
Abstract. Background: The triple-negative subgroup of breast
cancer includes a cluster of tumors exhibiting low E-cadherin
expression (metaplastic carcinomas). In several cancer models,
1alpha,25-dihydroxyvitamin D3 (1α,25(OH)2D3) induces
differentiation by increasing E-cadherin expression. The
Vitamin D receptor (VDR) was evaluated as a possible
therapeutic target for metaplastic carcinomas and
1α,25(OH)2D3 effects as a differentiating agent in triple-
negative breast cancer cells were assessed. Materials and
Methods: Metaplastic carcinomas were assessed for VDR
expression by immunohistochemistry; differences in E-cadherin
expression in triple-negative breast cancer cells were evaluated
by real-time PCR, western blotting and Cadherin 1 (CDH1)
methylation status. Results: Most of the metaplastic carcinomas
were positive for VDR expression. Furthermore, 1α,25(OH)2D3
promoted differentiation of MDA-MB-231 cells by inducing de
novo E-cadherin expression, an effect that was time- and dose-
dependent. Also, E-cadherin expression was due to promoter
demethylation. Conclusion: Metaplastic carcinomas may
respond to 1α,25(OH)2D3, since they express VDR and
1α,25(OH)2D3 induces de novo E-cadherin expression in
breast cancer cells by promoter demethylation.

Breast cancer is a heterogeneous disease, comprised of
diverse molecular subtypes associated with different
biological behaviours and clinical outcomes (1, 2). Among
all breast cancer subgroups, the triple-negative basal-like
type is the most aggressive, presents poor patient outcome

(2) and comprises a rare cluster of carcinomas entitled
metaplastic tumors (3-5). Our group and others have
demonstrated that metaplastic carcinomas are distinguished
by high levels of expression of classical basal-like markers,
such as cytokeratin (CK) 5/6, CK14, epidermal growth factor
receptor (EGFR), vimentin and P-cadherin, as well as E-
cadherin down-regulation (5-7). Furthermore, patients
harbouring metaplastic tumors display a worse prognosis,
exhibiting lower rates of disease-free survival than those with
invasive ductal carcinomas (8, 9). Due to their triple-negative
phenotype, metaplastic carcinomas do not have a directed
therapy. Since radiation and chemotherapy remain the only
options to treat these carcinomas, intensive research on
alternative therapeutic strategies is mandatory.

1Alpha,25-dihydroxyvitamin D3 (1α,25(OH)2D3), the
biologically active form of vitamin D, is a steroid hormone that
exerts most of its biological activities by binding to a specific
high-affinity receptor, the vitamin D receptor (VDR) (10). We
previously reported that 56% of invasive breast carcinomas
express the VDR and, among these, 56% of the cases classified
as triple-negative basal-like tumors are positive for VDR
expression (11), suggesting that they may be responsive to the
anti-carcinogenic properties of 1α,25(OH)2D3. In several
cancer models, 1α,25(OH)2D3 participates in cell growth
regulation and cell differentiation (12). In breast cancer cells, it
was demonstrated that 1α,25(OH)2D3 is able to induce cells to
be more adhesive to each other, as well as to some substrates,
through an increase in the expression of endogenous E-
cadherin and other adhesion molecules (13). Additionally,
1α,25(OH)2D3 promotes the differentiation of colon cancer
cells by inducing the expression of E-cadherin in VDR-
expressing cells (14) and a similar result was obtained in
prostate cancer with a 1α,25(OH)2D3 analogue (15).

These data provide good evidence for the ability of
1α,25(OH)2D3 to act as an epithelial differentiation-inducing
agent. Therefore, the purpose of the current work was to
study if the VDR could be a potential therapeutic target for
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metaplastic triple-negative breast carcinomas. Additionally,
the in vitro effects of 1α,25(OH)2D3 as a differentiating
agent in triple-negative breast cancer cell lines were
evaluated.

Materials and Methods

Immunohistochemistry. A series of 12 formalin-fixed paraffin-
embedded metaplastic breast carcinomas were retrieved from the
archives of the Federal University of São Paulo, Brazil and from the
Federal University of Santa Catarina, Brazil. The cases were
collected between 1994 and 2009. Immunohistochemical staining
for the VDR was performed as described elsewhere (11).

Cell culture and treatments. All the breast cancer cells (MDA-MB-
231, Hs578T and BT-549, commercially available from ATCC),
representative of mesenchymal triple-negative breast cancer (16, 17)
were grown in complete GIBCO, Dulbecco’s Modified Eagle’s
Medium (DMEM, Invitrogen, Carlsbad, CA, USA) in the presence of
10% foetal bovine serum (Invitrogen) and 1% penicillin/streptomycin
(Invitrogen). Treatments with 1α,25(OH)2D3 100 nM (Cayman
Chemical, Denver, CO, USA), 5-aza-2-deoxycytidine 5 μM (5-aza-
dC, Sigma, Munich, Germany), DMSO (dimethyl sulfoxide, vehicle
for 5-aza-dC and Trichostatin A [TSA]) and ethanol (vehicle for
1α,25(OH)2D3) were performed for 72 hours, while the treatment
with TSA 100 nM (Sigma) was performed only for 16 hours. Every
24 hours, the culture medium was changed and a fresh new treatment
agent was added. 

Western blotting. Total protein lysates were prepared from the
cultured cells and the protein concentration was determined using
the Bradford assay (Bio-Rad protein quantification system,
Berkeley, CA, USA). Equal protein samples were separated in an
8% SDS-PAGE and the proteins were transferred onto nitrocellulose
membranes (GE Healthcare Life Sciences, Chalfont St Giles, UK).
For immunostaining, the membranes were blocked for non-specific
binding with 5% (w/v) non-fat dry milk, in PBS containing 0.5%
(v/v) Tween-20. The membranes were incubated with the primary
antibodies (α-tubulin, clone DM1A, Sigma, 1:10000 for 1 hour; β-
actin, clone I19, Santa Cruz [Santa Cruz, CA, USA], 1:1000 for 1
hour; E-cadherin, clone 24E10, Cell Signaling [Beverly, MA, USA],
1:1000 for 1 hour; and VDR, clone 9A7γE10.4, Calbiochem
[Darmstadt, Germany], 1:400 overnight), followed by four 5 min
washes in PBS/Tween-20; then they were incubated with
horseradish peroxidase-conjugated secondary antibodies (all 1:1000,
Santa Cruz) for 60 min. The membranes were then washed six times
more for 5 min and the proteins detected using the ECL detection
system (GE Healthcare Life Sciences).

RNA extraction, cDNA synthesis and quantitative real-time PCR.
The RNA was extracted from the breast cancer cells using TRIzol®
reagent (Invitrogen) and cDNA was synthesised from 1 μg of RNA,
using an Omniscript Reverse Transcription kit (Qiagen, Düsseldorf,
Germany), following the manufacturer’s instructions. Real-time
PCR was performed using TaqMan Gene Expression Assays
(Applied Biosystems, Carlsbad, CA, USA), using 1 μL of cDNA
and in accordance with the manufacturer’s protocol. The TaqMan
Gene Expression Assays used were Hs01023895_m1 (for CDH1
[Cadherin 1], Applied Biosystems) and TaqMan PreDeveloped
Assay Reagents Human GAPDH (for GAPDH [Glyceraldehyde 3-

phosphate dehydrogenase], Applied Biosystems). The reactions
were performed using standard cycle parameters and relative
transcript levels were determined using human GAPDH as an
internal reference. Differences between samples were determined
using the Quantitation–Relative Standard Curve method.

DNA extraction and CDH1 promoter methylation analysis. The
DNA was extracted from the breast cancer cell lines using an
ULTRAPrep Genomic DNA Blood and Cell Culture Kit (AHN
Biotechnologie, Nordhausen, Germany), according to the
manufacturer’s instructions. Bisulfite treatment was performed on
300 ng of DNA, using an EpiTect Bisulfite kit (Qiagen) following
the manufacturer’s guidelines. Unmethylated cytosines were
converted to uracil, whereas methylated ones remained unmodified.
The 12 CpG sites (cytosine-phosphate-guanine) within the 90 base
pairs upstream of the CDH1 translation start site (ATG) were
analysed, as described elsewhere (18).

Immunofluorescence. The cells were seeded on coverslips and fixed
with formaldehyde 4% (v/v) for 30 min The coverslips were washed
three times with PBS for 5 min, followed by incubation with 50 mM
NH4Cl in PBS for 10 min. Following another set of three 5 minute
washes with PBS, the coverslips were incubated with Triton X-100
0.2% (v/v) for 5 min and washed with PBS three times for 5 min.
Subsequently, they were blocked for non-specific binding with BSA
5% in PBS, containing 0.5% (v/v) Tween-20, for 30 min and
incubated with the primary antibody for E-cadherin (Zymed, San
Francisco, CA, USA, clone HECD1, 1:100) for 1 hour. After three 5
minute washes with PBS, the coverslips were incubated with a goat
anti-mouse secondary antibody (Alexa Fluor 594, 1:500, Invitrogen),
washed with PBS for 3 times 5 min and mounted using Vectashield
with DAPI (Vector Laboratories, Burlingame, CA, USA).

Transfection with siRNA for VDR. MDA-MB-231 cells (2.5×105 cells)
were cultured in 6-well plates for 24 hours. For each well, 150 nmol of
siRNA against VDR (Hs_VDR_8 FlexiTube siRNA, Qiagen) or
control siRNA (Qiagen) was used according to the manufacturer’s
instructions. After 5 hours of incubation, the cell medium was replaced
and the cells were treated with 1α,25(OH)2D3 100 nM and ethanol.
The evaluation of siRNA efficiency occurred 48 hours after
transfection.

Statistical analysis. Differences between groups were assessed using
Student’s t-test. Differences with p-values <0.05 were considered
statistically significant. All the presented results are representative of
at least three independent experiments, unless stated otherwise.

Results

VDR expression in metaplastic breast carcinomas. Out of the
12 metaplastic breast carcinomas, 8 cases (66.7%) were
positive for the expression of VDR (Figure 1). 

VDR expression in triple-negative breast cancer cell lines.
By western blotting, it was shown that all the cell lines
studied were positive for VDR expression. The MDA-MB-
231 and BT-549 cells seem to be more sensitive to
1α,25(OH)2D3, as in these cells there was a clear increase in
VDR expression upon hormonal treatment (Figure 2).
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Effect of 1α,25(OH)2D3 on the expression of E-cadherin. A
de novo expression of E-cadherin, by western blotting, was
observed upon 1α,25(OH)2D3 treatment in the MDA-MB-
231 cells (Figure 3A). As presented in Figure 3B, the
expression of E-cadherin was dependent on the duration of
treatment. The protein expression was first detected at 24
hours and increased with time. With 72 hours of treatment
the E-cadherin expression level was dependent on the dose
of 1α,25(OH)2D3 and was identified even with the very low
dose of 1 nM (Figure 3C). 

In the MDA-MB-231 cells, 1α,25(OH)2D3 was a potent
inducer of CDH1 mRNA expression, displaying more than
10-fold induction, compared with the control (p<0.01)
(Figure 4A). Furthermore, the level of expression induced
by 1α,25(OH)2D3 was 2-fold higher than that produced by
the demethylating agent 5-aza-dC alone and 3-fold higher
than that induced by the histone deacetylation (HDAC)
inhibitor agent TSA alone. However, both agents displayed
an additive effect to 1α,25(OH)2D3, the highest levels of
expression being induced when the three drugs were
combined. These results were also confirmed by the protein
expression (Figure 4A). In the BT-549 cells, 1α,25(OH)2D3
was unable to induce E-cadherin expression on its own.
However, in the Hs578T cells CDH1 expression was
significantly induced upon 1α,25(OH)2D3 treatment (Figure
4B). Furthermore, in both cell lines CDH1 mRNA
expression was induced upon treatment with 5-aza-dC.
Interestingly, 1α,25(OH)2D3 seemed to display an additive
effect when administered with both 5-aza-dC and TSA.

Again, the highest levels of CDH1 expression were achieved
whenever all the agents were added together and, in this
case, the BT-549 cells were more responsive than the
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Figure 1. H&E, magnification ×630 (A) and VDR, magnification ×400 (B) staining in a case of metaplastic breast carcinoma.

Figure 2. Western blot of VDR expression in MDA-MB-231, Hs578T and BT-549 breast cancer cell lines.

Figure 3. Effect of 1α,25(OH)2D3 on E-cadherin expression in MDA-
MB-231 breast cancer cells treated for 72 hours (A) or for various times
(B) or at various dose rates (C), and assessed by western blotting.



Hs578T cells, which corroborated the VDR expression
results. Furthermore, these results were confirmed by the
protein expression (Figure 4B and 4C).

As shown by immunofluorescence in Figure 5, upon
treatment with 1α,25(OH)2D3, the MDA-MB-231 cells
exhibited expression of E-cadherin at the plasma membrane.
In contrast, the expression of E-cadherin induced by 5-aza-
dC alone was granular and dispersed throughout the
cytoplasm. However, when these cells were treated with both
agents, the E-cadherin expression was located at the
membrane. 

Mediation of 1α,25(OH)2D3-induced expression of E-
cadherin. Since 1α,25(OH)2D3 alone induced E-cadherin
expression at the protein level only in the MDA-MB-231
cells, the experiments using VDR knockdown with siRNA
were only conducted in this cell line. Upon silencing of the
VDR in the MDA-MB-231 cells, the E-cadherin expression
after hormonal treatment was abrogated (Figure 6). 

Mechanism of E-cadherin expression. Upon 1α,25(OH)2D3
treatment, partial demethylation of the CDH1 promoter in the
MDA-MB-231 cells was observed (Figure 7). Demethylation
was detected in 7 out of the 12 CpG sites analysed. 

Discussion

The majority of the metaplastic breast carcinomas studied
were positive for VDR expression, suggesting that they might
be responsive to treatment with 1α,25(OH)2D3. In addition,
67% of the tumors had previously been characterised as
negative for E-cadherin expression and 83.3% exhibited
vimentin expression (unpublished results), showing that these
tumors were indeed undifferentiated and could benefit from
the differentiation-inducing properties of 1α,25(OH)2D3
treatment. In the in vitro model, 1α,25(OH)2D3 induced a de
novo E-cadherin (epithelial differentiation marker) expression
in the triple-negative MDA-MB-231 breast cancer cell line.
This is an important finding, given the major role of E-
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Figure 4. Effect of 1α,25(OH)2D3, 5-aza-dC and TSA on CDH1 mRNA expression and E-cadherin expression in MDA-MB-231 (A), Hs578T (B) and
BT-549 (C) breast cancer cells (*p<0.05, **p<0.01).
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Figure 5. Immunofluorescence of E-cadherin expression in MDA-MB-231 breast cancer cells (magnification ×400).

Figure 6. Effect on E-cadherin expression induced by 1α,25(OH)2D3 of VDR knockdown by siRNA in MDA-MB-231 cells.

Figure 7. Methylation analysis of CDH1 promoter in MDA-MB-231 breast cancer cells. � – methylation, – hemimethylation, �� – demethylation
(A); Example of DNA sequences treated with ethanol or 1α,25(OH)2D3 (B).



cadherin as a tumor suppressor protein in lobular breast
carcinomas and other cancer models (19, 20) and since down-
regulation of E-cadherin is required to initiate breast cancer
metastatic growth (21). Furthermore, this effect was
dependent on the duration of treatment and the quantity of
1α,25(OH)2D3 supplied to the cells. As far as we know, this
is the first study demonstrating the de novo induction of E-
cadherin expression in breast cancer cells by 1α,25(OH)2D3
due to CDH1 promoter demethylation, although it has been
reported that 1α,25(OH)2D3 can augment the expression of
endogenous E-cadherin in mammary tumor cells (13). In
addition, it has been demonstrated that a 1α,25(OH)2D3
analogue, increased the expression of E-cadherin in prostate
cancer cells (15). In colon carcinoma cells, 1α,25(OH)2D3 is
also known to promote differentiation by inducing E-cadherin
expression and other adhesion proteins, an effect only
observed in VDR positive cells (14). Likewise, in the MDA-
MB-231 cells, E-cadherin expression was dependent on the
presence of the VDR, suggesting it could mediate this effect. 

In MDA-MB-231 cells, CDH1 trancription is silenced due
to promoter methylation (22). Interestingly, the levels of
CDH1 expression upon 1α,25(OH)2D3 treatment in the
MDA-MB-231 cells were 2- and 3-fold higher than those
induced by the demethylating agent 5-aza-dC and by the
HDAC inhibitor TSA, respectively, while the combination of
1α,25(OH)2D3 with either of these molecules promoted an
additive effect, which was further confirmed by the protein
expression. In gastric cancer cells, 1α,25(OH)2D3 has been
shown to work in synergy with 5-aza-dC and TSA (23), thus
supporting the effect obtained in the present study.
Additionally, in colon cancer cells with silenced HDAC3, E-
cadherin expression increased upon treatment with
1α,25(OH)2D3 (24), a result that mimics that observed in the
MDA-MB-231 cells upon treatment with TSA and
1α,25(OH)2D3. In the other cells tested (Hs578T and BT-
549) the results were not so encouraging when
1α,25(OH)2D3 was used alone; however, CDH1/E-cadherin
expression was detectable when the cells were treated with
1α,25(OH)2D3 together with 5-aza-dC or TSA.

Also remarkably, the 1α,25(OH)2D3 treatment promoted
the correct localisation of E-cadherin at the cell membrane
in the MDA-MB-231 cells, suggesting a functional adhesion
molecule, unlike the granular and dispersed pattern of
expression induced by treatment with 5-aza-dC, which is
suggestive of a non-functional protein. Similarly, in colon
carcinoma, upon 1α,25(OH)2D3 treatment, E-cadherin
expression was observed at the cell membrane (14).
However, this 1α,25(OH)2D3 effect on E-cadherin induction
is not exclusive of disease settings, as in normal
keratinocytes, the treatment with 1α,25(OH)2D3 stimulates
the assembly of adherens junctions, assessed by translocation
of E-cadherin to the cell membrane (25). Surprisingly, when
the MDA-MB-231 cells were treated with both

1α,25(OH)2D3 and 5-aza-dC, the effect induced by
1α,25(OH)2D3 prevailed over the 5-aza-dC-induced effect
and there was a rescue of E-cadherin expression back to the
membrane, hinting that 1,25(OH)2D3 is indeed inducing not
only the expression of E-cadherin, but, apparently, it is also
important for the correct membrane localisation of the
protein as a cell-cell adhesion molecule. Unlike the current
results, 5-aza-dC was found to be necessary to sensitise
leukaemia cells to differentiate in response to 1α,25(OH)2D3
treatment (26). 

For the first time, 1α,25(OH)2D3 was found to promote
partial CDH1 promoter demethylation, suggesting that
1α,25(OH)2D3 can work as a demethylating agent in MDA-
MB-231 breast cancer cells. To the best of our knowledge,
only one study has correlated 1α,25(OH)2D3 with
methylation and reported that it induced methylation of
CYP27B1 (the enzyme responsible for its synthesis) and, thus,
silenced its expression (27). In colon cancer cells, where
1α,25(OH)2D3 induces E-cadherin expression, a new
mechanism involving phosphoinositide signalling was
recently proposed (28). Also in colonic cancer cells, a novel
mechanism involving 1α,25(OH)2D3 in epigenetic events was
reported, where the knockdown of KDM6B/JMJD3, a histone
demethylase induced by 1α,25(OH)2D3, down-regulated E-
cadherin expression (29). Studies addressing the importance
of these mediators in breast cancer are still lacking. 

In summary, the majority of metaplastic carcinomas
examined were positive for VDR expression, hinting that this
rare type of aggressive cancer may be responsive to the
antitumor effects of 1α,25(OH)2D3. Furthermore,
1α,25(OH)2D3 induced the de novo expression of the
epithelial differentiation marker E-cadherin in the highly
metastatic, triple-negative MDA-MB-231 breast cancer cell
line. To the best of our knowledge, this is the first report of
the de novo induction of E-cadherin in breast cancer cells by
1α,25(OH)2D3 due to CDH1 promoter demethylation,
therefore, revealing a novel mechanism for the action of
1α,25(OH)2D3 in breast cancer cells. The induction of
differentiation promoted by 1α,25(OH)2D3 in triple-negative
metaplastic breast cancer may decrease the aggressiveness of
this subtype of mammary carcinomas and improve patient
outcome, but further studies are necessary to confirm this
hypothesis. 
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