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The liver is generally considered negative for the vitamin D nuclear receptor (VDR,), even
though several studies have shown significant effects of 1,25-dihydroxyvitamin Dj;
(1,25(OH),D3) on liver cell physiology. The low abundance of VDR, in the liver led us to
propose that hepatocytes (the largest hepatic cell population) were most likely negative for
the receptor, whereas the small hepatic sinusoidal and ductular cell populations that contain
cell types known to express VDR, in other tissues should express the receptor. Using freshly
isolated cells from normal livers as well as biliary and epithelial hepatic cell lines, our data
show that the human, rat, and mouse hepatocytes express very low VDR, messenger RNA
(mRNA) and protein levels. In contrast, sinusoidal endothelial, Kupffer, and stellate cells of
normal rat livers as well as the mouse biliary cell line BDC and rat hepatic neonatal epithelial
SD6 cells clearly expressed both VDR,, mRNA and protein. In addition, specimens of human
hepatocarcinoma as well as intrahepatic colon adenocarcinoma metastases were also found
to express the VDR, gene transcript. Kupffer, stellate, and endothelial cells responded to
1,25(OH),D; by a significant increase in the CYP24, indicating that the VDR, is fully
functional in these cells. In conclusion, selective hepatic cell populations are targets for the
vitamin D endocrine/paracrine/intracrine system. (HEPATOLOGY 2003;37:1034-1042.)

tive for the vitamin D nuclear receptor (VDR)), al-

though estrogens have been shown to induce the
appearance of the VDR, in male and female rat liverst and
Sandgren et al.2 reported the presence of a very low VDR,
density in normal rat livers (1,300-fold lower than in
intestine). Segura et al.3 recently reported that fetal, neo-
natal, and adult rat hepatocytes show nuclear immunore-
activity for the VDR, although the specificity of the
labeling observed was not entirely clear.

I t is generally recognized that the liver is largely nega-
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Experimental evidence indicates that the vitamin Ds
(D3) hormone 1,25-dihydroxyvitamin D3 (1,25(0OH),D3)
has selective activity in the liver. Baran et al.4* have shown
that 1,25(0OH),D3 increases intracellular Ca2* in rat
hepatocytes, although the mode of action of the hormone
in these studies may be due to a membrane receptor rather
than the VDR,,.¢ Studies performed in our laboratory”# as
well as by Whitfield et al.®10 indicate that the liver re-
sponds to 1,25(0OH),Ds, as indicated by its control of
DNA polymerase « activity as well as cytoplasmic and
nuclear protein kinases leading to an accelerated regener-
ation process following two-thirds partial hepatectomy in
the rat. The latter observations suggest that 1,25(OH),D3
has a significant effect on liver cell physiology during the
compensatory growth process. In addition, the hormone
has been reported as an inhibitor of the D3-25 hydroxy-
lase*12 and a significant modulator of the gene encoding
the mitochondrial D3-25/cholesterol/bile acid hydroxy-
lase (CYP27A).13 However, the hormone mode of action
during these experimental paradigms has not been inves-
tigated and the presence of the VDR,, in liver cells still
remains an open question.

The absence or extremely low level of VDR,, reported
to date in liver led us to propose that hepatocytes, which
constitute the largest hepatic cell population, were most
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likely negative or expressed very low levels of the receptor
gene transcript and protein whereas the small hepatic
nonparenchymal cell populations that contain cell types
(endothelial, macrophages, epithelial)4-17 known to ex-
press VDR, in other tissues as well as biliary epithelial
cells should express the receptor.

The purpose of these studies was to evaluate the pres-
ence of the gene encoding the VDR, as well as the func-
tionality of the VDR, protein in freshly isolated hepatic
cell populations. We report that the hepatic nonparen-
chymal sinusoidal cell populations as well as biliary and
human hepatocarcinoma cells express the gene encoding
VDR, and its associated protein, whereas hepatocytes ob-
tained from normal human, rat, or mouse livers were
found to only express low levels of VDR, messenger RNA
(mRNA) and protein.

Materials and Methods

Chemicals

TRIzol LS, Gey’s balanced salt solution, metrizamide,
and Williams’ E medium were from Invitrogen Canada
Inc. (Burlington, Ontario, Canada); deoxyribonuclease,
first-strand complementary DNA (cDNA) synthesis Kit,
pd(N)s, and anti-rabbit immunoglobulin (Ig) G biotin-
ylated and streptavidin-biotin complex were from Amer-
sham Pharmacia Biotech (Baie D’Urfé, Quebec, Canada);
TAQ PCR Master Mix was from Qiagen (Mississauga,
Ontario, Canada); protease inhibitor cocktail and bovine
serum albumin were from Roche (Laval, Quebec,
Canada); anti-rat VDR antibody was from Affinity Biore-
agents Inc. (Golden, CO); polyvinylidene difluoride
membrane was from Millipore (Mississauga, Ontario,
Canada); ovalbumin and 3,3’-diaminobenzidine were
from Sigma Chemical Co. (Mississauga, Ontario,
Canada); lactated Ringer’s solution was from Abbott
(Montreal, Quebec, Canada); sodium cacodylate was
from Moquin Sci. Ltd. (Montreal, Quebec, Canada);
formaldehyde and glutaraldehyde were from Mecalab
Ltd. (Montreal, Quebec, Canada); and white acrylic resin
was from London Resin Co. (Berkshire, England).
1,25(0OH),D3 was a gift from Hoffmann-La Roche Co.
(Nutley, NJ). All other materials were of analytical grade
or better.

Animals

All animals were treated according to the standards of
ethics for animal experimentation of the Canadian Coun-
cil of Animal Care, and experimental protocols were ap-
proved by the institutional animal ethics committee.

Male Sprague-Dawley rats or male Balb/c mice
(Charles River Canada; St-Constant, Quebec, Canada)
were used for all experiments. To investigate the in vivo
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influence of 1,25(0OH),D3 on the rat hepatic VDR,
MRNA expression and induction of the D3-24 hydroxy-
lase (CYP24) gene transcript, hormone was administered
as a single intravenous bolus at a dose of 120 nmol/kg
body wt. Injections were performed in nonfasting normal
rats 6 hours before they were killed, as already reported.t3

Tissues and Cell Isolation

At the time the animals were killed, livers were pro-
cessed for isolation of individual cell populations. Isolated
or cultured cells used for protein analysis were flash frozen
in liquid nitrogen, whereas cells used for RNA analysis
were placed in TRIzol LS and RNA was extracted as de-
scribed by the manufacturer.

Hepatocytes. Rat and murine hepatocytes were iso-
lated as mentioned elsewhere.18 Normal human hepato-
cytes were isolated according to Guguen-Guillouzo et
al.2® Cell viability and yield were evaluated by the trypan
blue exclusion test.

Sinusoidal Cells. Rat sinusoidal cells were isolated
according to Knook and Sleyster20 with the following
modifications. After metrizamide density gradient, cells
were washed in Gey’s balanced salt solution, pH 7.4, at
4°C, resuspended, and introduced in a type J2-21M cen-
trifuge (Beckman Instruments, Palo Alto, CA) equipped
with a JE-6B elutriation rotor and a Sanderson chamber.
During centrifugation at 2,500 rpm, cells were washed
out at pump flows of 13, 23, and 42 mL/min to collect
stellate, endothelial, and Kupffer cells, respectively, using
Gey’s balanced salt solution, pH 7.4, at 4°C. Cells were
centrifuged, counted, and viability evaluated. Sinusoidal
cells had a viability greater than 95% and were freed of
hepatocytes. Cell populations were identified by immu-
nocytochemistry and found to be more than 88% pure
using CD11 and CD48 as cell surface markers.2! In ad-
dition, only Kupffer cells adhered to a plastic surface in
cell culture conditions and none of the sinusoidal cells
expressed the albumin gene transcript and the albumin
protein.

Mouse Biliary Ductular and Rat Hepatic Neonatal
Epithelial Cells. Immortalized murine biliary ductular
cellsand rat neonatal SD6 cells were cultured according to
Paradis et al.22 and Blouin et al.,23 respectively. To inves-
tigate the influence of 1,25(OH),D3; on VDR, mRNA
expression, cells were exposed to 10~ mol/L
1,25(0OH),D3 for 24 hours as previously described.24

Controls and Other Rat Tissues. At the time of he-
patic cell isolation, bile ducts and kidneys (positive con-
trol) were taken and flash frozen in liquid nitrogen. Total
RNA was extracted according to Chirgwin et al.25> The rat
osteosarcoma cell line ROS 24.1 was used as negative
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control, whereas duodenocytes were isolated from normal
rat duodena2s and used as positive controls.

Human Hepatic Neoplasms. Subjects were chosen
from patients referred for hepatic surgery. Specimens
were obtained and flash frozen in liquid nitrogen and
stored at —80°C until RNA extraction. All protocols were
approved by the institutional ethics review board, and
informed consent was obtained from all subjects.

VDR, Gene Transcript and Protein Levels

Semiquantitative Reverse-Transcription Polymer-
ase Chain Reaction. One microgram of deoxyribonu-
clease-treated total RNA was converted in cDNA (First-
Strand cDNA Synthesis Kit) using pd(N)s as primer; 2.0
wL of RT reaction was amplified for either 27 (VDR,,) or
30 (CYP24) or 20 cycles (GAPDH) using specific primers
and Tag PCR Master Mix and 0.1 uL of [«-32P]deoxy-
cytidine triphosphate (3,000 Ci/mmol) in a Touchdown
Thermal Cycling system (Hybaid, Teddington, United
Kingdom). Design of primers to generate VDR,,, CYP24,
and GAPDH cDNA fragments was made with the Primer
3 Web software (Whitehead Institute/MIT Center for
Genome Research; http://www-genome.wi.mit.edu) and
the sequence of Burmester et al.2” (VDR,), Ohyama et
al.28 (CYP24), and Tso et al.2° (GAPDH). cDNA poly-
merase chain reaction (PCR) products were loaded and
separated on nondenaturing 8% polyacrylamide Tris/bo-
rate/ethylenediaminetetraacetic acid gel. The gel was
dried, exposed to x-ray film, and evaluated by densitomet-
ric analysis. The number of PCR cycles of each gene was
in the linear portion of the cDNA amplimer accumula-
tion. All values are reported in relation to the level of
expression of the housekeeping gene GAPDH. The VDR,
cDNA fragment was sequenced to confirm identity and
found to be identical to the rat intestinal VDR,,.

Western Analysis. Cells were lysed in buffer (0.1
mmol/L Tris-HCI, pH 7.6, 3 mmol/L phenylmethylsul-
fonyl fluoride, protease inhibitor cocktail [1 tablet/20
mL], bovine serum albumin 0.1%). Soluble proteins were
harvested by centrifugation at 106,000g for 1 hour at 4°C,
and the supernatant was precipitated by adding ammo-
nium sulfate at a final concentration of 40%. Proteins
were dissolved in buffer (0.1 mol/L Tris-HCI, pH 7.6, 3
mmol/L phenylmethylsulfonyl fluoride). Five micro-
grams of protein was loaded onto sodium dodecyl sulfate/
polyacrylamide gel electrophoresis 5% to 15% acrylamide
gradient gel and transferred on polyvinylidene difluoride
membranes. To block nonspecific binding, membranes
were incubated for 1 hour at 37°C in phosphate-buffered
saline (PBS), pH 7.6, 0.1% Tween, and 15% nonfat dried
milk. To prevent nonspecific binding of the primary and
secondary antibody to 1gG heavy and light chains remain-
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ing in the protein samples, blots were blocked with goat
anti-rat 1gG 1:1,000 in antibody solution (PBS, pH 7.6,
0.1% Tween, and 1% bovine serum albumin) for 1 hour
at 37°C. After washing, membranes were incubated with
the anti-rat 1gG biotinylated 1:1,000 for 1 hour at room
temperature and then incubated with streptavidin-biotin-
ylated peroxidase complex for 1 hour at room tem-
perature. Immunoreactivity was visualized by 3,3’'-
diaminobenzidine.

Immunocytochemistry

Rats were perfused (30 seconds) through the left ven-
tricle with lactated Ringer’s solution followed by fixative
(4% formaldehyde, 0.1% glutaraldehyde in 0.08 mol/L
sodium cacodylate buffer, pH 7.3) for 20 minutes. Fi-
nally, liver samples were immersed in fresh fixative for 3
hours at 4°C and processed for embedding in LR white
acrylic resin. Thin sections were prepared for postembed-
ding protein A/colloidal gold immunolabeling.2° Briefly,
grid-mounted tissue sections were blocked for 15 minutes
by floating on a drop of 0.01 mol/L PBS containing 1%
ovalbumin and incubated with anti-rat VDR, antibody
for 1 hour. After incubation with the primary antibody,
sections were rinsed with PBS, placed on a drop of
PBS/1% ovalbumin for 15 minutes, and then floated on a
drop of protein A/gold complex for 30 minutes. The
complex was prepared using colloidal gold particles of ~8
nm.3t Control sections were incubated with a rabbit anti-
mouse IgG antibody followed by protein A/gold or pro-
tein A/gold only. All incubations were performed at room
temperature. Sections were finally washed with PBS,
rinsed with distilled water, stained with uranyl acetate and
lead citrate, and examined in a Jeol 1200EX-II transmis-
sion electron microscope (Peabody, MA) operated at 60
kV.

Statistical Analysis

Results are presented as means = SEM. Statistically
significant differences between group means were evalu-
ated by ANOVA as indicated in the figure legends.

Results

VDR, mRNA and VDR,, protein levels in normal rat,
mouse, and human hepatocytes are presented in Fig. 1A
and B as well as Fig. 2A and B, respectively. As shown,
hepatocytes of all species studied exhibited no or very low
VDR, mRNA and VDR, protein levels. In contrast, the
rat bile duct and the mouse biliary cell line BDC as well as
the rat hepatic epithelial cell line SD6 exhibited the pres-
ence of both the VDR, gene transcript and its associated
protein (Figs. 1E, 1F, and 2B, respectively). Contrary to
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Fig. 1. Steady-state expression
of the gene encoding VDR, in paren-
chymal and nonparenchymal liver
cells and in the rat bile duct and
epithelial cells. (A, C, E, and G)
Representative reverse-transcription
PCR of the VDR, gene transcript. (B)
VDR, mRNA levels in rat, mouse,
and human hepatocytes (n = 4
each). (D) VDR, mRNA levels in hu-

man hepatocarcinoma (n = 1), in- 2.5+
trahepatic colon adenocarcinoma
(n = 5), and breast metastases 2.0

(n = 1). (F) VDR, mRNA levels in
the rat bile duct (BD), mouse biliary
BDC, and neonatal rat epithelial
SD6 cells (n = 3). (H) VDR, mRNA
levels in the rat osteosarcoma Ros
24.1 cells (n = 3) (used as VDR,
negative control) and in the rat kid-
ney (n = 3) (used as positive VDR,
control). Data are presented as
means = SEM.
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normal hepatocytes, specimens of intrahepatic colon ad-
enocarcinoma metastases exhibited a frank expression of
the VDR, gene transcript (Fig. 1C and D), whereas a
specimen of human hepatocarcinoma was also found to
express the receptor mRNA (relative density of 0.5
compared with a mean relative density of 0.1 in normal
human hepatocytes). However, the VDR, mRNA level
in a specimen of a human estrogen receptor—negative
breast cancer metastasis was found to be comparable to
that in normal hepatocytes. As shown, neither the
mRNA nor VDR, protein was detected in the negative
control Ros 24.1 cells, contrary to the positive control
(normal rat kidney), where both the VDR, transcript
and VDR, protein are clearly detected (Figs. 1G, 1H,
and 2C).

Figures 3A to C and 4A to C show the VDR, mRNA
and protein levels in normal rat liver, hepatic nonparen-
chymal sinusoidal cells, and freshly isolated hepatocytes.
As shown, the rat liver exhibits very low levels of both
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VDR, mRNA and VDR, protein, which was found to be
comparable to that in hepatocytes. However, sinusoidal
endothelial, Kupffer, and stellate cells were found to ex-
press significant levels of both the VDR,, gene transcript
and VDR, protein. Compared with duodenocytes (posi-
tive controls), the level of VDR, mRNA in endothelial,
Kupffer, and stellate cells was found to be 28%, 29%, and
58%, respectively.

Figures 5 and 6 show the presence of the VDR, in
the normal rat liver. Sections of liver tissue incubated
with anti-VDR,, antibody showed a consistent and in-
tense labeling over the nucleus of sinusoidal lining cells
(Fig. 6A). A lesser reaction was also observed over the
nucleus of some hepatocytes (Fig. 5). In both cases,
gold particles were localized over heterochromatin. Lit-
tle or no labeling was present over cytoplasmic constit-
uents or euchromatin. Control incubations resulted in
few gold particles, randomly distributed throughout
the tissue section.
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Fig. 2. Steady-state VDR, protein
level in parenchymal and nonparen-
chymal liver cells and in the rat bile
duct. (A) Representative Western
analyses of the VDR, protein in rat,
mouse, and human hepatocytes. (B)
VDR, protein levels in mouse biliary B
and neonatal rat epithelial SD6
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cells. (C) VDR, protein levels in VDR,
negative control rat osteosarcoma
cell line Ros 24.1 cells and in the rat
kidney (used as a positive VDR,
control). The 9A7 monoclonal anti-
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The influence of in vivo 1,25(OH),D3 administration
on VDR, mRNA levels is presented in Fig. 7. As shown,
1,25(0OH),D3 up-regulated the expression of the VDR,
gene transcript in the stellate cells but not in sinusoidal
endothelial and Kupffer cells. The BDC biliary and SD6
epithelial cells were also found to be very responsive to
1,25(0OH),D3 administration, with highly significant in-
creases in the VDR, gene transcript in both cell popula-
tions; this was most particularly seen in the neonatal SD6
cells, in which a 500-fold increase was observed over basal

A C E

ROS24.1

Kidney

value. VDR, mRNA levels remained unresponsive to
1,25(0OH),D3 in hepatocytes.

Figure 8 presents the influence of 1,25(OH),D3 expo-
sure in vivo on the gene transcript encoding CYP24 (a
prototypical 1,25(OH),D3-responsive genes32) in freshly
isolated rat liver cells. As shown, sinusoidal endothelial,
Kupffer, and stellate cells exhibited significant increases in
the expression of the CYP24 gene transcript. In contrast,
CYP24 mRNA levels remained totally unaffected by the
hormone in hepatocytes.

VDRn &

Fig. 3. Steady-state expression

of the gene encoding VDR, in the
normal rat liver, freshly isolated
hepatocytes, and hepatic sinusoidal

cells, as well as biliary BDC cells.
Normal rat duodenocytes are pre-
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sented as positive controls. Repre-
sentative reverse-transcription PCR
of the VDR, gene transcript and
VDR, mRNA levels are presented in
(A and B) whole liver (n = 5); (C
and D) hepatocytes (n = 9); (E and
F) sinusoidal endothelial, Kupffer,
and stellate cells (n = 6 each); (G
and H) mouse biliary BDC cells; and
(I and J) normal rat duodenocytes
(n = 2). Data are presented as
means * SEM. Statistically signifi-
cant differences between group
means were analyzed by 2-tailed

Student’s t test.
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Fig. 4. Steady-state VDR, protein in the normal rat liver and in freshly isolated hepatocytes and hepatic sinusoidal cells. (A) Representative Western
analyses of the VDR, protein in whole liver. (B) VDR, protein levels in sinusoidal endothelial, Kupffer, and stellate cells. (C) VDR, protein levels in
hepatocytes. The 9A7 monoclonal anti-rat VDR, antibody was used in all Western analyses.

Discussion

Through an action implicating its nuclear receptor,
1,25(0OH),D3 is known to be involved in the transactiva-
tion or transrepression of several genes,83334 including
those involved in the metabolism of xenobiotics and toxic
bile acids.35-38 Up until now, however, the liver has not
been considered a target organ for the D; hormone be-

Fig. 5. Immunocytochemical preparations showing the labeling ob-
tained over hepatocytes incubated with (A and B) VDR, antibody or (C)
a mouse I1gG as a control followed by protein A/gold. Whereas anti-VDR,
yields some labeling over heterochromatin (HC), the control incubation
rarely showed any gold particles, particularly over nuclear structures. m,
mitochondria; Nu, nucleolus; rER, rough endoplasmic reticulum.

cause no or very low levels of VDR, had been reported in
studies using the whole organ.2 Physiologic studies have
clearly shown that 1,25(OH),Dj is both taken up by the
livers? and excreted into the bile,*° indicating that exoge-
nous or endogenously produced 1,25(0OH),D3 is present
in the liver. Moreover, the hormone is suspected to be
involved in the normal hepatic regeneration process,8°
the protection against hepatocarcinogenesis,**42 and the
regulation of the Ds-25/cholesterol/bile acid hydroxy-
lase,11-13 therefore suggesting several 1,25(OH),D5-me-
diated actions in liver cells.

Of great interest, however, are the recent observations
that have unraveled a completely new role for VDR, in
hepatointestinal physiology. The receptor has now been
identified as a significant inducer of the major cyto-
chrome P450 involved in xenobiotic/drug metabolism in
humans, CYP3A4,35 as well as the biologic sensor for the
hepatotoxic bile acids lithocholic acid and its metabo-
lites.38 In the past few months, VDR, has also been pro-
posed as a potential candidate for cross talk with the
hepatic orphan receptor, constitutive androstane recep-
tor, the nuclear receptor responsible for the response of
phenobarbital-inducible cytochrome P450.37 In line with
the latter observation, phenobarbital and other anticon-
vulsant drugs have long been known to influence the D
nutritional status in humans43; in animal studies, pheno-
barbital has been shown to have a significant protective
agent against D3 intoxication44 and to increase the hepatic
clearance and metabolism of the vitamin.4547 Collec-
tively, these observations point to several potential inter-
actions between hepatic nuclear receptors, including
VDR, and the handling of D3 and other endogenous/
exogenous compounds.

In accordance with previous observations,2 our data
clearly show that the normal adult rat liver expresses very
low VDR, mRNA and protein levels. Moreover, studies
on freshly isolated human, mouse, and rat hepatocytes
showed that the levels of the VDR,, gene transcript as well
as that of the VDR, protein are low and similar to that
observed in the whole rat liver. In contrast, specimens
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Fig. 6. The heterochromatin (HC) of sinusoidal cells are consistently
and more intensely labeled with (A) anti-VDR, antibody than hepatocytes
(compare with Fig. 5B), suggesting that the former cells express more
VDR,. (B) Control incubations with 1gG followed by protein A/gold show
very few or no gold particles, confirming the specific nature of the
binding.

obtained from human intrahepatic colon metastases ex-
pressed significant levels of the VDR, gene transcript,
whereas a specimen of human hepatocarcinoma expressed
the receptor but at a much lower level (albeit at a level
higher than that found in normal hepatocytes). The latter
observations are concordant with those of others who re-
ported that the VDR, is present in malignant colonic
mucosa and hepatocellular carcinoma.48-50 They also sug-
gest that 1,25(OH),Ds or its analogues could be useful in
the treatment of patients harboring hepatocellular carci-
noma, intrahepatic colon metastases, or other intrahe-
patic metastases known to express VDR,

Our data also show that several hepatic nonparenchy-
mal cells (sinusoidal endothelial, Kupffer, and stellate
cells) as well as rat hepatic neonatal epithelial cells, mouse
biliary ductular cells, and the normal rat bile duct were
found to express the VDR, gene transcript, which was also
accompanied by a significant abundance of the VDR,
protein. These observations suggest that the liver has most
likely been shown to be negative for both VDR, mRNA as
well as its associated protein, mainly because the most
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abundant cell population, the hepatocytes, exhibits very
low levels of the receptor whereas only the much smaller
nonparenchymal and biliary epithelial cell compartments
are positive for both the gene transcript and the VDR,
protein. Moreover, in vivo administered 1,25(OH),D3
was shown to have a significant effect on the abundance of
the VDR, transcript in several of these cells and up-regu-
late the level of expression of the 1,25(OH),Ds-respon-
sive CYP24 gene in all of the nonparenchymal cells,
indicating that the hepatic VDR, is fully functional in
these cells. Furthermore, the up-regulation of CYP24 by
1,25(0OH),D3 suggests that the liver, in addition to the
hepatic uptake3® and biliary excretion of the hormone,4°
may also be involved in the catabolism of calcitriol
through the C-24 oxidation pathway.

Segura et al.3 have reported that hepatocytes as well as
biliary and nonparenchymal cells were all positive for the
VDR, protein, as shown by histochemistry. However,
our studies using reverse-transcription PCR and Western
analyses in whole liver and in individually isolated cell
populations clearly show that the normal hepatocyte does
not harbor significant levels of the VDR, gene transcript
or of the VDR, protein, contrary to the level observed in
the sinusoidal and biliary cell populations. These obser-
vations were confirmed by immunocytochemistry, in
which some hepatocytes were shown to contain a baseline
of VDR, whereas significant immunolabeling was only
observed within the nuclear chromatin in sinusoidal cells,
indicating that the anti-VDR,, antibody did preferentially
bind to sinusoidal cells and hence confirming the bio-

800 Hk
700
600
500
400+

300 o
* s

1004

VDRn/GAPDH Ratio
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LEC Kupffer Stellate  Hepatocyte BDC SD6

Fig. 7. Influence of 1,25(0H),D3 exposure on the steady-state ex-
pression of the gene encoding VDR, in freshly isolated rat parenchymal
and nonparenchymal hepatic cells, neonatal rat liver epithelial SD6, and
mouse biliary BDC cells (n = 2-5/group). The response to 1,25(0H),D3
in freshly isolated liver cells (endothelial cells, Kupffer cells, stellate cells,
and hepatocytes) was evaluated following the in vivo administration of
1,25(0H),D3 (120 nmol/kg intravenously) 6 hours before the mice were
killed. Biliary BDC and rat epithelial SD6 cells were exposed in vitro to
10~7 mol/L 1,25(0H),D5 for 24 hours. Data are presented as mean =
SEM increases over basal values (without 1,25(0H),D3 exposure). Sta-
tistically significant differences between group means were analyzed by
Student’s t test. *P < .05, **P < .02, ***P < .0001.
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Fig. 8. Influence of 1,25(0H),D; exposure on the steady-state ex-
pression of the gene encoding CYP24 in freshly isolated rat liver paren-
chymal and nonparenchymal cells. (A) Representative reverse-
transcription PCR of the CYP24 gene transcript. (B) CYP24 mRNA levels
in sinusoidal endothelial cells, Kupffer cells, stellate cells, and hepato-
cytes (n = 4-5 per group). The response to 1,25(0H),D3 in freshly
isolated liver cells was evaluated following the in vivo administration of
1,25(0H),D3 (120 nmol/kg intravenously) 6 hours before the animals
were killed. [, Cells not exposed to 1,25(0H),D3; M, cells exposed to
1,25(0H),D5. Data are presented as means + SEM. Statistically signif-
icant effect of 1,25(0H),D3; administration was evaluated by ANOVA
(P < .005). Individual contrasts relative to untreated cells were evalu-
ated by Student’s t test using the Bonferroni/Dunn correction. Signifi-
cantly different from untreated cells: *P < .02, **P < .01, ***P <
.0001.
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chemical studies indicating that both VDR,, mRNA and
protein are concentrated in these cells.

Our studies indicate that the normal liver, most partic-
ularly through its nonparenchymal and biliary cell popu-
lations, is a target organ for the D3 endocrine system.
These studies also raise the possibility that 1,25(OH),Ds-
responsive genes other than CYP24 could be active in
various hepatic cell populations during development or in
physiologic or pathologic situations in the adult liver. Our
observations are very timely, most particularly in the light
that the liver harbors a significant potential for cross talk
between VDR,, and other nuclear receptors involved in
the metabolism/detoxification of drugs, environmental
pollutants, and endogenous toxicants.
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