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T h e  n u c l e a r  r e c e p t o r  f o r  1 , 2 5 - d i h y d r o x y v i t a m i n  D 3 (VD),  VDR,  b e l o n g s  to  t he  n u c l e a r  r e c e p t o r  
s u p e r f a m i l y .  T h i s  l i g a n d - i n d u c i b l e  t r a n s c r i p t i o n  f a c t o r  m e d i a t e s  the  g e n o m i c  VD s i g n a l l i n g  p a t h -  
w a y s  b y  b i n d i n g  to  spec i f i c  r e s p o n s e  e l e m e n t s  in t he  p r o m o t e r  r e g i o n  o f  VD r e g u l a t e d  genes .  T w o  
t y p e s  o f  n a t u r a l  VD r e s p o n s e  e l e m e n t s  a r e  u s e d  as m o d e l s  f o r  t he  V D R - m e d i a t e d  t r a n s c r i p t i o n a l  
a c t i v a t i o n :  one  is b o u n d  b y  V D R - h o m o d i m e r s  a n d  is f o u n d  in the  h u m a n  o s t e o c a l c i n  gene  p r o m o t e r ,  
a n d  the  o t h e r  is b o u n d  b y  h e t e r o d i m e r s  o f  V D R  w i t h  r e t i n o i d  X r e c e p t o r s  ( R X R s )  as in t he  m o u s e  
o s t e o p o n t i n  p r o m o t e r .  H e r e ,  we d e m o n s t r a t e  t h a t  t he  VD a n a l o g u e s  MC903,  EB1089 a n d  KH1060,  
p r e v i o u s l y  s h o w n  to  be  p o t e n t  r e g u l a t o r s  o f  p r o l i f e r a t i o n  a n d  d i f f e r e n t i a t i o n ,  a r e  a b l e  to  ac t  as 
l i g a n d s  f o r  V D R  a n d  r e p l a c e  VD as a l i g a n d  in b o t h  n u c l e a r  s i g n a l l i n g  p a t h w a y s .  We f o u n d  t h a t  t h e y  
h a v e  d i f f e r e n t  p o t e n c y  a n d  s e n s i t i v i t y  in t h e i r  a b i l i t y  to  s t i m u l a t e  t he  h o r m o n e - d e p e n d e n t  p r o m o t e r  
e l e m e n t .  MC903  a n d  EB1089 p r o v i d e  a b o u t  20% h i g h e r  i n d u c t i o n  o f  gene  a c t i v i t y  t h a n  VD in a gene  
r e p o r t e r  s y s t e m ,  w h e r e a s  KH1060 was  m o r e  sens i t ive ,  i n d u c i n g  t r a n s c r i p t i o n  a t  a b o u t  100-fold  l o w e r  
doses  t h a n  VD. I n t e r e s t i n g l y ,  VD a n d  its  a n a l o g u e s  i n d u c e  V D R  h o m o d i m e r - m e d i a t e d  gene  a c t i v i t y  
a t  a 3- to  4 - fo ld  l o w e r  c o n c e n t r a t i o n  t h a n  t h a t  o f  V D R - R X R  h e t e r o d i m e r s .  Th i s  sugges t s  t h a t  the  
l i g a n d  c o n c e n t r a t i o n  is a n  a d d i t i o n a l  r e g u l a t o r y  level  in the  d i s c r i m i n a t i o n  b e t w e e n  s i g n a l l i n g  
p a t h w a y s  i n v o l v i n g  h o m o -  a n d  h e t e r o d i m e r i c  h o r m o n e  r e c e p t o r s .  
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I N T R O D U C T I O N  

The  physiologically active metabolite of  the seco-ster- 
oid hormone vi tamin D 3 ,  1 , 2 5 - d i h y d r o x y v i t a m i n  D 3 

(VD), regulates calcium and phosphate metabolism, 
induces cellular differentiation and inhibits prolifer- 
ation. Its cell-regulating propert ies provide VD with an 
interesting therapeutic potential in hyperproliferat ive 
diseases like psoriasis and cancer. VD also exerts 
immune  suppressive effects in a number  of animal 
models of graft rejection and au to immune diseases [1]. 

The  effects of  VD are considered to be mediated by 
its nuclear receptor,  V D R  [2], which is a m e m b e r  of  the 
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large family of ligand-activated transcription factors 
termed the nuclear receptor superfamily [3]. V D R  is 
found in many cells and tissues not traditionally in- 
volved in the regulation of calcium metabolism; it is 
present in various cancer cell lines, skin cells, muscle 
cells, hematopoietic cells and also in the pancreas, the 
brain and the pituitary [4]. Ligand-act ivated VDRs  
stimulate transcription by binding to D N A  sequences, 
referred to as VD response elements (VDREs),  in the 
promoter  of  target genes [5, 6]. The  in vitro D N A  
binding affinity of VDRs  is enhanced by the addition 
of nuclear extracts. This  indicates the existence of 
nuclear co-factors for V D R  [7, 8], one of which was 
demonstrated to be the retinoid X receptor (RXR) 
[9, 10]. Following the 3-4-5-rule [11], optimal VDREs  
for V D R - R X R  heterodimers should be direct repeats 
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(DRs) of two hexameric core binding sites spaced by 
three nucleotides. The  high specificity of these DR3-  
type VDREs,  represented by the mouse osteopontin 
V D R E  [12] and artificial analogues, was confirmed by 
several groups [9, 10, 13]. T o  explain the functional 
activity of a DR6- type  V D R E  found in the human 
osteocalcin gene promoter  [14, 15], we demonstrated 
that nuclear signalling by VD can also be transmitted 
through RXR-independent  pathways mediated by 
VDR-homodimers  [13, 16, 17]. VDR-homodimers  
also function on artificial VDREs  formed by palin- 
dromes with no intervening nucleotide (P0) or inverted 
palindromes with 12 spacing nucleotides (IP12) 
[13, 16]. 

Recent interest has focused on the effects of VD 
in cell regulation and its therapeutical potential. The  
clinical use of VD is, however, limited due to its 
potent effects on intestinal calcium absorption and 
risk of associated side effects, such as hypercalcemia, 
hypercalciura and soft tissue calcification [18]. 
Therefore,  a number  of  synthetic analogues have been 
developed which are less calcemic than the physiologi- 
cally active VD. One such analogue is calcipotriol 
(MC903), which is currently in use as an antipsoriatic 
drug [19]. Newer  analogues, EB1089 and KH1060,  
have been shown to have potent anticancer or immuno-  
suppressive properties,  respectively [20, 21]. Studies 
with a number  of  receptor preparations from various 
tissues have shown that these VD analogues are able to 
bind V D R  [20, 21] and their function can be considered 
to be mediated by genomic pathways. However,  a 
direct demonstrat ion of l igand-mediated gene acti- 
vation and indications for their different properties are 
still missing. 

The  present study describes the activation of both 
the V D R - R X R  heterodimer-  and the V D R  homod-  
imer-pathway by these VD analogues. Compared  to 
VD the analogues show different potency and sensi- 
tivity in their induction of gene activity. Interestingly, 
VD and its analogues are recognized with higher sensi- 
tivity by V D R  homodimers  than by V D R - R X R  
heterodimers.  

E X P E R I M E N T A L  

D N A  constructs 

T w o  pairs of oligonucleotides containing the VDREs  
of the mouse osteopontin gene promoter  ( - 7 5 9  to 
- 7 4 1 )  [12] and of the human osteocalcin gene pro- 
moter  ( - 5 1 4  to - 4 9 3 )  [15], respectively, were syn- 
thesized, purified, phosphorylated and annealed to 
yield the two double-s tranded DNA-fragments :  
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They  were fused to the tk promoter  to drive the 
expression of the chloramphenicol acetyltransferase 
(CAT)  reporter  gene by subcloning into the Xba I site 
of  p B L C A T 2  [22]. The  cDNAs for human  V D R  and 
human RXR~ have been subcloned into pSG5 
(Stratagene). 

Compounds 

VD and its analogues MC903, EB1089 and KH1060 
were synthesized in the Depar tment  of Chemical Re- 
search (LEO Pharmaceutical  Products,  Denmark).  T h e  
compounds were dissolved in 2-propanol  at 4 r a M .  
Dilutions were performed prior to use in 2-propanol  
(final concentration of 2-propanol in the medium: 
0.025%). 

Cell culture, transfection and CA T assays 

For M C F - 7  (human breast cancer) cells, 2 x 105 cells 
per well were seeded into 6-well plates and grown 
overnight in phenol red-free R P M I  1640 (Life Tech-  
nologies) supplemented with 10% charcoal-treated 
foetal calf serum (FCS). For Drosophila SL-3 cells [23], 
5 x 105 cells per well in a 6-well plate were grown 
overnight in Schneider 's  medium (Life Technologies) 
supplemented with 15% charcoal-treated FCS. 
Liposomes were formed by incubating 1 #g  of the 
reporter  plasmid and 1 ~tg of the reference plasmid 
pCH110 (Pharmacia) with 11 #g  N-[1-(2,3-dioleoy-  
loxy )propy l ] -N ,N ,N- t r ime thy lammonium methylsul-  
fate ( D O T A P ,  Boehringer Mannheim) for 15 min at 
room temperature  in a total volume of 100 #1. For the 
transfection of SL-3 cells, 0.25 #g  of a pSGS-(St ra ta-  
gene) based V D R -  and RXR~-express ion  vector were 
also included. After dilution with 0.9 ml phenol red- 
free R P M I  1640 (or Schneider 's  medium for SL-3 
cells), the liposomes were added to the cells. 500Ftl 
phenol red-free R P M I  1640 supplemented with 10°,~, 
charcoal-treated FCS (or 500/~1 Schneider 's  medium 
supplemented with 15'!/; charcoal-treated FCS for SL-  
3 cells) were added 8 h after transfection. At this t ime 
various concentrations of VD, VD-analogues,  9-cis 
retinoic acid (RA), combinations of  them or solvent 
were also added. After further 16h the cells were 
harvested and CAT-assays  were performed as de- 
scribed previously [24]. The  C A T  activities were 
normalized to #-galactosidase activity and induction 
factors were calculated as the ratio of C A T  activity 
of l igand-stimulated cells to that of  mock-induced 
control. Each condition was analysed at least in 
triplicate and data are shown as mean with standard 
deviation. 

DR3: 5' c t a g a A A G G T T C A C G A G G T T C A C G t  
3' t T T C C A A G T G C T C C A A G T G C a g a t c  

3 r 

5' 

DR6: 5' c t a g a T T T G G T G A C T C A C C G G G T G A A C t  
3' t A A A C C A C T G A G T G G C C C A C T T G a g a t c  

3 t 

5' 
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Fig. 1. The structure of the three VD analogues MC903 
(calcipotriol), EB1089 and KH1060 in comparison with VD. 

R E S U L T S  

T h e  c o m p o u n d s  MC903 ,  EB1089 and  K H 1 0 6 0  are 
analogues  of V D  with modif icat ions  in the side chain;  

their  s t ruc tures  are given in Fig. 1. T o  invest igate  their  
abi l i ty  to induce  V D R - m e d i a t e d  t ranscr ip t iona l  ac- 
t ivity,  we used reporter  cons t ructs  cons is t ing  of the 
mouse  os teopont in  (DR3- type)  V D R E  [12] or the 
h u m a n  osteocalcin (DR6- type)  V D R E  [14, 15], re- 
spectively, fused to the tk promote r  dr iv ing  the C A T  
gene. Here  we used only  the core sequence of the 
osteocalcin V D R E  (posi t ion - 514 to - 4 9 3 ,  see Exper -  
imental)  to avoid in terference with an adjacent  imper -  
fect direct  repeat spaced by three nucleot ides  (compare 
with Refs [13, 26]). T h e  clearest d i sc r imina t ion  be-  
tween V D R - R X R  he te rod imer -  and  V D R  h o m o d i m e r -  
media ted  gene act ivat ion can be observed in  Drosophila 
cells that  are devoid of m a m m a l i a n  nuclear  receptors by 
defini t ion.  As in previous  reports  [13, 16, 25-27] ,  we 
carried out  our  t ransac t iva t ion  studies in the Drosophila 
cell l ine SL-3  [23] (Fig. 2). Cons i s ten t ly  with previous  
reports  [13, 26], the D R 3 - t y p e  V D R E  showed a "he t -  
e r o d i m e r - p a t t e r n "  characterized by the observa t ion  
that  the expression of V D R  and  RXR,  respectively,  
alone provides only  low V D -  or 9-cis R A - i n d u c e d  gene 
activity (both about  2.5-fold),  whereas high i nduc t ion  
is achieved in the presence of bo th  receptors and  both  
l igands (8.1-fold). In  contrast ,  the D R 6 - t y p e  V D R E  
showed a " h o m o d i m e r - p a t t e r n " ,  where the V D - i n d u c -  
t ion of V D R s  (5.2-fold) could ne i ther  be enhanced  by 

O 
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Fig. 2. The transcriptional activity of VDR homodimers and VDR-RXR heterodimers after induction with VD 
and its analogues. Drosophila SL-3 cells were co-transfected with the th promoter/CAT gene constructs 
containing the mouse osteopontin or the human osteocalcin VDRE and the indicated receptor expression 
vectors for VDR and RXR~ alone or in combination. Human MCF-7 cells endogenously express VDR and RXR 
and were transfected only with the indicated reporter constructs. The cells were treated for 16 h with VD, the 
VD analogues MC903, EB1089 and KH1060, respectively, alone or in combination with 9-cis RA or with 9-cis 
RA alone (final concentration 100 nM each) as indicated. Stimulation of CAT activity was calculated in 
comparison to solvent-induced controls. Columns represent mean values of at least three independent 

experiments; the bars indicate standard deviations. 
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Fig. 3. D o s e - r e s p o n s e  to VD of VDR homodimers and 
VDR-RXR heterodimers in MCK-7 cells. Human MCF-7 
ce l l s  w e r e  t r a n s f e c t e d  w i th  the  tk promoter/CAT g e n e  con-  
s t ruc t s  c o n t a i n i n g  the  m o u s e  o s t e o p o n t i n  ( " D R 3 - t y p e " )  or  
the  h u m a n  osteocalcin ("DR6-type") VDRE a n d  t r e a t e d  wi th  
i n c r e a s i n g  c o n c e n t r a t i o n s  of VD. Dose-responses on the DR3- 
type VDRE w e r e  in the  p r e s e n c e  of 100 nM 9-cis RA. CAT 
ac t iv i t i e s  w e r e  d e t e r m i n e d  16 h la ter  and  s t i m u l a t i o n  was  
c a l c u l a t e d  in c o m p a r i s o n  to s o l v e n t - i n d u c e d  controls. Each 
data  p o i n t  r e p r e s e n t s  the  m e a n  of  t r i p l i c a t e  d e t e r m i n a t i o n s ;  

the bars indicate s t a n d a r d  dev ia t i ons .  

co-expression of RXR nor by addit ion of 9-cis RA (see 
also Ref. [13]). These  two types of response patterns 
could also be observed with the endogenously ex- 
pressed VDR and RXR of human M C F - 7  cells (Fig. 2) 
and the respective st imulation factors were nearly 
identical to those observed in the Drosophila system 
(with equivalent relative expression levels of VDR and 
RXR in SL-3 cells). We also performed stimulations 
with MC903, KH1060 and EB1089, respectively, re- 
placing VD. On both nuclear signalling pathways and 
in the Drosophila as well as in the mammalian system, 
we observed the same type of response with each 
VD-analogue and with VD. This  indicates that all three 
compounds are able to replace VD as a specific ligand 
for VDR. However,  the VD analogues differed from 
VD in the maximal induction of gene activity. In SL-3 
cells, in the presence of 9-cis RA, VDR and RXR 
MC903 mediated a 10.2-fold induction of C A T  activity 
on the osteopontin VDRE and a 6.2-fold induction on 
the osteocalcin VDRE;  these activities are both higher 
than those observed with VD. On the DR3- type  
VDRE,  EB1089 was also more potent  (10.5-fold induc-  
tion) than VD, whereas it showed nearly identical 
induction (5.4-fold) as VD on the DR6- type  VDRE.  In 
contrast,  on both signalling pathways, KH1060 pro-  
vided only 6.1-fold (on the osteopontin VDRE)  and 
4.3-fold induction (on the osteocalcin VDRE),  i.e. 
lower st imulation of t ranscript ional  activity than VD. 
In the M C F - 7  system, we observed with all three 
VD-analogues the same effects than in the Drosophila 
system and obtained very similar induction values. 
This  suggests that these VD-analogues also function in 

the human system as specific ligands of VDR homo- 
and heterodimers.  

Having observed different potencies in V D R - m e d i -  
ated gene induction by VD as compared to its synthetic 
analogues, we next studied the influence of ligand 
concentration on the two VD signalling pathways. We 
st imulated M C F - 7  cells transfected with either the 
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Fig. 4. D o s e - r e s p o n s e  to VD a n a l o g u e s  MC903, EB1089 a n d  
KH1060 o f  VDR h o m o d i m e r s  a n d  V D R - R X R  h e t e r o d i m e r s  in 
MCF-7  cells. H u m a n  MCF-7  cells we re  t r a n s f e c t e d  w i t h  t h e  
t k  p r o m o t e r / C A T  g e n e  c o n s t r u c t s  c o n t a i n i n g  t h e  m o u s e  os- 
t e o p o n t i n  ( " D R 3 - t y p e " )  or  the  h u m a n  o s t e o c a l c i n  ( "DR6-  
t ype " )  VDRE a n d  t r e a t e d  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s  of  
VD a n a l o g u e s  as  i n d i c a t e d .  D o s e - r e s p o n s e s  o n  t h e  DR3- ty p e  
VDRE w e r e  in  t h e  p r e se nc e  of  100 n M  9-cis RA. CAT act ivi-  
ties w e r e  d e t e r m i n e d  16 h l a t e r  a n d  s t i m u l a t i o n  w a s  calcu-  
la ted  in  c o m p a r i s o n  to s o l v e n t - i n d u c e d  cont ro ls .  E a c h  d a t a  
p o i n t  r e p r e s e n t s  t h e  m e a n  of  t r ip l i ca te  d e t e r m i n a t i o n s ;  the  

b a r s  i n d i c a t e  s t a n d a r d  devia t ions .  
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osteopontin or the osteocalcin V D R E / t k / C A T  reporter  
constructs with VD (Fig. 3) or its three analogues 
(Fig. 4), respectively, over a concentration range f rom 
0.05 p M  to 1/~M. For  both  signalling pathways, we 
observed typical sigmodial shaped dose-response 
curves that differed in their starting and end points and 
the concentration of half-maximal induction (ECs0). 
Due to co-st imulation by 9-cis RA on the osteopontin 
VDRE,  the dose-response to VD started at 2-fold 
induction and reached a plateau of about 8-fold induc- 
tion at concentrations higher than 10 n M  (Fig. 3). We 
determined the ECs0 value of V D R - R X R  heterodimers 
for VD as about 300 pM. On the osteocalcin V D R E  
V D R  homodimers  reached a plateau at about 5-fold 
induction, but, interestingly, the ECs0 value was found 
to be only 80 pM. Similar ECs0 values were determined 
in the Drosophila system (data not shown). This  
suggests that V D R  homodimers  react about 4-fold 
more sensitively to VD stimulation than V D R - R X R  
heterodimers.  T h e  dose-response curves for the VD 
analogues MC903,  EB1089 and KH1060 on the two 
V D R E  reporter  constructs reached their plateau at the 
induction levels described in Fig. 2. We determined the 
ECs0 values for MC903 as 600 p M  for V D R - R X R  
heterodimers  and 140 p M  for V D R  homodimers .  T h e  
respective ECso values were 6000 and 1500pM for 
EB1089 and 2.5 and 1 p M  for KH1060.  Therefore ,  the 
sensitivity of V D R  homodimers  for each of the three 
VD analogues was also higher than that of V D R - R X R  
heterodimers.  T h e  comparison of the ECs0 values of  
VD (Fig. 3) with those of  its three analogues (Fig. 4) 
indicates that VD induces gene activity already at 2- 
and 20-fold lower concentrations than MC903 and 
EB1089, respectively, but,  interestingly, KH1060 was 
found to be 80- to 120-fold more sensitive than VD. 

DISCUSSION 

T h e  therapeutically interesting regulatory functions 
of VD are mediated by its intracellular receptor,  VDR,  
which binds to V D R E s  either as a homodimer  or as a 
heterodimer with RXR.  We have demonstrated that the 
three VD analogues MC903,  EB1089 and KH1060 can 
stimulate via both  nuclear VD signalling pathways. 
These  VD-analogues are able to replace VD as a ligand, 
but  with different potencies and sensitivities in their 
ability to activate gene transcription: MC903 and 
EB1089 being more potent,  but less sensitive than VD, 
whereas KH1060 does not induce such high gene 
activity, but shows about 100-fold higher sensitivity 
than VD. 

MC903 appears to be the closest functional analogue 
of VD in the present  study. Its slightly lower sensitivity 
in gene activation is counterbalanced by its higher 
potency for induction. These  findings correlate well 
with previous studies on effects of  MC903 on U937 cell 
regulation and receptor binding, which showed that 
this analogue was equipotent  with VD itself [19]. 

EB1089 has been shown to be 50-100 times more 
potent than VD as an inhibitor of cell proliferation and 
an inducer of  cell differentiation in U937 and M C F - 7  
cells [21]. In the present study, however, 20-fold higher 
concentrations of EB1089 than of VD were needed to 
activate each of the two VD signalling pathways. These  
findings correlate with the decreased receptor binding 
affinity for EB1089 described previously [21]. The  
effects of EB1089 on cellular proliferation may be 
mediated through different VD responding genes. On 
the V D R - R X R  heterodimer pathway, we obtained an 
about 25°/'0 higher gene induction by EB1089 than by 
VD. I t  is possible that this 25% difference observed 
with the heterologous DR3- type  VDRE/tk  promoter  is 
further  enhanced on the m R N A  or protein level of  
natural responding genes. EB1089 has been shown to 
be about 50 times more potent than VD in transiently 
increasing c-fos and decreasing c-myc m R N A  [21]. 

KH1060 is one of the most  potent VD analogues 
described to date; it belongs to the group of 20-epi-VD 
analogues, which are very potent regulators of immune 
responses [28]. A special feature of KH1060 is its 
ability to inhibit activation of T lymphocytes  at very 
low concentrations. The  different regulatory levels of  
the processes are not known. Our  finding of a 100-fold 
increased sensitivity for KH1060 in gene activation, 
suggests that its main role lies in transcriptional regu- 
lation, although it is not known which responsive genes 
are involved. However ,  the binding of KH1060 to 
V D R  does not correlate with the 100-fold increased 
sensitivity of VDR- induced  CAT-act iv i ty  [28]. This  
may be explained by the different stereochemistry in 
the side chain compared to VD. Comparisons with 
other 20-epi-VD analogues will hopefully elucidate the 
role of  these side chain modifications in transcriptional 
regulation. 

All experiments were performed in the presence of 
FCS,  containing the vitamin D binding protein (DBP). 
Depending on the affinity of  the analogues for the DBP,  
different concentrations of free ligand may be available 
in cell cultures. However,  the differences in sensitivity 
between the analogues in the CAT-assay  cannot solely 
be related to differences in DBP-binding ,  as both 
KH1060 and EB1089 display similar low binding 
affinities for DBP (A.-M. Kissmeyer ,  I .S .M. ,  S. Latini 
and L.B., unpublished results). 

An additional finding of this study is the difference 
in sensitivity of V D R  homodimers  and V D R - R X R  
heterodimers to VD and its analogues. The  interactions 
with their respective specific response elements may 
cause different conformational changes of the V D R  in 
homo-  and heterodimeric complexes. However ,  it is 
more likely that the difference in ligand sensitivity is 
caused by different prote in-prote in  interactions. Due 
to ligand binding the two V D R  molecules in V D R  
homodimers  may react allosterically, whereas this is not 
possible in V D R - R X R  heterodimers.  The  result of this 
allosteric reaction might be a more effective orientation 
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o f  t h e  t r a n s a c t i v a t i o n  d o m a i n s  t o w a r d s  t h e  basa l  t r a n -  

s c r i p t i o n a l  m a c h i n e r y .  A l t h o u g h  V D R  h o m o d i m e r s  

p r o v i d e  l o w e r  m a x i m a l  i n d u c t i o n  o f  g e n e  ac t iv i ty  t h a n  

V D R - R X R  h e t e r o d i m e r s ,  t h e i r  h i g h e r  l i g a n d  s e n s i -  

t i v i ty  m a y  p r o v i d e  t h e m  w i t h  p h y s i o l o g i c a l  r e l e v a n c e  

in,  e .g.  ea r ly  a n d  late  V D  r e s p o n d i n g  g e n e s .  F u r t h e r  

s t u d i e s  are  n e e d e d  to  i n v e s t i g a t e  w h i c h  n a t u r a l  V D  

r e s p o n d i n g  g e n e s  are  r e g u l a t e d ,  l ike t h e  h u m a n  os -  

t e o c a l c i n  g e n e ,  b y  V D R  h o m o d i m e r s .  

R e c e n t l y  w e  o b s e r v e d  f u n c t i o n a l l y  ac t ive  h e t -  

e r o d i m e r i z a t i o n  o f  V D R  n o t  o n l y  w i t h  R X R ,  b u t  also 

w i t h  R A  a n d  t h y r o i d  h o r m o n e  r e c e p t o r s  ([26, 29, 30]). 

S t u d i e s  o n  t h e  c o n c e n t r a t i o n - d e p e n d e n t  i n t e r f e r e n c e  o f  

V D  w i t h  9 -c i s  R A ,  a l l - t r a n s  R A  a n d  t h y r o i d  h o r m o n e  

are  in  p r o g r e s s .  T a k e n  t o g e t h e r ,  o u r  s t u d i e s  i n d i c a t e  

t h a t  t h e  c o n c e n t r a t i o n  o f  V D  in t h e  a b s e n c e  o r  p r e s e n c e  

o f  a d d i t i o n a l  l i g a n d s  is an  i m p o r t a n t  r e g u l a t o r y  level  in  

t he  m o d u l a t i o n  o f  V D  r e s p o n s i v e  genes .  
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