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Summary Calcipotriene is a synthetic analogue of 1,25-dihydroxyvitamin D3 established to be effective topically
in the treatment of psoriasis. We investigated the early cellular and immunological events induced by
calcipotriene in psoriasis. Thirty patients with moderate plaque-type psoriasis were randomly
assigned to receive twice daily applications of either calcipotriene ointment 0.005% or matching
vehicle for 6 weeks. Skin biopsies (6 mm) were performed from designated plaques at baseline and
days 3 and 7. On these days and at weeks 2, 4 and 6, complete clinical evaluations were made in a
double-blind fashion. Consistent with previous studies, significant clinical improvement (P<0.05) in
psoriasis was observed in patients receiving calcipotriene vs. those receiving vehicle by day 7 for scale
and erythema, and by day 14 for thickness. No significant improvement, however, was seen on day 3.
None of the immunohistological markers (CD1a, CD4, CD8, ICAM-1, VCAM-1, E-selectin, HLA-DR)
semiquantitatively assessed in psoriatic plaques was significantly changed by calcipotriene treatment
for 7 days. In the calcipotriene-treated group, interleukin (IL)-10 levels (pg/mg of protein) increased
by 57% from baseline (0.030 6 0.006; mean 6 SEM) to day 3 (0.047 6 0.011) (P ¼ 0.05 vs.
baseline; n ¼ 10) and remained elevated at day 7 (0.046 6 0.012). IL-8 levels (pg/mg of protein),
however, declined by 70% from baseline (0.13 6 0.06) to day 3 (0.04 6 0.01), and remained low at
day 7 (0.03 6 0.02) (P<0.05 vs. baseline; n ¼ 10). Both IL-8 and IL-10 were unaffected by vehicle
treatment. Calcipotriene-induced clinical improvement of psoriasis is preceded by an increase in IL-
10 and a concomitant decrease in IL-8 levels. The changes in the level of these two cytokines provide
further evidence for immunological changes as a significant part of the mechanism of action of
calcipotriene in psoriasis.

Calcipotriene, also known as calcipotriol and MC-903,
is a synthetic vitamin D3 analogue established to be
effective topically in the treatment of psoriasis.1–3 The
proposed mechanisms by which calcipotriene improves
psoriasis have centred around keratinocytes. The ability
of calcipotriene and 1,25-dihydroxyvitamin D3

(1,25(OH)2D3) to inhibit keratinocyte proliferation and
to induce differentiation is compatible with their
antipsoriatic actions.4–6 However, whether these obser-
vations made primarily in vitro are also operational in
vivo require further studies. Furthermore, as many

abnormal parameters measurable in lesional skin of
psoriasis normalize as the lesion improves clinically,
an appropriate temporal relationship must be demon-
strated in vivo, before any claim of cause and effect can
be made. Although psoriasis is a disease characterized
by keratinocyte hyperproliferation and incomplete dif-
ferentiation, mounting scientific evidence points to an
immune-mediated disorder, possibly an organ-specific
autoimmune disease of skin.7–9 Indeed, many effective
therapeutic agents for psoriasis are immunosuppressive
in nature. Emerging evidence indicates that
1,25(OH)2D3 possesses immunomodulatory activities.
In several animal models of autoimmune diseases,
1,25(OH)2D3 and its analogues have been shown to
prevent the onset or retard the progression of such
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diseases.10–12 In this report, we provide evidence that
very early in the treatment (within a few days), and
several days before clinical improvement is detectable,
calcipotriene modulates two important cytokines in a
direction that may lead to the resolution of psoriasis.

Patients and methods

Patients and design

Thirty patients with mild to moderate, stable, plaque-
type psoriasis (20 men, 10 women; mean age 41; age
range 18–66 years) were entered into this double-blind,
placebo-controlled study. All patients had been without
systemic therapy, including ultraviolet (UV) radiation,
for psoriasis for 4 weeks, and topical therapy, other than
emollients, for 2 weeks. During the study, natural or
artificial sunlight exposure was discouraged. None of
the women was pregnant or breast-feeding. The study
was approved by the institutional review board of the
University of Michigan Medical Center, and all subjects
gave written, informed consent.

Treatment

A computer-generated code was used to randomly
assign 15 subjects to calcipotriene treatment (11 men
and four women) and 15 subjects to treatment with
vehicle (nine men and six women). The calcipotriene
0.005% ointment (Bristol-Myers Squibb Corp., Buffalo,
NY, U.S.A.) or colour-matched vehicle were in identical
tubes, so that neither the investigators nor the patients
knew the treatment group to which any patient was
assigned. The study medication was applied by the
patients twice daily for 6 weeks to their psoriatic pla-
ques. Patients were instructed not to apply the study
medication within 8 h of evaluation.

Clinical evaluation

Clinical evaluation of all patients was performed by two
investigators (L.F. and S.K.) at baseline (day 0), after 3, 7
and 14 days of treatment, and then biweekly for a total
of 6 weeks. For any given patient, only one investigator
performed the clinical evaluation at all the visits. At
each visit, the overall erythema, thickness and scaling of
psoriatic plaques were graded on a scale of 0 to 8 where
0 is none and 8 is the most severe. More specifically, for
erythema (0, no evidence of erythema; 2, lightly red; 4,
red; 6, very red; 8, extremely red), for thickness (0, no
evidence of plaque above normal skin level; 2, slight but

definite elevation above normal skin level; 4, moderate
elevation with rounded or sloped edges to plaque; 6,
marked elevation with sharp edges to plaque; 8, very
marked elevation with very hard sharp edges to plaque),
and for scale (0, no evidence of scaling on the lesions; 2,
mild: mainly fine scales, some lesions at least partially
covered; 4, moderate: somewhat coarser scales, most
lesions at least partially covered; 6, severe: thick scales,
virtually all lesions covered; 8, very severe: very thick
scales, all lesions covered). In addition, global response
to treatment was graded independently at the end of
therapy (week 6) on a scale of ¹1 to 5 (¹1, worse than
at baseline evaluation; 0, no change from baseline; 1,
slight improvement (about 25%), however, significant
evidence of psoriasis remains; 2, moderate improvement
(about 50%), intermediate between marked and slight
improvement; 3, marked improvement (about 75%),
some evidence of psoriasis remains; 4, almost clear,
very significant clearance with only minor evidence of
psoriasis; 5, completely clear with no evidence of psor-
iasis).

Laboratory assessment

In addition to the clinical assessment, the following
laboratory tests were performed at baseline and
weeks 2 and 6: full blood count, serum biochemistry
screen including calcium and phosphorus, and routine
urinalysis.

Immunohistological analysis

Before, and at days 3 and 7 of therapy, a 6-mm diameter
punch biopsy specimen was taken from a target psor-
iatic plaque on the trunk or proximal extremities. The
biopsy sites were at the periphery of plaques, 1 cm in
from the edges and separated from each other by at least
2 cm. Lidocaine (1%) without adrenaline was used as
the local anaesthetic. These specimens were embedded
in OCT medium (Miles Laboratories, Naperville, IL,
U.S.A.), frozen in liquid nitrogen, and stored at ¹70 8C
until use. Five-micrometre sections were cut on a cryo-
stat and stained with a panel of monoclonal antibodies,
namely Leu 6 (anti-CD1a: Becton Dickinson, Burlin-
game, CA, U.S.A.), T4 (anti-CD4: Coulter, Hialeah, FL,
U.S.A.), T8 (anti-CD8: Coulter), anti-ICAM-1 (R&D Sys-
tems, Minneapolis, MN, U.S.A.), anti-VCAM-1 (R&D
Systems), anti-E-selectin (R&D Systems), and L243
(anti-HLA-DR: Becton-Dickinson). A standard immuno-
peroxidase technique (Vectastain ABC Kit, Vector
Laboratories, Burlingame, CA, U.S.A.) was used with
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3-amino-9-ethyl carbazole as the chromogen and 1%
haematoxylin as the counterstain. All immunohistolo-
gical sections were examined by one of us (J.H.C.) who
was not involved in the clinical part of the study. Each
patient’s specimens were randomized and blinded. The
staining intensity of each marker was graded under
light microscopy using a 0 to 5 six-point scale in which
0 indicated no staining; 1, minimal staining; 2, low-to-
moderate levels of staining; 3, moderate staining; 4,
high levels of staining; and 5, maximal staining.

Enzyme-linked immunosorbent assay (ELISA) of cytokines

A second set of 6-mm punch biopsies was obtained from
the target psoriatic plaque at baseline and days 3 and 7
of therapy from all subjects. The biopsy sites were again
at the periphery of psoriatic plaques, 1 cm in from the
edges. If the target lesion were not large enough to
accommodate six 6-mm punch biopsies, each at least
2 cm apart, a similar lesion in close proximity to the
target plaque was selected for ELISA analysis. Speci-
mens were snap-frozen in liquid nitrogen and stored at
¹ 70 8C until use. The frozen skin specimens were
homogenized using a 2 mL glass homogenizer on ice
in a 1.2 mL solution of 20 mmol/L Tris–HCl pH 7.4,
1 mmol/L phenylmethylsulphonyl fluoride and 1 mg/mL
of each of apropitin and leupeptin, as previously
described.13 The homogenates were then centrifuged
at 11,750 g at 4 8C for 5 min. The supernatants were
assayed by the following ELISA kits: interleukin (IL)-2,
IL-10 and interferon-g (IFN-g) (Genzyme Co., Cam-
bridge, MA, U.S.A.) and IL-8 (T Cell Diagnostics, Inc.,
Woburn, MA, U.S.A.).

Statistical analysis

Changes in clinical and immunohistological variables of
calcipotriene- and vehicle-treated patients were statisti-
cally compared using Student’s two sample t-test. Time-
related, within group comparisons were made with the
paired t-test or the repeated measures analysis of var-
iance for multiple time-points. Linear regression tech-
niques were used to determine the concentration of
cytokines (ELISA variables) from the derived curves
based on a test of known standards. Time-related
differences were then assessed with the paired t-test.
The clinical global response was compared between
treatment groups using the x2 test. Summary statistics
are expressed as mean 6 SEM. All P-values are two-
tailed. The data were analysed with MIDAS (Michigan
Interactive Data Analysis System) and SAS (SAS Insti-
tute Inc., Cary, NC, U.S.A.).

Results

Clinical parameters

Thirty patients, 15 in each treatment group, were
enrolled and all completed the study. Before treatment,
the severity of psoriasis in the calcipotriene and placebo
groups was comparable (P>0.3) (Fig. 1). After 6 weeks
of therapy, the reductions in scale, erythema and thick-
ness were significantly greater in the calcipotriene
group as compared with the placebo group (P<0.05).
At the end of treatment, psoriasis in the calcipotriene
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Figure 1. Overall change in psoriasis severity (scale, erythema, thick-
ness) based on a scale of 0–8 (see text), during treatment with
calcipotriene and vehicle. Values are mean 6 SEM. Statistically sig-
nificant and clinically appreciable improvements were first attained
after 7 days for scale and erythema, and after 14 days for thickness,
with calcipotriene and were sustained for the remainder of the study.
Asterisks (*) indicate a significant difference (P<0.05) between
groups.



group showed significant improvement in the global
response from baseline compared with the vehicle group
(P<0.05); of the 15 patients who received 0.005%
calcipotriene, psoriasis was completely clear in three
(20%), markedly improved to almost clear in five (33%),
moderately improved in five (33%) and slightly
improved in two (13%) (Fig. 2). Of the 15 patients
who received vehicle, none showed marked or better
improvement, six (40%) showed slight to moderate
improvement, and the remaining nine (60%) demon-
strated no change or worsening (Fig. 2). Statistically
significant (P<0.05) improvement in scale and
erythema of psoriasis in the calcipotriene group, as
compared with the vehicle group, was attained after
7 days of treatment. For thickness of psoriatic lesions,
statistically significant improvement in the calcipotriene
group, as compared with the vehicle, did not occur until
week 2 of therapy. All of the clinical parameters assessed
for target psoriatic plaques improved progressively with
calcipotriene treatment.

Side-effects and laboratory changes

All 30 patients who enrolled in the study completed the
entire 6 weeks of therapy without serious adverse
events. Two of the 15 subjects who received calcipo-
triene experienced mild irritation with redness and
scaling on the face and clinically normal skin surround-
ing psoriatic plaques. Clinical laboratory parameters,
including the serum calcium and phosphorus levels, did
not change significantly during or after 6 weeks of
calcipotriene therapy.

Immunohistological study

During the first week of therapy, there were no signifi-
cant differences between calcipotriene and vehicle
groups for any of the immunohistological markers
examined.

ELISA analysis

Biopsy specimens from the first 10 patients (subject
numbers 1–10; five in the calcipotriene and five in the
vehicle groups) were processed according to an ELISA
protocol recommended by a pathology laboratory. This
procedure, however, was inappropriate for skin tissue
samples as all the extracts were over-diluted. Attempts
to reconcentrate the extracts were not successful. A
modified protocol for ELISA was used for the remaining
biopsy specimens (subject numbers 11–30; 10 in the
calcipotriene and 10 in the vehicle groups). Therefore,
data are presented for 20 patients. With calcipotriene
therapy, the IL-10 levels (pg/mg of protein) increased by
57% from baseline (0.030 6 0.006) to day 3
(0.047 6 0.011) (P ¼ 0.05 vs. baseline; n ¼ 10) and
remained elevated (0.046 6 0.012) at day 7 (Fig. 3a).
The IL-8 levels (pg/mg of protein) decreased by 70% in
lesional skin treated with calcipotriene from
0.13 6 0.06 at baseline to 0.04 6 0.01 at day 3, and
remained low (0.03 6 0.02) at day 7 (P<0.05 vs.
baseline; n ¼ 10) (Fig. 3b). Neither IL-8 nor IL-10
levels were affected by vehicle treatment. In our
ELISA-based system, IL-2 and IFN-g were not
detectable.

Discussion

Consistent with previous reports,1,3,14 we found calci-
potriene ointment to be significantly more effective than
its vehicle in improving psoriasis. Unlike almost all
earlier studies with topical calcipotriene in which the
first follow-up evaluation was performed after 7 or
14 days of therapy, we included an examination of our
patients at day 3. At this early time-point, calcipotriene
had produced no statistically significant or clinically
perceivable improvement in psoriasis. The first demon-
stration of statistically significant improvement in clin-
ical parameters occurred after 7 days of therapy with
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Figure 2. Overall global response after
6 weeks of treatment with calcipotriene or
vehicle ointment for psoriasis. As compared
with vehicle, calcipotriene produced
significant improvement of psoriasis
(P<0.01). Fifteen patients received
calcipotriene and 15 patients received
vehicle ointment.



calcipotriene for scale and erythema. For the thickness,
significant improvement was first noted after 2 weeks of
calcipotriene therapy. This time-line in the improvement
of clinical parameters observed in our patients was
similar to that in previous studies.1,3,14

Immunohistochemical assessment of psoriatic skin
during the first week of therapy revealed that in both
the epidermal and dermal compartments, the infiltra-
tion of T-helper (CD4þ) or T-suppressor (CD8þ) cells
was not significantly changed. This is consistent with
previous observations that even in psoriatic plaques
that show clinical response to topical calcipotriene,
when examined histologically, the mononuclear infil-
trate remains largely unchanged.15,16 More recently, Lu
et al.17 reported that psoriatic plaques biopsied when
they showed clearing of at least the centre or after
2 months of treatment with topical 1,25(OH)2D3

(0.005%), still demonstrated considerable numbers of
intraepidermal T cells, as compared with vehicle. Simi-
larly, cells expressing HLA-DR, CD1a, or adhesion mole-
cules (ICAM-1, VCAM-1 and E-selectin) remained
unchanged in staining intensity by calcipotriene ther-
apy during the first 7 days.

Despite the lack of clinical and immunohistochemical
changes early in the treatment, IL-10 levels increased in
the lesional skin of psoriasis after 3 days of calcipotriene
therapy. IL-10 is a type 2 (T2) cytokine which has been
shown to inhibit antigen-specific activation and prolif-
eration of T cells.18,19 These inhibitory effects are
mediated through antigen-presenting cell function,20,21

including the suppression of expression of B7-1 (CD80)
and B7-2 (CD86) which are costimulatory molecules
necessary for T-cell activation.22,23 IL-10 has also been
shown directly to suppress IL-2 secretion by CD4þ T
cells.24,25 Based on these and other properties, IL-10
has been referred to as an immunosuppressive or anti-
inflammatory cytokine. Indeed, a recent demonstration
that immunosuppressive response to UV radiation was
impaired in IL-10-deficient, gene knock-out mice,
further strengthens the immunosuppressive role of
this cytokine.26 In UV-induced IL-10 production, DNA
damage in keratinocytes and perhaps other skin cells
appears to be the initiating signal.27 Although the
mechanism by which calcipotriene induces IL-10 is
unknown, it is highly unlikely to be through a similar
pathway. Therefore, the level of IL-10 produced in
psoriatic skin following a combination of UV-irradiation
and calcipotriene treatment is likely to be greater than
by each agent alone. This may partly explain the
enhanced clinical response of psoriasis to the combina-
tion therapy.28,29

The ability of calcipotriene to induce IL-10 is also
relevant in the context of our current understanding of
T-cell-mediated immune responses. Initially described in
mice,30 then subsequently demonstrated in
humans,31,32 immune responses mediated by lympho-
cytes can be classified into fairly discrete and mutually
exclusive reactions termed type 1 (T1) or T2. T1
represents a strong cellular immune response and is
characterized by elaboration of cytokines IL-2, IFN-g
and IL-12. On the other hand, T2 represents an
enhanced humoral response associated with secretion
of IL-4, IL-5 and IL-10. Not only are T1 and T2
responses fairly discrete, they are self-reinforcing in
that T1 cytokines tend to inhibit T2 cytokine produc-
tion, and vice versa.33 In psoriasis, the predominant
cytokines expressed by lesional T cells belong to T1 (IL-2
and IFN-g).7–9 Therefore, IL-10 production induced by
calcipotriene would antagonize the T1 state, and shift
the immune response from T1 towards T2, which would
have a therapeutic effect in psoriasis. By the same token,
however, IL-10 induction is expected not to have a
beneficial effect in a disease characterized by T2
cytokine expression (IL-4, IL-5, IL-10) such as atopic
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Figure 3. Mean levels of IL-10 (a) and IL-8 (b) in the lesional skin of
psoriasis during treatment with calcipotriene (n ¼ 10) and its vehicle
(n ¼ 10). ELISA conditions and analytical procedures are described in
Materials and methods. Values are mean 6 SEM. Asterisk (*) indicates
P <0.05 and dagger (†) indicates P ¼ 0.05 vs. baseline.



dermatitis.31 In our ELISA-based system, we were
unable to measure elevated levels of IL-2 and IFN-g in
untreated psoriatic plaques. For these two cytokines, the
use of skin extracts prepared from the whole punch
biopsy specimens may have been too crude and dilute
for proper detection.

Concomitant with an early increase in IL-10, IL-8
levels were reduced in plaques of psoriasis treated with
calcipotriene. This is consistent with in vitro data in
which 1,25(OH)2D3 has been shown to inhibit IL-1-
induced IL-8 mRNA and protein in normal human
keratinocytes, fibroblasts and peripheral blood mono-
nuclear cells.34 IL-8 is a proinflammatory chemokine
that is chemotactic for polymorphonuclear cells35 as
well as T lymphocytes.36 Furthermore, it promotes
proliferation of keratinocytes.37 More recently, IL-8
has been shown to be a potent angiogenic factor,38,39

as well as an inducer of nitric oxide synthase.40 These
multiple properties, and the fact that IL-8 and its
receptor are markedly increased in psoriatic epider-
mis,41,42 indicate that IL-8 may be an important med-
iator of the psoriatic process. Therefore, a reduction of
this inflammatory cytokine by calcipotriene could be
involved in the therapeutic action of calcipotriene in
psoriasis.

Our immunohistological data indicated that after
7 days of therapy with calcipotriene, there were no
detectable changes in the expression of cell markers
and adhesion molecules. The clear and early alterations
in levels of IL-10 (an increase) and IL-8 (a decrease)
suggest that although the cells identifiable with various
immune markers remained in the involved plaques of
psoriasis, there were significant functional changes
induced by the drug. Based on our findings and those
of others,15–17 there is clearly a lag-time that is longer
than a week of therapy, between the cytokine modula-
tions and a significant reduction in expression of these
immune markers. An important factor in this regard
probably involves the turnover rate of some of these
markers.

We did not study the cell type(s) responsible for the
elaboration of the cytokines in this study. At least in
CD4þ T lymphocytes, IL-8 induces its own production,
and both spontaneous as well as cytokine-induced IL-8
production is inhibited by IL-10.43 It is possible then,
that the reduction in IL-8 may be secondary to the
induction of IL-10 by calcipotriene therapy. Regardless
of the cellular source, and the possible inter-relationship
in the expression of the two cytokines, the fact that IL-
10 induction and IL-8 reduction occurred early in the
treatment, prior to the observation of significant clinical

or immunohistological improvement, indicates that
these cytokine alterations are not simply secondary to
the process of resolution of a psoriatic plaque. Rather,
the time-line is compatible with the possibility that
elaboration of the immunosuppressive cytokine (IL-10)
and a concomitant reduction in the proinflammatory
cytokine (IL-8) may mediate at least part of the immu-
nopharmacological improvement in psoriasis. There-
fore, in addition to keratinocyte hyperproliferation and
incomplete differentiation, the local cytokine imbalance
observed in psoriatic lesions appears to be corrected at
least in part by calcipotriene.
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