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Abstract Psoriasis is  a chronic hyperproliferative skin disease in which inflammatory and immunologic processes 
may play important pathophysiologic roles. Recently the skin has been identified as a target tissue for vitamin D. 
Because 1,25-dihydroxy vitamin D3 inhibits epidermal proliferation and promotes epidermal differentiation, it has been 
introduced for the treatment of psoriasis vulgaris. In addition to 1 ,25-(OH)2-D3, synthetic vitamin D3 analogues have 
undergone clinical evaluation. Calcipotriol ( INN) (calcipotriene [USAN]) has been studied most extensively. Compared 
with 1 ,25-(OH)2-D3, calcipotriol is about 200 times less potent in i ts  effects on calcium metabolism, although similar in 
receptor affinity. Topical calcipotriol 50 kg/g applied twice daily is efficacious and safe for the treatment of psoriasis. 
Because topical calcipotriol is slightly more efficacious than betamethasone 1 7-valerate and dithranol, calcipotriol 
should be considered a first line drug in the management of psoriasis. These results illustrate that it is possible to 
separate the vitamin D effects on the cellular level from those on calcium metabolism not only in vitro, but also in a 
clinical setting. Q 1992 WiIey-Liss, tnc. 
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Psoriasis is a common, chronic skin disorder. 
The disease appears in several clinical forms, 
but chronic plaque psoriasis (psoriasis vulgaris) 
is by far the most common. Clinically psoriasis is 
characterized by thickened erythematous, well- 
demarcated areas of skin covered by silvery 
scales. Microscopic examination of involved skin 
shows hyperproliferation of epidermal kerati- 
nocytes; accumulation of leukocytes, particu- 
larly T lymphocytes, neutrophils, and mono- 
cytes; and elongation and increased tortuosity of 
dermal papillary blood vessels. Keratinocyte hy- 
perproliferation is one of the hallmarks of psori- 
asis. Mitoses are more frequent in psoriatic than 
in normal epidermis, and keratinocyte turnover 
is about ten times more rapid. Concomitant 
with hyperproliferation is incomplete terminal 
differentiation, shown histologically by parakera- 
tosis and loss of the granular layer. Biochemi- 
cally, keratin expression is altered, and involu- 
crin and membrane-bound transglutaminase 
appear prematurely in psoriatic epidermis. 

The inflammatory changes seen in psoriasis 
may be linked with the aberrant keratinocyte 
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growth via at least 2 mediator systems. Interleu- 
kin-8, detectable in biologically active concentra- 
tions in psoriatic lesions, is a potent kerati- 
nocyte mitogen. These properties are shared 
with another potent chemoattractant, the ei- 
cosanoid leukotriene B4. Although keratinocytes 
by themselves may produce interleukin-8 and 
leukotriene B4, the infiltrating leukocytes are 
probably the major sources. Recently the inter- 
action between T lymphocytes and keratinocytes 
has attracted much interest. The T lympho- 
cytes, predominantly helper memory cells 
(CD4+), are activated as shown by their expres- 
sion of HLA-DR, IL-2 receptors, and Ki-67 anti- 
gen. Interferon-gamma (IFN-gamma), an acti- 
vated T-cell derived cytokine, may be a mediator 
of many of the changes seen in psoriasis. 

VITAMIN D METABOLISM AND RECEPTORS IN 
NORMAL SKIN 

The skin is responsible for producing vitamin 
D3 from 7-dehydrocholesterol on exposure to 
sunlight. After successive hydroxylations in the 
liver and in the kidney, 1,25-dihydroxy-vitamin 
D3, the bioactive form of vitamin D3 is formed. 
Recently, cultured neonatal human kerati- 
nocytes were also found to produce 1,25-(OHI2- 
D3 from 25-OH-D3, indicating that human skin 
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might be an alternative source of this metabolite 
[ l l .  

The skin contains a specific receptor for 1,25- 
(OH)2-D3 (VDR). The presence of this receptor 
has been examined in human skin [2,31 and in 
cultures of human epidermal keratinocytes [41 
and human dermal fibroblasts [4,51. In normal 
skin VDR antigens are expressed in kerati- 
nocytes of all epidermal layers (except those of 
stratum corneum) and in cells of epidermal ap- 
pendages [6]. Furthermore, 50-75% of Langer- 
hans cells, macrophages, and T lymphocytes 
express VDR [61. 

These findings strongly support the hypothe- 
sis that the epidermal keratinocytes and the 
skin immune system may be targets for 1,25- 
(OH)2-D3. The effects on epidermal keratinocyte 
proliferation and differentiation have been stud- 
ied most thoroughly. At physiologic concentra- 
tions 1,25-(OH)2-D3 causes a decrease in prolifer- 
ation and an increase in the morphologic and 
biochemical differentiation of cultured kerati- 
nocytes [7,8]. The mechanisms by which 1,25- 
(OH)2-D3 cause inhibitory effects on kerati- 
nocytes proliferation are not understood. It may 
act by decreasing cell sensitivity to growth fac- 
tors acting via the EGF receptor, which at least 
in breast cancer cell lines are decreased by 1,25- 
(OH)2-D3 [9]. The effects of growth factors may 
be affected by other mechanisms. Thus, 1,25- 
(OH)2-D3 enhances the antiproliferative effect 
and transcription of TGF-beta-1 in human kera- 
tinocyte cultures [lo]. A change in the expres- 
sion of proto-oncogenes may also be involved. In 
human keratinocyte cultures 1,25-(OH)2-D3 
causes a decrease of the c-myc mRNA levels 
[13], an effect that occurs in parallel with the 
inhibition of DNA synthesis. Until the role of 
the c-myc protein in the growth keratinocytes is 
exactly known, the importance of this finding 
remains unknown. The 1,25-(OH)2-D3 effects 
described above involve gene transcription. In 
addition 1,25-(OH)2-D3 can induce keratinocyte 
differentiation by a rapid increase of intracellu- 
lar calcium levels [11,121. 

The emerging concept of the skin as an im- 
mune competent tissue makes it relevant to 
assess the effects of 1,25-(oH)z-D3 on the skin 
immune system. In the human allogeneic mixed 
epidermal cell lymphocyte reaction (MECLR), 
1,25-(OHI2 causes an inhibition, which is maxi- 
mal at a concentration of M [141. In experi- 
ments designed to assess the effects of 1,25- 
(OH)2 on the 2 cell populations involved in this 

reaction, 1,25-(OH)2-D3 was found to affect pref- 
erentially the epidermal cells. The potential rel- 
evance of these results is supported by studies of 
skin allograft survival. In mice treated with oral 
l-alpha-OH-D3, a prodrug of 1,25-(OH)2-D3, skin 
allograft survival was significantly prolonged 
[ E l .  In addition to interference with allogeneic 
cell activation, 1,25-(OH)2-D3 may inhibit IL-1 
induced cell activation. Thus, the expression of 
IL-8 mRNA as well as the production of IL-8 by 
IL-1 stimulated cultured human keratinocytes, 
fibroblasts and monocytes are inhibited by 1,25- 
(OH)2-D3 in a dose-dependent manner [ 161. This 
finding indicates that 1,25-(OH)2-D3 may inter- 
act with and regulate a cytokine pathway respon- 
sible for the accumulation of leukocytes during 
skin inflammation. 

In conclusion, it is becoming apparent that 
1,25-(OH)2-D3, apart from regulation of the 
growth of skin cells, may have profound effects 
on the immunologic and inflammatory pro- 
cesses taking place in the skin. 

VITAMIN D METABOLISM IN PSORIASIS 

There exist conflicting results regarding the 
vitamin D metabolism in psoriatic patients. Mori- 
mot0 et al. [171 observed no difference in the 
mean levels of circulating 1,25-(OH)z-D3 be- 
tween psoriatics and normal subjects, whereas 
Staberg et al. 1181 reported reduced serum 1,25- 
(OH)z-D3 concentrations in psoriatics with dis- 
seminated disease. More recently Smith et al. 
[191 and Guilhou et al. [20] found normal serum 
1,25-(OH)2-D3 levels in patients with moderate 
to extensive psoriasis. An inverse relationship 
between the severity of psoriasis and the serum 
1,25-(OH)2-D3 level [21] may probably explain 
these conflicting results. It is unknown whether 
the slightly decreased levels of circulating 1,25- 
(OH)2-D3 found in some psoriatics with severe 
disease is due to decreased production or in- 
creased degradation, either systemically or lo- 
cally in the skin. 

Furthermore, severe psoriasis has been ob- 
served in association with hypoparathyroidism 
[221 and hypocalcemia [231. In these patients 
the psoriasis improved when the serum calcium 
was restored. Although these case reports dem- 
onstrate that fluctuations in serum calcium can 
precipitate psoriasis, it is important to realize 
that the reported patients had normal levels of 
1,2~!j-(oH)~-D~ and that all parameters of cal- 
cium and bone metabolism are normal in larger 
groups of patients [20,241. Taken together the 
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available data do not support the idea that psori- 
asis is a manifestation of abnormal vitamin D or 
calcium metabolism. 

A related question is whether psoriatic skin is 
less sensitive to 1,25-(OH)2-D3 than normal skin. 
It has been reported that cultures of dermal 
fibroblasts and epidermal keratinocytes from 
psoriatics are partially resistant to the anti- 
proliferative effect 1,25-(OH)2-D3 despite nor- 
mal binding to the VDR 125,261. However, one of 
these investigators was unable to  repeat these 
results [19]. Because other investigators have 
failed to  show a difference between psoriatic 
fibroblasts and normal fibroblasts, there is appar- 
ently no inherent insensitivity of psoriatic fibro- 
blasts to the actions of 1,25-(OH)2-D3. 

Immunochemical methods have been applied 
to investigate the in situ expression of VDR in 
psoriatic skin. Compared to normal skin, non- 
lesional psoriatic skin reveals a nearly identical 
staining pattern [61. In contrast, lesional psori- 
atic skin exhibits a significant increase of VDR 
expression both in basal and suprabasal layers 
and shows a remarkable change of the immune 
cell pattern: the density and proportion of VDR 
positive T lymphocytes and macrophages are 
higher in the epidermis and in the perivascular 
papillary dermis [6]. If the immunoreactive 
epitope on VDR reflects the hormone-binding 
capacity of psoriatic skin, then psoriasis should 
be a disease sensitive to 1,25-(OH)2-D3. 

TREATMENT WITH VITAMIN D3 ANALOGUES 
IN PSORIASIS 

Oral 1 -Alpha-Hydroxyvitamin D3 
(1 -Alpha-OH-D,) 

Although the rationale for using vitamin D3 
analogues in psoriasis is their ability to reverse 
epidermal hyperproliferation and to promote epi- 
dermal differentiation, it is important to realize 
that it was a chance observation that stimulated 
the interest for vitamin D3 in psoriasis. A pa- 
tient received oral l-alpha-OH-D3 0.75 yglday 
for senile osteoposis [271. After 2% months the 
psoriatic skin lesions were dramatically im- 
proved. Later the same group of investigators 
reported improvement in 13 out of 17 psoriatics 
treated with oral l-alpha-OH-D3 1.0 pglday for 
6 months [281. In another open study 10 out of 
15 patients improved during treatment with 
oral l-alpha-OH-D3 1 pglday for 4-6 months 
[291. No adverse events or serum calcium 

changes were reported in these trials with l-al- 
~ h a - ( o H ) ~ - D ~ .  

Until controlled trials with a large number of 
patients have been conducted, it is impossible 
to make any conclusions about the efficacy 
and safety of oral l-alpha-OH-D3 in psoriasis. 
Because l-alpha-OH-D3 is a prodrug of 1,25- 
(OH)2-D3, it must be anticipated that the safety 
problems will be similar to those with oral 1,25- 
(OH),-D3, which are described below. 

Oral 1,25-Dihydroxy-Vitamin D3 

As for l-alpha-OH-D3, the anti-psoriatic effect 
of oral 1,25-(OH),-D3 has only been assessed in 
open studies without controls [17,19,291. Ap- 
proximately half of the treated patients have 
shown some degree of improvement. It should, 
however, be stressed that various doses (0.5-2.0 
pglday) were used in these studies, all of which 
included only a low number of patients. Even 
from this limited experience there appears to be 
a problem with the safety of oral 1,25-(OH)2-D3. 
In a study in which the dosage was increased by 
0.25 to 0.5 pg every 2 weeks, hypercalciuria was 
usually observed, when the divided daytime dos- 
age exceeded 0.75 pglday. Although a change to 
administer 1,25-(OH)2-D3 as a single dose at 
bedtime reduced the incidence of hypercalciuria, 
2 out of 14 patients had to  be withdrawn be- 
cause of persistent hypercalciuria 1191. 

It must, therefore, be concluded that the ther- 
apeutic index of oral 1,25-(OH)2-D3 is low, and 
that a safe and effective dose has not been estab- 
lished. 

Topical 1,25-Dihydroxy-Vitamin D3 

Because of the problems with orally adminis- 
tered 1,25-(OH)2-D3 , many investigators have 
turned to topical application [17,19,29-341. Top- 
ical 1,25-(OH)2-D3 has produced mixed results. 
In the initial open studies an improvement was 
observed. However, in the double-blind studies 
no benefit was found compared to placebo. Al- 
though the usage of different doses and different 
vehicles makes it difficult to make direct compar- 
isons between these studies, it appears that doses 
of 3 pglg or above are effective when formulated 
in a petrolatum based ointment. It is, however, 
questionable whether such doses are safe. In 
one study 1,25-(OH)2-D3 was applied twice daily 
at  a concentration of 15 pglg without producing 
hypercalcemia or hypercalciuria [32]. In con- 
trast, a comparison between the concentrations 
3 pglg and 15 pglg showed the higher concentra- 
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tion to cause hypercalciuria when the treated 
skin area exceeded 600-1,200 cm2 [331. 

It can, therefore, be concluded that the win- 
dow between efficacy and side effects is quite 
narrow for topical 1,25-(OH)2-D3. This intrinsic 
problem may limit the clinical use of topical 
1,25-(OH)z-D3. 

Topical Calcipotriol (Calcipotriene) 

Because of the potent effects of 1,25-(OH)2-D3 
on calcium metabolism, systemic absorption of 
even small amounts from the skin may affect 
calcium metabolism. This is the reason why it is 
difficult to identify an effective and at  the same 
time safe dose for psoriasis. Therefore, new vita- 
min D analogues with potent cell regulating 
properties, but lower risk of inducing calcium- 
related side effects, have been synthesized. Calci- 
potriol (MC 903) is a synthetic 1,24-dihydroxy- 
vitamin D analogue containing a double bond 
and a cyclopropane ring in the side chain [351 
(Fig. 1). Calcipotriol (INN) is the generic name 
designated by WHO. In USA the generic name is 
calcipotriene (USAN). In the following the name 
calcipotriol will be used. 

The modification of the side chain results in a 
rapid transformation into inactive metabolites 
when given i.v. to rats. As a consequence of 
these pharmacokinetic properties, calcipotriol is 
about 200 times less potent than 1,25-(OH)2-D3 
in producing hypercalcemia and hypercalciuria 
after oral administration in rats [361. In con- 
trast, calcipotriol and 1,25-(OH)2-D3 are equipo- 
tent in their affinity for the VDR and in their 
effects on keratinocyte growth in vitro. This 
unique pharmacologic profile of calcipotriol 
makes it an interesting candidate for the topical 
treatment of psoriasis. Furthermore, less than 
1% of calcipotriol is absorbed systemically after 
a single application to a psoriatic skin lesion. 

In double-blind, placebo-controlled studies cal- 

no” bon 

Calcipotriol 

Fig. 1. Structural formulas of 1,25-(0H)*-D3 and calcipotriol. 

cipotriol cream or ointment have been shown to 
improve psoriasis 137-391. Maximum improve- 
ment is observed at concentration of 50 pglg. 
When applied twice daily the improvement is 
detectable within 1-2 weeks and maximal at 6-8 
weeks. Most patients will experience a marked 
improvement, although a complete clearance is 
only obtained in a minority. 

In multicenter studies conducted in several 
European countries and in Canada, calcipotriol 
ointment 50 Fglg has been compared with be- 
tamethasone 17-valerate ointment 0.1% and 
dithranol cream, two drugs widely used in the 
management of psoriasis. Calcipotriol was com- 
pared with betamethasone 17-valerate in both 
a right-left comparison (n = 35) 1401 and a paral- 
lel group comparison (n = 409) 1411. Both 
treatments caused a marked improvement, but 
calcipotriol was slightly more effective than be- 
tamethasone 17-valerate. Similar results were 
found when calcipotriol was compared with 
dithranol (unpublished). In this study increas- 
ing concentrations (0.1%-2%) of dithranol was 
applied once daily in the so called “short contact 
mode.” 

The potential effect on systemic calcium me- 
tabolism is the principal dose-limiting factor in 
the use of calcipotriol and other vitamin D ana- 
logues. In the studies with calcipotriol, patients 
were provided with a maximum of 100 g oint- 
ment per week. This amount is sufficient for 
treating approximately 20% of the body surface 
area twice daily. In more than 2000 psoriatic 
patients treated in this way, there has been 
detected no change of serum calcium levels. 
However, there are 2 cases of hypercalcemia 
developed after application of 400 g ointment in 
10 days [411 and of 200 g ointment in 7 days 
[421. Although the serum calcium normalized in 
both cases a few days after stopping calcipotriol 
treatment, these reports illustrate that exces- 
sive use of calcipotriol ointment may result in 
transcutaneous absorption of calcipotriol in 
quantities sufficient to influence calcium metab- 
olism. Therefore, it becomes important to deter- 
mine whether treatment with calcipotriol oint- 
ment 50 Fglg in the recommended doses 
(maximum of 100 g per week) may affect cal- 
cium metabolism, even if serum calcium re- 
mains unchanged. This question has been ad- 
dressed in a double-blind, placebo-controlled 
study. Patients were put on a calcium-energy- 
fixed diet and treated for 3 weeks. Compared 
with the placebo-treated patients, patients 
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treated with calcipotriol did not show a change 
in any of the parameters of calcium/bone metab- 
olism, which included the serum levels of ion- 
ized calcium, phosphorous, calcitonin, osteocal- 
cin, parathyroid hormone, bone-related alkaline 
phosphatase, and 24 h urine hydroxyproline, 
phosphorous, and calcium [241. A related ques- 
tion has been whether a synthetic vitamin D 
analogue might decrease the formation of the 
natural form of the hormone. To the extent that 
the synthetic analogue and 1,25-(OH)z-D3 are 
different in their biological activities, this might 
result in a 1,25-(OH)2-D3 deficiency, systemi- 
cally or locally in the skin. In the study described 
above [241, treatment with calcipotriol did not 
change the serum levels of 1,25-(OH)2-D3 or 
25-OH-D3. These results clearly demonstrate 
that patients with psoriasis can be safely treated 
with topical calcipotriol. 

A skin irritation is the only clinically relevant 
side effect observed during calcipotriol treat- 
ment. In most cases this irritant reaction is mild 
and may disappear during continued treatment. 
The face and skin folds are particularly sensitive 
to calcipotriol ointment. Therefore, calcipotriol 
should not be used in the face and only cau- 
tiously in the skin folds. 

Unfortunately there is a gradual recurrence 
of psoriasis upon stopping treatment with calci- 
potriol. Because many patients may require 
maintenance therapy, it becomes important to 
assess the long term efficacy and safety of calci- 
potriol treatment. In patients receiving calcipot- 
riol therapy daily for about 6 months we have 
found that the initial improvement can be main- 
tained in most of the patients and that serum 
calcium remains normal [43]. Furthermore, the 
type, severity, and incidence of side effects were 
similar t o  those seen in short-term studies. In 
another study, in which patients were treated as 
required over the course of 1 year, calcipotriol 
ointment also provided effective and safe control 
of psoriasis (unpublished). 

It can be concluded that calcipotriol ointment 
50 Fglg is an effective and safe drug for the 
topical treatment of mild to moderate psoriasis. 
If used according to the guidelines described 
above, it should be considered a first line drug 
for the management of psoriasis. Calcipotriol is 
already available in some European countries 
and is being developed for the North American 
market. 

1,24-Dihydroxy-Vitamin D3 

1,24-(OH)z-D3 is another synthetic vitamin D3 
analogue developed for topical use in psoriasis. 
1,24-(OH)2-D3 is equipotent with 1,25-(OH)z-D3 
in its affinity for the VDR and in its effects on 
keratinocyte growth in vitro [44,451. Although 
less hypercalcemia is induced after a single intra- 
venous dose of 1,24-(OH)z-D3 in rats, the doses 
inducing hypercalcemia is similar for 1,24- 
(OHI2-D3 and 1,25-(OH)2-D3 [45]. These results 
indicate that 1,24-(OH)2-D3 may be advanta- 
geous over 1,25-(OH)2-D3 in psoriasis, but much 
less selective in its pharmacodynamic actions 
than calcipotriol. 

Unfortunately the clinical experience with 
1,24-(OH)2-D3 is rather limited [46,47]. In an 
open study 1,24-(OHI2-D3 ointment 1-4 Fg/g 
was applied under occlusion once daily in 7 
psoriatic patients [461. Only small skin lesions 
were treated. Within one month 1,24-(Ol&-D3 
ointment produced improvement, irrespective 
of the concentration used. The degree of improve- 
ment was similar to that observed with be- 
tamethasone 17-valerate ointment 0.1%. No 
change of serum calcium was found in these 
patients. Because 1,24-(OH)2-D3 was only ap- 
plied to limited skin areas the efficacy to safety 
ratio for 1,24-(OH)2-D3 remains to be evaluated. 

MODE OF ACTION IN PSORIASIS 

The mode of action of vitamin D analogues in 
psoriasis is not completely understood. The ra- 
tionale for their use is their ability to reverse the 
epidermal hyperproliferation and to promote the 
epidermal differentiation. Indeed the various epi- 
dermal keratins, which are markers of prolifera- 
tion and differentiation, return to normal dur- 
ing calcipotriol treatment [48,49]. These results 
are, however, similar to those observed with 
other anti-psoriatic therapies, such as cortico- 
steroids, dithranol and P W A .  

Because vitamin D3 analogues possess immu- 
nosuppressive effects, investigators have ad- 
dressed the question whether their anti-psoriatic 
effect may be attributed to their immunomodu- 
lating properties. This hypothesis has gained 
additional interest in light of the dramatic re- 
sponse of psoriasis to cyclosporin A, a drug which 
inhibits T-cell activation and cytokine release. 
When markers of leukocyte subpopulations and 
epidermal growth are assessed simultaneously 
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during calcipotriol treatment, the influence on 
lymphocytes is rather limited and not as pro- 
nounced as for betamethasone 17-valerate 
[50,51]. Thus, there is little immunohistochemi- 
cal evidence to support an important immuno- 
suppressive role of this vitamin D3 analogue in 
psoriasis. 

A better understanding of the mechanisms of 
action of vitamin D3 analogues in psoriasis is of 
theoretical as well as practical importance. A 
knowledge about the mode of action may enable 
investigators to screen new vitamin D analogues 
with more potent and selective activities, and 
thereby optimize the antipsoriatic effect. The 
vitamin D analogues applied so far in psoriasis 
are characterized by a relatively strong antipro- 
liferative effect. The availability of novel ana- 
logues with an extremely strong immunosup- 
pressive effect [52] may enable investigators to 
test whether such analogues are more effective 
in psoriasis. Another fundamental question is 
whether the variable clinical response to vita- 
min D analogues in psoriasis reflects variable 
disease activity or variable sensitivity of the skin 
vitamin D system. When these questions have 
been answered, we may be able to offer an opti- 
mal therapy with vitamin D analogues to psori- 
atic patients. 
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