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Downregulation of miR-129-2 by promoter hypermethylation
regulates breast cancer cell proliferation and apoptosis
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Abstract. Aberrant expression of the miR-129 family has been
found in several types of cancer, yet its expression and poten-
tial biologic role in breast cancer remain largely unknown. In
the present study, we found that miR-129-2 was consistently
downregulated in the breast cancer specimens and cell lines.
Overexpression of miR-129-2-3p markedly suppressed breast
cancer cell proliferation and induced its apoptosis. In addi-
tion, a luciferase reporter assay revealed that miR-129-2-3p
suppressed BCL2L2 expression. Furthermore, BCL2L2
was able to reverse miR-129-2-3p-mediated cell apoptosis,
indicating that BCL2L2 plays a crucial role in mediating the
tumor-suppressive role of miR-129-2-3p. Moreover, bisulfite
DNA sequencing PCR (BSP) analysis identified that promoter
hypermethylation was responsible for the downregulation of
miR-129-2 in breast cancer. Collectively, our findings indi-
cate that miR-129-2 is downregulated in breast cancer cells
by promoter hypermethylation. Moreover, downregulation
of miR-129-2 results in BCL2L2 overexpression and disease
progression in breast cancer patients.
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Introduction

Breast cancer is the most common cause of cancer-related
mortality among women in developed and developing coun-
tries (1). In 2013 in the United States, 232,340 women were
diagnosed with invasive breast cancer, and 39,620 succumbed to
the disease (2). The exploration of the underlying mechanisms
involved in breast cancer have been the subject of extensive
research over the past decades. However, the mechanisms
involved in breast cancer tumorigenesis and progression remain
poorly understood.

MicroRNAs (miRNAs) are small, conserved, non-coding
RNA sequences that suppress mRNA translation and/or degrade
mRNA molecules by binding to their 3'-untranslated regions.
Differential expression of miRNAs has been widely described
in breast cancer tissue compared to normal tissue suggesting that
miRNAs may function as oncogenes or tumorsuppressors (3-5).

The miR-129 family is one of the typical cancer-associated
miRNAs. It has two precursors, miR-129-1 and miR-129-2. Two
mature miRNAs are processed from the 5'-prime and 3'-prime
of its pre-miRNA precursor. For miR-129-1 and miR-129-2,
their 5'-prime product, miR-129-5p, is the same. However,
their 3'-prime products are different, which are named miR-
129-1-3p and miR-129-2-3p, respectively (6,7). Dysregulation of
miR-129-2 is frequently detected in solid tumors (8-13). However,
the role of miR-129-2 in breast cancer remains unknown.

The methylation of CpG islands in gene promoters has
been strongly linked to the silencing of the expression of
tumor-suppressor genes in different types of cancers (14-17).
The hypermethylation of promoter CpG islands has been
found to affect not only tumor-suppressor mRNAs, but
also tumor-suppressor miRNAs. Several tumor-associated
miRNAs have been reported to be silenced by the aberrant
hypermethylation of their promoter regions in breast cancer,
including miR-124, miR-34c, miR-148a, miR-155, miR-203
and miR-129 (3,18-22).

In the present study, we found that the miR-129-2 promoter was
hypermethylated in breast cancer cells. Furthermore, we found
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that miR-129-2-3p functions as a tumor suppressor by inducing
the apoptosis of breast cancer cells by targeting BCL2L2.

Materials and methods

Cell lines and culture. Human breast cancer cell lines
(MCEF-7, T47D, HMLER, and MDA-MB-231) were cultured
in Dulbecco's modified Eagle's medium (DMEM; Life
Technologies) supplemented with 10% fetal bovine serum
[Biological Industries (BI)]. Immortalized breast epithelial cell
lines (MCF-10A and 76N) were cultured in DMEM/F-12 1:1
mix supplemented with human insulin (10 xg/ml), epidermal
growth factor (20 ng/ml), cholera toxin (50 ul), hydrocortisone
(0.5 ug/ml), and horse serum (5%). All cell lines were incu-
bated in a humidified chamber with 5% CO, at 37°C.

Fifteen pairs of fresh primary breast cancer tissues and
non-cancerous tissues were obtained at the time of diagnosis
prior to any therapy from the Cancer Hospital of Jiangxi
Province (Nanchang, China). The clinical processes were
approved by the Ethics Committees of Nanchang University
and informed consent was collected from each patient.

Oligonucleotide transfection. The miR-129-2-5p and miR-129-
2-3p mimics and a non-specific miRNA control (NC) were
synthesized by GenePharma (Shanghai, China). miRNAs
were transfected at a working concentration of 50 nmol/l
using RNAIMAX reagent (Invitrogen, USA) according to the
manufacturer's instructions. The transfected cells were incu-
bated at 37°C for 24 h in complete medium and harvested at
the indicated time-points.

RNA extraction, reverse transcription, and quantitative
real-time PCR. Total RNA was extracted using TRIzol
(Invitrogen) according to the manufacturer's instructions.
cDNA was synthesized with the MLV transcriptase kit
(Invitrogen). The quantitative analysis of miR-129-2-3p expres-
sion was assayed using a Bulge-Loop™ miRNA gqRT-PCR
primer (RiboBio, Guangzhou, China) and Platinum® SYBR®
Green qPCR SuperMix-UDG with ROX (Invitrogen) on an
ABI 7900HT instrument (Applied Biosystems, Foster, CA,
USA) according to the manufacturer's instructions, and U6
small nuclear RNA (U6-snRNA) purchased from RiboBio was
used as an internal control. The fold changes were calculated
through relative quantification with 2-24, All of the reactions
were performed in a 20-ul reaction volume in triplicate.

Western blot analysis. This procedure was detailed previ-
ously (23). Briefly, protein lysates were resolved through 10%
SDS-PAGE and electrophoretically transferred to a PVDF
(polyvinylidene difluoride) membrane (Millipore, USA).
Then, the membrane was probed with an antibody against
human BCL2L2 (1:1,000 dilution; Cell Signaling Technology)
or B-actin (Bioworld, USA) as a protein loading control,
followed by peroxidase-conjugated goat anti-mouse IgG (H+L;
Proteintech, China) as the secondary antibody. The intensity
of the protein fragments was visualized with an X-ray image
film processing machine (Kodak, Japan).

MTT and colony formation assays. For cell proliferation
assays, cells transfected with miRNAs or co-transfected with
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miRNAs and plasmids for 24 h were reseeded in 96-well
plates at 1.5x10° cells/well in a final volume of 150 pl and
incubated overnight. The effect of miR-129-2-3p/BCL2L2 on
cell growth and proliferation was determined with an MTT
assay as described previously (24).

For the colony formation assays, after 24 h of transfection,
the cells were reseeded in 6-well plates at 1,000 cells/well, and
the medium was replaced every 3 days. After incubation at
37°C for 2 weeks, the cells were washed twice with PBS, fixed
and stained with 0.5% crystal violet. The number of colonies
was counted under a microscope.

Cell cycle profile assay. A cell cycle profile assay was performed
as described previously (25). Briefly, the cells were harvested by
trypsinization and collected by centrifugation. The cells were
washed twice with phosphate-buffered saline (PBS) and fixed in
1 ml of 70% ethanol at 4°C for 1 h to overnight. The cells were
washed twice with PBS/1% bovine serum albumin (BSA) and
then incubated with 1 ml of PBS/1% BSA containing 30 mg/
ml propidium iodide (PI) and 0.25 mg/ml RNase A for 30 min
at room temperature. The cells were then analyzed for DNA
content by flow cytometry using a cytomics FACSCalibur (BD
Biosciences, USA). The data were analyzed using Modifit.

Apoptosis assay. Apoptosis was tested using Annexin V and
PI double staining kits according to the manufactory's instruc-
tions. Briefly, MDA-MB-231 and MCF-7 cells were transfected
with miR-129-2-3p or the control for 48 h. The cells were then
harvested and washed twice with PBS. Then the cells were incu-
bated with Annexin V and PI for 30 min. Cells were analyzed by
flow cytometry using a cytomics FACSCalibur (BD Biosciences).

Luciferase reporter assay. The 3'UTR sequence of BCL2L2
containing the putative miR-129-2-3p binding site was ampli-
fied with PCR and cloned into the pGL3-control vector
(Promega, Madison, WI, USA) downstream of the firefly
luciferase gene, which was designated as wild-type 3'UTR (wt
3'UTR). Mutagenesis was performed using a Quik-Change
Site-Directed Mutagenesis kit (Stratagene, USA) according to
the manufacturer's instructions, resulting in mutated 3'UTR
(mut 3'UTR). The primers used for the construction of lucif-
erase reporters were BCL2L2 wt (forward, AATCTAGAA
CCCTGCCTGTGGTCCTGA and reverse, AACTCTAGA
AGAGAGTCCCTAGT). The Wt or mut 3'UTR vector and the
control vector pRL-TK (Promega) coding for Renilla lucif-
erase were co-transfected with miR-129-2-3p mimics or NC
into the MDA-MB-231 cells using Lipofectamine 2000
(Invitrogen). The luciferase activity was measured 48 h later
using the Dual-Luciferase Reporter Assay system (Promega).
The firefly luciferase values were normalized to Renilla, and
the ratio of firefly/Renilla values is presented. The experiments
were performed independently in triplicate.

Rescue experiments. The open reading frame (ORF) encoding
BCL2L2 protein was amplified and cloned into pcDNA3.1
with the Myc tag located in the N-terminal of BCL2L2. The
primers used for amplified BCL2L2 were forward, AAGGTA
CCACCATGGCGACCCCAGCCTCG and reverse, AACTCG
AGTCACTTGCTAGCAAAAAAGGC. Breast cancer cells
co-transfected with miR-129-2-3p mimics and the BCL2L2-
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Figure 1. miR-129-2 is dysregulated in breast cancer. (A) The miR-129-2 level was reduced in breast cancer cells compared to the level in immortalized
epithelial cells. (B) The miR-129-2 level was evaluated in 24 pairs of freshly frozen primary breast cancer tissues and breast cyst tissues using qRT-PCR.

expressing vector or empty plasmid for 24 h were trypsinized
and subjected to apoptosis assay.

Genomic DNA isolation and bisulfite DNA sequencing PCR
(BSP) analysis. Genomic DNAs were isolated from the cells
using the DNeasy Tissue kit (Qiagen, USA). DNA samples
were treated with sodium bisulfite to convert cytosine to uracil
using the Methyl Detector™ Bisulfite Modification kit (Active
Motif, North America) according to the manufacturer's
instructions. For BSP, a 1-u1 aliquot of sodium bisulfite-treated
DNA was amplified by PCR with commonly used primers for
methylated and unmethylated DNA sequences. The PCR prod-
ucts were cloned into the pGEMT Easy vector (Promega), and
10 clones from each sample were sequenced to determine the
methylation status of each CpG site. BSP primers for miR-129-2
were forward, TAGGGATTTGAAGATAGTGTTTTTAT and
reverse, AAAAAAACCTCACCCAAAATAAATTA, and
were designed according to previously validated oligonucle-
otides and synthesized commercially (Invitrogen).

Statistical analysis. Statistical analyses were performed using
SPSS 16.0 software (SPSS Inc., Chicago, IL, USA). The values
are presented as the mean + standard deviation (SD) of three
independent experiments. Differences between two groups
were evaluated by a two-tailed Student's t-test. The relation-
ship between BCL2L2 and miR-129-2-3p expression was
assessed with two-tailed Pearson's correlation. Differences
were considered to be statistically significant at P<0.05 and
P<0.01 as indicated in the figure legends.

Results

miR-129-2 is downregulated in breast cancer cells as well as
in clinical samples. To explore the potential role of miR-129-2
in breast cancer progression, we examined the miR-129-2
level in breast cancer cells and tissues. Since the sequence of
miR-129-1-5p and miR-129-2-5p are the same, we evaluated
the miR-129-2 level using primers specific to miR-129-2-3p.
As shown in Fig. 1A, the level of miR-129-2-3p detected in the
breast cancer cells was significantly lower than that in immor-

talized breast cells. In addition, the level of miR-129-2-3p was
also downregulated in the breast cancer tissues compared
with normal breast tissues (Fig. 1B). These results suggest that
miR-129-2-3p may exert a tumor-suppressor function in breast
cancer.

miR-129-2-3p suppresses the cell growth and colony formation
of breast cancer cells. The above results led to us to investigate
the functional impact of miR-129-2 on breast cancer cells. We
firstly transfected miR-129-5p into MDA-MB-231 cells and
found that it did not affect the proliferation of MDA-MB-231
cells (data not shown). We next investigated the effect of miR-
129-2-3p on the breast cancer cells. The efficient transfection
of miR-129-2-3p mimics into the breast cancer cells was vali-
dated by qRT-PCR (Fig. 2A). Notably, we observed a major
reduction in the cell growth of the MDA-MB-231 cells upon
miR-129-2-3p transfection compared with the cell growth
noted in the control (Fig. 2B). Accordingly, similar results
were also observed in the MCF-7 cells (Fig. 2C). Furthermore,
consistent with the proliferation assay, transfection of miR-
129-2-3p mimics markedly suppressed the colony formation of
both the MDA-MB-231 (Fig. 2D) and MCF-7 cells (Fig. 2E).

miR-129-2-3p induces the apoptosis of breast cancer cells. Give
that the miR-129-2-3p mimic transfection suppressed the cell
growth of breast cancer cells, we sought to explore its underlying
mechanisms. We first detected the effect of miR-129-2-3p mimics
on the apoptosis of breast cancer cells. As shown in Fig. 3A, miR-
129-2-3p mimic transfection led to a notably elevated apoptotic
rate in the MDA-MB-231 cells compared to the apoptotic rate
noted in the NC control. Consistently, this similar result was also
observed in the MCF-7 cells (Fig. 3B). However, transfection of
the miR-129-2-3p mimics only had a slight influence on the cell
cycle profile of both the MDA-MB-231 (Fig. 3C) and MCF-7
cells (Fig. 3D). Taken together, these results indicate that miR-
129-2-3p functions as a tumor suppressor of breast cancer mainly
through induction of apoptosis.

BCL2L2 is a direct target of miR-129-2-3p in breast cancer
cells. We used the online bioinformatic prediction algorithm
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Figure 2. Overexpression of miR-129-2-3p suppresses the proliferation and colony formation of breast cancer MDA-MB-231 and MCF-7 cells. (A) The efficient
transfection of miR-129-2-3p into the MDA-MB-231 and MCF-7 cells was evaluated by qRT-PCR. (B and C) The proliferation of MDA-MB-231 and MCF-7
cells transfected with miR-129-2-3p were assessed by MTT assay. "P<0.05 compared with the control. (D and E) Overexpression of miR-129-2-3p suppresses
the colony formation of MDA-MB-231 and MCF-7 cells. “P<0.05 compared with the control.

(http://ferrolab.dmi.unict.it/miro/) to analyze the direct
mRNA targets of miR-129-2-3p. Of all the hypothetical
targets of miR-129-2-3p, BCL2L2, an oncogene with a
3'UTR containing the miR-129-2-3p targeting site provoked
our interest (Fig. 4A). The dual-luciferase reporter assay
showed that miR-129-2-3p mimics reduced the fluorescence
activity of wt 3'UTR by 50% compared with the negative
control (Fig. 4B, P<0.01), whereas mut 3'UTR showed an
abrogated response to miR-129-2-3p (Fig. 4B). In addition,
miR-129-2-3p mimic transfection reduced the protein level of
BCL2L2 in the MDA-MB-231 cells (Fig. 4C). More impor-
tantly, reintroduction of BCL2L2 reversed the miR-129-2-3p
mimic transfection-induced apoptosis of the breast cancer
cells (Fig. 4D). Taken together, these results indicate that
BCL2L2 is a direct target of miR-129-2-3p and is responsible
for the miR-129-2-3p-induced apoptosis of breast cancer cells.

Transcriptional downregulation of miR-129-2 in breast cancer
is attributed in part to promoter DNA hypermethylation.

To explore the potential mechanisms involved in the down-
regulation of miR-129-2 in breast cancer cells, we analyzed the
methylation status of the CpG island of the miR-129-2 promoter
using BSP sequencing. As shown in Fig. 5A, the promoter of
miR-129-2 was heavily methylated in the MDA-MB-231 and
T47D breast cancer cells but slightly methylated in the immor-
talized breast 76N cells (Fig. 5A). More importantly, treatment
of MDA-MB-231 and T47D cells with de-methylation reagent
5-Aza-dC increased the miR-129-2 level (Fig. 5B). Taken
together, these results indicate that miR-129-2 expression is
regulated by promoter hypermethylation.

Discussion

In recent years, growing evidence has revealed that miRNAs
play important roles in tumor development and progression.
While in different tumor types tissue-specific differences
exist, diverse molecular pathways in miRNA signaling
and regulation are also important factors to consider when
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Figure 3. Overexpression of miR-129-2-3p induces the apoptosis of breast cancer cells. MDA-MB-231 (A) and MCF-7 cells (B) were transiently transfected
with miR-129-2-3p mimics or miRNA control (NC) for 48 h and the apoptosis rate was examined by flow cytometry. "P<0.05 compared with the control.
(C and D) MDA-MB-231 and MCF-7 cells were transiently transfected with miR-129-2-3p mimics or miRNA control (NC) for 48 h and the cell cycle profiles

were examined by flow cytometry.

approaching the discrepancies in mRNA expression in cancer.
Therefore, it is necessary to profile the molecular function
and the underlying mechanisms of cancer-related miRNAs in
each tumor type. Few studies have investigated the roles of
the miR-129 family members in cell proliferation and apop-
tosis in breast cancer. Here, we demonstrated that miR-129-2
was downregulated in human breast cancer cells and clinical
samples. Functional studies demonstrated that overexpression
of miR-129-2-3p suppressed the cell growth, colony formation
and induced apoptosis of the breast cancer cells. In addition,
prediction and a luciferase reporter assay revealed that miR-
129-2-3p directly targets BCL2L2 and inhibits its expression.
Furthermore, BSP sequence results showed that miR-129-2
was heavily methylated in the breast cancer cells and tissues.
5'-Aza-dC treatment increased the expression of miR-129-2-3p
in the MDA-MB-231 and T47D cells, indicating that promoter
hypermethylation is an important factor contributing to the
downregulation of miR-129-2-3p in breast cancer.

The miR-129 family includes two precursors miR-129-1
and miR-129-2 which are processed to three mature miRNAs,

miR-129-5p, miR-129-1-3p and miR-129-2 (7). Dual functions
for miR-129, as a tumor suppressor and oncogene, have been
observed in different types of cancers. It has been reported
that miR-129-5p is downregulated in neuroendocrine tumors,
gastric cancer, ovarian cancer and medullary thyroid carcinoma
and plays a tumor-suppressor role in these tumors (22,26-28).
Epigenetic regulation of miR-129-2 was reported in glioma and
lung cancer (8,9). In contrast, however, miR-129 is also upregu-
lated in several solid tumors and non-cancerous tissues from
cancer patients with lymph node metastases (29,30). Our results
revealed the tumor-suppressor functions of miR-129-2.miRNAs
degrade or repress translation of target mRNAs. Therefore, to
validate the oncogenic function of miR-129-2, an oncogenic
target was required to be identified. We predicted several poten-
tial target candidates for miR-129-2-3p. Among them, BCL2L.2
provoked our interesting due to its oncogenic role in many solid
tumors (31-33). Luciferase report assay confirmed that miR-
129-2-3p directly targeted BCL2L2 3'UTR for degradation.
More importantly, rescue assay results indicated that BCL2L.2
is crucial for miR-129-2-3p-induced breast cancer apoptosis.
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DNA hypermethylation is closely associated with gene inac-
tivation and is a common and widespread phenomenon in human
tumors. Many previous studies have reported that promoter
hypermethylation-induced downregulation of tumor-suppressor
miRNAs correlates with carcinogenesis. Our data revealed
that the hypermethylation of the miR-129-2 promoter led to the
downregulation of the miR-129-2 level in breast cancer patients.
In addition, demethylation agent 5-Aza-dC treatment increased
miR-129-2 expression in the breast cancer cells. These results
indicate that promoter hypermethylation leads to the downregu-
lation of miR-129-2-3p in breast cancer, at least in part.

In conclusion, our study suggests that miR-129-2 is down-
regulated by DNA methylation and plays a tumor-suppressor
role in breast cancer by targeting BCL2L2 for degradation.
Transfection of miR-129-2-3p was found to suppress cell
growth and promote the cell apoptosis of breast cancer cells,
which may provide a novel therapeutic strategy for the treat-
ment of breast cancer.
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