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COMMENTARY 

I M M U N O L O G I C A L  P R O P E R T I E S  OF VITAMIN D A N A L O G U E S  
AND METABOLITES  

LISE BINDERUP* 
Department of Biology, Leo Pharmaceutical Products, DK-2750 Ballerup, Denmark 

The discovery of vitamin D2 (ergocalciferol, 
from UV-irradiation of plant ergosterol) and 
D 3 (cholecalciferol, from UV-irradiation of 7- 
dehydrocholesterol in the skin) and the elucidation 
of their physiological role in stimulating intestinal 
calcium absorption and inducing bone mineralization 
are well known. For several decades it was thought 
that these vitamins per se were the active forms that 
mediated the biological activities. Later findings, 
however, have shown that both vitamin D2 and D3 
are hydroxylated in the liver and in the kidney to 
their physiologically active forms [1, 2]. Figure 1 
shows the transformations that lead to the formation 
of lol,25-dihydroxyvitamin D 3 [la~,25(OH)2D3]t 
from vitamin 0 3 . 

Further studies have established that the biological 
actions of la~,25(OH)2D3 on calcium metabolism are 
mediated by binding to specific receptors in the 
intestine, bone and kidney [3]. It has been shown 
that after binding to its receptor in the intestinal 
epithelial cells, 1ol,25(OH)ED 3 can induce the 
synthesis of calcium-transporting proteins, named 
calbindins, that mediate the uptake of calcium from 
the gut into the organism. 

In the last 10 years, lo:,25(OH)2D3 has been 
shown to exert biological activities far beyond its 
effects on calcium uptake, control of serum calcium 
levels and regulation of bone mineralization [4]. The 
specific 1aq25(OH)2D3 receptor was found in many 
cells and tissues not traditionally involved in the 
regulation of calcium metabolism. This receptor was 
present in various cancer cell lines, skin cells, muscle 
cells, hematopoietic cells and also in the pancreas, 
the brain and the pituitary [3]. Initial observations 
in mouse myeloid leukemia cells suggested that 
1tr,25(OH) 2D3 possessed a number of cell-regulating 
properties [5]. Since then, a large number of 
undifferentiated or low-differentiated cancer cell 
lines have been shown to differentiate towards 
the normal phenotype under the influence of 
ltr,25(OH)2D 3 [4]. At the same time, their rate of 

proliferation was reduced markedly. The cells of the 
upper layer of the skin, the basal epithelial 
keratinocytes, also responded to lol,25(OH)2D3 in 
vitro by inhibition of growth, coupled with an 
increased rate of terminal differentiation [6,7]. 
Among the cells of the immune system, monocytes 
and macrophages have been found to express the 
lol,25(OH)2D3 receptor constitutively [8], whereas 
lymphocytes require prior activation with antigen or 
mitogen before expressing the receptor [9]. The 
proliferation of activated T-lymphocytes in vitro was 
found to be inhibited profoundly by loc,25(OH)2D3 
[10]. 

These findings have stimulated an interest in the 
possible use of lo:,25(OH)ED 3 in the treatment of 
proliferative diseases such as cancer and psoriasis 
and, quite recently, also in the treatment of 
autoimmune disorders and in the prevention of graft 
rejection. However, the use of 1ol,25(OH)zD 3 is 
limited by its potent effects on calcium metabolism 
which may result in the development of hyper- 
calciuria, hypercalcemia and soft tissue calcifications 
[11]. This has led to an intensive search for new 
vitamin D analogues with an increased ability to 
regulate cell activation, proliferation and dif- 
ferentiation, but with a decreased risk of inducing 
calcemic side-effects. 

The aim of the present commentary is to give an 
overview of the present state of knowledge regarding 
the effects of new vitamin D analogues on the 
immune system and to discuss their possible 
mechanisms of action and potential therapeutic use. 
A number of studies have dealt with the role of 
vitamin D analogues in the treatment of psoriasis 
[12, 13]. These analogues will only be discussed in 
the following to the extent that they contribute to 
our understanding of the role of ltr,25(OH)2D 3 
and its analogues in the regulation of immune 
responsiveness. The same applies to those analogues 
that have been reported to inhibit cancer cell growth 
in vitro or in vivo. 

* Correspondence: Dr. Lise Binderup, Department of 
Biology, Leo Pharmaceutical Products, Industriparken 55, 
DK-2750 Ballerup, Denmark. Tel. 45 44 92 38 00; FAX 
45 44 94 30 40. 

t Abbreviations: 1ol,25(OH)2D3, 10c,25-dihydroxy- 
vitamin D3; I~OH)D3, loc-hydroxyvitamin D3; IL, 
interleukin; TNF-0c, tumor necrosis factor tr; CyA, 
cyclosporin A; DBP, vitamin D binding protein; OCT, 
22-oxa-1cr,25(OH)2D3; LPS, lipopolysaccharide; PHA, 
phytohemagglutinin; and PMN, polymorphonuclear leu- 
cocyte. 

THE IMMUNOLOGICAL PROFILE OF Ia,25(OH)2D3 

To discuss the immunological properties of new 
vitamin D analogues, it is necessary to recall the 
main effects of lo:,25(OH)2D 3, the physiologically 
active form of vitamin D3, on the immune system. 
This will be done mainly with reference to previous 
reviews by Amento [14], Rigby [15] and Manolagas 
et al. [16]. Table 1 shows some of the key findings 
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Fig. 1. Formation of Iot,25-hydroxyvitamin D 3 by hydroxylation of vitamin D3 in the liver and in the 
kidney. 

Table 1. Effects of lo~,25(OH)2D3 in vitro and in oivo on the immune system 

In vitro: 
Monocytes/Macrophages 

Induction of monocyte differentiation. 
Increased expression of MHC/class II antigens induced by ~,-IFN. 
Increased antigen presentation. 
Enhancement of chemotaxis, phagocytosis and cytotoxic functions. 
Modulation of lymphokine production. 

T-lymphocytes 
Decreased proliferation of activated lymphocytes (antigen-, mitogen- or cytokine-induced). 
Inhibition of IL-2 production. 
Inhibition of y-IFN and GM-CSF production. 
Decreased proliferation of IL-1/PHA activated thymocytes. 

B-lymphocytes 
Inhibition of IgM and IgG synthesis through effects on T-lymphocytes. 

In oioo: 
Inhibition of cytokine release from monocytes from human volunteers. 
Inhibition of autoimmune encephalomyelitis and thyroiditis in mice. 
Prolongation of skin ailograft survival in mice. 
Potentiation of primary immune responses and inhibition of hyperimmune responses in mice. 
Restoration of defective macrophage and lymphocyte functions in vitamin D-deficient rats and in patients with 
vitamin D-resistant rickets. 
Restoration of lymphocyte proliferation and IL-2 production in patients on hemodialysis. 

with lt~,25(OH)2D 3 in vitro and in vivo, which are 
briefly commented upon below. 

Effects o f  la~,25(OH)2D3 in vitro on monocytes/ 
macrophages 

It has been well documented that monocytes and 
macrophages from both human and animal sources 
constitutively express the la~,25(OH)2D3 receptor 
[8]. Upon incubation with 1 tr,25(OH)2D3, monocytes 
acquire characteristics of functionally mature macro- 
phages, and a general enhancement of the accessory 
cell functions is observed. The situation regarding 
cytokine production and release is less clear. Several 
studies indicate that lte,25(OH)2D3 down-regulates 
cytokine production (IL-1, IL-6, TNF-o 0 by antigen 
or lipopolysaccharide (LPS)-stimulated monocytes 
[17, 18], whereas others have found unchanged or 
increased production [19], depending on the eliciting 
stimulus and the culture conditions. 

Effects o f  la~,25(OH)2D3 in vitro on lymphocytes 
Lymphocytes, on the other hand, require activation 

in order to express the 1te,25(OH)2D 3 receptor. 
Following this initial activation, incubation with 
lo~,25(OH)ED3 inhibits T-lymphocyte proliferation 
induced by antigens, cytokines and several mitogens 
[14, 15]. The role of accessory cells in this effect is 
under discussion. Some studies point to an important 
role for monocytes [19], whereas others have found 
that T-lymphocyte proliferation can be inhibited in 
the virtual absence of monocytes [20, 21]. Whatever 
the mechanism, IL-2 production by activated T- 
lymphocytes is strongly inhibited by lol,25(OH)ED 3 
and this seems to be one of the crucial events in the 
immunoregulatory activities of la',25(OH)ED3, 
linking it to the immunosuppressive properties 
exerted by known immunosuppressants such as 
cyclosporin A (CyA) and FK 506 [22]. 

Effects of  1te,25(OH)2D 3 on immune functions in 
vivo 

In contrast to the in vitro situation, where 
lol,25(OH)2D3 is mainly characterized by its 
immunosuppressive properties via inhibition of T- 
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Fig. 2. New vitamin D analogues with altered side chain structures. Panel A shows structures with a 
stereochemical configuration at C20 identical to that of lo:,25(OH)2D3. Panel B shows analogues with 

altered stereochemistry at C20 (20-epi-vitamin D3 analogues). 

cell proliferation, the effects of lo:,25(OH)2D3 on 
the immune responses in oivo are more complex. 
Administration of ltr,25(OH)2D3 can prevent 
the development of experimental autoimmune 
encephalomyelitis and thyroiditis in mice [23, 24] 
and prolong the survival of transplanted skin 
allografts in mice [25]. A recent report describes 
reduced monocyte functions in human volunteers 
given 2/~g/day of lt~,25(OH)2D3 for 7 days [26]. In 

normal mice, administration of lol-hydroxyvitamin 
D 3 [lt~(On)D3], a synthetic vitamin D analogue that 
is converted to lac,25(OH)2D3 in the organism, leads 
to an increased primary antibody response, but 
the same treatment suppresses the hyperimmune 
response induced by concomitant administration of 
colehicine [27]. Several studies have shown that 
treatment with lot,25(OH)2D3 or la(OH)D3 can 
restore deficient macrophage and lymphocyte 
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Table 2. Effects of 20-epi-vitamin D3 analogues on cancer cell proliferation and T- 
lymphocyte activation in vitro, and on calcium metabolism in vivo 

Inhibition Inhibition Calcemic 
of cancer cell of aUogeneic activity 

Vitamin D proliferation T-cell activation relative to 
analogue IC5o (M) IC50 (M) lff,25(OH)2D3 

lor,25(OH)2D3 1.4 x 10 -8 5.2 x 10 -it 1.0 
MC 1288 2.8 x 10 -1° 1.9 x 10 -13 2.3 
EB 1231 4.4 x 10 -11 3.2 x 10 -13 5.0 
MC 1301 8.2 x 10 -11 2.2 x 10 -14 1.2 
KH 1060 1.0 × 10 -12 4.9 x 10 -15 1.3 

Inhibition of cancer cell proliferation (U 937 hisitocytic lymphoma cells) and T- 
lymphocyte activation was measured in vitro. The calcemic aetivty of the vitamin D 
analogues was measured by the increase in calcium excretion in the urine after p.o. 
administration and calculated in relation to lot,25(OH)2D3. For details of test systems, 
see Ref. 48. 

functions in vitamin D-deficient rats [28], in patients 
with vitamin D-resistant rickets [29] and in patients 
on hemodialysis [30]. These findings suggest a 
dual role for ltr,25(OH)2D3 under physiological 
conditions: as an important factor in sustaining 
normal functions of the immune system (which can 
be compromised by vitamin D deficiency) and as a 
suppressor/regulator of activated lymphocytes, 
especially activated CD4 ÷ T-helper cells. 

DEVELOPMENT OF NEW VITAMIN D ANALOGUES 

With evidence accumulating to indicate that 
la~,25(OH)2D3 could act as an important factor in 
immunobiology, the search for new analogues with 
increased cell-regulating properties and decreased 
risks of inducing calcemic side-effects has been 
intensified. Most of these analogues are characterized 
by structural changes in the side chain at carbon 17 
(C17) in the lot,25(OH)2D3 molecule, as shown by 
the two series of representative analogues in Fig. 2, 
panels A and B. The main difference between the 
two series lies in the stereochemical configuration of 
the methyl group at carbon 20 (C20), which is altered 
in the structures shown in panel B, compared to the 
configuration of lo:,25(OH)2D3. These 20-epi- 
vitamin D 3 analogues with altered stereochemistry 
differ markedly in potency from the analogues with 
"normal" C20 stereochemistry, as described below. 

Analogues with normal C20 stereochemistry 

Some of the main representatives of this type of 
analogues are shown in Fig. 2, panel A. 

Calcipotriol (MC 903) was first described as a novel 
vitamin D analogue able to inhibit proliferation and 
induce differentiation of cancer cells [31] and skin 
cells [32] in vitro, with a potency similar to that of 
lo~,25(OH)2D3. In vivo, however, calcipotriol was 
100-200 times less active than 1o:,25(OH)2D3 in pro- 
moting intestinal calcium absorption and in inducing 
bone mineralization in rachitic rats [31]. The low cal- 
eemic activity in vivo was associated with a decreased 
binding to serum proteins, in particular to the vitamin 
D binding protein (DBP) that serves to transport 25- 

hydroxyvitamin D 3 and lo~,25(OH)2D3 [33, 34], and 
with a rapid metabolic clearance, leading to the for- 
mation of biologically inactive metabolites [35, 36]. 
Due to this rapid inactivation in vivo, calcipotriol was 
considered a promising candidate for the topical treat- 
ment of hyperproliferative disease, with a low risk of 
inducing systemic side-effects. Recent studies have 
shown that calcipotriol is an effective and safe treat- 
ment of psoriasis vulgaris [13]. In addition, it may 
induce regression of cutaneous metastatic breast can- 
cer in patients whose tumours express the vitamin D 
receptor [37]. In vitro, calcipotriol exerts immu- 
nological effects which both qualitatively and quan- 
titatively are similar to those of 1a~,25(OH) 2D 3. These 
effects include inhibition of thymocyte proliferation 
induced by IL-1 [38] and reduction ofimmunoglobulin 
production through interference with T-helper cell 
functions [18]. In vioo, topical treatment with cal- 
cipotriol has been shown to decrease polymorpho- 
nuclear leucocyte (PMN) and T-lymphocyte accumu- 
lation and to reduce IL-6 expression in psoriatic 
lesions [39, 40]. In addition to its effect on kera- 
tinocyte proliferation and differentiation, calcipotriol 
may thus play a role in down-regulating the immuno- 
inflammatory processes in psoriatic skin. 

22-Oxa-la~,25(OH)2D3 (OCT) is another novel 
analogue of lo~,25(OH)2D3. It is characterized by 
the introduction of an oxygen atom in the side chain 
(in the 22-position) (Fig. 2, panel A) [41]. This 
analogue is interesting for its ability to augment the 
primary immune response in mice immunized with 
sheep erythrocytes, without inducing calcemic side- 
effects [42]. Like calcipotriol, OCT is effective in 
inhibiting cancer cell proliferation in vitro [41]. 
Compared to ltr,25(OH)2D3, OCT has a reduced 
binding to DBP and a decreased serum half-life [43]. 

The last structure shown in Fig. 2, panel A,  
is lot,25-dihydroxy-16-ene-23-yne-vitamin D 3. In 
addition to the introduction of a triple bond in the 
side chain, it is characterized by a double bond 
between C16 and C17 in the sterol moiety. This 
analogue slightly increases the clonal growth of 
normal human myeloid clonogenic cells, whereas 
clonal growth of myeloid leukemia cells is potently 
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inhibited [44]. In vivo, it prolongs survival of 
leukemic mice, while being approximately 10 times 
less calcemic than lo~,25(OH)2D 3 [45]. 

A great number of other interesting analogues 
with structural changes in the side chain, but 
with the stereochemistry at C20 characteristic of 
loc,25(OH)ED3, have been described in the past few 
years. These analogues, however, fall outside the 
scope of this commentary, as their immunological 
properties in vitro and/or in vivo have not been 
investigated. Interested readers are referred to the 
comprehensive review by Ikekawa [46]. 

20-Epi-vitamin D3 analogues 

Recently, the synthesis of a new class of vitamin D3 
analogues, the 20-epi-analogues, has been described 
[47]. As shown in Fig. 2, panel B, the common feature 
of these analogues is the altered stereochemistry at 
C20. In addition, various modifications have been 
made in the side chain. The effects of the 20-epi-vit- 
amin D3 analogues on cancer cell growth and dif- 
ferentiation, and on T-lymphocyte activation in vitro, 
have been described recently [48]. A brief summary 
of these findings is shown in Table 2. Many studies 
have shown that a number of vitamin D analogues are 
potent regulators of cell growth and differentiation, 
but the results obtained with the 20-epi-analogues sug- 
gest, for the first time, that such analogues may exert 
strong immunosuppressive activities at concentra- 
tions well below those that induce changes in calcium 
metabolism. Detailed investigations of the in oivo 
immunological profile of the 20-epi-analogues, are, 
by nature of their novelty, not yet available in pub- 
lished form. Preliminary studies with KH 1060, the 
most potent of the 20-epi-analogues, indicate, 
however, that this analogue is able to prolong sig- 
nificantly mouse skin allograft survival at doses as low 
as 0.02/zg/kg/day*. In addition, KH 1060 at 0.03/~g/ 
kg/day prevents the development of autoimmune 
glomerulonephritis in BN rats injected with HgC12 
[49]. In both studies, concomitant treatment with 
suboptimal doses of KH 1060 and CyA resulted in 
additive or synergistic effects. 

Studies in progress include prevention of graft 
rejection in rats with kidney and heart allografts, 
prevention of rejection of transplanted pancreatic 
islets and prevention of development of insulitis in 
NOD mice. 

Mechanisms of action of 20-epi-vitamin D 3 analogues 

So far, in vitro studies with the 20-epi-vitamin D 3 
analogues, and in particular with KH 1060, have 
been directed at establishing the mechanism(s) of 
action leading to the inhibition of proliferation of 
activated T-lymphocytes. These studies have shown 
that the production and release of lymphocyte- 
activating cytokines from LPS-stimulated human 
monocytes (IL-lfl, IL-6 and TNF-o:) are not affected 
by incubation with the analogues for up to 24 hr 
[48]. In contrast, a potent inhibition of IL-2 release 

* Veyron P, Pamphile R, Binderup L and Touraine JL, 
Immunological properties of 1,25 vitamin Da analogues: A 
strong effect on the prolongation of mouse skin allograft 
survival. Abstract, Eighth Workshop on Vitamin D, Paris, 
July 1991. 

from PHA-stimulated human peripheral blood 
lymphocytes is observed, and the inhibitory effects 
of the analogues on T-lymphocyte proliferation are 
reversed by addition of IL-2 [48]. These findings 
suggest that the 20-epi-analogues inhibit T-lym- 
phocyte activation by a mechanism involving 
inhibition of IL-2 production and/or release. This is 
similar to what has been described previously for 
la~,25(OH)ED 3 [15,16], but the 20-epi-vitamin 
D3 analogues exert their suppressive effects at 
concentrations several orders of magnitude below 
those of la~,25(OH)2D 3. 

This increased potency of the 20-epi-vitamin D3 
analogues raises a number of questions. The first 
one is whether these analogues act via binding to 
the lte,25(OH)2D3 cellular receptor. Studies with a 
number of receptor preparations from various tissues 
have shown that the analogues are able to bind to 
the receptor, with an affinity close to that of 
1o:,25(OH)2D a itself [48]. In my experience with 
more than 200 new vitamin D analogues with various 
structural modifications, failure to bind to the 
lo~,25(OH)2D3 receptor is always accompanied by a 
loss of cell-regulating activities. These findings, of 
course, do not exclude the possibility of additional 
non-receptor-mediated effects, but show that recep- 
tor-binding has to be considered as a crucial event 
in the regulation of cell proliferation by vitamin D 
analogues and metabolites in many cell types, 
including cells of the immune system. 

The binding of an analogue with altered side chain 
stereochemistry to the receptor for 1o:,25(OH)ED 3 
may induce conformational changes in the resultant 
receptor complex. This, in turn, may lead to 
alterations in the ability to interact with the DNA- 
binding site, to an altered pattern of gene expression 
and/or to changes in the intracellular clearance of 
the receptor complex. Each of these changes may 
alter the magnitude or type of biological response. 
In this respect, it is interesting to note that 
a hexafluoro-analogue of 1o:,25(OH)ED3 forms 
receptor complexes that bind more tightly to DNA 
than the lce,25(OH)2D 3 receptor complex itself. This 
analogue is known to be approximately 10 times 
more potent than lcr,25(OH)ED3 in suppressing 
proliferation of leukemic cells [50]. 

Another important question is how the 20- 
epi-vitamin D3 analogues compare to existing 
immunosuppressive agents with selective actions on 
activated T-cells. The most prominent of these are 
CyA and FK 506. Both compounds inhibit the 
transcription of T-ceU activation genes and the 
production of IL-2 [51, 52]. Although the 20-epi- 
analogues inhibit T-ceU activation in vitro at 
concentrations much lower than those needed for 
CyA, complete inhibition of cell proliferation is 
never achieved. Maximum inhibition of proliferation 
reaches only 60-80%, depending on cell type and 
activating stimulus [53]. CyA, in contrast, is able to 
cause complete inhibition. This may indicate that 
not all the stimulated T-lymphocytes possess the 
lac,25(OH)2D 3 receptor, but may also suggest a 
more fundamental difference in the mechanism of 
action. In this respect, a recent report shows that 
decreased levels of IL-2 and ),-IFN/TNF-fl produc- 
tion in human T-lymphocytes incubated with 
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la~,25(OH)2D 3 are not accompanied by any changes 
in transcriptional rates, but that the stability of their 
mRNA is decreased [54]. If similar post- 
transcriptional effects are operative in cells exposed 
to the 20-epi-analogues, this may provide an 
additional clue to their mechanism of action and 
also suggest a useful synergistic effect in combination 
with other immunosuppressive agents such as CyA. 

Lastly, the possible effects of the 20-epi-analogues 
on the regulation of intracellular calcium levels have 
to be considered as well. lol,25(OH)ED3 has been 
shown to modulate cytosolic free calcium levels by 
mechanisms considered to be of a non-genomic 
nature. Rapid increases in intracellular levels are 
presumably caused by stimulation of calcium influx 
and/or release of calcium from intracellular stores 
[55, 56]. In some studies, increased membrane 
phosphoinositide turnover is observed, leading to 
activation of protein kinase C, a known regulator of 
cell proliferation and differentiation [57]. These 
findings suggest a possible link between the rapid 
non-genomic membrane-associated effects and the 
receptor-mediated effects on transcriptional and 
translational events of loc,25(OH)ED3. Recently, the 
mechanism(s) of action of CyA and FK 506 has been 
linked to signal transduction pathways associated 
with a rise in intracellular calcium levels [58]. Current 
investigations with the 20-epi-vitamin D3 analogues 
will determine whether these analogues exhibit a 
similar or increased ability to interact with calcium- 
mediated signal transduction and whether these 
effects are pertinent to the immunosuppressive 
activities of these analogues in vitro and  in vivo. 

THERAPEUTIC PROSPECTS OF VITAMIN D ANALOGUES 

For more than a decade, vitamin D analogues and 
metabolites have been used in the treatment of 
various bone diseases, notably in patients with renal 
osteodystrophy and in vitamin D-resistant rickets. 
The discovery of the cell-regulating effects of 
1o:,25(OH)ED3 on proliferation and differentiation 
has led to the hope that this compound or its 
analogues may be useful in the treatment of 
hyperproliferative disorders such as cancer and 
psoriasis. A first step in this direction was taken in 
1985, when a small study in patients with non- 
Hodgkin's lymphoma showed that treatment with 
alfacalcidol [ I~OH)D3]  was able to induce tumour 
regression [59]. A positive correlation was established 
between the presence and the amount of the 
loc,25(OH)2D3 receptor in tumour tissue and the 
response to treatment. Since then, a number of 
studies have investigated the therapeutic value of 
combining l a ( O H ) D  3 with other inducers of cell 
differentiation and with cytostatics [60]. The 
usefulness of the new vitamin D analogues in the 
treatment of cancer is next to be assessed. 

With the development of calcipotriol, the use of 
vitamin D metabolites and analogues in the topical 
treatment of psoriasis has been firmly established 
[13]. Future studies will determine whether systemic 
treatment of psoriasis with vitamin D analogues will 
offer an equally effective and safe therapy. 

In addition, the synthesis of new vitamin D 
analogues that, at very low concentrations, are able 

to inhibit T-lymphocyte activation elicited by 
cytokines or alloantigens, may give rise to a new 
class of immunosuppressive compounds. These 
analogues may be of therapeutic interest in the 
prevention of graft rejection and in the treatment of 
autoimmune diseases. 

However, in order to evaluate their therapeutic 
potential, the following points have to be considered: 

The effects of the new analogues on calcium 
metabolism have to be reduced considerably, while 
retaining or increasing their cell-regulating activities. 
To what extent is this possible? Many of the new 
analogues probably owe their reduced calcemic 
activity in vivo to an increased rate of metabolic 
clearance. This makes them eminently suitable 
for topical treatment, but less so for systemic 
administration. Nor does selectivity seem to reside 
at the receptor-binding level, as very extensive 
homology exists between all studied 1o~,25(OH)2D3 
receptors. The best hope for a selective effect seems 
to lie at the transcriptional level, as different genes 
are expressed in different cells in response to 
loc,25(OH)2D3. 

This leads immediately to the next question of 
concern. Is it possible to control the many cell- 
regulating activities of the vitamin D analogues 
without compromising the functions of normal cells? 
So far, the clinical experience with pharmacological 
doses of loc,25(OH)ED3 has been reassuring. With 
regard to the analogues, it must be kept in mind 
that their main advantage is that they are active at 
much lower concentrations than 1t~,25(OH)ED3. It 
remains to be shown whether the magnitude of their 
biological effects can be increased in vivo, at non- 
calcemic doses. 

In summary, this commentary has attempted to 
describe some of the new aspects of our knowledge 
of the immunological properties of 1o:,25(OH)2D3, 
the physiologically active metabolite of vitamin D3, 
and its new analogues. These analogues will, in the 
future, serve as tools to increase our understanding 
of the role of vitamin D in immunobiology, not only 
in basal research but also, hopefully, in the therapy 
of immune-mediated diseases. 
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