
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Effects of biological response modifiers in psoriasis and psoriatic arthritis

Goedkoop, A.Y.

Publication date
2005

Link to publication

Citation for published version (APA):
Goedkoop, A. Y. (2005). Effects of biological response modifiers in psoriasis and psoriatic
arthritis. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/effects-of-biological-response-modifiers-in-psoriasis-and-psoriatic-arthritis(4ac1a21b-5d8b-4a3e-829b-e9f1fc2b1e96).html


c h a p t e r 

• -

Alefacept therapy reduces the effector T-cell 
population in lesional psoriatic epidermis 
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Abstract 
Alefacept, a LFA-3/lgG1 fus ion p ro te in , interferes w i th the act ivat ion and 

pro l i ferat ion of T cells by b inding to the CD2 receptor on their surfaces. The 

c l in ica l eff icacy of th is d r u g has been demons t ra ted in ch ron ic p laque 

psoriasis. We per fo rmed a single-centre, open-label study to investigate the 

immunoh is tochemica l effects in psoriatic lesional skin. A group of 11 patients 

w i t h p laque psoriasis all received 12 week ly doses of 7.5 mg alefacept 

intravenously. Skin biopsies were obtained at baseline and on days 8, 43 and 
6 0 92, and were evaluated by digital image analysis after immunohis tochemica l 

staining. After comp le t ion of treatment, 8 out of the 11 patients exper ienced 

a PASI reduct ion of 50% or more compared to baseline. Immunohistochemical 

analysis displayed a gradual decrease in the number of cutaneous T cells 

dur ing therapy, w i th a significant reduct ion in epidermal CD8+ cells and dermal 

CD4+ cells on day 92. Patients wi th a reduct ion in PASI of 50% or more after 

therapy had a clearance of effector / memory T cells f rom the epidermis, in 

contrast to patients w i th a reduct ion in PASI of less than 50%. These f indings 

suppor t the hypothesis that effector / memory T cells play a p rominen t role 

in the pathogenesis of psoriasis, and that alefacept is capable of reducing 

these cells in lesional psoriatic skin. 



Introduction 
Psoriasis is a common dermatological inflammatory disorder affecting about 

2% of the Caucasian population. In the last two decades the cell infiltrate of 

psoriatic skin lesions has been investigated extensively (1-4). Lesions are 

characterised by epidermal hyperproliferation with abnormal differentiation 

of keratinocytes, dermal vascular prol i ferat ion, and accumulation of 

inflammatory cells in the epidermis and papillary dermis. The inflammatory 

infiltrate is primarily composed of CD4f and CD8' T lymphocytes, expressing 

CD45RO on the surface, indicating their effector/memory status (5,6). A 

substantial proportion of the infiltrating T cells also express markers such as 

the interleukin-2 receptor (CD25) and HLA-DR, indicating respectively early 

and mid-to-late activation. (3, 7-9). The beneficial effects of specific T-cell 

targeted therapies such as cyclosporine A and DAB389IL-2 toxin, support the 

key role for T lymphocytes in the pathogenesis of psoriasis (10-12). 

Since the current therapeutic arsenal is not very specific, new immuno-

modulating drugs have been produced to treat patients with psoriasis. One 

of these new drugs is alefacept, a recombinant human LFA-3/lgG1 fusion 

protein designed to inhibit the interaction between CD2 and its ligand, 

leukocyte-function-associated antigen type 3 (LFA-3). LFA-3 is expressed on 

many cell types, including antigen-presenting cells. CD2 is weakly expressed 

on natural killer cells and on naive (CD45RO) T cells, but is strongly 

upregulated on effector/memory (CD45RO+) T cells upon activation. (13,14). 

The LFA-3/CD2 interaction provides a costimulatory signal during the 

activation of T cells both by directly signalling T cells, and by enhancing the 

adhesive interaction of T cells and antigen-presenting cells. (15-18J The LFA-

3 part of alefacept binds to the CD2 receptor on T cells and interferes with T-

cell activation and proliferation (19,20). A recent study has also indicated an 

important role for the IgG domain of alefacept, which interacts with FcgR 

type NT cells (e.g. natural killer cells and macrophages) to induce selective 

apoptosis of sensitive CD2+ cells (21). Since CD2 is upregulated on effector/ 

memory (CD45RO+) T cells, alefacept is supposed to induce a selective 

reduction in these cells. This mechanism has recently been confirmed in in 

vitro studies (22). 

Clinical data on the efficacy of alefacept therapy have been collected in phase 

2 and 3 multicentre trials. In a recently reported placebo-controlled clinical 



trial, alefacept was administered to patients with chronic plaque psoriasis 

once a week for 12 consecutive weeks. Alefacept proved to be an effective 

and well-tolerated treatment, and clinical improvement was sustained after 

the 12-week treatment period. A selective reduction was observed in the 

CD45RO* T cell subpopulation in the peripheral blood during alefacept 

therapy (23). Still, only fragmentary information is available on the effects of 

alefacept therapy on the inflammatory infiltrate in lesional skin of patients 

with psoriasis. Kobayashi et al reported that clinical improvement of psoriasis 
62 by alefacept treatment correlates with a reduction in epidermal IFN-y-

producingT cells (24). Kruegeretal. have reported a reversal of K16 expression 

in lesional epidermis in 8 of 13 patients with plaque psoriasis treated with 

alefacept for 12 weeks (25). This response was accompanied by a reduction in 

epidermal hyperplasia and a reduction in mean T cell counts, predominantly 

epidermal CD84 and CD103' (epithelial homing) T cells. These results indicate 

a therapeutic selectivity of alefacept on the major T cell subsets found in the 

epidermis. By investigating the changes in immunological cells and molecules 

in the dermal and epidermal compartment accompanying alefacept-induced 

resolution of psoriatic lesions, we aimed to elucidate the relative contribution 

of different cellular elements in the pathogenesis of psoriasis. In the present 

study we focussed on the changes in different T-lymphocyte subsets, 

activation markers and adhesion molecules in lesional skin of patients with 

plaque psoriasis treated with alefacept. We found a reduction in the number 

of epidermal effector/memory T cells, which correlated wi th clinical 

improvement. Reductions were present in both CD4+ and CD8* epidermal T 

cells. We also observed a reduction in the presence of activation markers on 

T cells and a decreased expression of the adhesion molecule ICAM-1 after 12 

weeks of alefacept treatment, indicating a downregulation of inflammation. 

Materials and methods 
Study design and patients This open-label, fixed-dose, single-centre study 

was conducted in adult patients with chronic plaque psoriasis, diagnosed at 

least 12 months prior to dosing. Participants had at least two representative 

psoriatic plaques. Patients with erythrodermic, guttate or generalized pustular 

psoriasis, or with a serious local or systemic infection within 3 months prior 

to dosing were excluded. Prior to the first dose, there was a wash-out phase 



of 4 weeks for systemic ret inoids, systemic fumarates, systemic steroids, 

methotrexate, cyclosporine A, azathioprine, thioguanine, investigational drugs, 

photo therapy ( inc luding arti f icial tanning beds) and high potency topical 

corticosteroids. In addit ion, there was a washout period of 2 weeks for moderate 

potency topical cort icosteroids, v i tamin D analogues or topical ret inoids, 

keratolytics and coal tar (other than for scalp, palms, groin and/or soles of the 

feet). All patients were naive to alefacept. Patients who met the entry criteria 

received 7.5 mg of alefacept by i.v. bolus once a week for a total of 12 consecutive 

weeks and subsequently entered a fo l low-up period for 12 weeks. The protocol 

was reviewed and approved by the medical ethical commit tee and all patients 

gave the i r w r i t t en i n f o r m e d consen t be fo re en ro lmen t . The study was 

conducted according to the Declaration of Helsinki principles. 

Clinical efficacy assessments The severity of psoriasis was assessed by the 

Psoriasis Area and Severity Index (PASI) and Total Body Area (TBA) at baseline, 

on days 15, 29, 43, 57 and 78 dur ing the treatment per iod, and on days 92 (i.e. 

two weeks after the last dose), 106,134 and 162 dur ing the fo l low-up per iod. 

Biopsies At baseline and on days 8, 43 and 92, 4-mm punch biopsies were 

taken f rom the inside border of a target psoriatic plaque under local l idocaine 

/ adrenaline anaesthesia. Al l biopsies of each individual patient were taken 

f rom the same target lesion, separated at least by 1-2 cm. After being coded 

randomly , the biopsies we re immedia te ly embedded in TissueTek OCT 

c o m p o u n d (Sakura Finetek Europe, Zoeterwoude, The Netherlands,), snap-

frozen by immersion in l iqu id n i t rogen, and stored at -80°C unt i l processing. 

Cryostat sections were cut at 5 f im, mounted on glass slides (Star Frost adhesive 

slides, Knittelglaser, Braunschweig, Germany), air- dr ied at room temperature, 

wrapped in a lumin ium fo i l , and stored at -80°C unti l staining. Al l sections 

were processed in a single staining session for each primary ant ibody. 

Single staining procedures Af ter f ixation in 100% acetone for 10 min at4°C, 

and b lock ing of endogenous peroxidase activity w i th 0 .1% sodium azide and 

0.3% hydrogen peroxide in Tris-buffered saline (TBS) for 20 min, the sections 

were incubated for 15 min in 1 0 % normal goat serum in TBS. Next, the sections 



were incubated f o r i h w i th the primary ant ibody in 1 % bovine serum albumin 

(BSA, Sigma-Chemical Co, St. Louis, M O ) in TBS. The fo l lowing mouse-anti-

human monoc lona l ant ibod ieswere used: FITC-conjugated anti-CD3 (clone 

SK 7, Becton Dick inson, San Jose, CA), anti-CD4 (SK3, Becton Dickinson), anti-

CD8 (SK1, Becton Dickinson), anti-CD45RO (OPD4, Dako, Glostrup Denmark), 

an t i -CD45RA (4KB5, Dako ) , an t i - ICAM-1 (BBIC-L1 , R&D Systems Inc., 

M inneapo l i s , M N ) , anti-E-selectin (68-5H11, Becton Dick inson) , and ant i -

VCAM-1 (51-10C9, Becton Dickinson). After r insing w i th TBS, sections were 

fur ther incubated w i th biot in-conjugated goat-ant i-mouse ant ibody (Dako) 

or, in case of CD3 staining, w i th rabbit-anti-FITC (Dako) in 10% normal human 

serum (NHS) in TBS for 30 minutes. Fol lowing a wash step wi th TBS, sections 

were subsequently incubated with horseradish peroxidase (HRP)-conjugated 

streptavidin (Dako) or, in case of CD3 staining, w i th HRP-conjugated goat-anti-

rabbit ant ibody (Dako), in 1 % BSA in TBS for 30 minutes. After a final rinse wi th 

TBS, the HRP activity was visualised as an orange-red colour by incubation wi th 

3-amino-9-ethylcarbazole (AEC, Sigma-Aldrich). Sections were counterstained 

w i th Mayer's hematoxyl in and mounted in glycerine-gelatine (Dako). 

Double staining procedures In the double-staining experiments we used 

FITC-conjugated anti-CD3 (Becton Dickinson) together wi th either anti-HLA-

DR (L243, Becton Dickinson) or anti-CD25 (ACT-1, Dako) ant ibodies. After 

inh ib i t ion of the endogenous peroxidase activity and blocking nonspecif ic 

b ind ing sites w i th 10% normal goat serum in TBS, the sections were incubated 

w i th the first pr imary antibody (anti-HLA-DR or anti-CD25) for 1 h at room 

temperature. 

For the CD3/ HLA-DR staining, the sections were rinsed wi th TBS, and incubated 

w i th goat-anti-mouse peroxidase labeled ant ibody (Dako) in 10% NHS in TBS 

30 min. After r insing w i th TBS again, a second blocking for nonspecific b inding 

sites was per fo rmed wi th 10% normal mouse serum in TBS. Next, sections were 

incubated wi th FITC-conjugated anti-CD3 in 1 % BSA in TBS f o r i h, then washed 

w i th TBS and incubated wi th rabbit-anti-FITC in 10% NHS in TBS for 30 min. 

Subsequently they were incubated wi th goat-anti-rabbit alkaline phosphatase-

labeled ant ibody (Dako). After a final rinse w i th TBS, the phosphatase activity 

was visualized using Fast Blue Salt (Sigma), resulting in a blue color. To visualize 

the peroxidase activity, AEC was used to give a red color. 



For the CD3/ CD25 s ta in ing , t he sect ions w e r e r insed w i t h TBS, and 

successively incubated w i th goat-anti-mouse biot in- labeled ant ibody (Dako) 

in 10% NHS in TBS for 30 min; HRP-conjugated streptavidin (Dako) in 1 % BSA 

in TBS for 30 min ; 10% normal mouse serum in TBS to block nonspecif ic 

b ind ing sites; FITC-conjugated anti-CD3 in 1 % BSA in TBS for 1 h; rabbit-anti-

FITC in 10% NHS in TBS for 30 min and f inal ly goat-ant i - rabbi t alkal ine-

phosphatase- labe led an t ibody (Dako). Af ter a f inal r inse w i t h TBS, the 

phosphatase and peroxidase activity were visualized as above. 

Digital image analysis Al l single-stained sections were randomly coded and 

analysed by digital image analysis by a b l inded observer. From each section a 

representative region of 1.45x1.45 mm, inc luding epidermis and dermis, was 

cap tu red and d ig i t i sed , and d i v i ded in 20 separate h igh p o w e r f ie lds. 

Subsequently, sections were examined using a specialised a lgor i thm wr i t ten 

in the program language QUIPS operating a Qwin-based (Qwin ProV2.4, Leica, 

Cambridge, U.K.) computer-assisted co lour v ideo image analysis system (26). 

Cellular-stained sections were separately counted for epidermal and dermal 

region. Epidermal counts were expressed as posit ive cells per m m ; dermal 

counts were expressed as posit ive cells per mm2 . The presence of adhesion 

molecules was expressed as Integrated Optical Density ( IOD) per mm2 . Each 

biopsy was analysed in tr ipl icate to minimise random variat ion in inf i l t rat ion. 

Manual quantification Double-stained sections were manually counted by 

two independent b l inded observers. Using a 0.5 x 0.5 mm ocular grid and at 

200x magnif icat ion, single-red, single blue, and double-posi t ive cells were 

coun ted in the ent i re sect ion. The ep idermal and derma l regions were 

separately counted. Results were expressed as the number of double-posit ive 

cells per mi l l imeter (epidermis) or per mi l l imeter squared (dermis). 

Peripheral blood measurements The number of CD45RO' T lymphocytes in 

peripheral b lood was quanti f ied by f low cytometric analyses at each study visit. 

Statistical analysis SPSS 10.1.4 for Windows (SPSS, Chicago, IL) was used for 

statistical analysis. Values were expressed as median and range. To determine 



signi f icant d i f ferences between the baseline and subsequent values the 

Wi lcoxon-s igned rank test was used. All statistical tests were 2-sided; p-values 

less than 0.05 were considered to be significant. The Spearman rank correlation 

test was used to de te rmine correlations between di f ferent variables. 

Results 
Alefacept treatment reduces clinical signs of disease activity during the 

treatment period Nine males and two females were inc luded in the study. 
6 6 Their median age was 45 years (range 35 - 70 years), their median PASI at 

baseline was 11.7 (range 1.6 - 39.2) and their median TBA was 15% (range 1 % -

55%). All patients had a longstanding history of psoriasis; the median durat ion 

was 20 years (range 10 - 40 years). Ten out of the 11 patients had a history of 

systemic t r ea tmen t , i nc lud ing metho t rexa te ( ten pat ients) , UVB (three 

patients) and cyc lospor ine A (one patient). All patients f in ished the 12-week 

t reatment w i t hou t the need for concomitant medicat ion and w i thou t major 

side effects. Dur ing the subsequent 12-week fo l low-up per iod, after the day-

92 biopsy, four patients started topical therapy and three patients started 

systemic therapy because of worsening of psoriatic lesions or arthrit is. 

Af ter 4 weeks of t reatment a decrease in median PASI was noticeable that 

was sustained t h roughou t the treatment per iod (Fig1). O n day 92, two weeks 

after the last dose, 7 ou t of 11 patients (64%) had improved in PASI, the mean 

Fig. 1 Clinical efficacy of alefacept assessed 
by PASI. Numbers represent median PASI 
during and after alefacept therapy. The § 
symbols indicate the start of concomitant 
medication by one or more patients after 
the treatment period. 

§ 

^ A # # 4 AN tf^^ # 



reduct ion in these 7 patients being 43%. Three patients (27%) exper ienced a 

PASI reduct ion of 50% or more. At any po in t w i th in the study, 9 out of 11 

patients (82%) showed an improvement in PASI, and 4 patients (36%) showed 

a reduct ion in PASI reduct ion of 50% or more. The median TBA was reduced 

f rom 15% (range 1 - 55) at baseline to 10% (range 1 - 70) on day 92. 

Alefacept t reatment reduces psoriasis lesional T-cell numbers Both 

epidermal and dermal T-cell numbers decreased dur ing alefacept treatment 

(Table 1). The median epidermal T-cell number was decreased by 3 1 % on day 

92; the median dermal T cell number was decreased by 35% on day 92 (p<0.05). 

There was a gradual reduction in epidermal thickness throughout the treatment 

per iod f rom 45 fim (range 29-70) at baseline to 36 u.m (26-64) on day 92. 

Table 1. Results of immunohistochemical single-staining of skin biopsies at baseline, and on 
days 8, 43 and 92. The data are median (range) numbers of positive cells per mill imeter 
(epidermal cells) or per millimeter squared (dermal cells). 

Baseline Day 8 Day 43 Day 92 

CD3+ cells 
Epidermal 
Dermal 

CD4+ cells 
Epidermal 
Dermal 

CD8* cells 
Epidermal 
Dermal 

68 (1-709) 
200 (12-401) 

30 (0-54) 
193 (20-550) 

5 (1-37) 
29 (0-146) 

37 (3-405) 
129 (18-586) 

14 (0-73) 
153 (5-512) 

3 (1-40) 
43 (6-112) 

41 (1-234) 
186 (19-389) 

17 (1-162) 
137 (12-615) 

9 (1-39) 
18 (1-141) 

47 (0-155) 
130 (9-244) " 

13 (1-62) 
64 (11-313)' 

2(0-18)' 
12 (1-42) 

* p < 0.05 versus baseline 

Alefacept treatment decreases the number of both CD4+ and CD8+ T cells 

in psoriatic lesional skin In the epidermis, the gradual reduct ion in the 

numbe ro f CD8+ cells reached statistical significance on day92 (Table 1). There 

was also a decrease in the number of epidermal CD4+ cells dur ing therapy, 

but this reduct ion did not reach statistical signif icance. In the dermis, there 

was a significant decrease in the number of CD4+ cells on day 92. The decrease 

in the number of dermal CD8+cel ls d id not reach statistical s ignif icance. 

Changes per patient in the number of CD4+ and CD8* cells are shown in Fig 2. 

Reduct ions in the number of bo th ep idermal CD4+ cells and CD8' cel ls 

correlated wi th reduct ion in epidermal thickness (rho=0.64, p<0.05; rho=0.68, 
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Fig . 2 a - d . I nd i v idua l ef fects of alefacept the rapy o n T c e l l subsets. Quan t i t a t i ve assessment o f 
e p i d e r m a l C D 4 ' (a), de rma l CD4 + (b), ep idermal CD8* (c), and dermal C D 8 ' (d) cells per pat ient 
b e f o r e and af ter the rapy (day 92). Each data p o i n t c o r r e s p o n d s t o t he average of t r ip l ica te 
d e t e r m i n a t i o n s . The values ind ica te the n u m b e r of pos i t i ve cells per m i l l ime te r (ep idermis) 
o r pos i t i ve cel ls per m i l l i m e t e r squared (dermis ) . O pat ients w i t h a reduc t i on in PASI of less 
t han 5 0 % o n day 92 c o m p a r e d to basel ine (n=8); • pat ients w i t h a reduc t i on in PASI of 50% o r 
m o r e o n day 92 c o m p a r e d to basel ine. The b o l d l ine connec ts the med ian values at t he t w o 
t i m e po in ts . 

p<0.05, respectively). The median epidermal CD47CD8+ ratio increased f rom 

1.8 (range 0.1-73) at baseline to 2.9 (range 0.3- 79) on day 92 (p<0.02). The median 

derma l CD4VCD8+ ratio (baseline ratio 5.8, range 2.9-273) d id not change 

significantly dur ing therapy. Although not statistically significant, we did observe 

a more p ro found reduct ion in the number of epidermal and dermal CD4* and 

CD8* cells in the high response group (PASI reduct ion at day 92 > 50% from 

baseline) compared to the low-response group (PASI reduct ion < 50%). 



Alefacept-induced reduction in the number of epidermal effector/memory 

T cells in psoriatic lesional skin is significantly higher in high-responding 

patients than in low-responding patients A substantial propor t ion of the 

lesional T cells were effector/memory (CD45RO) T cells. The number of naive 

T cells present in the lesions was insignificant; at baseline the median number 

of CD45RA+ cells in the epidermis was 0 (range 0-3) and the median number of 

dermal CD45RA+cells was 1 (range 0-7). 

As early as day 8, a decrease of 67% could be not iced in the median number 

of CD45RO' cells in the ep idermis , wh ich was sustained t h roughou t the 

t reatment per iod (Fig 3). The number of dermal CD45RO+ cells was initially 

increased on day 8, but decreased by 35% at day 43 and by 73% on day 92. 

Representative immunoh is tochemica l staining for CD3+ and CD45RO t in 

lesional skin is shown in Fig 4. 

250 -i 

200 -

150 -

o 100 -

• epidermis 

>i dermis 

dav43 dav92 

Fig. 3 Changes in CD45RO+ cells in epidermis and dermis during alefacept therapy. Numbers 
represent percentages of CD45RO+ cells in relation to the baseline median values (100%) on 
days 8, 43 and 92 
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There was a signif icant d i f ference in response of memory/ef fector T cells 

between patients w i th a high clinical response at day 92 (PASI reduct ion 50% 

or more , n=3) and patients w i th a low or absent c l in ical response (PASI 

reduc t ion less than 50%, n=8). In h igh- respond ing patients a c lear ing of 

epidermal memory/ef fector T cells had occurred by day 92. In patients w i th a 

lower or absent clinical response, the median memory/effector T cell number 

in the epidermis had increased (p<0.05). In addi t ion, the number of dermal 

CD45RO+ cells on day 92 showed a significantly greater decrease in the h igh-

responding patients than in the low-responding patients (90% reduct ion vs. 

41 % reduct ion , p<0.02). These d i f ferent responses of the two groups of 
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Fig. 4 Representative immunohistochemical 
staining of CD3* cells and CD45RO+ cells at 
baseline and on day 92 (x100) 
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patients were also paralleled by a greater reduction in CD45RO+T cells in the 

peripheral blood in high-responding patients than in low responding patients 

onday92(p<0.05;Fig5). 
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Fig. 5 Percentage change in CD45RO* cells in epidermis and peripheral blood of high-
responding patients and low-responding patients. High-responders are defined as patients 
wi th a reduction of 50% or more in baseline PAS I on day 92 (n=3); low-responders are defined 
as patients with a reduction of less than 50% in baseline PASI on day 92 (n=8). Values are the 
means of the individual changes per patient, and the SD. Negative values indicate a mean 
reduction in cell numbers; positive values indicate a mean increase in cell numbers. 



Alefacept treatment decreases both the number of activated T cells and 

non-activated T cells in lesional epidermis and dermis After the start of 

alefacept treatment, there was a gradual reduct ion in the number of epidermal 

CD25+T cells (Table 2). On day 92, there was a 42% decrease compared to 

baseline (p<0.05). A change in the number of dermal CD25*T cells was not 

seen unti l day 92, when there was a 45% decrease f rom baseline (p<0.05). The 

median number of ep idermal HLA-DR+ T cells at basel ine was 23 (3-56), 

decreasing by 48% on day 8 and by 6 1 % on day 92 (p<0.02). The number of 

dermal HLA-DR+ also decreased significantly after alefacept therapy (Table 2). 

A l though not statistically significant, the reduct ion in the number of activated 

T cells in the epidermis and dermis was more p ro found in h igh-responding 

patients than it was in low-responding patients. 

Table 2. Results of immunohistochemical double-staining of skin biopsies at baseline, and on 
days 8,43 and 92. The data are as median (range) numbers of double-positive cells per millimeter 
(epidermal cells) or per millimeter squared (dermal cells) 

Baseline Day 8 Day 43 Day 92 

CD3+HLADR+ cells 
Epidermal 23 (3-56) 12 (4-94) 18 (3-94) 9 (4-34) * 
Dermal 309 (187-836) 393 (114-786) 271 (118-500) 278 (48-426) * 

CD3+CD25+ cells 
Epidermal 31 (17-27) 21 (7-57) 27 (4-96) 18 (1-67) 
Dermal 276 (215-498) 275 (155-590) 249 (85-424) 152 (38-423) * 

* P < 0.05 versus baseline 

We also looked at the percentage of CD25+ T cells in relat ion to the total 

number of T cells. At baseline, 59% of the number of epidermal T cells were 

CD25+ and 57% of the T cells were HLA-DR+. After 12 weeks of t reatment, 

these percentages had not changed signif icantly, due to a decrease in both 

non-activated T cells and activated T cells. 

Alefacept treatment reduces the expression of the adhesion molecule ICAM-1, 

but not that of E-selectin and VCAM-1, in psoriatic plaques. To investigate the 

effect of alefacept therapy on T-cell migration, we evaluated the expression of 

three adhesion molecules in treated psoriatic lesional skin (Table 3). The 

expression of ICAM-1 (intercellular adhesion molecule-1) gradually reduced 

after starting therapy, reaching a 63% decrease on day 92. This decrease was, 

however, not statistically significant, presumably due to the small number of 



Table 3. Expression of adhesion molecules during alefacept treatment. The data are median 
(range) Integrated Optical Density (IOD) per millimeter squared of lesional skin. 

Baseline Day 8 Day 43 Day 92 

E-selectin 778 (19-1963) 693 (16-1297) 353 (25-3340) 690 (12-2700) 
ICAM-1 10275(92-51157) 3952(66-34367) 1480(773-17951) 3829(253-32642) 
VCAM-1 13332 (485-300472) 21535 (1359-139808) 7898 (405-16500) 11463 (18-73851) 

patients. There was a gradual reduction in expression of E-selectin from the 

start of the therapy until day 43. However, on day 92 the level of expression 

72 was equal to the baseline level. Apparently, the expression of E-selectin is 

not directly correlated with the number of T cells in lesional skin. The 

expression of VCAM-1 (vascular cell adhesion molecule-1) did not change 

significantly during therapy. 

Discussion 
The data presented here suggest that the T-cell population in lesional psoriatic 

skin is affected by intravenously administered alefacept therapy. We observed 

a reduction in the number of CD4* and CD8+ T-cell subsets in the epidermis 

as early as 8 days after the first dose of alefacept, whereas reductions in both 

T-cell subsets in the dermis were not observed until day 43. Not all results 

were statistically significant, which might be explained by the limited number 

of patients participating in the study and the wide interpatient variability. Also, 

because of the open-label character of the study we were not able to compare 

the immunohistochemical data with results of placebo-treated patients. 

However, the consistent reductions in the immunological markers show a 

trend towards downregulation of inflammation that cannot be explained by 

expectation bias or regression to the mean, and are likely to be a result of 

alefacept therapy. The interpatient variability was bypassed by using patients 

as their own control. 

Although the role of CD41 T cells and CD8+ T cells in psoriasis has been 

investigated in numerous studies, the individual contribution of both subsets 

to the pathogenesis and clearance of psoriatic lesions has not yet been fully 

elucidated. There have been several reports describing a preponderance of 

cytotoxic CD8+ T cells in lesional epidermis (3,5,27,28), but this observation 

could not be confirmed in our study, as CD4+ cells were predominant over 

CD8+ cells in both epidermis and dermis. A previous study has demonstrated 



that alefacept targets both CD4+ and CD8+ effector/memory T cells in 

peripheral blood (23). We demonstrated that alefacept targets both subsets 

in lesional skin as well, but nevertheless we found an increase in the CD47 

CD8+ ratio in the epidermis during therapy. This agrees with reports describing 

how reduction in disease severity is correlated with depletion of epidermal 

CD8+T cells (10,29,30). 

Alefacept is thought to affect predominantly the CD45RO+ (effector/memory) 

T cell population, because these cells have a high expression of CD2 on their 

surfaces. Cooper et al. have shown that alefacept selectively promotes NK 

cell-mediated deletion of CD45R0+ human T cells in vitro (22). In addition, 

Ellis and Krueger have shown that a reduction in memory T cells in peripheral 

blood induced by alefacept treatment is correlated with clinical improvement 

(23). Our own study not only confirmed these observations but, perhaps more 

importantly, also suggested that a correlation exists between a reduction in 

effector/memory T cells in lesional psoriatic epidermis and improvement in 

clinical symptoms. Even after one dose of alefacept a decrease in epidermal 

effector/memory T cells could be observed, which preceded clinical 

improvement. These findings support the concept that effector/memory T 

cells have a prominent role in the pathogenesis of psoriasis and demonstrate 

that alefacept is capable of reducing effector/memory T cells in lesional skin. 

In addit ion, an association between a reduction in the effector T cell 

population in peripheral blood and synovial tissue and improvement of 

clinical signs of psoriatic arthritis during alefacept therapy has been reported 

recently (31). However, our observations should be confirmed on a larger 

group of high responding patients before definite conclusions can be drawn. 

The two activation-associated molecules investigated in this study are known 

to be expressed during early activation (CD25) and late activation (HLA-DR) 

of T cells (9). The presence of both molecules at baseline on most epidermal 

and dermal T cells supports the hypothesis of persistent T cell activation in 

skin lesions of psoriasis patients. The reduction in both markers during 

alefacept therapy indicates a reduction in T cell activation in both epidermis 

and dermis. However, besides the reduction in activated T cells, alefacept 

treatment also reduced the number of non-activated (HLA-DR7CD25) T cells, 

suggesting that the effect of this drug on T cells is not completely related to 



the state of activation of T cells. This could be either a direct result of alefacept, 

or due to the overall downregulation of proinflammatory cytokines, adhesion 

molecules and costimulatory molecules reducing the total number of T cells 

migrating to the inflamed area. 

It has been reported that alefacept has a long-lasting effect, with patients 

treated with alefacept having a median time to relapse (i.e. patients no longer 

clear or almost clear) of 306 days (23). This long-lasting remission cannot be 

explained just by a reduced capacity for T cells to be activated. We think it 

would be more likely that the long-lasting effect of alefacept is due to the 

selective reduction in memory-effector T cells in lesional skin, supposedly 

by an apoptotic mechanism (21). Also, the reduced expression of ICAM-1 

observed in this study, although not statistically significant, might inhibit the 

migration of T cells into the inflamed area and the subsequent activation. 

ICAM-1 is expressed on a variety of cytokine-stimulated cells, including 

endothelial cells, antigen-presenting cells and keratinocytes, and binds to its 

ligand LFA-1 (leukocyte function-associated antigen 1) on T cells (32). ICAM-

1 facilitates the trans-endothelial migration of T cells and the adhesion to T 

cells to keratinocytes, and is thought to provide costimulatory signals 

necessary for T-cell activation. Expression of ICAM-1 is related to progression 

of local immune responses (33,34). Possibly the downregulation of ICAM-1 

after alefacept therapy is caused by a decreased release of cytokines such as 

TNF-a, IFN-yand IL-1 that induce ICAM expression (35,36). 

We observed substantial interindividual variations in the clinical and 

immunohistochemical response to alefacept, which could not be explained 

by disease severity or disease duration. At the present time it is not clear why 

some patients do not respond well to alefacept therapy. It is already known 

that different subgroups exist among psoriasis patients. Henseler and 

Cristophers have reported a more severe disease course and a stronger 

influence of genetic factors in patients with early-onset psoriasis compared 

to late-onset psoriasis (37). Recently these observations have been confirmed 

by Reich et al, who reported that promoter polymorphisms of the genes 

encoding TNF-a and IL-1(3, are associated with different subtypes of psoriasis, 

characterized by early and late disease onset, respectively (38). Concerning 

the possible involvement of polymorphisms, the variability in response to 



alefacept might be due to heterogeneity in CD2 or FcyR type III among 

patients. Perhaps future clinical trials, supported by further immuno-

histochemical analysis could identify patient subpopulations that are likely 

to respond to alefacept therapy. 

In conclusion, the results presented in this study indicate that alefacept 

reduces signs of inflammation in psoriatic lesional skin. By the different 

observations made in this study, we assume that multiple mechanisms of 

action of alefacept are likely. First, clinical improvement in high-responding 

patients induced by alefacept treatment was associated with a clearance of 

effector/memory T cells from lesional psoriatic epidermis, possibly caused 

by an apoptotic mechanism. Second, the decrease in the expression of 

activation markers might indicate a diminution of T-cell activation in lesional 

skin, with resulting decreases in proinflammatory cytokines. 
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