ion in the expression of 

adhesion molecules, e.g. E-selectin, VCAM-1, and ICAM-1 after 4 weeks of 

inf l iximab therapy (7), support ing that a reduction in leukocyte traff icking might 

bean important aspect of the mechanism of infl iximab. In addit ion, a reduct ion 

in t he express ion of vWF and av(33 on endothe l ia l cells was observed, 

substantiating that inf l ix imab is capable of regulating angiogenesis in psoriatic 

lesional skin, interfer ing w i th leukocyte recruitment as wel l . These assumed 

mechanisms of actions of infliximab are consistent wi th observations in synovial 

t issue in patients w i th rheumatoid arthritis (RA) treated wi th inf l iximab (23-25). 

The results of the present study suggest that e tanercept is an ef fect ive 

t reatment for moderate to severe plaque psoriasis. All patients treated wi th 

etanercept in our study achieved more than 50% reduct ion in PASI after 12 

weeks of t reatment, and one patient even more than 75% reduct ion in PASI 

af ter 12 weeks of t r ea tmen t . This i m p r o v e m e n t was associated w i t h a 

normal izat ion of epidermal prol i ferat ion as seen by reduct ion of expression 

of keratin-16, as wel l as a decrease of more than 50% of epidermal thickness. 

Despite the small number of patients part icipat ing in the biopsy study, we 



observed reduct ions in the number of inf i l t rat ing T cells in both lesional 

dermis and epidermis already after 4 weeks of t reatment, and an even more 

p ronounced reduct ion after 12 weeks of t reatment. The observed reduct ion 

in T cells ref lected a reduct ion in both epidermal and dermal CD4+ T cells, as 

well as epidermal CD8+ T cells. Interestingly, we d id not detect consistent 

changes in the expression of IFN-yand IL-4 in lesional skin of these patients 

(data not shown). Data on the effects of anti-TNF-a therapy, e.g. etanercept 

and in f l ix imab on type 1 and 2 cytok ine prof i les in various in f lammatory 

disorders are conf l ic t ing and not consistent. Both an increase in the expression 

and produc t ion of IFN-y (26-28) and a reduct ion have been described (29-31) 

after anti-TNF-a therapy. Regardless of the conf l ic t ing data on the effects on 

cy tok ine prof i les , in f l i x imab and etanercept therapy have proven to be 

successful in RA, PsA and psoriasis, suggesting that neutral isation of soluble 

TNF-a w i thou t direct ly affecting T-cell funct ion is suff icient to induce clinical 

remission of these diseases. 

Focusing on adhes ion molecu les, we observed a t r end towards d o w n -

regulation of the expression of E-selectin and VCAM-1 , and to a lesser extent 

I C A M - 1 , on endo the l i a l cells of e tanercep t - t rea ted pat ients . By d o w n -

regulating adhesion molecules, etanercept presumably decreases cutaneous 

inf lammation wi thout causing deplet ion of T cells. These findings are consistent 

w i th previous reports on etanercept therapy in RA and uveitis (32, 33). As 

infl iximab has a more direct effect on proteins involved in the angiogenesis (7), 

e tanercept d id not seem to have a p r o f o u n d ef fect on vascular i ty and 

angiogenesis in lesional psoriatic skin of patients treated in the present study. 

In general, we did not observe differences in clinical and immunohistochemical 

responses between the patient treated wi th 50 mg etanercept twice weekly 

and patients treated wi th 25 mg etanercept twice weekly. 

In conclus ion, we speculate that the mechanism of action of etanercept in 

psoriasis is a decreased inf lux of activated T cells in lesional skin caused by a 

downregulat ion of the expression of adhesion molecules on endothel ial cells. 

The p r o m i s i n g resul ts of TNF-a- ta rge ted the rapy , e.g. i n f l i x i m a b and 

e tanercep t , in psor ias is , f o rce us to dev ia te o u r t h o u g h t s abou t the 

pathogenesis of psoriasis f rom T-cell mediated or igin toward the direct ion of 

an imbalance in TNF-a activity. One might speculate that due to a (genetic) 



deficiency in dovvnregulation of TNF-a activity, various stimuli might activate 

the innate immune response, leading to up regulation of adhesion molecules 

and recruitment of inflammatory cells, which in the end results in epidermal 

hyperproliferation. Future studies might help us to identify what specific triggers 

account for the initial production of TNF-a in psoriasis, possibly by defining 

the upstream cytokine network from TNF-a. Most likely both innate and 

adaptive immunity are found to be involved in the pathogenesis of psoriasis. 
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