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Changes in numbers of epidermal cell adhesion
molecules caused by oral cyclosporin in psoriasis

B D Edwards, S M Andrew, J B O'Driscoll, R J G Chalmers, FW Ballardie,
A J Freemont

Abstract
Aim-To determine the effects of a three
month course of low dose cyclosporin on
the expression of epidermal cell adhesion
molecules.
Methods-Eighteen patients with psoria-
sis were treated for 12 weeks with either
2*5 or 5 mg/kglday of oral cyclosporin.
Biopsy specimens taken from skin
before, during, and after cyclosporin
treatment were stained immunohisto-
chemically for CD 54 (ICAM-1), CD 29
(/-I integrins), and CD18 (/-2 integrins).
Results-There was a highly significant
(p < 0.01) clinical response after 12
weeks of cyclosporin as assessed by the
Psoriasis Area and Severity Index
(PASI) score. The staining of CD 29 on
keratinocytes of affected and unaffected
psoriatic skin was not affected by
cyclosporin. Epidermal CD54 was vari-
ably expressed in active psoriatic plaques
and changed unpredictably after
cyclosporin (p = NS). Staining for CD18
on large epidermal dendritic cells was
reduced after cyclosporin (p < 0.02). The
expression of CD18 by large epidermal
dendritic cells during treatment corre-
lated strongly with the PASI score at that
time and one month after stopping
cyclosporin (p < 0.02).
Conclusions-Persistence of epidermal
staining for CD 54 in psoriasis is com-
patible with a good clinical response to
cyclosporin. Residual staining for CD 18
on large epidermal dendritic cells may be
a useful marker for early clinical relapse.
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Low dose cyclosporin, defined as 5 mg/kg/day
or less, is an effective treatment for severe
chronic plaque psoriasis.' Dermatologists are

deterred from using it because of its potential
nephrotoxicity. Short term treatment may
help reduce this risk, but unfortunately most
patients tend to relapse after treatment is
withdrawn.
The reasons why psoriasis should relapse

after responding so well are not clear. The
low doses (less than 5 mg/kg/day) required to
clear psoriasis in many patients suggest that
cyclosporin may be acting primarily by inter-
fering with the release of certain cytokines
from activated T lymphocytes.2 Cytokines
such as y interferon and tumour necrosis
factor induce expression of cell adhesion

molecules such as CD 54 (intercellular adhe-
sion molecule-i; ICAM-1) on keratinocytes.3
CD54 and the integrin family of adhesion
molecules are expressed by various cells
involved in antigen presentation and T cell
activation. Each integrin receptor consists of
an a and ,B subunit. There are at least seven
different subunits and four fi subunits. The
integrins incorporating the /3-1 subunit (CD
29), previously named the VLA group, were
initially described on lymphocytes but have
since been recognised as occurring on most
cell types and are thought to be important in
maintaining epidermal cohesion.4 /3-2 inte-
grins (CDlla-c) are present on leucocytes
and help control the intercellular interaction
during antigen presentation. CD 54 is a
ligand for one of the ,B-2 integrins
CD18/CD1 ia (LFA-1).5

Successful treatment of alopecia areata
with cyclosporin has been correlated with
reduced expression of CD54 on follicular
cells.6 Skin biopsy specimens taken after short
courses of cyclosporin for psoriasis show
reduced epidermal staining for CD54.7 A
course of cyclosporin lasting four weeks
caused reduced staining of keratinocytes for
CD54 and CD1 la and b. Staining for CD29
resembled that of normal skin.9

Methods
Eighteen patients with chronic plaque psoria-
sis were treated with a 12 week course of
cyclosporin capsules at a dose of either 2-5
mg/kg/day (n = 7) or 5 mg/kg/day (n = 12).
The corresponding mean (SD) trough con-
centrations of whole blood cyclosporin were
71 (20) and 132 (13) ng/ml. The mean dura-
tion of psoriasis was 20 years (range 4-35
years). No systemic treatment had been used
for at least 12 weeks before starting
cyclosporin treatment. Exclusion criteria for
this study were as follows: (1) plasma creati-
nine concentration above 120 pmol in at least
one of two specimens; (2) hypertension con-
trolled by drugs or a supine blood pressure
above 130/95 mm Hg measured on two occa-
sions; (3) abnormal liver function defined as
hepatic enzymes or bilirubin values over twice
the upper limit of normal; (4) a history of
malignancy. Six of the eight patients in group
1 had already completed a three month
course of cyclosporin of 2-5 mg/kg/day three
months before starting the course under
study. Salicylic acid ointment at a concentra-
tion of up to 10% was permitted during
treatment with cyclosporin.
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Patients were seen at the start of treatment
and then at two, four, eight and 12 weeks
after starting cyclosporin. At each visit the
Psoriasis Area and Severity Index (PASI)
score was measured by one of two observers
(JBO'D and BDE).10

BIOPSY AND IMMUNOCHEMISTRY
Gluteal punch biopsy specimens (4 mm)
were obtained from the centre of an active
psoriatic plaque and an area of clinically
unaffected skin within 5 cm of the plaque.
The specimens were covered in OCT cry-
oprotectant (Tissue Tek) and snap frozen in
liquid nitrogen. Cryostat sections (5,um)

Figure 1 Photomicrographs of serial sections ofpsoriatic
plaque before cyclosporin treatment: (A) stainedfor CD54
(ICAM-1) showing sparse patchy positivity on
keratinocytes alone; (B) stainedfor CD18 (/3-2 integrin)
showing large epidernal dendritic cells (haematoxylin
nuclear counterstain).

were fixed in acetone for 5 minutes and
endogenous peroxidase activity was blocked
according to the method of Andrew et al."1
Immunoperoxidase staining of test sections
was controlled by replacing each layer in turn
with 0-6% bovine serum albumin in (TRIS-
buffered saline (TBS). Frozen sections of
normal human tonsil were used as a positive
control. The following monoclonal antibodies
were used with their optimal working dilu-
tions and origin: CD54 (RR-1/1: 1 in 500; T
Springer); CD29 (A-1A5: 1 in 1000; ME
Helmer); and CD18 (TSYlb: 1 in 1000; T
Springer'2). The secondary antibodies were
biotinylated anti-mouse (Sigma) and the
labelling was visualised using an avidin-biotin
kit (ABC Kit, Dako) with diaminobenzidine
(Sigma) as the substrate. Negative controls
consisted of replacing the primary antibody
with an irrelevant antibody of the same sub-
class or non-immune serum at the same dilu-
tion and replacement of each layer in turn
with TBS.

QUANT1TATION
Cells expressing each antigen were counted
within an area of the section delineated by
marks made with indelible ink on the overly-
ing coverslip. Cells were counted if circum-
ferential staining for CD29 was shown. Cells
with dendritic morphology positive for CD18
were counted (fig 1B). We did not attempt to
distinguish Langerhans' cells from non-
Langerhans' cells or to characterise dermal
dendritic cells. Staining of these cells is cur-
rently under investigation. Semiautomated
quantitation of the length of basement mem-
brane underlying the area of section in which
the cells had been counted was made using a
VIDS II image analyser. The basement mem-
brane measured included that surrounding
islands of papillary dermis which are
inevitably included in sections of psoriatic
skin. Cell counts were then expressed as cells
per unit length of underlying basement mem-
brane.

Significances of difference in cell counts
and PASI scores were assessed using
Student's two tailed t test and Wilcoxon's
rank sum test using the Minitab release 6
(Minitab Inc.) statistics program. The PASI
scores and cell counts were correlated using
Spearman's rank correlation coefficient (rs).
Means and standard errors were used.

Results
CLINICAL RESPONSE
There was a highly significant reduction in
PASI score after a course of cyclosporin for
12 weeks from 13-1 ((SEM) 1-8) to 2.7 (0.7)
(p < 0-01) (Wilcoxon's rank sum text). Two
of the seven patients in group A had a poor
response and the mean reduction in PASI
score was only 40%. Ten of the 11 patients in
group B had greater than 80% improvement
in their PASI scores. The mean PASI score
rose significantly in the four weeks after
therapy from 2'7 (0 7) to 5.5 (0 9) (p < 0 01)
(Wilcoxon's rank sum test). One month after
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Figure 2 ICAM-1
expression by keratinocytes
in affected and unaffected
skin (mean number of cells
per mm of basement
membrane; 16 patients).
Although an overall
reduction in the mean
number ofICAM-1
positive cells was seen after
treatment, the level of
ICAM-1 did not always
parallel clinical response so
that there was no
significant difference in
staining before and after
cyclosporin (affected skin p
= 0 09; unaffected skin
p < 0 05).
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stopping treatment all but two patients
showed some recrudescence of their disease.
At three months 17 out of 19 patients had
attained PASI scores comparable with base-
line with a sustained clinical improvement in
only two (whole group PASI score: 11-7
(1 '8)). As biopsy specimens had been taken
from buttock skin PASI scores for the lower
limbs might reflect histological changes with
more accuracy. Lower limb PASI scores
declined in parallel with the whole body score
during cyclosporin treatment (week 0: 5 9
(0 9); week 12: 1-4 (0 4)).

Biopsy specimens taken at the end of treat-
ment showed a return to normal, with

Unaffected reductions in acanthosis, parakeratosis, and
skin inflammation.

_ Before treatment

After treatment
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Figure 3 Photomicrographs of skin successfully treated with cyclosporin: (A) stai
CDS4 to show persistent expression of CDS4 despite considerable clinical and histo
improvement. The morphologically normal capillaries in the upper dermis are posit
CDS4. (B) Stained for CD18 (/12 integrin) (haematoxylin nuclear counterstain).

ADHESION MOLECULE EXPRESSION
CD54 was expressed by clusters of keratino-
cytes and lymphocytes infiltrating the epider-
mis but was rarely seen expressed by large
dendritic cells (fig 1A). The keratinocytes of
13 patients stained positive for CD54 and all
patients with strong expression showed a
decrease in staining after cyclosporin treat-
ment. CD54 expression on keratinocytes was
higher in affected than unaffected skin and
usually decreased during treatment (p =
0'09) in affected skin (fig 2). It was, however,
variable and some of the pretreatment biopsy
specimens showed very little expression even
though they came from active plaques in
patients with high PASI scores. Some post-
treatment biopsy specimens showed CD54
expression despite histological and clinical
improvement (fig 3A). The two patients
whose clinical response was poor showed no
decrease in CD54 or CD18 expression. Two
patients showed a pronounced increase in
CD54 staining after cyclosporin despite a
greater than 85% reduction in PASI score."3
Endothelial cells stained positive for CD54 in
all epidermal sections before, during, and
after cyclosporin treatment.
CD18 was expressed by lymphocytes and

large epidermal dendritic cells, which, mor-
phologically, resembled antigen presenting
cells (fig 1B). It was not expressed by ker-
atinocytes. Numbers of CD18 positive large
epidermal dendritic cells had increased in
most biopsy specimens before treatment.
These cells were more abundant in affected
than unaffected skin and usually decreased in
number after treatment with cyclosporin
(p < 0-008 affected skin) (figs 3B and 4). In
two patients an excellent clinical response
was followed by a rapid and severe relapse of
their psoriasis within one month of stopping
cyclosporin. These patients with an excellent
generalised clinical response to treatment
continued to have CD18 positive large epi-
dermal dendritic cells in their skin which clin-
ically looked almost normal.

There were equal numbers of keratinocytes
positive for CD29 in both affected and unaf-
fected skin and these were not significantly
affected by cyclosporin.

)nedfor To see whether the histological expression
tive for of these cell adhesion molecules changed in

parallel with clinical response, cell counts and

/U
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Figure 4 Significant
reduction in the number of
large epidermal dendritic
cells which stain for /3-2
integrin in affected skin.
(Mean number of cells per
mm of underlying
basement membrane;
18 patients; affected skin
p < 0-008, unaffected skin
p = 0 6).
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Figure 5 Positive
correlation between PASI
score and staining score for
/3-2 integrin on large
epidermal staining cells
after 12 weeks of
cyclosporin (r = 0 812; p
< 0 02). Note two patients
with a very good PASI
score and significant
number of /3-2 positive cells
remaining in the epidermis.
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PASI scores were compared befc
and after treatment. The expressic
after 12 weeks was significantly
with the PASI score both at that ti
month later, after treatment had
drawn (p < 0 02) (fig 5). No sigr
relation between staining for CD
PASI score could be shown.

Discussion
It has been predicted that dru
cyclosporin, which inhibits prod
interferon and subsequent in(
CD54, should interrupt the chron
perpetuating interaction between
cytes and keratinocytes in psoriar
them both to return to the resting
reasonable to assume that the
numbers of epidermal inflammati
resolving psoriasis should be prece
of CD54 expression by kern
Although our clinical experience c

efficacy of cyclosporin in improvil
in most patients, the decrease in e:

CD54 did not always parallel
improvement.

Previous studies of intralesi
sporin have shown a decrease in

and endothelial CD54 staining which paral-
lels the clinical improvement in psoriasis with
cyclosporin.78 A reduction in CD 54 in papil-
lary microvessels in biopsies performed two
weeks after starting oral cyclosporin (5
mg/kg/day) was restricted to those patients
who had responded to treatment.8 Biopsy
specimens from three patients with psoriasis
responsive to psoralen and ultraviolet A
treatment (PUWA) showed an even greater
reduction in infiltrating T cells yet no change

p in papillary endothelial staining for CD54.8
Paradoxically, PUVA treatment can increase
the staining of keratinocytes for CD54.'6

Positive staining of keratinocytes for CD54
Unaffected has been described in psoriasis and other

skin inflammatory dermatoses.'7 Intense staining
for CD54 was found in at least 50% of our

it patients. Nevertheless, it is curious that some
patients showed very little CD54 staining in
pre-treatment biopsy specimens despite
extensive psoriasis. It was particularly striking
to observe that staining of epidermal CD54
could increase after treatment despite a good
clinical and histological response in which the
skin had returned almost to normal. 12 If
CD54 expression remains on keratinocytes
after cyclosporin this may indicate persistent
activation which would be expected to lead to
prompt clinical relapse.

In contrast with a previous study we found
there was no staining for CD 18 on ker-
atinocytes.9 The expression of CD18 on epi-

5 x R2=067 dermal dendritic cells is increased in
psoriasis.'8 We confirm that large epidermal
dendritic cells stained for CD18 can be easily
counted. This contrasts with HLA-DR which

30 stains both keratinocytes and dendritic cells.19
Expression of CD1 was not used as a marker
to replace ,l-2 integrin because the reported
percentage of epidermal dendritic cells which

)re, during, are CD1 positive varies between 70-98%.20 21
:n of CD18 The proportion of dendritic cells which are
correlated CD1 positive is decreased in psoriatic epider-

me and one mis when compared with normal epidermis.'8
been with- To exclude CD1 negative cells is relevant
iificant cor- because these cells are crucial in the mixed
154 and the lymphocyte response and presumably also in

antigen presentation in vivo.22 Other workers
have shown that 14 days of cyclosporin
reduces preferentially the number of epider-
mal CD1 negative cells compared with CD1

gs such as positive cells as well as the overall activity of
luction of y antigen presenting cells.2' 23 CD18 is
duction of expressed by lymphocytes but their smaller
lic and self- size and lack of dendrites means they can be
T lympho- easily excluded from the cell counts. As
sis to allow recently shown in a smaller study using
state.'4 It is cyclosporin for only two weeks, we confirm
decreased that CD18 positive dendritic cells usually are

ory cells in decreased in psoriatic epidermis after
,ded by loss cyclosporin treatment.9 16 Persistence of
atinocytes.'5 CD18 positive cells seemed to be a predictor
onfirms the of rapid relapse in two patients who had an
ng psoriasis excellent response to treatment.
xpression of Different members of the CD29 (fl-1) fam-
the clinical ily of integrin adhesion molecules are recep-

tors for different components of the
)nal cyclo- extracellular matrix.'4 CD29 expression in
i epidermal normal skin is confined to the basal and first
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suprabasal layers.25 In psoriasis CD29 inte-
grin expression is increased which is thought
to be due mainly to increased CD49C/CD29
integrins.24 25 The present study shows an
equal amount of f,-I expression in both
affected and unaffected skin from patients
with psoriasis which suggests that abnormal
keratinocytes occur in clinically normal skin.
Cyclosporin treatment did not affect CD29
expression: this remained the same in biopsy
specimens from affected and unaffected skin
from patients with psoriasis. We are currently
studying the effect of cyclosporin on the dis-
tribution of CD49af in psoriasis.
The expression of CD54 by keratinocytes

can persist despite an excellent response to
treatment. This suggests that this adhesion
molecule is not involved in initiating the
inflammatory response in psoriasis. It would
be useful to know why psoriasis relapses so
quickly once cyclosporin is stopped and if
markers could be found to predict this
relapse. Such a marker could be persistence
of staining for CD1 8 on dendritic cells in skin
biopsy specimens. Unfortunately, absence of
CD1 8 integrin staining does not neces-
sarily indicate remission. Nevertheless, our
results suggest that significant residual
staining for CD1 8 after successful treatment
with cyclosporin may herald the rapid relapse
of psoriasis.
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