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Resistance of HBL100 human breast epithelial cells to vitamin D
action
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Vitamin D analogs are effective inhibitors of breast cancer
cell growth, but many breast cancer cell lines show various
degrees of resistance to the growth inhibitory effect of
vitamin D. In this study, we investigated the mechanism of
1,25-dihydroxyvitamin D3 [1,25(OH)2D3] resistance of the
human breast epithelial cell line HBL100, which had been
immortalized by Simian virus 40 (SV40) large T antigen.
We determined the expression, DNA binding and trans-
activation activity of vitamin D 3 receptor (VDR) in HBL100
and a vitamin D-sensitive ZR75-1 breast cancer cell line.
Western blot analysis revealed a comparable expression of
VDR gene in both cell lines. However, gel retardation
assays demonstrated nuclear proteins from ZR75-1 cells
but not from HBL100; cells expressed a 9-fold increase in
the binding activity with a vitamin D response element
(VDRE). Using a transient transfection assay, we showed
that the VDRE was activated by 8-fold in ZR75-1. However,
in HBL100 cells there was no activation observed in
response to 1,25(OH)2D3. On the other hand, co-transfection
of a VDR expression vector could restore 1,25(OH)2D3-
induced VDRE transcription in HBL100 cells. Moreover,
stable expression of VDR in HBL100 cells resulted in
enhanced sensitivity of the cells to the growth inhibitory
effect of 1,25(OH)2D3. Since CV-1 cells express very little
endogenous VDR, the interactions of VDR and large T
antigen were carried out in these cells. By transient co-
transfection, we observed that expression of the large
T antigen strongly inhibited 1,25(OH)2D3-induced VDRE
transcriptional activity in a dose-dependent fashion in CV-1
cells. At 120 ng VDR concentration, the inhibition was
completely reversed. Thus the loss of the growth inhibitory
effect of vitamin D3 in HBL100 cells may be caused by the
expression of the large T antigen in the cells, and provide
further evidence that VDR is required for efficient growth
inhibition by vitamin D 3.

Introduction

Vitamin D and analogs are known to inhibit the proliferation
of cultured breast cancer cells and to cause regression of
experimental mammary tumorsin vivo, due to their ability to

Abbreviations: 1,25(OH)2D3, 1,25-dihydroxyvitamin D3; DTT, dithiothreitol;
β-gal,β-galactosidase; CBP, CREB binding protein; MEME, minimal essential
medium with Earl’s salts; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide; PMSF, phenylmethylsulfonyl fluoride; SDS, sodium dodecyl
sulfate; SV40, Simian virus 40; VDR, vitamin D receptor; VDRE, vitamin D
receptor response element.
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induce differentiation and/or apoptosis of breast epithelial cells
(1–6). The molecular mechanism by which vitamin D and its
analogs inhibit the growth of cancer cells is currently the
subject of intensive research. There is evidence that the
hormonally active form of vitamin D, 1,25-dihydroxyvitamin
D3 [1,25(OH)2D3], can generate biological responses through
its transcriptional regulation of genes involved in cell growth
and differentiation. They include transforming growth factor
β (7), epidermal growth factor receptor (8), c-myc(9), insulin-
like growth factor-binding protein (10), cell cycle regulators
p21 and p27 (11) and cell survival factor Bcl-2 (12). Transcrip-
tional activity of 1,25(OH)2D3 is mainly mediated by vitamin
D receptors (VDR) expressed in target cells (6). VDR belong
to a large superfamily of steroid/thyroid receptors that function
as ligand-dependent transcriptional factors by binding to a set
of specific DNA sequences on target genes (13–15). Vitamin
D response elements (VDRE) have been identified in several
genes and consist of a direct repeat of the hexanucleotide
sequences (GGGTGA) separated by a 3 nucleotide spacer
(16,17). VDR bind to VDRE either as homodimers or as
heterodimers with retinoid X receptor (RXR), i.e. VDR/RXR
(18). Transcriptional activation by nuclear hormone receptors
requires their interaction with co-activators that appear to
provide a direct link of nuclear receptors to the core transcrip-
tional machinery and to modulate chromatin structure (19–
27). Several receptor co-activators have been identified so far.
One of them, the CREB-binding protein (CBP), functions not
only as nuclear receptor co-activator but also as a co-activator
of many other transcriptional factors (19–27). Results from
previous studies have demonstrated a general correlation
between the levels of VDR present and the degree of differenti-
ation of breast cancer cells (6,28,29). In addition, loss of VDR
may be responsible for decreased anti-proliferative effect
of vitamin D3 in cancer cells (6,28,29). Moreover, VDR
polymorphism has been shown to be associated with increased
incidence of a variety of diseases (30). Thus, VDR can mediate
the biological action of vitamin D3 and may be involved in
cancer development.

Although a functional VDR is necessary for the growth
regulatory effect of vitamin D3, 1,25(OH)2D3 does not always
show growth inhibitory effect on human breast cancer cell
lines, despite their expression of VDR (6,31). Typically, both
ER1 (MCF-7 and ZR75–1) and ER– breast cancer cell lines
(MCF-10neo, BCA-4, SK-BR-3) show growth inhibitory
response to vitamin D analogs. Yet some breast cancer cell
lines have shown resistance to vitamin D analogs regardless
of their steroid receptor status. These include MDA-MB-231,
MDA-MB 436, MCF-7-D-resistant and HBL100 cells
(6,32,33). The mechanisms by which resistance to vitamin D3
occurs are largely unknown. One possibility may be a non-
functional state of VDR in certain cells.

In the present study we have focused on evaluating the
mechanism of resistance to the active metabolite of vitamin
D, 1,25(OH)2D3, in HBL100 cells. The human breast epithelial
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cell line HBL100, originally derived from the milk secretion
of a nursing mother without detectable breast lesion, has been
extensively characterized as immortal but not tumorigenic in
nude mice due to the presence of Simian virus 40 (SV40)
large T antigen (34). The SV40 large T antigen is known to
contribute to virus-induced tumorigenesis by interacting with
and altering the function of key cellular regulatory proteins,
such as members of the retinoblastoma gene family (35),
members of the CBP family of transcriptional co-activator
proteins (36,37) and p53 tumor suppressor (38,39). Unlike
many other breast cancer cell lines, HBL100 cells do not show
a clear response to the growth inhibitory effect of 1,25(OH)2D3.
In addition to HBL100 cells, we selected ER1, ZR75-1 breast
cancer cells as a positive control to establish clear resistance
to effects of 1,25-(OH)2D3 in HBL100 cells. Our results
demonstrate that 1,25(OH)2D3 resistance in HBL100 cells may
be attributed to the expression of SV40 large T antigen in
these cells and provide evidence for the role of functional
VDR in mediating growth inhibition by 1,25(OH)2D3.

Materials and methods

Cell culture

The breast epithelial cell lines HBL100 and ZR75-1 were obtained from the
American Type Culture Collection (Rockville, MD). HBL100 cells were
maintained in minimal essential medium with Earl’s salts (MEME) medium
supplemented with 10% fetal bovine serum (FBS). The ZR75-1 cells were
maintained in RPMI 1640 supplemented with 10% FBS.

Growth inhibition assay

For growth inhibition studies, cells were seeded in 96-well plates at a density
of 1000 cells/well, in 100µl/well in a medium containing 10% steroid-
stripped serum. After 24 h, cells were incubated with 1 and 10 nM
concentrations of 1,25(OH)2D3. An aliquot of 50 µl of medium with fresh
1,25(OH)2D3 was added to each well after 3 days of culture. The viable cell
number was determined after 7 days of cultures using the 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) proliferation/cytotoxicity
assay kit (Promega, Madison, WI). The assay measures the capacity of cells
to convert a tetrazolium salt to a blue formazan (40). Results obtained were
confirmed by cell counting with a hemocytometer.

Western blot analysis

Cells were lysed in a buffer containing 10 mM Tris–HCl (pH 7.4), 150 mM
NaCl, 5 mM EDTA, 1% Triton X-100 and 1µg/ml each PMSF, aproteinin,
leupeptin and pepstatin. Equal amounts of lysates were boiled in sodium
dodecyl sulfate (SDS) sample buffer. Proteins were separated by
SDS–polyacrylamide gel electrophoresis (SDS–PAGE) using NOVEX pre-
cast 4–20% gels. After transfer, the nitrocellulose membrane was blocked
with 1% milk TBST [50 mM Tris–HCl (pH 7.4), 150 mM NaCl, 0.1% Tween
20], and subsequently incubated for 2 h with anti-VDR polyclonal antibody
(Biogenex, San Ramos, CA). The membrane was then washed with TBST
and incubated for 1 h at room temperature in TBST containing horseradish
peroxidase-linked anti-immunoglobulin. After three washes with TBST the
protein was detected with an enhanced chemiluminescence.

Preparation of nuclear protein extracts and gel retardation assay

Nuclear extracts were prepared essentially according to the method described
previously (41). Briefly, following the vitamin D treatment HBL100 and
ZR75-1 cells were washed with ice-cold phosphate-buffered saline and
collected using a rubber policeman. The cells were pelleted by low-speed
centrifugation and resuspended in 1 ml buffer A (10 mM Tris–HCl, pH 7.4,
3 mM CaCl2 and 2 mM MgCl2) containing 1% NP40 and homogenized
using ice-cold Downce homogenizer. Nuclei were collected by low-speed
centrifugation and washed with buffer B [10 mM HEPES–KOH (pH 7.9), 1.5
mM MgCl2, 10 mM KCl and 0.5 mM dithiothreitol (DTT)]. Nuclear proteins
were extracted with 200µl of high salt buffer [20 mM HEPES–KOH (pH
7.9), 25% glycerol, 420 mM NaCl, 1.5 mM MgCl2, 0.2 mM EDTA and 0.5
mM DTT]. All buffers contained protease inhibitors PMSF (100µg/ml),
leupeptin (1µg/ml) and aproteinin (1µg/ml). To study VDRE binding, nuclear
extracts were analyzed by gel retardation assay using32P-labeled VDRE as a
probe as described previously (42). For comparison,in vitro synthesized VDR
and RXRα proteins (42) were used. The VDRE used in the experiments was
derived from the osteocalcin gene promoter (TGGGTGAATGAGGACAT-
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Fig. 1. Growth inhibition by 1,25(OH)2D3 in HBL100 and ZR75-1 cells.
Cells were seeded at a density of 1000 cells/well in 96-well plates and
treated with the indicated concentrations of 1,25(OH)2D3 for 7 days. Cell
viability was then determined by the MTT assay. The results are shown for
duplicate cultures. Similar results were obtained in three independent
experiments. The error bar represents standard deviation.

TACTGACC) (17). Labeled DNA probe was purified by gel electrophoresis
and used for the gel retardation assay.

Transient transfection assay
The reporter VDRE-tk-CAT was obtained by inserting one copy of VDRE
oligonucleotide into theBamHI site of the pBLCAT2 as described previously
(43). For transient transfection assay in HBL100 and ZR75-1 cells, 53105

cells were seeded in six-well culture plates. A modified calcium phosphate
precipitation procedure was used for transfection as described previously (43).
Briefly, 250 ng of VDRE-tk-CAT reporter plasmid, 250 ng ofβ-galactosidase
(β-gal) expression vector (pcH110; Pharmacia, Piscataway, NJ) and various
amounts of VDR and/or RXRα expression vector were mixed with carrier
DNA (pBluescript) to 2.5µg of total DNA per well. For CV-1 cells, 13105

cells/well were seeded in 24-well plates. For transfection, 100 ng of reporter
plasmid, 100 ng ofβ-gal expression vector and expression vectors for VDR,
RXRα and large T antigen were mixed with carrier DNA to 1µg of total
DNA/well. CAT activity was normalized for transfection efficiency by the
correspondingβ-gal activity. Large T antigen expression vector was constructed
by cloning the large T antigen cDNA into a eukaryotic expression vector
pECE (43).

Stable transfection
To construct VDR expression vector, cDNA for the VDR gene was cloned
into the pRc/CMV expression vector (Invitrogen, San Diego, CA) as described
previously (42). The resulting recombinant construct was then stably trans-
fected into HBL100 cells by the calcium phosphate precipitation method and
screened with G418 (0.5 mg/ml) (Gibco BRL, Grand Island, NY).

Results

We investigated the growth inhibitory effect of 1,25(OH)2D3
on HBL100 cells by the MTT assay. For comparison, ER1,
ZR75-1 breast cancer cells, which are vitamin D3 responsive
cells, were used. 1,25(OH)2D3 did not show any growth
inhibitory effect at either 1 or 10 nM concentration of
1,25(OH)2D3 on HBL100 cells. In contrast, ~30 and 60%
inhibition was observed in ZR75-1 cells with 1 or 10 nM of
vitamin D3, respectively (Figure 1). Thus, HBL100 cells are
resistant to the growth inhibitory effect of 1,25(OH)2D3.

Since the effect of vitamin D3 is mainly mediated by VDR,
we examined whether the loss of 1,25(OH)2D3 effect in
HBL100 cells was due to a low expression level of VDR.
Cellular proteins were prepared from both HBL100 and ZR75-1
cells and examined for VDR expression by western blot
analysis. The results demonstrated that the relative levels
of VDR expression in the absence or presence of 10 nM
1,25(OH)2D3 were comparable in both cell lines (Figure 2).

To analyze whether VDR expressed in HBL100 cells is
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Fig. 2. Expression of VDR in HBL100 and ZR75-1 cells. Cell extracts were
prepared from HBL100 and ZR75-1 cells treated with or without 10 nM
1,25(OH)2D3 for 24 h and analyzed for the expression of VDR by western
blot analysis using a polyclonal anti-VDR antibody. The results shown are
from one of the two independent experiments.

Fig. 3. VDRE binding of nuclear proteins prepared from HBL100 and
ZR75-1 cells. Nuclear proteins were prepared from HBL100 and ZR75-1
cells untreated or treated with 10 nM 1,25(OH)2D3 for 24 h and analyzed
for their DNA binding activity using VDRE as a probe. For comparison, the
binding of VDR/RXRα heterodimers usingin vitro synthesized receptor
proteins is shown. Arrow indicates the specific VDRE binding complex.
The results of the gel shift shown here are from duplicate reactions of the
two independent experiments. Relative binding activity was determined after
densitometric analysis. Binding of nuclear proteins prepared from HBL100
cells in the absence of 1,25(OH)2D3 was defined as 1. HBL100 cells treated
with dihydroxyvitamin D3 showed relative intensities of 1 and 3; whereas
ZR75-1 cells treated with dihydroxyvitamin D3 showed the relative binding
values of 9 and 12.

functional, we investigated VDRE-binding activity of nuclear
proteins prepared from untreated or vitamin D3-treated HBL100
and ZR75-1 cells. For comparison,in vitro synthesized VDR
and RXRα proteins were used. Nuclear proteins from ZR75-1
cells formed strong complexes with the VDRE; the binding
was further enhanced by 9-fold when ZR75-1 cells were
treated with 1,25(OH)2D3. In contrast, nuclear proteins of
untreated HBL100 cells did not show any detectable binding
complex on VDRE and only a weak complex was formed
when HBL100 cells were treated with 1,25(OH)2D3 (Figure
3). The VDRE transactivation activity in both HBL100 and
ZR75-1 cell lines was determined by the use of CAT reporter
gene containing VDRE (VDRE-tk-CAT). When the reporter
gene was transfected into HBL100 cells, transcription of the
reporter gene was barely induced when cells were treated with
either 1 nM or 10 nM of 1,25(OH)2D3. However, ~10-fold
increase of reporter activity was observed in ZR75-1 cells
when the cells were treated with 1 or 10 nM of 1,25(OH)2D3
(Figure 4). The results indicating that VDR could not bind
and transactivate VDRE reporter in HBL100 cells (Figures 3
and 4) suggest that the loss of these activities may be due to
low expression levels of VDR or RXRα. To confirm this
hypothesis, we co-transfected VDR and/or RXRα expression
vectors together with the reporter gene into HBL100 and
ZR75-1 cells. As shown in Figure 5, co-transfection of 100
ng of RXRα expression vector did not show any effect on the
reporter activity in HBL100 cells either in the absence or
presence of 1,25(OH)2D3. In contrast, co-transfection of 100
ng of VDR expression vector strongly induced the reporter
activity by 7- to 8-fold in response to 1,25(OH)2D3. The
addition of RXRα did not show any enhancing effect on co-
transfected VDR activity. These data suggest that loss of
VDRE transcriptional activity in HBL100 cells is probably
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Fig. 4. Transcriptional activity of VDRE in HBL100 and ZR75-1 cells. The
VDRE-tk-CAT was transiently transfected into HBL100 and ZR75-1 cells.
After transfection, the cells were treated with the indicated concentrations of
1,25(OH)2D3 and harvested 24 h later. CAT activities were then determined.
β-gal activities were measured to normalize transfection efficiency. Results
represent means6 SD. The experiment was repeated twice.

Fig. 5. Effect of exogenous VDR and RXRα on VDRE transcriptional
activity in HBL100 and ZR75-1 cells. The VDRE-tk-CAT was transiently
transfected into HBL100 and ZR75-1 cells together with RXRα- (20 ng)
and/or VDR- (100 ng) expressing vectors. After transfection, the cells were
treated with the indicated concentrations of 1,25(OH)2D3 for 24 h. The cells
were harvested and CAT activities were determined.β-gal activities were
measured to normalize transfection efficiency. Results represent means6
SD. The experiment was repeated twice.

due to a low level of functional VDR. When the effect of
transfected VDR or RXRα was evaluated in ZR75-1 cells, we
did not observe any effect of RXRα and only a slight induction
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Fig. 6. Stable expression of VDR restores 1,25(OH)2D3 sensitivity in
HBL100 cells. VDR was stably transfected into HBL100 cells. A stable
clone (HBL100/VDR) that expressed exogenous VDR was analyzed for the
growth inhibitory effect of 1,25(OH)2D3. Growth inhibition assay and cell
viability were performed as discussed in the legends for Figure 1. Data
shown are representative of at least three independent experiments (6 SD).

of 1,25(OH)2D3-induced reporter activity (,2-fold) was
observed in the presence of VDR (Figure 5).

The above data suggest that loss of the growth inhibitory
effect of 1,25(OH)2D3 in HBL100 cells may be due to an
impaired VDR activity in these cells, and that exogenous
transfected VDR may restore 1,25(OH)2D3 activity. We there-
fore stably transfected VDR into HBL100 cells. A stable clone
(HBL100T) that expressed exogenous VDR was analyzed for
the growth inhibitory effect of 1,25(OH)2D3. As shown in
Figure 6, at 1 and 10 nM, 1,25(OH)2D3 induced ~35 and 40%
growth inhibition in HBL100 and VDR cells, respectively,
whereas it did not show any inhibitory effect on the growth
of the parental HBL100 cells under the same conditions. Thus,
exogenous transfected VDR could restore the 1,25(OH)2D3
sensitivity in the HBL100 cells.

One of the unique characteristics of HBL100 cells is the
presence of SV40 large T antigen (34), which is known to
contribute to tumorigenesis by binding and altering the function
of several important cellular regulators (35–39). The interaction
of large T antigen with CBP (36,37) is of particular interest,
since CBP is a co-activator of several nuclear receptors (20,21).
Interaction with CBP may affect receptor transactivation activ-
ity. We, therefore, investigated the possible mechanism of
1,25(OH)2D3 resistance of HBL100 cells by studying the effect
of SV40 large T antigen on transcriptional activity of VDR.
We selected CV-1 cells for these experiments. The reason is
that CV-1 cells lack VDR. Use of HBL100 cells would be
ideal; however, these cells do contain non-functional VDR
and may interfere with the interpretation of the results. There-
fore, CV-1 cells were transfected with the VDRE-tk-CAT
together with VDR and RXRα expression vectors. Treatment
of the cells with 1,25(OH)2D3 strongly induced the reporter
transcriptional activity (Figure 7). However, when large T
antigen expression vector was co-transfected, the 1,25(OH)2D3-
induced reporter activity was inhibited in a concentration-
dependent manner (Figure 7A). Thus, large T antigen can
negatively regulate 1,25(OH)2D3 on VDRE. Co-transfection
of 50 ng large T antigen almost completely abolished the
induced reporter CAT activity. Interestingly, co-transfection of
additional VDR could reverse the inhibitory effect of large T
antigen (Figure 7B). These results are consistent with the
stable transfection results shown in Figure 6, which indicates
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Fig. 7. Effect of the expression of SV40 large T antigen and VDR on
VDRE transcriptional activity in CV-1 cells. (A) Inhibition of 1,25(OH)2D3-
induced VDRE activity by large T antigen. The VDRE-tk-CAT was
transiently transfected into CV-1 cells with or without VDR (20 ng) and
RXRα (10 ng) in the presence of the indicated amount of large T antigen.
(B) Reversal of the inhibitory effect of large T antigen by co-transfection of
VDR. The VDRE-tk-CAT was transiently transfected into CV-1 cells
together with the indicated amounts of VDR (20 ng), RXRα (10 ng) and
large T antigen (50 ng) expression vectors. The cells were then treated with
1,25(OH)2D3 and assayed for CAT as described in the legends for Figures 4
and 5. Results represent means6 SD. The experiment was repeated twice.

that overexpression of VDR in HBL100 cells could restore
growth inhibition by 1,25(OH)2D3.

Discussion

In this study, we investigated the possible mechanism of
1,25(OH)2D3 resistance of HBL100 cells to the growth inhibit-
ory effect of 1,25(OH)2D3. Our results demonstrated that VDR,
although well expressed in HBL100 cells, could not effectively
bind and transactivate the VDRE. In addition, we found that
the loss of VDRE transactivation and growth inhibitory effect of
1,25(OH)2D3 could be restored by expression of an exogenous
VDR. Furthermore, our data suggest that the loss of VDR
function in HBL100 cells may be due to the presence of SV40
large T antigen.

Western blot analysis indicates that the expression level of
the VDR gene in HBL100 cells was comparable to that in
1,25(OH)2D3-sensitive ZR75-1 cells. In addition, the level of

D
ow

nloaded from
 https://academ

ic.oup.com
/carcin/article/20/4/577/2526633 by C

alifornia D
igital Library user on 17 June 2021



Analysis of vitamin D resistance in HBL100 cells

VDR could be up-regulated by 1,25(OH)2D3 similar to that
observed in ZR75-1 cells (Figure 2). However, VDR expressed
in ZR75-1 cells effectively bound to and transactivated a
VDRE, whereas the VDRE-binding and transactivation activit-
ies were impaired in HBL100 cells (Figures 3 and 4). Our
observation that 1,25(OH)2D3 could induce VDR expression
in HBL100 cells (Figure 2) suggests that certain aspects of
VDR function are normal. Thus, it is likely that the growth
inhibitory effect of VDR is specifically diminished in HBL100
cells due to the non-functional state of VDR in these cells.
Previous studies have also demonstrated a partial vitamin D3
resistance in MCF-7 breast cancer (31) and leukemia cell lines
(45). In both cases, cells selected for resistance to growth
inhibition by 1,25(OH)2D3 express VDR. In the case of the
leukemia cells, induction of 24-hydroxylase by 1,25(OH)2D3
is retained (45), whereas up-regulation of VDR by vitamin D3
occurs in vitamin D3-resistant MCF-7 cells (31). Thus, different
mechanisms may be utilized by VDR to regulate genes involved
in growth control and genes involved in other functions, and
they appear to be dissociated. Such dissociated biological
functions and the underlying regulatory mechanisms are
supported by our recent identification of a novel vitamin D3
analog, 1α(OH)D5, that exerts prominent anti-proliferative
effect against cancer cells, but has reduced effect on serum
calcium levels (46). Such an analog may induce VDR con-
formation, which only allows regulation of genes involved in
growth inhibition. Thus, our study provides another piece of
evidence supporting the concept that the anti-proliferative
effect of VDR can be separated from other VDR-mediated
functions, such as the hypercalcemic effect. Similar dissociation
of the anti-proliferative effect from other hormone-dependent
functions also occurs for vitamin A receptor in which its anti-
AP-1 activity can be separated from its receptor transactivation
function (44).

Our observation that VDR expressed in HBL100 cells could
not bind (Figure 3) and transactivate (Figure 4) the VDRE
suggests that VDR function is altered in HBL100 cells.
Efficient DNA binding and transactivation of VDR requires
heterodimerization of VDR with RXRα (13–15). Based on
our observation that co-transfection of VDR, but not RXR,
in HBL100 cells could restore 1,25(OH)2D3 transactivation
activity (Figure 5), the loss of VDRE transactivation and
growth inhibition by 1,25(OH)2D3 is unlikely to be due to a
low level of RXR, but likely to be due to a low level of
functional VDR. However, the western blot analysis (Figure
2) shows a comparable VDR expression level in both HBL100
and 1,25(OH)2D3-sensitive ZR75-1 cell lines. This observation
suggests that loss of VDR function may be attributed to either
a mutation in VDR gene or expression of a VDR inhibitor in
HBL100 cells. Such a mutation in VDR, however, may only
affect its binding and transactivation of the VDRE as well as
its regulation of genes involved in growth control, whereas
the mutation does not alter its ability to up-regulate VDR
expression.

Whether HBL100 cells express a mutated VDR remains to
be elucidated. We have investigated the possibility that a VDR
inhibitor is present in the cells. HBL100 cells are well known
as immortal due to the presence of functional SV40 large T
antigen (36). It is, therefore, likely that the large T antigen
may also play a role in the development of 1,25(OH)2D3
resistance. A previous study has shown that stable expression
of SV40 large T antigen in the brown adipocyte cell line is
responsible for insulin resistance, without affecting insulin
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receptor expression (47). When we investigated the effect of
large T antigen on VDR function, we observed that VDR-
mediated VDRE transactivation was strongly inhibited by large
T antigen in a concentration dependent manner (Figure 7A).
Recent studies have demonstrated that the large T antigen may
contribute to virus-induced tumorigenesis by targeting key
cellular regulatory proteins, such as three members of the
retinoblastoma family, pRb, p107 and p130, the tumor sup-
pressor p53 and members of the CBP family of transcriptional
adapter proteins (37–41). While interaction with pRb and p53
may render cells resistant to the anti-proliferative effect of
1,25(OH)2D3, interaction with CBP could directly affect VDR
DNA binding and transactivation. CBP is known to act as a
co-activator of a number of nuclear hormone receptors and is
required for their efficient DNA binding and transactivation
(36,37). Thus, it is conceivable that inhibition of VDR trans-
activation activity by large T antigen (Figure 7A) may be due
to its interaction with CBP, resulting in decreased availability
of CBP for VDR to bind and activate the VDRE. Alternatively,
large T antigen may directly interact with VDR and inhibit its
DNA-binding and transactivation activity. The fact that co-
transfection of additional VDR could abolish the inhibitory
effect of large T antigen (Figure 7B) suggests that the inhibitory
effect of the large T antigen may be reversible or that the
level of large T antigen was limiting. This is also consistent
with the stable transfection results, which showed that over-
expression of VDR could restore growth inhibition by
1,25(OH)2D3 (Figure 6). Interestingly, the inhibitory effect of
the large T antigen could be also observed with retinoic acid
receptor (data not shown), indicating that the large T antigen
could be a general inhibitor of a number of nuclear receptors.

Our observation that stable expression of VDR restored
1,25(OH)2D3 sensitivity in HBL100 cells provides a possibility
for overcoming the eventual viral block or possible VDR
mutation by transfecting a functional VDR into HBL100 cells.
The finding also provides a piece of direct evidence to support
the concept that the growth inhibitory effect of 1,25(OH)2D3
is in part mediated by the VDR. It remains to be determined
if the transfected VDR activates alternative pathways to induce
growth inhibition through bypassing the cell cycle checkpoints
blocked by the virus. Alternatively, it could be hypothesized
that stable expression of VDR may be able to overcome the
blocking capacity of the virus by simply increasing the
expression levels of the virus-controlled cellular regulatory
protein. Our observation that VDR and the large T antigen
inhibit each other’s activity suggests that VDR may exert its
anti-proliferative effect through its interaction with the large
T antigen or similar proteins, thereby enhancing the biological
function of p53 and pRb.

Acknowledgements
Anissa Agadir is supported by a post-doctoral fellowship from the Breast
Cancer Research Program (BCRP, University of California). This work was
supported in part by US Army Medical Research Program grant DAMDA
4440 (X.-K.Z.) and Illinois Department of Public Health Breast Cancer
Program (R.M.).

References
1.Chouvet,C., Berger,U. and Coombes,R.C. (1986) 1,25-Dihydroxy-vitamin

D3 inhibitory effect on the growth of two human breast cancer cell lines
(MCF-7, BT-20).J. Steroid Biochem., 24, 373–376.

2.Colston,K., Colston,M.J., Fieldsteel,A.H. and Feldman,D. (1982) 1,25-
Dihydroxyvitamin D3 receptors in human epithelial cancer cell lines.Cancer
Res., 42, 856–859.

D
ow

nloaded from
 https://academ

ic.oup.com
/carcin/article/20/4/577/2526633 by C

alifornia D
igital Library user on 17 June 2021



A.Agadir et al.

3.Colston,K.W., Berger,U. and Coombes,R.C. (1989) Possible role for vitamin
D in controlling breast cancer cell proliferation.Lancet, 1, 188–191.

4.Pike,J.W. (1991) Vitamin D3 receptors: structure and function in
transcription.Annu. Rev. Nutr., 11, 189–216.

5.Welsh,J.E. (1994) Induction of apoptosis in breast cancer cells in response
to vitamin D and antiestrogens.Biochem. Cell Biol., 72, 537–545.

6.Buras,R.R., Schumaker,L.M., Davoodi,F., Brenner,R.V., Shabahang,M.,
Nauta,R.J. and Evans,S.R.T. (1994) Vitamin D receptors in breast cancer
cells.Cancer Res. Treat., 31, 191–202.

7.Kim,H.J.,Abdelkader,N.,Katz,M.andMcLane,J.A. (1992)1,25-Dihydroxy-
vitamin-D3 enhances antiproliferative effect and transcription of TGF-beta
on human keratinocytes in culture.J. Cell. Physiol., 151, 579–587.

8.Koga,M., Eisman,J.A. and Sutherland,R.L. (1988) Regulation of epidermal
growth factor receptor levels by 1,25-dihydroxyvitamin D3 in human breast
cancer cells.Cancer Res., 48, 2734–2739.

9.Simpson,R.U., Hsu,T., Begley,D.A., Mitchell,B.S. and Alizadeh,B.N. (1987)
Transcriptional regulation of the c-mycprotooncogene by 1,25 dihydroxy-
vitamin D3 in HL-60 promyelocytic leukemia cells.J. Biol. Chem., 262,
4104–4108.

10.Rozen,F., Yang,X.-F., Huynh,H. and Pollak,M. (1997) Antiproliferative
action of vitamin D-related compounds and insulin-like growth factor-
binding protein 5 accumulation.J. Natl Cancer Inst., 89, 652–656.

11.Liu,M., Lee,M.H., Cohen,M., Bommakanti,M. and Freedman,L.P. (1996)
Transcriptional activation of the Cdk inhibitor p21 by vitamin D3 leads to
the induced differentiation of the myelomonocytic cell line U937.Genes
Dev., 10, 142–153.

12.Elstner,E., Linker-Israeli,M., Umiel,T.et al. (1996) Combination of a potent
20-epi-vitamin D3 analogue (KH 1060) with 9-cis-retinoic acid irreversibly
inhibits clonal growth, decreases bcl-2 expression and induces apoptosis in
HL-60 leukemic cells.Cancer Res., 56, 3570–3576.

13.Zhang,X.-K.andPfahl,M. (1993)Regulationof retinoidand thyroidhormone
action through homodimeric and heterodimeric receptors.Trends
Endocrinol. Metab., 4, 156–162.

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

15.Kastner,P., Mark,M. and Chambon,P. (1995) Nonsteroid nuclear receptors:
what are genetic studies telling us about their role in real life?Cell, 83,
859–869.

16.Umesono,K., Murakami,K.K., Thompson,C.C. and Evans,R.M. (1991)
Direct repeats as selective response elements for the thyroid hormone,
retinoic acid and vitamin D3 receptors.Cell, 65, 1255–1266.

17.Demay,M.B., Kiernan,M.S., DeLuca,H.F. and Kronenberg,H.M. (1992)
Characterization of 1,25-dihydroxyvitamin D3 receptor interactions with
target sequences in the rat osteocalcin gene.Mol. Endocrinol., 6, 557–562.

18.Carlberg,C., Bendik,I., Wyss,A., Meier,E., Sturzenbecker,L.J., Grippo,J.F.
and Hunziker,W. (1993) Two nuclear signalling pathways.J. Biol. Chem.,
361, 657–660.

19.Chen,H., Lin,R.J., Schlitz,R.L., Chakravarti,D., Nash,A., Nagy,Y.,
Privalsky,M.L., Nakatani,Y. and Evans,R.M. (1997) Nuclear receptor
coactivatorACTR isanovelhistoneacetyltransferaseand formsamultimeric
activation complex with P/CAF and CBP/p300.Cell, 90, 569–580.

20.Kamei,Y., Xu,L., Heinzel,T.et al. (1996) A CBP integrator complex mediates
transcriptional activation and AP-1 inhibition by nuclear receptors.Cell, 85,
403–414.

21.Chakravarti,D., LaMorte,V.J., Nelson,M.C., Nakajima,T., Juguilon,H.,
Montminy,M. and Evans,R.M. (1996) Role of CBP/p300 in nuclear receptor
signaling.Nature, 383, 99–103.

22.Hanstein,B., Eckner,R., DiRenzo,J., Halachmi,S., Liu,H., Searcy,B. and
Brown,M. (1997) p300 is a component of an estrogen receptor co-activator
complex.Proc. Natl Acad. Sci. USA, 387, 43–48.

23.Arany,Z., Sellers,W.R., Livingston,D.M. and Eckner,R. (1994) E1A-
associated p300 and CREB-associated CBP belong to a conserved family of
co-activators.Cell, 77, 799–800.

24.Bannister,A.J. and Kouzarides,T. (1995) CBP-induced stimulation of c-fos
activity is abrogated by E1A.EMBO J., 14, 4758–4762.

25.Kwok,R.P.S., Lundland,J.R., Chrivia,J.C.et al. (1994) Nuclear protein CBP
is a co-activator for the transcription factor CREB.Nature, 370, 223–226.

26.Perkins,N.D., Felzien,L.K., Betts,J.C., Leung,K., Beach,D.H. and Nabel,G.J.
(1996) Regulation of NF-kappa B by cyclin-dependent kinase associated
with the p300 co-activator.Mol. Endocrinol., 10, 813–825.

27.Zhang,J.J., Vinkemeier,U., Gu,W., Chakravarti,D., Horvath,C.M. and

582

Darnell,J.E. (1996) Two contact regions between Stat1 and CBP/p300 in
interferon gamma signaling.Proc. Natl Acad. Sci. USA, 93, 15092–15096.

28.Berger,U., McClelland,R.A., Wilson,P., Greene,G.L., Haussler,M.R. and
Pike,J.W. (1991) Immunocytochemical determination of estrogen receptor,
progesterone receptor 1,25-dihydroxyvitamin D3 receptor in breast cancer
and relationship to prognosis.Cancer Res., 51, 239–244.

29.Shabahang,M., Buras,R.R., Davoodi,F., Schumaker,L.M., Nauta,R.J. and
Evans,S.R.T. (1993) 1,25-Dihydroxyvitamin D3 receptor as a marker of
human colon carcinoma cell line differentiation and growth inhibition.
Cancer Res., 53, 3712–3718.

30.Feldman,D. (1997) Androgen and vitamin D receptor gene polymorphisms:
the long and short of prostate cancer risk.J. Natl Cancer Inst., 89, 109–111.

31.Narvaez,C.J., Vanweelden,K., Byrne,I. and Welsh,J. (1996) Characterization
of a vitamin D3-resistant MCF-7 cell line.Endocrinology, 137, 400–409.

32.Elstner,E., Linker-Israeli,M., Said,J.et al. (1995) 20-epi-vitamin D3 analogs:
anovelclassofpotent inhibitorsofproliferationand inducerofdifferentiation
of human breast cancer cell lines.Cancer Res., 55, 2822–2830.

33.Koike,M., Elstner,E., Campbell,M., Asou,H., Uskokovic,M., Tsurooka,N.
and Koeffler,P. (1997) 19-Nor-hexafluoride analog of vitamin D3: a novel
class of potent inhibitors of proliferation of human breast cancer cell lines.
Cancer Res., 57, 4545–4550.

34.deFromentel,C.C., Nardeux,P.C., Soussi,T., Lavialle,C., Estrade,S.,
Carloni,G., Chandrasekaran,K. and Cassingena,R. (1985) Epithelial HBL-
100 cell line derived from milk of an apparently healthy woman harbours
SV40 genetic information.Exp. Cell Res., 160, 83–94.

35.DeCaprio,J.A., Ludlow,J.W., Figge,J., Shew,J.Y., Huang,C.M., Lee,W.H.,
Marsilio,E., Paucha,E. and Livingston,D.M. (1988) SV40 large tumor
antigen forms a specific complex with the product of the retinoblastoma
susceptibility gene.Cell, 54, 275–283.

36.Avantaggiati,M.L., Carbone,M., Graessman,A., Nakatani,Y., Howard,B. and
Levine,A.S. (1996) The SV40 large T antigen and adenovirus E1a
oncoproteins interact with distinct isoforms of the transcriptional co-
activator, p300.EMBO J., 15, 2236–2248.

37.Eckner,R., Ludlow,J.W., Lill,N.L., Oldread,E., Arany,Z., Modjtahedi,N.,
DeCaprio,J.A., Livingston,D.M. and Morgan,J.A. (1996) Association of
p300 and CBP with simian virus 40 large T antigen.Mol. Cell. Biol., 16,
3454–3464.

38.Kierstead,T.D. and Tevethia,M.J. (1993) Association of p53 binding and
immortalization of primary C57BL/6 mouse embryo fibroblasts by using
simian virus 40 T-antigen mutants bearing internal overlapping deletion
mutations.J. Virol., 67, 1817–1829.

39.Carbone,M., Rizzo,P., Grimley,P.M.et al. (1997) Simian virus-40 large-T
antigen binds p53 in human mesotheliomas.Nature Med., 3, 908–912.

40.Liu,Y., Lee,M.-O., Wang,H.-G., Li,Y., Hashimoto,Y., Klaus,M., Reed,J.C.
and Zhang,X.-k. (1996) Retinoic acid receptor beta mediates the growth
inhibitory effect of retinoic acid by inducing cell apoptosis in human breast
cancer cells.Mol. Cell. Biol., 16, 1138–1149.

41.Lee,M-O., Liu,Y. and Zhang,X.-K. (1995) A retinoic acid response element
that overlaps an estrogen response element mediates multihormonal
sensitivity in transcriptional activation of the lactoferringenMol. Cell Biol.,
15, 4194–4207.

42.Zhang,X.-K., Hoffmann,B., Tran,P.B., Graupner,G. and Pfahl,M. (1992)
Retinoid X receptor is an auxiliary protein for thyroid hormone and retinoic
acid receptors.Nature, 355, 441–446.

43.Wu,Q., Li,Y., Liu,R., Agadir,A., Lee,M.-O., Liu,Y. and Zhang,X.-K. (1997)
Modulation of retinoic acid sensitivity in lung cancer cells by a dynamic
balance of nur77 and COUP-TF orphan receptors and their
heterodimerization.EMBO J., 16, 1656–1669.

44.Fanjul,A., Dawson,M.I., Hobbs,P.D., Jong,L., Cameron,J.F., Harlev,E.,
Graupner,G., Lu,X.P. and Pfahl,M. (1994) A new class of retinoids with
selective inhibition of AP-1 inhibits proliferationNature, 372, 107–111.

45.Lasky,S.R., Clark,J.W. and Santos,A. (1997) Partial characterization of
vitamin D receptors expressed in a leukemia cell line resistant to vitamin D3.
(in press).

46.Mehta,R.G., Moriarty,R.M., Mehta,R.M., Penmasta,R., Lazzaro,G.,
Constantinou,A. and Guo,L. (1997) Prevention of preneoplastic mammary
lesion development by a novel vitamin D analogue, 1α-hydroxyvitamin D5.
J. Natl Cancer Inst., 89, 212–218.

47.Valverde,A.M., Lorenzo,M., Teruel,T. and Benito,M. (1997) Alterations in
the insulin signaling pathway induced by immortalization and H-ras
transformation of brown adipocytes.Endocrinology, 138, 3195–3206.

Received August 27, 1998; revised October 29, 1998;
accepted December 4, 1998

D
ow

nloaded from
 https://academ

ic.oup.com
/carcin/article/20/4/577/2526633 by C

alifornia D
igital Library user on 17 June 2021




