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Abstract
The anti-tumor efficacy of miR-340 has been recently characterized in cancers. However, the underlying
mechanisms of miR-340 inhibited cell growth and invasion in triple-negative breast cancer (TNBC) have not
been well elucidated. In this study, we found that miR-340 expression was negatively correlated with EZH2
(Enhancer of zeste homolog 2) expression in TNBC tissues and cell lines. Subsequent luciferase reporter
assay confirmed that EZH2 was a novel molecule target of miR-340. Upregulated miR-340 levels by mimics
transfection significantly inhibited the MDA-MB-231 and MDA-MB-468 breast cancer cells proliferation,
invasion and migration, and induced more cell apoptosis. Meanwhile, miR-340 inhibited the tumor growth in
an orthotopic MDA-MB-231 breast cancer mouse model. Furthermore, we found the reduced EZH2
expression by miR-340 mimics transfection decreased the DNMT1, H3K27me3, β-catenin and P-STAT3
expressions, which ultimately resulted in miR-21 activity blockage and miR-200a/b expression upregulation.
The results of rescue experiments further confirmed that miR-340 inhibited triple-negative breast cancer
progression through targeting EZH2. Taken together, our results identified miR-340 as a tumor suppressor in
TNBC, moreover, an EZH2 medicated regulatory loop was established. Post-transcriptional suppression of
EZH2 expression not only blocked STAT3 mediated miR-21 trans-activation, but also reversed the
miR-200a/b silencing via reducing DNMT1 and H3K27me3 expressions. MiR-21 inhibition and miR-200a/b
expression triggered by miR-340 ultimately cooperated in the TNBC progression.
Key words: miR-340, EZH2, breast cancer, progression, miRNAs.

Background
Breast cancer is the most frequent carcinoma and
the second most common cause of cancer-related
mortality in women [1]. The cancer progression
involves a complex cascade of events, including
cancer cell proliferation, migration, local invasion,
angiogenesis, and survival in the circulatory system
and then settling down at a distant site to form a
metastatic tumor [2]. Therefore, understanding of the
underlying molecular mechanisms and networks

governing breast cancer progression and metastasis
may provide a rationale for developing more effective
cancer therapies.
Recently, miRNA, a non-coding RNA molecule
that composed of ~22 nucleotides, has been proved
playing significant role in the progression of tumors,
including breast cancer, glioma, lung cancer and so on
[3-5]. It can regulate gene expression at the post
transcriptional level by binding to the 3′ untranslated
http://www.jcancer.org
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region (UTR) of target mRNAs, Which leads to
cleavage of the target mRNA by the Ago2
ribonuclease in the RNA induced silencing complex
(RISC) or inhibition of translation [6]. MiRNAs
upregulation or deregulation was found to have
oncogenic potential. For example, the miR-21 miRNA
cluster cooperates with the oncogene PI3K to induce
tumors in a mouse model [7] and deregulation of the
oncogene RAS by loss of regulation through the let-7
family of miRNAs might contribute to carcinogenesis
[8]. Recent studies reported that MiR-340 could
function as a tumor suppressor via inhibiting tumor
cell proliferation and inducing apoptosis by targeting
multiple negative regulators of p27 in non-small cell
lung cancer [9], and inhibited glioblastoma cell
proliferation by suppressing CDK6, cyclin-D1 and
cyclin-D2 [10]. In addition, miR-340 could also
suppress breast cancer cell migration and invasion
through targeting of oncoprotein c-Met [11]. Although
multiple regulatory mechanisms are implicated in the
anti-tumor of miR-340, the role of miRNA in
mediating breast cancer progression has only recently
been investigated and still remains largely elusive.
EZH2, a methyl transferase and component of
PRC2 (the polycomb repressive complex 2), is
primarily responsible for H3K27 methylation, which
mediate target genes transcriptional silencing [12]. In
current reported studies, the common discovery was
that EZH2 expression was elevated in cancer tissues
compared to adjacent normal tissues, being the
highest expression in the most advanced stages of
cancer, and correlated with poor prognosis in patients
[13]. EZH2 expression was also found to correlate
with breast cancer aggressiveness and acting as an
independent predictor of recurrence and survival [14].
A set of genes and pathways associated with cell
proliferation and invasion are regulated by EZH2.
Such as RUNX3, RAD51, and CDKN1C (p57KIP2),
which regulate cell proliferation, and FOXC1 and
CDH1 (E-cadherin) have been linked to metastasis
[15]. There are also reports indicated that enhanced
expression of EZH2 in breast tumor initiating cells
results in accumulation of genomic abnormalities that
mediate deregulated signaling (RAF1-ERK-β-catenin)
promoting cell expansion and cancer progression [16].
Furthermore, our previous study demonstrated that
knockdown of EZH2 not only impacted H3K27
trimethylation but also reduced DNMT1 presence on
the miR-200b/a/429 promoter which dramatically
suppressed cancer progression in vitro and in vivo [17].
Therefore, based on EZH2 transcriptional
regulation and epigenetic gene silencing role in
cancer, and microRNAs (miRNAs) function as
post-transcriptional regulators of cognate target gene
expression, in this study, we first indicted that
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tumor-suppressor activity of miR-340 in TNBC via
altering a series of miRNAs expressions by reversing
EZH2 expression.

Materials and Method
Tissue samples
A total of 62 primary TNBC tissues and
corresponding adjacent normal tissues from patients
with breast cancer were collected from the
Department of Breast Cancer, Tianjin Medical
University Cancer Institute and Hospital during the
period from 2013 to 2014. The collection of the
patient’s sample was approved by Tianjin Medical
University Cancer Institute and Hospital. Patients
without radiotherapy and chemotherapy before
surgery were considered for this study.

Cell culture and transfection
Human breast cancer cell lines MCF-7, T47D,
Cal51, MDA-MB-231, MDA-MB-468 were obtained
from ATCC (the American Type Culture Collection,
Manassas, VA, USA). Cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM,
Hyclone) supplemented with 10% Fetal bovine serum
(FBS, Hyclone) and were incubated at 37°C in a 5%
CO2 atmosphere. The cell transfection was performed
using Lipofectamine 2000 (Invitrogen) according to
the manufacturer’s instructions.

RNA extraction and Real-time PCR assay
Total RNA extraction was carried out using Total
RNA isolation kit (Bioteke Corporation, Beijing,
China). For MicroRNA, we used miRcute miRNA
first-strand cDNA synthesis kit and miRcute miRNA
qPCR detection kit (SYBR Green) (Tiangen, Beijing,
China) to detect the levels of miR-340 according to the
manufacturer’s protocol. U6 was as an internal
control. Real-time PCR was performed on a CFX96
Real-Time System (Bio-Rad, USA) using the following
primers:
MiR-340 stem loop primer: 5’-GTCGTATCCAGT
GCGTGTCGTGGAGTCGGCAATTGCACTGGACGT
GGATACGACAATCAG-3’; forward primer, 5’-GCG
GTTATAAAGCAATGAGA-3’; reverse primer, 5’-GT
GCGTGTCGTGGAGTCG-3’; U6 forward primer, 5’GCTTCGGCAGCACATATACTAAAAT-3’; reverse
primer, 5’-CGCTTCACGAATTTGCGT. For mRNA,
we put 2 μg of total RNA to reverse-transcribed with
BioTeke super RT Kit (Bioteke Corporation, Beijing,
China) to synthesize cDNA samples. 2 ml of cDNA
product were used to polymerase chain reaction
(PCR) amplification with Go Tag qPCR Master Mix
(Promega, USA) on a thermal cycler using the
following primers.

http://www.jcancer.org
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Cell cycle and colony formation analysis
Cell cycle distribution of different groups was
analyzed by propidium iodide (PI) staining and flow
cytometryas previously reported [18]. For the colony
formation analysis, the treated cells were plated in
6-well plates at 200 cells per well and grown for 2
weeks. Afterwards, the cells were washed with PBS
for three times, fixed in methanol, and stained with
0.5% crystal violet (Sigma, St. Louis, MO, USA). All
the assays were repeated at least three times.

Apoptosis and transwell invasion assay
The cell apoptosis was evaluated by flow
cytometry analysis. Briefly, after treatment with
miR-340 mimics, inhibitor or the NC for 48h, the cells
were collected and subjected to an annexin V/PI stain
using an annexin V-FITC Apoptosis Detection Kit
(BioVision, Palo Alto, CA). Then the fluorescence was
measured by flow cytometry using a FACS flow
cytometer (Becton Dickinson, San Jose, CA). Cell
invasion abilities were examined using a 24-well
matrigel-coated transwell inserts (BD Biosciences,
Bedford, MA, USA). Cells with treatment were
transferred on the top of matrigel-coated invasion
chambers with serum-free DMEM and were fixed in
methanol and stained with 0.1% crystal violet later.
The average numbers of cells per field were
determined by counting the cells in four random
fields per well. All tests were performed in triplicate.

Immunofluorescence and In Situ Hybridization
(FISH)
Immunofluoresence staining was conducted
using antibodies against E-cadherin, β-catenin, and
MMP-9 (1:100 dilutions; Cell Signaling Technology),
and the cells were visualized using Fluo View
Confocal Laser Scanning Microscopes-FV1000
(Olympus, Tokyo, Japan) and analyzed by IPP5.1
(Olympus). In-Situ Hybridization kit was purchased
from Wuhan Boster Biological Technology, Ltd.
Sequences of oligonucleotide probes are as shown:
has-miR-340 5’-AATCAGTCTCATTGCTTTATAA-3’;
hsa-miR-200a 5’-ACA TCG TTA CCA GACAGT GTT
A-3’; hsa-miR-200b 5’-TCATCATTACCAGGCAGTA
TTA-3’; hsa-miR-21 5’-TCAACATCAGTCTGATAAG
CTA-3’. Antisense locked nucleic acid (LNA)
modified oligonucleotide probes: LNA-miR-340,
LNA-miR-200a, LNA-miR-200b and LNA-miR-21
hybridization solution were used for detection as
previously described [19].

Histology and immunohistochemistry (IHC)
Immunohistochemistry analysis was performed
as previously described [20]. Briefly, the sections were
incubated with primary antibodies (1:100 dilutions)
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overnight at 4℃, followed by a biotin-labeled
secondary antibody (1:100 dilutions) for 1h at 37℃
and then ABC peroxidase and 3,30-diaminobenzidine
were added, hematoxylin was counterstained and
visualized using a light microscope. Staining results
were scored by two pathologists. The quantity and
intensity scores were calculated such that a final score
of 0–1 indicated negative expression (−), 2–3 indicated
weak expression (+), 4–5 indicated moderate
expression (++), and 6 indicated strong expression
(+++). Cases with score discrepancies were discussed
to reach an agreement.

Protein extraction and western blot
The breast cells transfected with miR-340
mimics, inhibitor or the NC was cultured for 48h.
Then each total proteins and nuclear proteins were
isolated from cell lines using 1% of Nonidet P-40 lysis
buffer. Western blotting assay was performed as
previously described [20]. DNMT1, H3K27me3,
β-catenin, p-STAT3 and EZH2 were used as the
detected antibodies. GAPDH was selected as a
housekeeping gene. The protein was detected using a
Super Signal protein detection kit (Pierce, Rockford,
IL).

Luciferase Reporter Assay
The EZH2 3′-UTR-Luc reporter was created by
the ligation of EZH2 3′-UTR PCR products into the
XbaI site of the pGL3 control vector (Promega). For
the reporter assay, cells were cultured in 96-well
plates and transfected with luciferase reporters, and
wild type miR-340 sequences or mutant ones. After
48h incubation, luciferase activity was measured
using a dual-luciferase reporter system (Promega).
The Renilla luciferase activity was used as an internal
control.

Nude mouse tumor xenograft model and
treatment
BALB/c-A nude mice at 3-4 weeks of age were
purchased from the Animal Center at the Cancer
Institute at Chinese Academy of Medical Science
(Beijing, PR China). Animal handling and
experimental procedures were performed according
to the regulations and internal biosafety and bioethics
guidelines of Tianjin Medical University. The female
nude mice were subcutaneously inoculated with
MDA-MB-231 cells (1 × 10 7 cells/mouse) for the
construction of the tumor xenograft model. When
tumors reached a volume of about 100mm3, the
animals were randomized divided into three groups
and injected 200pM miR-340 mimics, miR-340
inhibitor and NC respectively every 2 days for 21
days. Tumor lengths and widths were measured
every 3 days using a digital caliper, and tumor
http://www.jcancer.org
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volumes were calculated using the equation
volume(mm3) = length × width2/2. At the end of the
experiment on day 21, the mice were sacrificed, tumor
weight was measured, and tumors were used for
examination as well as HE stains.

Statistical Analysis
Statistics were performed using the SPSS
Graduate Pack, version 11.0, statistical software
(SPSS). Descriptive statistics, including mean and SE
and one-way analysis of variance, were used to
determine statistically significant differences. P <0.05
was considered to be statistically significant.

Results
MiR-340 was downregulated in TNBC and
inversely correlated with the EZH2 expression
To detect the expressions of miR-340 and EZH2
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in TNBC tissues, 62 pairs of breast cancer tissues and
adjacent normal tissues were used for IHC and FISH
assay. The results revealed that miR-340 expression
was reduced in cancer tissues compared with the
adjacent normal tissues, whereas EZH2 was
over-expressed in cancer tissues (Fig. 1A).
Furthermore, the expression level of miR-340 was
inversely correlated with the EZH2 expression
(R=-0.42, P<0.01, Fig. 1B). Meanwhile, Real-time PCR
assay established that miR-340 was lowly expressed
in TNBC cell lines (Cal51, MDA-MB-231 and
MDA-MB-468), compared with hormone-receptor
positive cells (T47D and MCF-7) (Fig. 1C). However,
EZH2 were overexpressed mainly in TNBC cell lines,
especially in MDA-MB-231 and MDA-MB-468 cells
(Fig. 1D). Based on these results, a negative
correlation between miR-340 and EZH2 expression
might also be existed in TNBC cell lines.

Figure 1. Differential expressions of miR-340 and EZH2 assayed respectively by FISH and IHC in cancer and adjacent normal tissues of 62
TNBC samples. (A) MiR-340 expression was reduced in cancer tissues compared with adjacent normal tissues, whereas EZH2 was over-expressed in cancer
tissues. The heat map represents gene expression on a linear scale, with a maximum immunoreactive score of 6 to highlight differences within this range. (B) Inverse
correlation (R=-0.42, P<0.01) of miR-340 and EZH2 relative expression in cancer and normal tissues. A trend line is provided in each plot, which represented the
‘best fit,’ as determined by simple linear regression. (C) MiR-340 was lowly expressed in TNBC cells (Cal-51, MDA-MB-231 and MDA-MB-468) in comparison with
hormone receptor positive cells (MCF-7 and T47D). (D) However, EZH2 was over-expressed in TNBC cells, especially in MDA-MB-231 and MDA-MB-468.

http://www.jcancer.org
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EZH2 is a novel target of miR-340
By using the miRanda and mirRVR algorithms,
we speculated EZH2 as a candidate target for
miR-340. Sequence analysis revealed that the seed
region of miR-340 could form complementary base
pairs with the 3’UTR of EZH2 mRNAs (Fig. 2A). To
test whether EZH2 expression was regulated by
miR-340, we used miR-340 mimics and inhibitor to
change the miR-340 endogenous levels in
MDA-MB-231 and MDA-MB-468 cells. There was an
increased in the EZH2 protein expression levels 48h
after transfection with the miR-340 inhibitor, whereas
EZH2 expresses were reduced after miR-340 mimics
transfection (Fig. 2B). Meanwhile, miR-340 inhibitor
also upregulated EZH2 expression levels in MCF-7
and T47D (Fig. 2C). To demonstrate a direct
interaction between the 3’UTR of EZH2 and miR-340,
we inserted the 3’UTR region of human EZH2, which
contains the putative miR-340 recognition sites and
flanking sequences downstream of a renilla luciferase
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reporter gene, into a pGL3 vector (Fig. 2D). The
miR-340 inhibitor and mimics were transfected into
TNBC cells along with the reporter gene. The reporter
gene activity was significantly increased in miR-340
inhibitor transfected cells, whereas reduced in mimics
transfected group (Fig. 2D). It has been shown that the
base pairing of miRNA seeding sequences to the
target genes is essential for the binding of miRNA to
its target mRNA, repressing target gene expression.
To test whether the predicted miR-340 targeting sites
in the EZH2 3’ UTR are critical for the repression of
EZH2 expression by miR-340, point mutations
disrupting the base-pairing of the predicted miR-340
targeting sites were introduced into the miR-340
sequence. Mutation of the miR-340 targeting sites
abolished the repression (Fig. 2E). These results
suggest that miR-340 represses EZH2 expression
through the predicted targeting sites in the EZH2
3’UTR.

Figure 2. EZH2 is a target of miR-340. (A) Diagram of seed sequence of miR-340 matched the 3’UTR of the EZH2 gene. (B) EZH2 expression was detected by
western blot after miR-340 mimics and miR-340-inhibitor transfection. (C) EZH2 expression was assayed by western blot after miR-340 inhibitor transfection in
MCF-7 and T47D cells. (D) Schematic diagram of EZH2 3’UTR containing reporter constructs. (E) Luciferase reporter assays in breast cancer cells, following
cotransfection with the 3’UTR EZH2 and miR-340 mimics, miR-340-inhibitor, and mutant miR-340 sequence as indicated. The data represent the fold change in
expression (means ± SE) of three replicates. Data represent mean ± SD of three replicates. *P < 0.05.

http://www.jcancer.org
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Up-regulation of miR-340 inhibits the
tumorigenic properties of TNBC cells
To assess the tumor suppressive role of miR-340,
we elevated miR-340 levels respectively in
MDA-MB-231 and MDA-MB-468 followed by
functional assays. MTT (Fig. 3A) and Colony
formation
(Fig.
3B)
assays
revealed
that
overexpression of miR-340 can significantly inhibit
TNBC cells proliferation, whereas miR-340 inhibitor
transfection stimulated the cells growth. Cell cycle
analysis showed that miR-340 elevated expression
resulted in cell arrest in G0/G1 phase, however,
miR-340 inhibitor transfection reduced the G0/G1
phase (Fig. 3C). Furthermore, we measured apoptosis
and Cleaved Caspases and PARP expressions in
Control and transfected cells by annexin-V-PI assay
and Western blot. It was observed, in both TNBC
cells, that the average apoptotic cell fractions (Fig. 3D)
and Cleaved Caspase-3, Cleaved Caspase-7, Cleaved
Caspase-9, and Cleaved PARP (Fig. 3E) were
significantly increased on miR-340 re-expression
group compared with Control, NC and inhibitor
transfection group. To assess the role of miR-340 in
cell
invasion,
transwell
assay
and
epithelial-mesenchymal transition (EMT) associated
markers expression levels were detected. MiR-340
mimics transfection decreased the invasion of cancer
cells, whereas miR-340 inhibitor transfection
enhanced invasion, compared with Control and NC
(Fig. 3F). In addition, miR-340 mimics treatment
induced a close cell-cell contact epithelial-like
morphology, however, cells acquired spindle and
fibroblastoid shapes with increased cell gaps after
miR-340 inhibitor treatment. Confocal microscopy
detection showed that E-cadherin expression was
increased after miR-340 mimics transfection,
meanwhile, the nuclear β-catenin expression was
significantly down-regulated. However, miR-340
inhibitor
promoted
the
β-catenin
nuclear
translocation (Fig. 3G), which was associated with the
EMT. Furthermore, western blot assay indicated that
miR-340 mimics increased E-cadherin expression and
decreased Vimentin, N-cadherin and Fibronectin
expressions, whereas miR-340 inhibitor reduced
E-cadherin expression and upregulated Vimentin,
N-cadherin and Fibronectin levels compared with
Control and NC (Fig. 3H). Together, these data
demonstrate that miR-340 is potent at suppressing
breast cancer cell growth and invasion.
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MiR-340 exhibits anti-tumor efficacy in an
orthotopic mouse model
To investigate the potential impact of miR-340 on
TNBC growth in vivo, a MDA-MB-231 orthotopic
mouse model was used. MiR-340 mimics treated
group displayed a significant growth reduction,
whereas tumor growth was increased in miR-340
inhibitor treated group (Fig. 4A). Tumor mass were
significantly greater in miR-340 inhibitor treated
tumors compared with those treated with NC, and
tumors from miR-340 mimics treated group achieved
the smaller weights (Fig. 4B). FISH analysis confirmed
increased miR-340 expression in mimics treated
group, but reduced in inhibitor treated group.
Moreover, miR-340 mimics treated mouse models
displayed decreased expressions of EZH2, Ki-67 and
MMP9 compared with NC and inhibitor treated
group (Fig. 4C). These data indicated that miR-340
re-introduction in vivo exhibited tumor suppressive
efficacy similar in vitro.

MiR-340 reversed EZH2 mediated miR-21
transactivation and miR-200a/b silencing
As our previous studies reported, EZH2
cooperated with β-catenin and STAT3 and
participated in glioma progression [21]. Meanwhile,
there were binding sites of P-STAT3 located in miR-21
gene promoter [22]. Therefore, we supposed that
miR-21 might be trans-activated by EZH2. In
addition, we also found that EZH2 mediated
methylation silences the miR-200a/b gene and
promoted the glioma and gastric cancer progression
[17]. Base on above studies, we assayed whether
miR-340 mediated miR-21 and miR-200a/b
expressions and inhibited the TNBC progression by
targeting EZH2. Western blot assay indicated that
miR-340 mimics downregulated the DNMT1,
H3K24me3, β-catenin and P-STAT3 expressions as the
same as the EZH2 inhibitor DZNep treatment (Fig.
5A). Moreover, both miR-340 mimics and DZNep
treatment elevated miR-340 expressions, and
inhibited the miR-21 expression and induced
miR-200a/b levels as detected by Real-time PCR (Fig.
5B). In addition, IHC and FISH detection revealed that
DNMT1, H3K27me3, P-STAT3 and miR-21
expressions were significantly reduced in tissues from
miR-340 mimics treated group, whereas miR-200a/b
expression levels were increased (Fig. 5C).Taken
together, we concluded that miR-340 inhibited the
TNBC progression partly due to the reversion of
EZH2 mediated a series of miRNAs activities, such as
miR-21 and miR-200a/b.
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Figure 3. Enforced expression of miR-340 inhibits growth and invasion, and induces cell apoptosis in breast cancer cells in vitro. (A) Effect of
miR-340 on cell proliferation was measured by MTT assay after NC, mimics or inhibitor transfection in MDA-MB-231 and MDA-MB-468 cells. (B) Colony formation,
(C) cell cycle distribution, and (D) apoptosis were detected after NC, mimics and inhibitor transfection. (E) Cleaved caspase-3, Cleaved caspase-7, Cleaved caspase-9
and Cleaved PARP were detected by western blot. (F) Cell invasion and migration activity was assayed by transwell. (G) Cell morphology was photographed and
confocal microscopy was used to test the E-cadherin and β-catenin expressions after transfections. (H) E-cadherin, Vimentin, N-cadherin and Fibronectin were
analyzed by western blot. Data represent mean ± SD of three replicates. *P < 0.05.
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Figure 4. MiR-340 suppressed tumor growth in an orthotopic breast cancer mouse model. (A) MDA-MB-231 subcutaneous tumors were treated with
NC, miR-340 mimics and miR-340 inhibitor. Growth curves of tumor volumes in NC, mimics and inhibitor group (n=8 in each group). (B) Tumors were resected and
tumor mass was determined 21 days following implantation. Data indicate decreased tumor mass miR-340 mimics-treated tumors compared with NC and
miR-340-inhibitor treatment. (C) MiR-340, EZH2, Ki-67 and MMP9 expressions were detected by IHC and FISH. Data represent mean ± SD of three replicates. *P
< 0.05.

MiR-340 inhibited triple-negative breast
cancer progression through targeting EZH2
To further verify miR-340 functions through
EZH2, we performed rescued experiments with
miR-340 inhibitor and EZH2 siRNA transfection
together. Compared with single miR-340 inhibitor
treatment group, combined use of miR-340 inhibitor
and EZH2 siRNA weakened the cancer cell
proliferation and migration activity detected by MTT
(Fig. 6A), colony formation (Fig. 6B) and transwell
(Fig. 6C) assays, and increased E-cadherin expression
and reduced Vimentin, N-cadherin and Fibronectin

expressions (Fig. 6D). Meanwhile, miR-340 inhibitor
and EZH2 siRNA transfection prolonged the G0/G1
phase (Fig. 6E), induced the more cell apoptosis (Fig.
6F), and increased Cleaved Caspase-3, Cleaved
Caspase-7, Cleaved Caspase-9 and Cleaved PARP
expressions (Fig. 6G) to some extent compared with
miR-340 inhibitor treatment group. Furthermore,
EZH2 siRNA transfection abolished miR-340 inhibitor
effect on DNMT1, H3K27me3, β-catenin, P-STAT3,
miR-21 upregulation and miR-200a/b reduction (Fig.
6 H, I). Taken together, these results further
determined that miR-340 inhibited triple-negative
breast cancer progression through targeting EZH2.
http://www.jcancer.org
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Figure 5. EZH2 downstream target genes and miRNAs expressions were detected after miR-340-mimics treatment. (A) Western blot detection
for DNMT1, H3K27me3, β-catenin and P-STAT3 expressions after miR-340-mimics and DZNep treatment. (B) Real-time PCR assay for miR-340, miR-21, miR-200a
and miR-200b expressions after miR-340 mimics and DZNep treatment. (C) Expressions of DNMT1, H3K27me3, P-STAT3, miR-21, miR-200a and miR-200b were
detected in MDA-MB-231 mouse model tissues. Data represent mean ± SD of three replicates. *P < 0.05.

Discussion
Breast cancer, the most life-threatening disease
for women, involves a complex cascade of events,
including tumor cell increase, local and detached
invasion, angiogenesis immune system suppression
and so on [23]. Identification of the key molecules,
genes and proteins that are essential for cancer cell
survival is vital for understanding the underlying
biology, as well as to design effective cancer
therapeutics. Over the last decades, accumulated
evidence has shown that miRNAs play a significant
role in relevant molecular and cellular mechanisms
governing breast tumorigenesis. With the small size
and influence in a broad range of biological processes,
miRNAs are very attractive therapeutic targets for

breast cancer. For example, miR-125b, which targets
erythropoietin (EPO) and its receptor (EPOR) as well
as ERBB2, is found to be one of the most
downregulated miRNAs in breast cancer [24]. Roopra
A reported the results of miR-205 regulating HMGB3
and its ectopic expression significantly inhibited cell
proliferation and promoted cell apoptosis in breast
cancer [25]. Mei and colleagues reported miR-21
upregulation was associated with an increase of the
anti-apoptosis protein BCL-2 and resulted in taxol
resistance in breast cancer cells [26]. MiR-340 has been
reported playing an important role in suppressing
breast cancer invasion and metastasis [11]. Although
abroving study has examined the role of miR-340 in
breast cancer, the underlying molecular mechanism
needs to be further identified.
http://www.jcancer.org
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Figure 6. miR-340 inhibited triple-negative breast cancer progression through targeting EZH2. (A) MTT and (B) Colony formation were conducted to
assay cell proliferation after single miR-340 inhibitor or miR-340 inhibitor combined with EZH2 siRNA treatment. (C) Cell invasion and migration activity was assayed
by transwell. (D) E-cadherin, Vimentin, N-cadherin and Fibronectin were analyzed by western blot. (E) Cell cycle distribution and (F) apoptosis were detected after
miR-340 inhibitor or miR-340 inhibitor combined with EZH2 siRNA transfection. (G) Cleaved caspase-3, Cleaved caspase-7, Cleaved caspase-9 and Cleaved PARP
were detected by western blot. (H) Western blot detection for DNMT1, H3K27me3, β-catenin and P-STAT3 expressions and (I) real-time PCR assay for miR-340,
miR-21, miR-200a and miR-200b expressions miR-340 inhibitor or miR-340 inhibitor combined with EZH2 siRNA transfection. Data represent mean ± SD of three
replicates. *P < 0.05.
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Post-translational
modifications
of
the
N-terminal tails of core histones, including
methylation,
acetylation,
ubiquitylation
and
phosphorylation, influence chromatin configuration
that can modulate accessibility of transcription factors
and transcriptional activity of nearby genes [27].
PRC1 (polycomb repressive complex 1) which
catalyzes the mono ubiquitylation of histone H2A and
PCR2 which contributes to the methylation of H3K27
are associated with chromatin condensation [28].
PRC2 complexes containing EZH2 are primarily
responsible for H3K27 methylation. Experimental
evidence suggests that H3K27 methylation is mainly
achieved by EZH2 and influences proliferation and
differentiation of stem cells and cancer cells [29]. Here
we showed that EZH2 was the target of miR-340 by
luciferase reporter assay and protein expression
assay. In addition, miR-340 elavation results in the
decreased expression of H3K27me3, β-catenin and
p-STAT3, which are regulated by EZH2. In our
previous studies, we have showed that DNMT1 and
EZH2
mediated
methylation
silences
the
microRNA-200b/a/429 gene and promotes human
gastric cancer and glioma progression [17]. Also there
was a report that STAT3 bound to the miR-21
promoter region and transcribed its expression [22]. In
this study, we verificated that upregulation of
miR-340 inhibited miR-21 transactivation as well as
increased miR-200a/b expression by decreased EZH2
expression. These results first indicated that miR-340
regulated miR-21 and miR-200a/b through targeting
EZH2 in TNBC.
Taken together, in the present study, we
identified EZH2 as a direct target of miR-340, which
acted as a tumor suppressor in TNBC via the
modulation of the expression of EZH2 not only in
DNA methylation but also in transcriptional
regulation process. MiR-340 upregulation was able to
inhibit EZH2 expression and consequently decreased
miR-21 and increased miR-200a/b expressions, which
formed a miRNAs network pathway ultimately
contribute to the malignant progression of TNBC. Our
current data provided the functional significance of
miR-340 target molecules, including EZH2, might
provide a greater understanding of the complex
mechanisms of TNBC development and progression.
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