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Abstract

Vitamin D is enzymatically modified to more than 35 metabolites. While many of these are thought to represent degradation
products, some have been shown to exhibit biological activity. We tested whether 3-epi-lo,25-dihydroxyvitamin D3 (3-epi-
10,25(OH)>D3), 1a,25-dihydroxy-24-oxo-vitamin D3 (1¢,25(OH),-24-0x0-D3), and 1a,25(OH),D3-26,23-lactone can stimulate
transcription of vitamin D responsive genes. MC3T3-El cells transfected with a 25-hydroxyvitamin D 24-hydroxylase (CYP24)
promoter construct displayed a 6 fold response when treated with either 1a,25(OH),D3 or 3-epi-1a,25(OH),D;. Caco-2 cells were
transfected with the wild type CYP24 promoter construct, or a Vitamin D Response Element (VDRE)-mutated form. Cells
acquiring the wild type reporter responded to 10,25(OH),D5; and 3-epi-1a,,25(OH),D3 but not cells which acquired the mutated
reporter. Additionally, VDR-negative COS-7 cells transfected with the wild type promoter responded (approximately 13 fold) to
10,25(0OH),D;5 and 3-epi-1a,25(0OH),D;, only when co-transfected with the VDR. These results were confirmed using shorter
incubation times and serum-free conditions. This strongly suggested that 3-epi-1a,,25(OH),D; mediates its effects through the
VDR and its cognate binding site. Similar results were obtained with 10,25(OH),-24-0x0-D; using VDR-negative P19 cells. We
could never detect activity from 1o,25(OH),D5-26,23-lactone on vitamin D-responsive target promoters. Our results firmly
conclude that both 3-epi-1a,25(OH),D; and the 1a,25(0OH),-24-0x0-Dj; elicit their biological effects by acting through the VDR/
VDRE. © 2000 Elsevier Science Ltd. All rights reserved.

Keywords: Vitamin D metabolites; Vitamin D receptor; Vitamin D response element (VDRE)

1. Introduction it on C-1 to produce la,25-dihydroxyvitamin Dj
[10,25(0OH),D5] [1-4].

When 10,25(OH),D; enters its target cells, it binds
to the nuclear vitamin D receptor (VDR) [5]. The
receptor heterodimerizes with the retinoid X receptor
(RXR) to bind to specific DNA sequences known as
vitamin D response elements (VDRE) [5]. These con-
sist of two tandemly repeated hexanucleotide sequences
separated by 3 base pairs. The result of this interaction
will lead to the transcriptional modulation of target
genes responsible for carrying out the physiological
actions of 1a,25(OH),D5. Vitamin D-responsive genes
include, amongst others, the 25-hydroxyvitamin D 24-

Vitamin Djs, the end product of 7-dehydrocholesterol
photolysis, exits keratinocyte cells and is transported
to the liver where the vitamin D 25-hydroxylase
(CYP27) adds a hydroxyl group on C-25 to produce
25-hydroxyvitamin D3 [25(OH)Ds]. 25(OH)D; then
enters the bloodstream to become the major circulat-
ing, yet inactive, form of vitamin D. To become bio-
logically active, 25(OH)D; must undergo a further
hydroxylation event in the kidney, where the 25-hydro-
xyvitamin D lo-hydroxylase (CYP27 B1) hydroxylates
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hydroxylase (CYP24) and osteocalcin genes [5].
1a,25(0OH),D3, the active hormonal form of vitamin
D, acts to regulate calcium and phosphorus homeosta-
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sis [1-3]. More than 35 metabolites of vitamin D have
been identified [6]. An important question to be
answered is whether 10,25(OH),D3 is an exclusive hor-
mone that carries out most, if not all, of vitamin D’s
biological actions, or do some of the other metabolites
elicit physiologically significant responses?

The conversion of 1a,25(OH),D; into 3-epi-
1a,25(0H),D5 is characterized by a switch of the hy-
droxyl group orientation on carbon C-3 from the f to
the o position. The enzyme responsible for this epimer-
ization remains unknown. The 3-epimerization path-
way is only detected in differentiated Caco-2 cells, but
not in proliferating, undifferentiated cells [7]. This ob-
servation suggests that 3-epimerization is a tightly
regulated metabolic pathway and supports the hypoth-
esis that 3-epi-1a,25(OH),D; may constitute a biologi-
cally active metabolite contributing to the diverse
responses of target cells to the vitamin D endocrine
system. Indeed, 3-epi-1a,25(OH),D3 possesses antimi-
totic and prodifferentiating activities [7].

The CYP24 cytochrome P450 enzyme acts on the
10,25(OH),D5 substrate to produce 1,24,25-trihydroxy-
vitamin D3, the initial reactant in the 24-oxydation
pathway that is thought to lead to metabolite inacti-
vation [8]. This pathway comprises five enzymatic
steps involving successive hydroxylation/oxidation
reactions at carbons 24 and 23 followed by cleavage of
the secosteroid backbone at the C-23/C-24 bond and
subsequent oxidation of the cleaved product to calci-
troic acid [8]. The second enzymatic step in the path-
way is the oxidation of 1,24,25-trihydroxyvitamin D to
10,25(OH),-24-0x0-D3, a metabolite with measurable
activity in bone resorption assays and antiproliferation
assays [9,10].

Hydroxylation of 10,25(OH),D; on carbon 26 even-
tually leads to formation of 10,25(OH),D3-26,23-lac-
tone [11]. This metabolite affects intestinal calcium
transport and can modulate bone resorption [12,13].

We tested whether 3-epi-1a,,25(OH),D3, 10,25(0OH),-
24-ox0-D;, and 10,25(0OH),D3-26,23-lactone  can
stimulate the transcription of a vitamin D-responsive
gene, and could act through the VDR or a putative,
distinct receptor. Our data suggest that 3-epi-
10,25(OH),D; and 1a,25(0OH),-24-0x0-D3; promote
transcription from the CYP24 promoter, and that the
transactivation event is initiated through the classical
vitamin D receptor.

2. Materials and methods

The pGL24H-1401, pGL24H-298 wt and the
pGL24H-298 m4 constructs were generous gifts from
Dr. J. Omdahl, University of New Mexico (Albuquer-
que, NM). The vitamin D metabolites, 12,25 (OH),D3,
3-epi-10,25(OH),D3 and the 10,25(0OH),D5-26,23-lac-

tone were obtained from Dr. M. Uskokovic, Hoff-
mann-LaRoche, (Nutley, NJ), while 1o,25(0H),-24-
ox0-D3 was provided by Dr. S. Reddy, Brown Univer-
sity, (Providence, RI). The CT4-GH reporter construct
was obtained from Dr. M.R. Haussler, University of
Arizona, (Tucson, AZ). Human Growth Hormone
Chemiluminescence Detection Kit was purchased from
Nichols Institute Diagnostics (San Juan Capistrano,
CA). Lipofectamine Reagent was purchased from
Gibco BRL, Life Technologies (Burlington, ON),
while PFX8 lipofection reagent was purchased from
Invitrogen (San Diego, CA). Caco-2 cells (human
colon adenocarcinoma) were generously provided by
Dr. J. Beaulieu, University of Sherbrooke, (Sher-
brooke, PQ). COS-7 cells (African green monkey kid-
ney fibroblasts) were obtained from American Type
Tissue Culture Collection (Rockville, MD).

2.1. Cell culture

MC3T3-El cells were cultured as previously
described [14]. Caco-2 and COS-7 cells were incubated
in Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented with 10% FBS. P19 cells were cultured
according to previously published protocols [15].

2.2. Transfection

All cells were seeded at 1.5 x 10° cells per well in six
well-plates. VDR-positive MC3T3-E1 cells were trans-
fected with the pGL24H-1401 construct using the Pfx
8 lipofection reagent as per Invitrogen’s protocol. The
cells were incubated overnight, then the o-MEM with
10% serum was replaced with fresh media sup-
plemented with either 1o,25 (OH),D3;, 3-epi-
10,25(OH),D3, 1a,25(0H),D5-26,23-lactone dissolved
in ethanol (final concentration 10~7 M) or ethanol car-
rier alone. Following a final overnight incubation at
37°C, 5% CO,, the cells were rinsed once with phos-
phate-buffered saline and treated with 150 pl of cell
culture lysis reagent (25 mM Tris—Phosphate, pH 7.8,
2mM CDTA, 10% Glycerol, 1% Triton X-100) at
room temperature for 15 min. The cells were scraped
off with a rubber policeman and centrifuged for 30 s.
Twenty microlitres of the supernatant was then used
to assay for luciferase activity. The luciferase activity
(relative light units) was measured using a Monolight
2010 (Analytical Luminescence Laboratory, San
Diego, CA). The data from multiple experiments were
pooled and the mean + standard error of the mean
(SEM) were calculated. The final results were
expressed as fold induction relative to the respective
control activity of cells treated with ethanol carrier.

VDR-positive Caco-2 cells were transfected with the
pGL24H-1401, pGL24H-298 wt and the pGL24H-298
m4 constructs using the Lipofectamine reagent as per



S. Messerlian et al. | Journal of Steroid Biochemistry & Molecular Biology 72 (2000) 29-34 31

Gibco BRL, Life Technologies protocol. Following an
overnight incubation, the media was replaced with
fresh media supplemented with either vitamin D
metabolites (final concentration 10~7 M) or ethanol
carrier alone. The cells were processed as described
above after 16 h in the presence of metabolites.

VDR-negative COS-7 and P19 cells were transfected
with the pGL24H-1401 construct with or without the
hVDR expression vector pCMV-VDR using the Lipo-
fectamine reagent as per Gibco BRL, Life Technol-
ogies protocol. The cells were then treated as described
above, except for the serum-free experiment (see
Fig. 4), for which the incubation time with the metab-
olites was shortened to 8 h.

Transfection conditions of the VDR-negative P19
cells with the CT4-GH construct were as described
above with the following modification: after the incu-
bation, 50 pl of media from every well was assayed for
the expression of human growth hormone using the
Human Growth Hormone Chemiluminescence Detec-
tion kit as per Nichols Institute Diagnostics protocol.
The level of growth hormone expression was translated
to relative light units using the Monolight 2010.

3. Results

VDR-positive MC3T3-E1 cells were transfected with
a construct comprising 1401 base pairs of the 25-
hydroxyvitamin D 24-hydroxylase (CYP24) promoter
driving the luciferase gene (pGL24H-1401). This seg-
ment of the promoter contains two functional VDREs
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Fig. 1. Transient transfection of VDR-positive MC3T3-El cells with
pGL24H-1401 (CYP24 promoter driving the luciferase reporter
gene). The expression levels detected in cells treated with the ethanol
carrier were arbitrarily ascribed a value of 1. Incubations were for 24
h with 1077 M of each metabolite. Results are expressed as mean
fold induction + SEM of three independent transfections.

[16]. As depicted in Fig. 1, cells treated with
1a,25(0OH),D5 were capable of inducing transcription
from the promoter approximately 6 fold compared to
cells that were treated solely with ethanol carrier. Like-
wise, cells treated with 3-epi-10,25(OH),D5 also acti-
vated the promoter 6 fold. However, cells that were
treated with 1o,25(OH),D5-26,23-lactone did not
induce transcription from the VDRESs as inferred from
previous results [13]. This data suggested that 3-epi-
12,25(0OH),D3 could potentially carry out its biological
actions through the VDR/VDRE.

To test this possibility, VDR-positive Caco-2 cells
were transfected with the pGL24H-298 wt or
pGL24H-298 m4 reporter constructs. The former is a
construct consisting of 298 base pairs of the CYP24
promoter driving the luciferase reporter gene. It
encompasses the two wild type VDREs. The latter is
identical to the former except that the two VDREs are
mutated [16]. Cells transfected with pGL24H-298 wt
and treated with either 10,25(OH),D; or 3-epi-
10,25(0OH),D3 were able to substantially transactivate
the reporter, 73 and 43 fold, respectively, as compared
to cells treated with ethanol carrier (see Fig. 2). How-
ever, as demonstrated in Fig. 1, cells treated with
10,25(0OH),D5-26,23-lactone  did not activate the
pGL24H-298 wt construct. In cells transfected with
pGL24H-298 m4 (non-functional VDREs), the
12,25(OH),D; and 3-epi-1a,25(OH),D5 activity was
abrogated (see Fig. 2). This clearly suggests that the
receptor responsible for carrying out the 3-epi-
10,25(0OH),D3 activity acts through the VDRE, and,
in fact, is probably the VDR.
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Fig. 2. Transient transfection of Caco-2 cells with pGL24H-298 wt
(wild type CYP24 promoter construct) or pGL24H-298 m4 (mutated
CYP24 promoter construct). The expression levels detected in cells
treated with ethanol carrier were arbitrarily ascribed a value of 1. In-
cubations were for 24 h with 1077 M of each metabolite. Results are
expressed as mean fold induction + SEM of three independent trans-
fections.
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As described in Fig. 3 VDR-negative cells were
transfected with the pGL24H-298 wt reporter. Simian
kidney COS-7 cells that were co-transfected with the
VDR were able to transactivate the reporter approxi-
mately 13 fold when they were treated with
10,25(OH),D5 or 3-epi-10,25(OH),D5 (see Fig. 3(A)).
Cells that did not acquire the VDR did not show any
activity when treated with these two vitamin D metab-
olites. This result was confirmed utilizing VDR-nega-
tive P19 cells (see Fig. 3(B)). These data conclusively
demonstrate that the VDR is responsible for mediating
the biological actions of 3-epi-1a2,25(OH),D3 through
the VDRE.

To ascertain that the observed activities were not
due to vitamin D metabolites present in the serum, a
similar set of experiments was performed under serum-
free conditions. For these experiments, the COS-7 cells
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Fig. 3. Transient co-transfection of VDR-negative cells with
pGL24H-298 wt, with or without pCMV-VDR. (A) COS-7 cells. (B)
P19 cells. Cells transfected with the VDR clearly respond to
10,,25(0OH),D3 and 3-epi-10,25(0OH),D; as compared to cells which
do not express the VDR. The expression levels detected in cells trea-
ted with ethanol carrier were arbitrarily ascribed a value of 1. Incu-
bations were for 24 h with 1077 M of each metabolite. Results are
expressed as mean fold induction + SEM of three independent trans-
fections.

were incubated with the metabolites for a shorter dur-
ation of 8 h to reduce the possible production of a
wide spectrum of metabolites through the induction of
CYP24. Fig. 4 shows that 10,25(OH),D; and 3-epi-
12,25(0OH),D3 were also able to stimulate transcription
of the CYP24-driven reporter gene through the VDR
in the absence of serum. Similar results were obtained
using charcoal-stripped serum (data not shown).

We also tested 10,25(OH),-24-0x0-D3, to sece
whether or not it binds the VDR and thereby stimu-
lates transcription. VDR-negative P19 cells were trans-
fected with pGL24H-298 wt. Cells that were co-
transfected with a VDR expression vector were able to
transactivate the reporter 85 and 115 fold when they
were treated with either 10,25(OH),D3 or 1a,25(0OH),-
24-0x0-Dj, respectively (see Fig. 5). Cells that were not
transfected with the VDR did not show any activity,
when treated with these two vitamin D metabolites
(see Fig. 5). These results support the notion that
10,25(0OH),-24-0x0-D3 also binds the VDR, which
then allows it to transactivate promoters containing
VDREs. The 10,25(0OH),-24-0x0-D3 metabolite could
also stimulate transcription from VDRE-dependent
reporter genes in the absence of serum (see Fig. 4).

To ascertain that this is not a promoter-specific
phenomenon, P19 cells were transfected with CT4-GH
(see Fig. 6). This is a synthetic promoter construct
containing four copies of the human osteocalcin pro-
moter VDRE driving the human growth hormone
reporter gene. Cells that were co-transfected with the
VDR were able to stimulate transcription from 2 to 3
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Fig. 4. Transient co-transfection of VDR-negative COS-7 cells with
pGL24H-1401 in the presence or absence of pCMV-VDR, under
serum-free conditions. 10,25(OH),D;, 3-epi-10,25(0OH),D; and
10,,25(0OH),-24-0x0-Dj3 stimulated transcription in cells expressing the
VDR but not in cells devoid of the receptor. The serum-free con-
ditions insure that the effects were not due to low levels of metab-
olites already present in the serum. The expression levels detected in
cells treated with ethanol carrier were arbitrarily ascribed a value of
1. Incubations were for 8 h with 1077 M of each metabolite. Results
are expressed as mean fold induction + SEM of two independent
transfections.
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Fig. 5. Transient co-transfection of VDR-negative P19 cells with
pGL24H-298 wt, with or without pCMV-VDR. 1a,25(0OH),D; and
10,,25(0OH),-24-0x0-D; stimulated transcription in cells expressing the
VDR versus cells which were not transfected with the VDR. The ex-
pression levels detected in cells treated with ethanol carrier were arbi-
trarily ascribed a value of 1. Incubations were for 24 h with 1077 M
of each metabolite. Results are expressed as mean fold induction +
SEM of three independent transfections.

fold when they were treated with 1o,25 (OH),D3, 3-
epi-1a,,25(OH),D5 and 1a,25(0OH),-24-0x0-D3, respect-
ively (see Fig. 6). Once again, cells that did not express
the VDR did not show any transcriptional activity
above that of the ethanol carrier, when treated with
the vitamin D metabolites. Our results strongly suggest
that both 3-epi-1a,,25(OH),D5 and 1a,25(OH),-24-0x0-
D; are able to bind to the VDR, and stimulate tran-
scription in promoters that contain VDREs.
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Fig. 6. Transient co-transfection of VDR-negative P19 cells with
CT4-GH (a reporter construct consisting of 4 copies of the osteocal-
cin VDRE driving the growth hormone reporter gene), with or with-
out pCMV-VDR. The expression levels detected in cells treated with
ethanol carrier were arbitrarily ascribed a value of 1. Incubations
were for 24 h with 1077 M of each metabolite. Results are expressed
as mean fold induction + SEM of three independent transfections.

4. Discussion

Despite 10,25(OH),D5’s role as the predominant
active metabolite of the vitamin D cascade, 3-epi-
10,25(0OH),D5, 10,,25(0OH),-24-0x0-D3, and
10,25(0OH),D5-26,23-lactone have demonstrated some
physiological potency in vivo and in vitro
[7,9,10,12,13]. We explored the putative mechanism(s)
of action involved.

These three metabolites show marked differences in
their affinity for the classical VDR. The 24-oxo-deriva-
tive binds the VDR with the same affinity as the
parent hormone [6], but it elicits a distinct antiproli-
ferative response in prostate cancer cells when com-
pared to 1a,25(OH),D; [10], suggesting a unique
effector pathway. The 3-epi- and 26,23-lactone-deriva-
tives show 4- and 700-fold lower affinity for the VDR
than 1o,25(OH),D3, respectively [6,12]. The 3-epi-
12,25(0OH),D3 epimer selectively accumulates in differ-
entiated Caco-2 cells treated with 1o,25(OH),D3 [7].
The 3-epimerization is totally independent from side
chain metabolism and is a differentiation-specific pro-
cess [7]. The metabolite accumulates rapidly because
the reverse epimerization reaction is slow and the
metabolite is stable [7,17]. These observations, coupled
to the identification of a large number of nuclear hor-
mone receptors for which ligands remain to be ident-
ified [18], prompted us to examine whether the 3-epi-,
24-0x0-, and 26,23-lactone-vitamin D derivatives
would act through the classical VDR or a putative dis-
tinct receptor.

A wide spectrum of ligand specificity has been
observed for distinct nuclear hormone receptors. At
one end of the spectrum, certain receptors show exqui-
site specificity for particular ligands, and cannot bind
metabolites or epimers of these ligands. A good
example of this restricted specificity is the CAR-
receptor (constitutive androstane receptor-f), which
binds Sa-androstan-3o-ol (androstanol) but not So-
androstan-3f-ol [19]. At the other end of the spectrum,
a receptor such as PXR (pregnane X receptor, also
known as SXR, steroid and xenobiotic receptor) shows
a wide range of ligand recognition for molecules with
very diverse structures, beginning with natural steroids
like corticosterone and extending to structurally larger
xenobiotic compounds such as rifampicine and nifedi-
pine [20]. Thus some vitamin D metabolites may be
functionally recognized by the VDR, while others may
require separate effector systems.

Our results have consistently demonstrated that
both 3-epi-1a,25(0H),D3, and 1a,25(0OH),-24-0x0-D3
interact with the classical VDR, and elicit biological
activities from promoters that contain VDREs. On the
other hand, we could detect only marginal activity
from 1lo,25(OH),D3-26,23-lactone on vitamin D-re-
sponsive target promoters. While it is conceivable that
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the relatively high serum concentration and long meta-
bolic stability of the 10,25(0OH),D5-26,23-lactone
metabolite [12,13] could sustain the small stimulation
observed and lead to significant responses through the
VDR, our data is more consistent with the putative
existence of an independent pathway that would trans-
duce the signal from this calcemic metabolite. The
identification of novel vitamin D signaling pathways
[21] should provide further insight into the physiologi-
cal role of the vitamin D endocrine system.

Acknowledgements

We thank Dr. M. Uskokovic for supplying the
1a,25 (OH),D3, 3-epi-10,,25(OH),D3 and 1¢,25(OH),D3-
26,23-lactone metabolites. In addition, we would like
to thank Dr. G.S. Reddy for his generous gift of
1a,25(0H),-24-0x0-D3. The illustrations were prepared
by Jane Wishart. This work was supported by a grant
from the Shriners of North America. R. St-A. is a
Chercheur-Boursier from the Fonds de la Recherche
en Santé du Québec.

References

[1] M.F. Holick, Vitamin D: photobiology, metabolism, and clini-
cal applications, in: L. DeGroot, H. Besser, H.G. Burger
(Eds.), Endocrinology, 3rd ed., Saunders, Philadelphia, 1995,
pp. 990-1013.

[2] H. DeLuca, The vitamin D story: a collaborative effort of

basic science and clinical medicine, Fed. Proc. Am. Soc. Exper.

Biol. 2 (1988) 224-236.

H. Reichel, H.P. Koeffler, A.W. Norman, The role of the vita-

min D endocrine system in health and disease, N. Engl. J.

Med. 320 (1989) 981-991.

[4] M.F. Holick, Vitamin D: new horizons for the 2Ist century,
Am. J. Clin. Nutr. 60 (1994) 619-630.

[5] M.R. Haussler, G.K. Whitfield, C.A. Haussler, J.-C. Hsich,

P.D. Thompson, S.H. Selznick, C.E. Dominguez, P.W.

Jurutka, The nuclear vitamin D receptor: biological and mol-

ecular regulatory properties revealed, J. Bone Miner. Res. 13

(1998) 325-349.

R. Bouillon, W.H. Okamura, A.W. Norman, Structure-func-

tion relationships in the vitamin D endocrine system,

Endocrine Rev. 16 (1995) 200-257.

[71 M.G. Bischof, M.-L. Siu-Caldera, A. Weiskopf, P. Vouros,

3

=

6

=

(8]

&)

[10]

(]

(12]

[13]

[14]

[15]

[16]

(7]

(18]

[19]

[20]

[21]

H.S. Cross, M. Peterlik, G.S. Reddy, Differentiation-related
pathways of la,25-dihydroxycholecalciferol metabolism in
human colon adenocarcinoma-derived Caco-2 cells: production
of 1a,25-dihydroxy-3-epi-cholecalciferol, Exp. Cell Res. 241
(1998) 194-201.

G. Makin, D. Lohnes, V. Byford, R. Ray, G. Jones, Target
cell metabolism of 1,25-dihydroxyvitamin Dj to calcitroic acid.
Evidence for a pathway in kidney and bone involving 24-oxi-
dation, Biochem. J. 262 (1989) 173-180.

P.H. Stern, M.S. Rappaport, E. Mayer, A.W. Norman, 24-oxo
and 26,23-Lactone metabolites of 1,25-dihydroxyvitamin Dj
have direct bone-resorbing activity, Arch. Biochem. and
Biophys. 230 (1984) 424-429.

M.J. Campbell, G.S. Reddy, H.P. Koefller, Vitamin D3 analogs
and their 24-oxo metabolites equally inhibit clonal proliferation
of a variety of cancer cells but have differing molecular effects,
J. Cell. Biochem. 66 (1997) 413-425.

G. Jones, Analog metabolism, in: D. Feldman, F.H. Glorieux,
JW. Pike (Eds.), Vitamin D, Academic Press, San Diego,
1997, pp. 973-994.

S. Ishizuka, S. Ishimoto, A.W. Norman, Biological activity
assessment of la,25-dihydroxyvitamin D3-26,23-lactone in the
rat, J. Steroid Biochem. 20 (1984) 611-615.

S. Ishizuka, A.W. Norman, The difference of biological activity
among four diastereoisomers of 1a,25-dihydroxycholecalciferol-
26,23-lactone, J. Steroid Biochem. 25 (1986) 505-510.

G.A. Candeliere, J. Prud’homme, R. St-Arnaud, Differential
stimulation of fos and jun family members by calcitriol in
osteoblastic cells, Mol. Endocrinol. 5 (1991) 1780-1788.

M.A. Rudnicki, K.R. Reuhl, M.W. McBurney, Cell lines with
developmental potential restricted to mesodermal lineages iso-
lated from differentiating cultures of pluripotential P19 embry-
onal carcinoma cells, Development 107 (1989) 361-372.

D. Kerry, P. Dwivedi, C. Hahn, H. Morris, J. Omdahl, B.
May, Transcriptional synergism between vitamin D-responsive
elements in the rat 25-hydroxyvitamin Ds; 24-hydroxylase
(CYP24) promoter, J. Biol. Chem. 271 (1996) 29715-29721.
A.J. Brown, E.S. Slatopolsky, Mechanisms for the selective
actions of vitamin D analogs, in: D. Feldman, F.H. Glorieux,
J.W. Pike (Eds.), Vitamin D, Academic Press, San Diego,
1997, pp. 995-1009.

D.J. Mangelsdorf, R.M. Evans, The RXR heterodimers and
orphan receptors, Cell 83 (1995) 841-850.

B.M. Forman, I. Tzameli, H.-S. Choi, J. Chen, D. Simha, W.
Seol, R.M. Evans, D.D. Moore, Androstane metabolites bind
to and deactivate the nuclear receptor CAR-B, Nature 395
(1998) 612-615.

B. Blumberg, W. Sabbagh Jr, H. Juguilon, J. Bolado Jr, C.M.
van Meter, E.S. Ong, R.M. Evans, SXR, a novel steroid and
xenobiotic-sensing nuclear receptor, Genes & Dev. 12 (1998)
3195-3205.

A.W. Norman, Receptors for 1-a,25(OH),D;. Past, present
and future, J. Bone Miner. Res. 13 (1998) 1360-1369.



