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Abstract: Several reports have indicated that the combination of
calcipotriol ointment and potent or ultrapotent corticosteroids are more
effective and better tolerated, as compared to the monotherapies.

The aim of the present study was to find out the effect of combination
of calcipotriol ointment once daily and betamethasone dipropionate
ointment once daily vs. the effect of twice-daily applications of each of the
two treatments as monotherapy during a four-week treatment period.

Seven patients with chronic plaque psoriasis were included for
treatment with the three treatment schedules. Biopsies were taken before
treatment and after four weeks of treatment, and markers for epidermal
proliferation (Ki-67) and epidermal differentiation (keratin-10) were
studied using a quantitative image analysis, and T-cell subsets in epidermis
and dermis (CD4, CD8, CD25, CD45RO, CD45RA, CD94, CD161, and
CD2) were studied using immunohistochemical scoring.

The most impressive clinical result was reached with the combination.
Calcipotriol proved to have a major effect on the proliferation marker
Ki-67 and differentiation marker keratin-10, whereas the effect on T-cell
subsets was more selective with major reductions of CD45ROþ and CD8þ

T cells. In contrast, the effect of betamethasone dipropionate on the
epidermis was restricted to a normalization of differentiation with a highly
significant increase of keratin-10 positive epidermal surface without a
significant effect on Ki-67 positive nuclei, and the effect on T-cell subsets
was restricted to a reduction of natural killer T-cell receptors designated
by CD94 and CD161 in the epidermis. The combination of the two
treatments did not affect the proliferation marker Ki-67 and
keratinization marker keratin-10, beyond the effect of calcipotriol
monotherapy. However, the combination had a profound effect on,
virtually, all T-cell subsets, beyond the effect of the monotherapies.

It is concluded that the action spectra of calcipotriol and
betamethasone on the psoriatic plaque are different and that the
combination has effects on T-cell subsets, beyond the addition of the
effects of monotherapies.
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Introduction

Topical treatment with calcipotriol as monotherapy
or in combination with a potent or ultrapotent
topical corticosteroid has become the first-line
treatment of psoriasis. The combination has been
shown to be more effective and safe, as compared
to monotherapies (1–3).
However, so far, few reports are available on the

mode of action of combination of calcipotriol with
a topical corticosteroid vs. calcipotriol monother-
apy and corticosteroid monotherapy.
The psoriatic lesion is characterizedby epidermal

proliferation (increased recruitment of cycling
epidermal cells), abnormal keratinization with a
decreased compartment of normally differentiated
cells (keratin-10-positive epidermal surface), and
inflammation with a prominent role of T cells, in
particular activated memory effector T-cells (4).
The effect of vitamin D3 analogs and cortico-

steroids on aspects of epidermal proliferation and
keratinization as well as some T-cell subsets have
been studied (5–12). However, the conclusions from
these studies are at variance. Furthermore, the effect
of the combination therapy on epidermal prolifer-
ation and keratinization as well as T-cell subsets has
not yet been investigated by immunohistochemistry.
Therefore, a within-subject study of three treat-

ments was initiated to compare:

1. The combination of calcipotriol ointment
(5mg/g) once daily and betamethasone dipro-
pionate (0.64mg/g) ointment once daily.

2. Calcipotriol (5mg/g) ointment twice daily.
3. Betamethasone dipropionate (0.64mg/g) oint-

ment twice daily.

The treatments were carried out during 4
weeks, and a punch biopsy was taken before
and after treatment from the test lesions treated
with the three schedules.
One limitation of past studies was the lack of

quantification and uniformity in the assessment of
immunohistochemical results. Recently, quantitat-
ive image analysis provided new possibilities for
more reproducible scoring of immunohistochemical
results. To study epidermal proliferation and differ-
entiation, we used quantitative image analysis.
The following features were studied:

1. Epidermal proliferationwas assessed by counting
the Ki-67-positive nuclei per mm basement
membrane by quantitative image analysis,
which characterizes those epidermal cells which
have escaped from the resting Go population. In
previous studies, it has been shown that this

phenomenon is crucial to epidermal proliferation
in psoriasis (13).

2. Epidermal differentiation was studied by mea-
suring the keratin-10-positive epidermal surface.
In the psoriatic plaque, the epidermal cell layers
expressing keratin-10 are reduced.

3. The T-cell is of major pathogenic significance.
Recently, specific T-cell-targeted treatments
have been shown to improve psoriasis. CD4þ

T-cells dominate in early psoriasis and CD8þ

T-cells in chronic plaques (14). In particular,
activated T-cells (CD2 and CD25) belonging
to the memory effector subset (CD45RO) have
been shown to play a major role (4). Natural
killer (NK) cells belonging to innate immunity
have been suggested to be of relevance to
psoriasis. The NK cell receptors on T-cells
(CD94 and CD161) have been suggested to
represent important cross talks between innate
immunity and acquired immunity (4,15,16).

Methods

In our study, seven patients participated with stable plaque
psoriasis with an extent of at least 5%. They did not receive any
systemic treatment for at least 4weeks and no topical therapy for
about 2weeks before the start of the study. All patients were able
to understand care instructions.
They were asked to apply betamethasone dipropionate oint-

ment two times a day to the psoriatic lesions at the right side of the
body, the combination of betamethasone dipropionate ointment
once a day and calcipotriol ointment once a day to the lesions at
the left side of the body, and calcipotriol ointment twice a day to
an arbitrary chosen lesion for 4weeks. After having applied the
ointment of one treatment schedule, the patient was asked towash
his/her hands before applying the ointment for the other treat-
ment schedule. Before and after treatment, the target lesions were
observed and scored for the degree of erythema, desquamation,
and induration. The score may range from slight (1) to very severe
(4). The total score of erythema, desquamation, and induration,
the sum score, was used for clinical assessment.
Biopsies were taken from the three target lesions corresponding

to the three different topical treatments. This was performed
before and after treatment.
Biopsies were embedded in Tissue Tek OCT compound (Miles

Scientific, Naperville, IL, USA), snap frozen in liquid nitrogen,
and stored at �80�C until use.
Sections were sliced to 6mm thick and were air-dried for 30min.

Then, the sections were fixed in cold acetone for 10min. After
blocking for 5min for endogenous peroxidase, using 0.2% sodium
azide, they were washed in phosphate-buffered saline (PBS) for
10min. Subsequently, sections were incubated with the primary
antibodies for 1h. The following primary antibodies (mouse
antihuman) were used, diluted in 1% bovine serum albumin
(Sigma, St Louis, MO, USA)/PBS: anti-CD2 (clone MT910)
(1:50), anti-CD4 (clone MT310) (1:25), anti-CD8 (clone DK25)
(1:25), anti-CD45RO (clone UCHL1) (1:25), anti-CD45RA (clone
4KB5) (1:25), anti-CD94 (clone HP-3D9) (1:25), anti-CD25 (clone
ACT-1) (1:25), Ki-67 (clone MIB-1) (1:100) (all obtained from
DAKO, Copenhagen, Denmark), keratine-10 (clone RKSE60)
(1:100) (Monosan Laboratories, Uden, The Netherlands), and
anti-CD161 (clone 191B8) (1:25) (Immunotech, Marseille, France).
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Sections were washed in PBS for 15min. Secondary immuno-
globulin-G-labeled polymer, horseradish peroxidase (antimouse),
was added for 30min (Envision-kit: DAKO). The sections were
washed for 15min in PBS. To visualize the staining, we used
3-amino-9-ethylcarbazolþHighSensitivity Substrate Chromogen
for 10min (DAKO).Counterstainingwas performedwithMayer’s
Haematoxylin (Sigma). The sections were washed in tap water and
dried. Sections were finally mounted in glycerol gelatin (Sigma).
Furthermore, from each patient, we performed a hematoxylin–
eosin staining. After dehydration in alcohol and histosafe (Histo-
safe, Adamas Instrumenten bv., Leersum, the Netherlands)
these sections were mounted in Permount.

Immunohistochemical scoring

Quantification of the number of cells positive for CD2, CD4,
CD8, CD25, CD45RO, CD45RA, CD94, and CD161 was
performed. At� 200 magnification, positive cells in the epidermis
were counted from the basement membrane up to the stratum
corneum across the whole section. Cells in the dermis were
counted from the basement membrane down to 100mm under
the basement membrane, also, across the whole section. Quanti-
fication was performed in the unit: positive cells per mm length.

Quantitative image analysis

For K-10, digital photographs were made at� 50 magnification,
and for Ki-67, digital photographs were made at� 100 magnifi-
cation. Each photograph was analyzed using IP-lab software. For
quantification of the number of cells positive for K10, we used the
following procedure: After choosing a representative ‘region of
interest’ (ROI), all positive segments in the ROI were marked
with a color and counted. We subtracted the present dermal
surface in the ROI. The ROI is chosen in the center of the section.
Quantification was measured as a percentage of ROI as unit.

For Ki-67, a line following the stratum basale was drawn after
again choosing a ROI, and all positive cells above this line were
counted. Quantification was performed in the unit: positive cells
per mm length of basement membrane.

Statistical analysis

We used a two-sided paired t-test to compare the number of
positive cells, and percentage of K-10-positive epidermal surface
before and after treatment. P< 0.05 was considered as statistic-
ally significant. P< 0.01 was considered as highly statistically
significant.

Results

For all three treatment modalities, there was a
significant decrease in sum score. The mean per-
centage decrease in sum score was 71% for the
combination therapy, 66% for betamethasone
dipropionate, and 67% for calcipotriol. Reduction
of the sum score for combination therapy gave the
smallest P-value (combination: P¼ 6.57� 10�7)
(calcipotriol: P¼ 9.5� 10�6) (betamethasone
dipropionate: P¼ 2.97� 10�5).
There was a statistically significant decrease in

the number of Ki-67-positive cells (proliferating
keratinocytes) for the combination treatment
(P< 0.01) and monotherapy with calcipotriol

(P< 0.001). (Fig. 1) There was no statistically
significant decrease of Ki-67-positive keratinocytes
per mm basement membrane after monotherapy
with betamethasone dipropionate. Concerning
differentiation, there was a statistically significant
increase of the keratin-10-positive epidermal surface
after all three treatment modalities. For the two
monotherapies, there was a highly significant
(P< 0.001) increase of keratin-10-positive epidermal
surface. (Fig. 2) For the combination therapy, the
increase was also significant (P< 0.05).

All T-cell subsets decreased during treatment with
the combination therapy (Fig. 3), betamethasone
dipropionate ointment (Fig. 4), and calcipotriol
ointment (Fig. 5).

The combination resulted in a highly significant
reduction of CD8þ, CD2þ, and CD25þ T-cells in
the epidermis, and CD2þ, CD25þ, and CD94þ

T-cells in the dermis (P< 0.01). CD4þ, CD45ROþ,
and CD45RAþ T-cells showed a significant reduc-
tion in dermis and epidermis (P< 0.05). CD161þ

T-cells reduced significantly exclusively in the
dermis (P< 0.05). No significant reduction was
shown for CD94þ and CD161þ T-cells in the epi-
dermis. Betamethasone dipropionate ointment did
not result in a highly significant reduction of T-cell
subsets. Apart from a significant reduction of
CD94þ and CD161þ T-cells in the epidermis
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Figure 1. Ki-67 positive keratinocytes per mm basement
membrane before and after treatment with combination
therapy (p< 0.01), betamethasone dipropionate 2dd (no
statistical significance) and calcipotriol 2dd (p< 0.001). (Mean
+SEM)

80

70

60

50

40

30

20

10

0
Before After

Combination

Betamethasone
dipropionate
Calcipotriol

P
er

ce
nt

ag
e 

of
 K

-1
0-

po
si

tiv
e

 c
el

ls
 in

 e
pi

de
rm

is

Figure 2. Percentage K10 positive epidermal surface before
and after treatment with combination therapy (p< 0.05),
betamethasone dipropionate (p< 0.001) and calcipotriol
(p< 0.001). (Mean+SEM)
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(P< 0.05), the reduction of T-cell subsets in dermis
and epidermis did not reach the level of statistical
significance. Calcipotriol ointment caused a highly
significant reduction of CD45ROþ T-cells in dermis
and epidermis, and a highly significant reduction of

CD8þ T-cells in the dermis (P< 0.01). CD8þ,
CD25þ, CD45RAþ, CD94þ, and CD2þ T-cells in
the epidermis, and CD4þ, CD25þ, CD94þ, and
CD161þT-cells in the dermis reached a statistically
significant reduction (P< 0.05). CD4þ and
CD161þ T-cells in the epidermis, and CD45RAþ

and CD2þ T-cells in the dermis did not show a
statistically significant reduction.
In Fig. 6, the percentage decrease of T-cell

subsets has been shown. It can be seen that all
T-cell subsets show a more impressive reduction,
following calcipotriol, as compared to betametha-
sone dipropionate, both in dermis and epidermis,
with exception of CD4þ, CD94þ, CD161þ, T-cells
in the epidermis (Fig. 6a) and CD45RAþ, CD94þ,
and CD161þ T-cells in the dermis (Fig. 6b). In the
epidermis, the reductions were more expressed,
following treatment with the combination with the
exception of CD94þ and CD161þ T-cells. In the
dermis, all T-cell subsets showed the most impressive
reduction, following treatment with the combination,
although the reduction of CD4þ, CD8þ, and
CD45ROþ were approached by the reduction after
calcipotriol ointment only.

Discussion

In the present investigation, using a four-week
treatment period, the combination of calcipotriol
and betamethasone dipropionate ointment, and
monotherapy with betamethasone dipropionate
ointment and calcipotriol ointment resulted in a
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Figure 3. T-Lymphocytes in the epidermis (a) and dermis (b)
before and after combination therapy. (Mean+SEM)
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Figure 4. T-Lymphocytes in the epidermis (a) and dermis (b)
before and after treatment with betamethasone dipropionate.
(Mean+SEM)
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Figure 5. T-Lymphocytes in the epidermis (a) and dermis (b)
before and after treatment with calcipotriol. (Mean+SEM)
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substantial and statistically significant reduction of
the sum score. Although no statistically significant
difference could be shown between the three treat-
ments, the most significant improvement was
reached by the combination. This observation
reconfirms several observations by other groups
that the combination is more effective, as com-
pared to monotherapy with either calcipotriol
ointment or a potent topical corticosteroid
(1–3,17–20).
Calcipotriol proved to induce a highly signifi-

cant inhibition of epidermal proliferation and to
cause a highly significant increase of keratin-10-
positive epidermal surface (Figs 1 and 2). In previous
studies, it was shown that Ki-67-positive nuclei
decreased (1,12,21), keratin-10-positive cell layers
increased (10), involucrin-positive cells increased
(1,21), and keratin-16 expression decreased (12,21,
22), during calcipotriol treatment. Although some
authors have suggested that calcipotriol has a pre-
ferential effect on epidermal proliferation and
keratinization (11,12,23), other authors have sug-
gested that the effect on T-cells is relevant to the
mode of action of calcipotriol (1,7,10).

Reduction of CD3þ, CD45ROþ, and CD4þ

T-cells (7,10,21), reduction of CD8þ T-cells (10),
reduction of CD2þ T-cells (1,9,12), and reduction
of HLA-DRþ epidermal cells by vitamin D3 ana-
logs have been reported (8). One group failed to
show a reduction of CD45ROþ T-cells by calcipo-
triol (11). In the present study, calcipotriol proved
to have a highly significant reduction of
CD45ROþ T-cells in dermis and epidermis, and a
highly significant reduction of CD8þ T-cells in the
dermis as outstanding features. Although most
T-cell subsets showed a statistically significant
reduction during calcipotriol treatment, CD4þ

and CD161þ T-cells in the epidermis showed a
reduction below the level of statistical significance,
and, also, in the dermis, the slight reductions of
CD45RAþ and CD2þ T-cells were not statistic-
ally significant. These observations suggest that
calcipotriol has a substantial effect on epidermal
proliferation and keratinization, whereas the effect
on T-cell subsets is more selective with a major
effect on CD45ROþ and CD8þ T-cells. In this
respect, it is of importance that CD45ROþ

T-cells, i.e. the memory effector cells, constitute a
pathogenically relevant T-cell subset and that
selective apoptosis of these cells by alefacept
results in improvement of psoriasis (24–26).
CD8þ T-cells have been shown to be the dominat-
ing T-cell population in chronic plaque psoriasis,
whereas CD4þ T-cells are more common in early
psoriatic lesions (14).

Treatment with betamethasone dipropionate
did not result in a statistically significant reduction
in the number of Ki-67-positive keratinocytes,
although the increase in the percentage of keratin-
10-positive epidermal surface was highly signifi-
cant. Previous studies have shown substantial
reductions of keratin-16 and keratin-10-positive
cells during treatment with potent and ultrapotent
topical corticosteroids, approximating the reduc-
tion of calcipotriol (10,23). Previous studies on the
assessment of Ki-67-positive nuclei during treat-
ment with topical corticosteroids revealed that
ultrapotent topical corticosteroids may have a sub-
stantial effect on Ki-67-positive nuclei (13,27). It
can be concluded that betamethasone dipropionate
results in a substantial change in compartmental-
ization of the psoriatic epidermis without a signifi-
cant effect on the recruitment of cycling epidermal
cells as assessed by Ki-67 expression. The effect of
topical corticosteroids on T-cells has been studied
before. De Jong et al. did not show a significant
effect onCD2þ T-cells, following treatment with the
ultrapotent topical corticosteroid budesonide (13).
In the present study, the effect of betamethasone
dipropionate on T-cell subsets showed, exclusively,
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a statistically significant reduction of CD94þ and
CD161þ T-cells in the epidermis. CD94 and
CD161 are NK T-cell receptors and may play an
important role in the cross talk between innate
immunity and acquired immunity (4,15,16). Activa-
tion of NK T-cell receptors may inhibit cytotoxic
T-cells to release T helper type-1 cytokines (15).
This inhibition is lost when NK T-cell receptors
are reduced. Therefore, the significant reduction
of NK T-cell receptors in the epidermis by beta-
methasone dipropionate might be an explanation
for the tachyphylaxis.
From the profile of actions on epidermal prolif-

eration, keratinization, and T-cell subsets, it is
attractive to speculate that calcipotriol and beta-
methasone dipropionate are complementary. The
highly significant effect of calcipotriol on epider-
mal proliferation vs. the limited effect of beta-
methasone dipropionate is an example in this
respect. The substantial effect of calcipotriol
on all T-cell subsets except CD4þ and CD161þ

T-cells vs. the pronounced effect of topical corti-
costeroids on CD94þ and CD161þ T-cells without
affecting other T-cell subsets is another example.
The combination of calcipotriol and betameth-

asone dipropionate resulted in a highly significant
reduction of the proliferation marker Ki-67,
although the increase of the keratin-10 population
was statistically significant but less pronounced as
compared with both monotherapies.
It can be concluded that the combination of treat-

ments does not result in an additional reduction of
the proliferation marker and increase of the
keratinization marker, beyond the reductions by
both monotherapies. However, all T-cell subsets,
including the CD4þ T-cell population, showed a
significant or highly significant reduction in dermis
and epidermis, except for the CD94þ and CD161þ

populations in the epidermis. Although betametha-
sone dipropionate showed a preferential reduction
of theseNKT-cell receptors, in the combination, this
aspect seemed tobe lost.Comparing the effects of the
three treatments (Fig. 6a,b), it can be seen that all
T-cell subsets, following treatment with the combin-
ation, show the most impressive reductions with the
exception of CD94þ and CD161þ T-cells in the epi-
dermis, whereas the reduction of CD4þ, CD8þ, and
CD45ROþ T-cells was approached by the reduction
of calcipotriol monotherapy.
In the comparison between calcipotriol oint-

ment and betamethasone dipropionate ointment
in combination vs. monotherapies, it should be
reconciled that the combination implied a reduc-
tion of the frequency of the individual treatment
from twice daily (monotherapy) to once daily
(combination therapy).

Recently, in some countries, the formulation
Dovobet1 (Leopharmaceutical products, Denmark)
became available, which is a unique formulation
providing optimal bioavailability and stability of
the individual active treatments. As twice or once
daily principle, this treatment is more effective as
compared to both monotherapies (28,29). In a pre-
vious study, using flow cytometry, it was shown that
this new combination principle causes a major reduc-
tion of inflammatory cells, whereas the advantage on
epidermal proliferation is limited, as compared to
monotherapies (6).
Although the combination of calcipotriol and

betamethasone dipropionate has no advantage
on epidermal proliferation and keratinization,
the broad range of effects on T-cell subsets
cannot be explained by a simple addition of
effects but rather suggest a synergistic principle
of the combination.
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