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Nifedipine stimulates proliferation and migration of
different breast cancer cells by distinct pathways
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Abstract. Nifedipine is widely used to treat high blood
pressure and angina. Were nifedipine able to promote the
proliferation and migration of breast cancer, it would pose
a significant threat for patients. Thus, it is important to
determine the effects of nifedipine on breast cancer and the
mechanism involved. The present study identified that nife-
dipine significantly promoted the proliferation and migration
of breast cancer cells in vitro. The mechanism of nifedipine
on different breast cancer cells was investigated and it was
identified that the effects of nifedipine on MCF-7 cells were
via the protein kinase B-endothelial constitutive nitric oxide
synthase-nitric oxide axis, and on MDA-MB-231 cells via
activation of the extracellular signal-regulated kinase pathway.
These results identified the distinct pathways in the activation
of cell proliferation and migration presented in different cell
lines by nifedipine. The present study advises that nifedipine
can promote breast cancer and should be avoided for women
who suffer from breast cancer and hypertension.

Introduction

Worldwide, breast cancer is the leading type of cancer in
women, accounting for 25% of all cases (1). Genetic predispo-
sition is the main reason for breast cancer (2-4).

There are three types of calcium channel blockers (CCBs),
including dihydropyridine, phenylalkylamine and benzothiaz-
epine. Nifedipine is the most common kind of CCB and is used
to treat high blood pressure and angina. It has been reported
that CCBs may be associated with cancer; a meta-analysis of
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17 observational studies identified that the long-term use of
CCBs appears to have a significant association with breast
cancer (5). The use of particular types of antihypertensive
medications, including immediate-release CCBs and certain
diuretics, may increase the risk of breast carcinoma among
women aged between 65 and 79 years (6). Use of antihyper-
tensive medication for =5 years, compared with no use, was
associated with a modest increased risk of invasive breast
cancer (RR=1.18,95% CI, 1.02-1.36) (7). In addition, a previous
study of the authors (8) demonstrated that nifedipine could
promote the proliferation and migration of breast cancer cells
in vivo and in vitro. Others have considered that CCBs have
no association with cancer (9). Patients with coronary heart
disease (CHD) and treated with CCBs exhibited a similar risk
of cancer incidence and total and cancer-related mortality as
those not treated with CCBs (10). No statistically significant
association was observed between the use of CCBs and breast
cancer in 49,950 women in North Jutland (11). A mixed treat-
ment comparison meta-analysis of randomized, controlled
(placebo, active or untreated control) trials of antihypertensive
drugs was conducted to determine the association between
commonly used antihypertensive agents and the incidence
of cancer and the results demonstrated that commonly used
antihypertensive drugs were not associated with an increased
chance of developing cancer (12).

Nifedipine is widely used in clinics, so it is important to
determine its effects on breast cancer and the mechanism
involved. The present study identified and confirmed that
nifedipine can promote breast cancer in vitro. In MCF-7
cells, the effects of nifedipine are via the protein kinase B
(Akt)-endothelial constitutive nitric oxide synthase
(eNOS)-nitric oxide (NO) axis. However, nifedipine exercises
its effects upon MDA-MB-231 cells via activation of the extra-
cellular signal-regulated kinases (ERK) pathway.

Materials and methods

Cell culture and reagents. MCF-7 and MDA-MB-231 cells
were purchased from the Cell Bank of the Chinese Academy
of Sciences (Shanghai, China). MCF-7 cells were cultured
in Dulbecco's Modified Eagle's medium (PromoCell GmbH,
Heidelberg, Germany) containing 10% fetal bovine serum
(FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
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USA) at 37°C in a humidified atmosphere of 95% air and
5% CO,. MDA-MB-231 cells were grown in L15 medium
(PromoCell GmbH) containing 10% FBS at 37°C in a humidi-
fied atmosphere of 100% air.

Other reagents purchased were nifedipine (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany), MTT (5 mg/ml;
Sigma-Aldrich; Merck KGaA), paraformaldehyde (4%; Beijing
Solarbio Science & Technology Co., Ltd., Beijing, China),
Crystal violet (0.1%, Beijing Solarbio Science & Technology
Co., Ltd.), radioimmunoprecipitation assay (RIPA) buffer
(Beijing Solarbio Science & Technology Co., Ltd.), phenyl-
methylsulfonyl fluoride (Beijing Solarbio Science &
Technology Co., Ltd.), protease inhibitor (25x; Roche Applied
Science, Penzberg, Germany) and dimethylsulfoxide (DMSO;
Sigma-Aldrich; Merck KGaA).

Proliferation assays. For the determination of cell prolifera-
tion, an MTT assay was conducted, as reported previously (8).
MCF-7 and MDA-MB-231 cells were seeded at a density of
1,000 cells/well in 96-well plates. Following a 1 day incuba-
tion, the culture medium was replaced with new medium
containing nifedipine or the same concentration of DMSO
as control. The cells were incubated for 2 further days. Next,
10 ul MTT was added for 3 h. Then the culture medium was
removed and 150 ul of DMSO was added per well. The absor-
bance was measured at 540 nm using a Multiskan microplate
reader (Thermo Fisher Scientific, Inc.).

Cell migration assays. For Transwell migration assays,
harvested cells (1x10° cells) supplemented with 100 ul
serum-free medium were replated onto the upper chamber (a
6.5 mm polycarbonate membrane with 8.0 ym pores; Corning
Incorporated, Corning, NY, USA). DMEM and L15 medium
containing 10% FBS was used as the chemoattractant and
added to the lower well of the plate. Non-migrating cells were
removed from the upper chamber using a cotton applicator.
Migrating cells on the underside of the filter were stained
with 0.1% crystal violet for 20 min and then were eluted by
33% glacial acetic acid. Optical density values were read by a
Multiskan microplate reader (Thermo Fisher Scientific, Inc.)
at 595 nm.

Immunoblotting. Nifedipine was used to stimulate the breast
cancer cells (MCF-7 cells, 10 uM; MDA-MB-231 cells 1 uM).
Cells were lysed in RIPA buffer containing protease and phos-
phatase cocktails (Roche Applied Science). Equal amounts
of protein (50 ug) were separated by 10% SDS-PAGE and
electro-transferred onto a PVDF membrane (Merck KGaA).
Membranes were blocked with 5% non-fat milk powder in
TBST (0.1% Tween-20 in 1X TBS) for 1 h at room tempera-
ture and then incubated with appropriate primary antibodies
at 4°C overnight, followed by incubation with horseradish
peroxidase-conjugated secondary antibodies for 1 h at room
temperature. The following antibodies were used: Rabbit anti-P
(Serd73)-Akt (1:1,000, no. 9271), rabbit anti-Akt (1:1,000,
no. 9272), rabbit anti-P (Thr202/Tyr204)-ERK (1:1,000,
no. 9101), mouse anti-ERK (1:1,000, no. 4696), all purchased
from Cell Signalling Technology Inc. (Danvers, MA, USA),
and mouse anti-f-actin (1:5,000, no. M009; Beijing TDY
Biotech Co., Ltd., Beijing, China).
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Statistical analysis. All data were derived from =3 inde-
pendent experiments. Statistical analyses were conducted
using SPSS version 19.0 (IBM SPSS, Armonk, NY, USA).
Values were calculated as mean + standard error of the
mean. Significant differences between the groups were deter-
mined using the unpaired one-way analysis of variance test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Nifedipine promoted the proliferation and migration of breast
cancer cells in vitro. Nifedipine as a CCB is commonly used
in clinic to treat angina and hypertension. MCF-7 breast
cancer cells were treated with nifedipine at the dosages of
1 uM and 10 xM. Nifedipine at these two dosages significantly
stimulated the proliferation of MCF-7 cells, when compared
with control cells (Fig. 1A; P<0.01). Consistently, nifedipine at
adosage of 1 uM also significantly exhibited a similar stimula-
tion on the proliferation of MDA-MB-231 breast cancer cells,
compared with the control group (Fig. 1B; P<0.01). Nifedipine
at a dosage of 10 #M significantly promoted the migration of
MCF-7 cells compared with control cells (Fig. 1C; P<0.05). In
addition, nifedipine (1 #M) exhibited a similar stimulation on
the migration of MDA-MB-231 cells (Fig. 1D; P<0.05).

Nifedipine stimulation effect on breast cancer cells not via its
blockage on calcium channels. To test whether the stimulatory
effect of nifedipine on breast cancer cells is due to alternation
of the concentration of the intracellular free Ca?*, the MCF-7
and MDA-MB-231 cells were preincubated in the presence of
1 uM nifedipine in DMEM or L15 medium for 1 h at 37°C
and then loaded with Fura-8 (AAT Bioquest, Inc., Sunnyvale,
CA,USA). No significant increase in [Ca®*], was observed with
either nifedipine alone or by increasing K* concentration from
2.5 mM to 90 mM, indicating that MCF-7 and MDA-MB-231
cells did not express a functional L-type calcium channel. It
suggested that the effect of nifedipine on the breast cancer
cells was not due to calcium channels and cellular Ca** levels
(data not shown).

Verapamil had no effect on the tumor growth in vitro. To test
whether the stimulation of breast tumor is nifedipine-specific,
another CCB, verapamil, was used to treat MCF-7 and
MDA-MB-231 breast cancer cells. No significant change in
cell proliferation and migration was observed, indicating
that the specific effects of nifedipine on MDA-MB-231 cells
were not a common characteristic of L-type CCBs (data not
shown).

Nifedipine effect upon MCF-7 cells not via ERK pathway. In
our previous study (8), nifedipine could stimulate the ERK
pathway of MDA-MB-231 cells. Notably, no differences
in phosphorylation of ERK and total ERK were observed
in MCF-7 cells with or without nifedipine at 10, 20, 40 and
60 min. Membranes were reprobed for b-actin for loading
control (Fig. 2A). No differences were observed in phosphory-
lation of ERK and total ERK in MCF-7 cells with or without
nifedipine at 48 h. Membranes were reprobed with 3-actin for
loading control (Fig. 2B).
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Figure 1. Nifedipine promoted the proliferation and migration of breast cancer cells in vitro. (A) 1 uM and 10 M of nifedipine can stimulate the proliferation
of MCF-7 cells. Results represent mean + SEM from three independent experiments. (B) 1 M and 10 uM of nifedipine can stimulate the proliferation of
MDA-MB-231 cells. Results represent mean + SEM from three independent experiments. (C) Nifedipine (10 #M) promoted the migration of MCF-7 cells.
Results represent mean + SEM from three independent experiments. (D) Nifedipine (1 M) promoted the migration of MDA-MB-231 cells. Results represent
mean = SEM from three independent experiments. "P<0.05, “P<0.01 vs. Control. OD, optical density; SEM, standard error of the mean.
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Figure 2. ERK pathway has no change in nifedipine treated MCF-7 cells.
(A) Phosphorylated ERK (P-ERK) and total ERK immunoblotting in
MCF-7 cells with or without nifedipine treatment at 10, 20, 40 and 60 min.
Membranes were reprobed for f-actin for loading control. (B) p-ERK and
total ERK immunoblotting in MCF-7 cells with or without nifedipine
treatment at 48 h. Membranes were reprobed for f-actin for loading

control. Samples 1-4, repeats. C, control; N, nifedipine; ERK, extracellular
signal-regulated kinases.

Akt activation in nifedipine treated MCF-7 cells. Notably,
Nifedipine increased phosphorylation of Akt and total Akt
following treatment at 5, 10, 20 and 40 min. Membranes were
reprobed for B-actin for loading control (Fig. 3A). Nifedipine
also increased phosphorylated eNOS (P-eNOS) and total

eNOS in MCF-7 cells at 10, 20, 40 and 60 min. Membranes
were reprobed for f3-actin for loading control (Fig. 3B). These
results suggested that nifedipine stimulated MCF-7 cells via
the Akt-eNOS-NO axis.

Nifedipine effect on MDA-MB-231 cells via ERK activation
not Akt pathway. Nifedipine increased the phosphorylation of
ERK in MDA-MB-231 cells following treatment at 10, 20, 40
and 60 min compared with the control groups, respectively.
The p-ERK level at 10 min demonstrated the strongest stimu-
latory effects of nifedipine, and these decreased over time.
Membranes were reprobed for f-actin for loading control
(Fig. 4A). However, nifedipine had no effect on the phos-
phorylation of Akt in MDA-MB-231 cells. Membranes were
reprobed for B-actin for loading control (Fig. 4B).

Discussion

In the present study, nifedipine was identified to significantly
stimulate the proliferation and migration of MCF-7 and
MDA-MB-231 breast cancer cells. This stimulatory effect
was nifedipine specific and verapamil, another calcium
channel blocker, demonstrated no observable effect on the
breast cancer cells. Notably, nifedipine effects upon MCF-7
cells were via the axis Akt-eNOS-NO while its effects upon
MDA-MB-231 cells were via activation of ERK. The p-ERK
level at 10 min exhibited the strongest stimulatory effects of
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Figure 3. Akt activation in nifedipine treated MCF-7 cells. (A) p-Akt and total
Akt immunoblotting in MCF-7 cells with or without nifedipine treatment
at 5, 10, 20 and 40 min. Membranes were reprobed for -actin for loading
control. (B) p-eNOS and total eNOS immunoblotting in MCF-7 cells treated
with or without nifedipine treatment at 10, 20, 40 and 60 min. Membranes
were reprobed for f-actin for loading control. Akt, protein kinase B; eNOS,
endothelial constitutive nitric oxide synthase.
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Figure 4. P-ERK activation and no change in Akt pathway in nifedipine
treated MDA-MB-231 cells. (A) p-ERK immunoblotting in MDA-MB-231
cells with or without nifedipine treatment at 10, 20, 40 and 60 min.
Membranes were reprobed for f-actin for loading control. (B) p-Akt immu-
noblotting in MDA-MB-231 cells with or without nifedipine treatment at 10,
20,40 and 60 min. Membranes were reprobed for [3-actin for loading control.
C, control; N, nifedipine; ERK, extracellular signal-regulated kinases; Akt,
protein kinase B.

nifedipine and decreased over time, demonstrating a transient
activation that has been reported elsewhere (13). These results
suggested distinct pathways in activation of cell proliferation
and migration presented in different cell lines by the same
stimulator. Additionally, the present study advises that nife-
dipine promotes breast cancers and that nifedipine ought to be
avoided in clinical practice, particularly for women who suffer
from breast cancer and hypertension.

MCF-7 (14,15) and MDA-MB-231 (16) cells are derived
from invasive ductal breast carcinoma and represent metastasis
(pleural effusion) tumor type without ERBB2 amplification.
However, there are distinct differences in the expression
of estrogen receptor (ER), progesterone receptor and TP53
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mutation between them. ER expression is one of most impor-
tant criteria to distinguish the breast cancer type. Therefore,
MCF-7 and MDA-AB-231 cells were utilized in the present
study to understand the collective effects of nifedipine on
breast cancer.

Previous studies on whether CCBs promote cancer cells
are controversial (5,17). The present study confirmed nife-
dipine as one of the CCBs that can potentiate breast cancer,
although it is inconsistent with previous studies that this effect
is nifedipine specific (18). With respect to the possible mecha-
nism, [Ca**]; modulation was excluded by the evidence that
MCF-7 and MDA-MB-231 cells do not express the CACNA1C
and CACNAI1D subtypes and 1 #M nifedipine failed to alter
[Ca*];, although previous studies (19-22) have described the
connection of CCBs and cellular calcium alternation in cancer
cells.

In addition to their function as the channel blockers, CCBs
are also suggested to affect growth hormone-releasing hormone
receptors in cancers (21), the expression of P-glycoprotein (23),
the function of breast cancer resistant protein (17,24), Na
channel activity (25) and microRNA, resulting in alterations to
cell proliferation and migration (8). In contrast to the activation
of the miRNA-524-5P-BRI3-ERK pathway in MDA-MB-231
by nifedipine, there is a distinct pathway (AKt-eNOS-NO)
present in MCF-7 following treatment with nifedipine. A
previous study (26) revealed that eNOS and weak iNOS were
expressed in MCF-7 cells and served an important role in cell
proliferation. In general, NO can stimulate the proliferation
and migration of epithelial cells in addition to gene profile
expression (27).

Women comprise ~1/3 of all hypertension patients. A
number of them may be suffering from, or are genetically
predisposed to develop, breast cancer. Nifedipine may be
dangerous for patients with breast cancers and indeed promotes
breast cancer. Clinics should avoid administering nifedipine to
women who suffer from breast cancer and hypertension.
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