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Summary Cbanges in epidermal immunocytes and cytokeratins were investigated during treatment of psoriasis
witb calcipotriol and betametbasone valerate. Skin biopsies were obtained from 10 subjects on eacb
treatment from lesional and non-lesional skin at baseline, and from treated lesions after 4 weeks. In
eacb subject, cbanges in expression of cytokeratins K5, KIO and K16, and cbanges in epidermal
immunocyte counts were assessed. Responses were compared witb a separate bistological parameter
of improvement, epidermal tbickness.

Botb treatments produced a marked normalization of cytokeratins. Tbe reduction of K16 expression
was similar on eacb treatment and correlated significantly witb reduction in epidermal tbickness.
Expression of botb K5 and KIO improved less tban tbickness witb betametbasone valerate but more
tban tbickness witb calcipotriol, altbougb tbese differences did not reacb statistical significance. Witb
calcipotriol tbere was an increase in K5 and KIO responses witb increasing response of epidermal
tbickness, wbicb was not seen witb betametbasone valerate.

T6+ cells, HLA-DR'*' dendritic cells and T lympbocytes were all reduced by betametbasone valerate,
Tbere was a remarkable similarity in tbe level of normalization between cell types and also between
cellular response and reduction in tbickness. Calcipotriol produced a similar consistent reduction in
cell numbers and in tbickness, witb tbe exception of T6+ cells wbicb increased in some subjects during
treatment. Only in subjects in wbom thickness bad virtually returned to normal was tbere a marked
decrease in T6'*' cells.

Calcipotriol is a new vitamin D analogue wbicb, as a
topical preparation, bas recently been sbown to be an
effective treatment for psoriasis, superior in efficacy to
betametbasone valerate.' Tbere is in-vitro evidence tbat
tbe mode of action of calcipotriol may be by a direct effect
on keratinocyte differentiation and proliferation,^ or by
an immunological mecbanism sucb as inbibition of
interleukin 1 (IL-1) activity.^ Corticosteroids bave well
recognized immunosuppressant actions, wbicb include
reduction in tbe number and function of Langerbans
cells'* and otber antigen-presenting cells,' and inbibition
of IL-1 production'' and T-cell proliferation.^ Tbey also
bave a direct antiproliferative effect.**

Tbe aim of tbe present study was to quantify tbe

response of cytokeratin markers of proliferation (K16)

and differentiation (K5, KIO), and elements of cellular

immunity witbin tbe epidermis, using histological tbick-

ness as a reference. Levels of response of tbese para-
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meters were compared both witbin and between treat-
ments.

Methods

Twenty patients witb cbronic plaque psoriasis were
recruited to tbe study. Tbere were 11 males and nine
females aged between 19 and 67 years. None of tbe
subjects bad received systemic treatment for psoriasis,
ultravioilet ligbt tberapy, or any treatment known to
interfere with calcium metabolism during tbe 3 montbs
preceding tbe study. There was a 2-week wasb-out
interval prior to application of tbe trial medication
during wbicb tbe only topical treatment used was an
emollient, Natuderm®. Patients were then randomized
into two equal groups to receive eitber 0-1% betametba-
sone-17-vaIerate, or calcipotriol ointment 50 /ig/g, in a
double-blind fasbion. Eacb treatment was applied twice
daily to affected areas of tbe limbs and trunk,

Puncb biopsies (6 mm) were taken from lesional and
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nearby uninvolved skin immediately prior to therapy
and. after 4 weeks of treatment, from a comparable
treated area usually on the opposite side ofthe body, Tbe
4-week time point was cbosen for the second biopsy as it
was known that at that stage clinical improvement was
usually underway, although not complete.

Histology

Cytokeratin expression within epidermal keratinocytes
and lymphocyte and Langerhans cell markers were
assessed using seriai 6 ym frozen sections stained by a
three-stage alkaline phosphatase/antialkaline phospha-
tase (APAAP) technique, using the commercially avail-
able monoclonal antibodies listed in Table 1,

The sections were fixed in dry acetone, pre-incubated
with normal rabbit antisera (1:20 in Tris-buffered saline
(TBS). Dako) to reduce non-specific background stain-
ing, then allowed to react with primary antisera for 1 h
at room temperature. The secondary antisera (rabbit
anti-mouse 1:50 in TBS. Dako) were then added
followed by the APAAP complex (1:100 in TBS. Dako).
A red reaction product was generated by the developer
consisting of fast TR red with Napthol ASB 1 phosphate
in veronai acetate, levamisole being added to block
endogenous phosphatase activity.

Histoiogicai assessments were performed blind. Cyto-
keratin response was assessed semi-quantitativeiy.
Using as a reference sections of untreated lesional skin
and non-lesional skin, the cytokeratin pattern of treated
skin was assessed on a 0-3 scale. Zero represented a

pattern indistinguishable from untreated lesional skin
and 3 represented a pattern indistinguishable from non-
lesional skin.

Epidermal thickness was assessed by measuring cross-
sectional area per unit length using a mouse and
digitizer tablet (Kontron Videoplan). over at least 2 mm of
epidermis per biopsy. Epidermal Langerhans cells and T
lymphocytes were counted per unit length of epidermis.

Statistics

To compare levels of response of different parameters,
results were expressed as 'percentage return to normal'
(%RTN) which is the ratio of untreated lesional minus
treated lesional to untreated lesional minus non-lesional
skin.

In order to determine whether any differences
between treatments resulted from differences in the
overall level of response, results were grouped according
to the level of improvement in epidermai thickness, as
'poor responders' (< 50% RTN). 'moderate responders'
(51-75% RTN). and 'maximal responders' (76-100%
RTN),

Changes in epidermal thickness were assessed using
the paired t-test. Differences between treatments in
responses of thickness and cell counts (both raw data
and %RTN) were assessed by tbe £-test for tbe means of
two populations. Differences in responses between cell
types witbin eacb treatment group (%RTN) were
assessed using analysis of variance. Differences in re-
sponse of cytokeratins. which were estimated semi-

Table 1, Antibodies used in this study

Antibody

K8-6

K8-12

RCK102

HLA-DR
LN3
T4
T8
T6

Manufacturer
and batch no.

ICN:M878

ICN:M60

BNS:004

Dako:087
Biotest :5]ni9
Dako:038
Dako:028
Ortho: 1612

Dilution
employed*

1:400

1:400

1:100

1:100
1:100
1:80
1:400
1:200

Specificity

Cytokeratins of MW 56-5 and 65 kDa (tKlO)
Differentiation marker
Cytokeratins of 48 and 54 kDa (K16t)
Hyperproiiferative
Cytokeratins of 52 5 and 58 kDa (K5t),
Confined to basal layer in normal epidermis
HLA,.DR
HLA-DR
CD4
CD8
CDla

* All dilutions in trisbuffered saline,
t Moll catalogue number,
ICN, ICN Immunobiologicals: BNS, Bionuclear services: Ortho, Ortho diagnostics.
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quantitatively in a non-parametric form, were assessed
by the Wilcoxon signed-rank test.

Results

The mean histological cross-sectional area improved by
74% from 0-33 mm^/mm (SD 0-08) to 0-12 (0-04) in
patients on betamethasone (« = 10, P< 0-0001), and by
56% from 0-27 mm^/mm (0-11) to 0-15 (0-07) in
patients on calcipotriol (n=10, P = 0-004). The
difference between the treatments was not statistically
significant.

Both treatments altered cytokeratin expression with a
decrease in K5 and K16 and an increase in KIO.
Normalization of cytokeratins is shown in Figure 1, with
changes in epidermal area per unit length. With both
treatments the change in Kl 6 was very similar to that of
area; on betamethasone valerate %RTN was 67-5% and
on calcipotriol 58%. On combining the treatment
groups, the K16 response in the maximal area response
group was significantly greater than in the moderate
and minimal response groups (78% versus 52%,
P<0-05), indicating a direct relationship between the
responses in K16 and thickness.

The responses observed with K5 were very similar to
those with KIO and these results are therefore con-
sidered together. In patients on betamethasone valerate,
the %RTN for K5 and KIO were botb less than for area
(mean for K5 and KIO, 54%), whilst on calcipotriol
responses by K5 and KIO were both greater than for area
(mean 76%). These differences did not reach statistical
significance.

The K5/K10 response in each area response group is
shown in Figure 2. It can be seen that on betamethasone
valerate there was no relationship between K5/K10
response and area response. In particular, in the maxi-
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Figure 1. Area and keratin responses to betamethasone valerate (D;
/!= 10), and calcipotriol (H; n= 10). with standard errors.
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Figure 2. Mean responses of keratins K5 and KIO in the three area
response groups with standard errors (D. betamethasone valerate; 0.
calcipotriol).
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Figure 3. Changes in mean area and cell counts per unit length with
standard errors for (a) betamethasone valerate (n = ]0) and (b)
calcipotriol (n = 10). D. baseline: B. after treatment.

mal area response group the %RTN of K5/K10 in
patients on betamethasone valerate was only 40%
(fi = 6). Moreover in some individuals in this group there
was no discernible improvement in these cytokeratins
despite a greater than 80% RTN in area. In patients on
calcipotriol there was a progressive increase in mean K5
and KIO responses in increasing area response groups.

The mean area per unit length in mm-̂ /mm and mean
counts of each cell type in cells per linear mm, before and
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Figure 4. Percentage RTN of inflammatory cells for each treatment
with standard errors, (a) Betamethasone valerate (n = 10); (b) calclpo-
triol (n = 10) D, All; 0, moderate + maximal response groups.

after 1 month of each treatment are shown in Figure 3.
For both treatments there was a significant change
(P<0-05) in ail parameters, with the exception of T6
during caicipotrioi treatment.

A comparison of celiular responses and area response
within each treatment, expressed as %RTN is shown in
Figure 4. When the data for ali subjects are considered,
responses demonstrate a degree of variability. This arose
mainly in the poor response group, probably resulting
from heterogeneity, some patients being genuine poor
responders and others non-compliant. On eliminating
this group and considering only moderate to maximal
responders (50-100% RTN, n=15), it was found that
there was a striking consistency in the results between
cell types and also between cellular and area responses
within treatments. The exception to this was again T6
response on caicipotrioi treatment, which differed sig-
nificantly from area response and all other cellular
responses (P<0-01), Whereas the %RTN of other cells
was between 59 and 70%, the RTN for T6 was negative,
indicating an increase rather than a decrease in cell
count during treatment.

Both cell counts and area improved somewhat more in
patients on betamethasone valerate than in those on
caicipotrioi. If all subjects are considered together, in no
case was there a statistically significant difference.
However, when subjects exhibiting a moderate or
maximal response were compared, the difference in T6
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Figure 5. Percentage RTN of inflammatory cells by area response group
with standard errors, (a) Moderate response group (n == 7); (b) maximal
response group (n = 8). D. betamethasone valerate; 0. caicipotrioi.

responses between the two treatments was significant
(P = 0-02).

The data have been further subdivided in terms of level
of area response in Figure 5. In the moderate and
maximal response groups, changes in cell counts were
generally similar for the two treatments, once again with
the exception of T6 cells in the moderate response group.
In all cases, except T6 on caicipotrioi treatment, cellular
responses and area response were of similar magnitude.
In the case of T6 cells on caicipotrioi treatment, the
anomaly was in the moderate response group. Here,
%RTN was significantly negative (P mean T6 = 0,
<0-01), but in the maximal response group the T6
response again became positive and was of a similar
order to that in patients on betamethasone valerate
treatment. The difference in T6 response between these
groups was highly significant (P<0-005).

Discussion

The method of cell quantification used in this study was
to count cells per unit surface length of epidermis. This
was because of a primary interest in changes in absolute
cell counts rather than cell counts as a proportion of
epidermal cells or counts per unit of epidermal volume.
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In previous studies results have been expressed as
percentage cbange compared to lesional skin. This is
probably particularly useful in the early stages of
treatment but has limited value in monitoring cell
cbanges throughout treatment, as it takes no account of
cell count when the disease process is absent, as in
non-Iesional skin. For example, a 50% reduction in
Langerbans cell count would mean tbat tbis parameter
was back to normal, wbile a 50% reduction in lympho-
cyte count would mean tbat the lymphocyte count was
still grossly abnormal, A return to normal in lympho-
cytes would involve a > 90% reduction. For this reason
the concept of %RTN has been used in tbe present study.

To compare results between individuals and between
treatments, a further reference parameter is necessary.
Other studies have used 'clinical improvement' or 'PASI
score improvement'. In the present study cbange in
cross-sectional area of epidermis per unit length was
chosen, as this is potentially a more accurate reflection of
response in the individual psoriatic plaque.

Both treatments produced a marked normalization of
cytokeratin expression. Expression of K16. a marker of
byperproliferation and K5, a basal keratin marker,
decreased, while expression of KIO, a suprabasal kera-
tin, increased. Tbere was a tendency towards restoration
of the normal polarity of staining seen with K5 and KIO.
There was a marked similarity with both treatments
between tbe responses sbown by K16 and tbe cross-
sectional area. This migbt be expected as botb para-
meters are markers of keratinocyte proliferation. Kera-
tins K5 and KIO are both (directly or inversely)
measures of keratinocyte differentiation and, as migbt be
expected, these parameters each responded to a similar
degree in individual subjects, Tbese two cytokeratins
bave tberefore been considered together.

In patients on betametbasone valerate K5 and KIO
responses were apparently, tbough not significantly, less
than the area response and there was no relationship
between tbe K5/K10 response and area response. In fact,
in some subjects epidermal tbickness bad virtually
returned to normal, with no apparent cbange in
expression of K5/K10. In contrast, on calcipotriol, the
K5/K10 response was greater than the area response
(though not significantly), and tbere was an apparent
relationsbip between K5/K10 and area responses.

There have been few investigations of cytokeratin
responses during treatment of psoriasis with calcipotriol.
De Mare et aL"^ investigated the response of K16
expression to calcipotriol and betametbasone valerate
using flow cytometry, Tbey also found a marked reduc-

tion in K16 following both treatments. The reduction
was greater, altbougb not significantly so, following
treatment witb calcipotriol than with betamethasone,
Holland et al.^" examined cytokeratin expression using
keratin electrophoresis. They reported a reduction in the
expression of Kl6 andK18, and an increased expression
of the differentiation markers Kl and K2, In contrast
Mallet et al.'' found no reduction in Kl 6 expression in a
histological study in which eight subjects used calcipo-
triol. De Jong et a/.'^ also examined the histological
response of psoriasis to calcipotriol in eight patients and
found that Kl 6 expression was not significantly reduced
even after 12 weeks. The changes in cytokeratin
markers of byperproliferation and differentiation in tbe
current study are tberefore in broad agreement witb tbe
findings of De Mare and Holland, but confiict with the
lack of K16 response reported by Mallett and De Jong,

Both treatments produced a profound effect on epider-
mal immunocytes, all elements being reduced, except for
T6 cells in patients on treatment witb calcipotriol.
Otherwise, within eacb treatment group, the response
was of a very similar order between cells, and also
between cells and area reduction. Betametbasone valer-
ate produced a somewbat greater effect on T4 and T8
cells than on T6 positive and HLA positive dendritic cells,
but not significantly so.

Overall, betametbasone valerate produced a greater
level of cellular response, but also a greater area
response. Wben cellular response was corrected for level
of area reduction, there was no difference between
treatments, except in tbe case of T6. Tbe results suggest
that in the early stages of tbe response to calcipotriol
there was an absolute increase in TG"*" cells, despite a
reduction in cross-sectional area. However, wben the
highest levels of area response were attained (75-
100%), then Tfi'*' cells were markedly reduced, to a
degree similar to tbat of the otber cellular elements.

There have been few previous studies on immunocyte
responses in psoriasis treated with topical steroids. The
above results for betamethasone valerate are very
similar to those reported for clobetasol propionate,'^ A
fall in lympbocyte numbers preceded clinical Improve-
ment, wbereas tbe cbange in dendritic cells followed
later, but both were normal on clinical resolution. As in
the present study, there was no suggestion of an increase
in the number of dendritic cells in the earlier stages of
treatment.

De Jong et al. also reported an increase in TG"*" cells
during treatment with calcipotriol'^ and this seemed to
persist at 12 weeks. However these authors assessed
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epidermal Langerhans cell density rather than absolute
numbers per unit length as in the current study. The
results therefore cannot be compared with our own.

In the current study markers of proliferation, differen-
tiation and inflammatory infiltration improved with
both treatments. The primary target of each treatment is
difficult to determine. It is likely that botb drugs bave
multiple effects and that caicipotrioi has an effect on all
three targets, although with betamethasone a primary
effect on differentiation seems less likely.

The anomalous, bipbasic effect of caicipotrioi on TG"""
cells is difficult to interpret, bowever an apparently
similar pattern of T6 response bas been reported witb
PUVA and cyclosporin. Baker reported on PUVA tberapy
an initial increase in dendritic cells, which were not
significantly reduced until lesions had largely resolved.'*
At resolution, the dendritic cells were normal. T lympho-
cytes decreased at a similar rate to clinical improvement.
Similarly, with cyclosporin. Baker reported an initial
increase in T6"*' and DR""" dendritic cells.'^ There have
been several otber studies on tbe effects of cyclosporin in
psoriasis, but it is difficult to compare tbe results witb tbe
current study because tbe unit of quantification was cells
per unit area. Because tbe cross-sectional area decreases
during treatment, resolution normally involves an in-
crease ratber tban decrease in dendritic cells measured
in tbis way.

Later in treatment. Baker found tbat dendritic cells
had fallen by 36%, wbile T4 and T8 cells bad fallen by
only 45 and 65%, respectively.'^ In a study by Horrocks
et al. CD] "•" cells bad returned to tbe normal range wben
CD4+ and CD8+ cells were only 34 and 37% reduced,
respectively."' Tbese results tberefore differ from tbose
for caicipotrioi reported above, wbere at no time was T6
response relatively advanced compared to tbe T-lympho-
cyte response. Thus the cellular changes reported here
for caicipotrioi are close to those reported for PUVA, but
less so for cyclosporin.
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