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MicroRNA-182 targets FOXF2 to promote the development of triple-negative

breast cancer
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To explore the function of microRNA-182 (miR-182) on MCF7 and MDA-MB-231 cells behaviors, and possible mechanisms
of triple-negative breast cancer (TNBC) development. Totally, 30 TNBC patients were enrolled to investigate the correlation
between miR-182 expression and TNBC clinical indicators. miR-182 expression in TNBC tissues was measured by qRT-PCR,
followed by bioinformatics methods and luciferase reporter assay to investigate whether FOXF2 was a direct target of miR-
182. Besides, miR-182 mimics were transfected into MCF7 cells while miR-182 inhibitor into MDA-MB-231 cells, followed
by cell proliferation and migration detection. miR-182 expression was significantly correlated with TNBC clinical indicators,
such as lymph node metastasis TNM (stage III), intravascular cancer emboli and TNBC recurrence and metastasis. miR-182
expression was significantly higher in TNBC tissues than that in matched normal tissues, and was significantly higher in
MDA-MB-231 cells than that in MCF?7 cells. miR-182 knockdown inhibited the proliferation and migration of MDA-MB-231
cells while miR-182 overexpression markedly promoted the proliferation and migration of MCF?7 cells. Besides, FOXF2 was
identified as a direct target of miR-182. Our findings indicate that miR-182 may promote cell proliferation and migration in
TNBC possible via down-regulation of FOXF2. miR-182 may serve as a potential target in TNBC treatment.
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Triple-negative breast cancer (TNBC) is an aggressive
disease, accounting for approximately 12%-24% of all breast
cancer cases [1]. It is defined immunohistochemically by ab-
sence of expression of progesterone receptor (PR), estrogen
receptor (ER) and human epidermal growth factor receptor 2
(HER2, ERBB2) [2, 3]. Due to lack of effective targeted thera-
pies to date, treatment regimens for TNBC often fail to slow
down the progression of tumor [4]. Therefore, more efforts
are still warranted to elucidate the molecular mechanisms
underlying TNBC.

MicroRNAs (miRNAs) are emerging as key regulators in
some physiological and pathological processes via targeting the
3’ UTRs of specific target mRNAs at the post-transcriptional
level [5, 6]. miRNAs can act as oncogenes or tumor suppres-
sors in the progression of a variety of prevalent cancers [7, 8],
including TNBC [9]. For instance, upregulated miRNA-155
contributes to lymph node metastasis and is associated with
poor prognosis in TNBC [10]. Upregulated miR-203 is also
observed to suppress TNBC cell proliferation and migration

[11]. Recently, accumulating evidences have highlighted the
key regulatory roles of miR-182 in cancer progression and
patients’ survival. The aberrant expression and crucial func-
tion of miR-182 are increasingly disclosed in several cancers,
including melanoma [12], glioma [13], lung cancer [14] and
breast cancer [15]. It can therefore be hypothesized that
miR-182 may be widely implicated in tumor development.
However, the function of miR-182 in breast cancer has not
been fully investigated, especially in TNBC.

In this study, the correlation between miR-182 expression
and TNBC clinical indicators was investigated. miR-182
expression in TNBC tissues, MCF-7 and MDA-MB-231 cells
were then measured. In addition, we investigated whether
FOXF2 was a direct target of miR-182. Besides, miR-182 mim-
ics were transfected into MCF7 cells while miR-182 inhibitor
was transfected into MDA-MB-231 cells to further detect
the effects of miR-182 on cell proliferation and migration.
Our study aimed to determine the function of miR-182 on
the malignant behaviors of MCF7 and MDA-MB-231 cells,
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as well as to elucidate the possible mechanisms of TNBC de-
velopment. Findings of this study will help to devise possible
targets for TNBC.

Materials and methods

Samples collection. Our study was reviewed and ap-
proved by the local ethics committee and each patient
provided informed consent. Between January 2009 and
January 2013, a total of 30 TNBC patients (aged 31-73
years, mean 51.1 years) were enrolled in our study. All
patients were confirmed by histopathology, did not receive
preoperative radiotherapy or chemotherapy, and underwent
postoperative adjuvant chemotherapy with TAC (piraru-
bicin + cyclophosphamide + docetaxel). Then 30 TNBC
tissues and 30 matched normal tissues from these patients
were collected and quickly snap-frozen for subsequent
experiments.

Cell culture and transfection. Human breast cancer
cell lines MCF-7 (low metastatic potential) and MDA-MB-
231 (high metastatic potential) were obtained from the
Animal Experiment Center of Shanghai, Chinese Academy
of Sciences. Cells were seeded into DMEM medium (Gibco,
NY, USA) supplement with 10% FBS and 1% penicillin/
streptomycin at 37°C in an incubator with 5% CO,. Cells
(5 x 10°) were then seeded in 6-well plates. Then miR-182
mimics were transfected into MCF7 cells while miR-182
inhibitor was transfected into MDA-MB-231 cells with
lipofectamine RNAIMAX Reagent (Invitrogen, CA, USA)
based on manufacturer’s instruction. MicroRNA NC and
microRNA inhibitor NC were also respectively transfected
into MCF-7 and MDA-MB-231cells as the negative controls.
The sequences were as follows: miR-182 mimics: forward,
5-UUUGGCAAUGGUAGAACUCACACU-3’; reverse:
5-UGUGAGUUCUACCAUUGCCAAAUU-3’; MicroRNA
NC, forward, 5-UUCUCCGAACGUGUCACGUTT-3’; re-
verse, 5-ACGUGACACGUUCGGAGAATTA-3’; miR-182
inhibitor, 5>-AGUGUGAGUUCUACCAUUGCCAAA-3;
microRNA inhibitor NC, 5-AGUGUGAGUUCUACCAU-
UGCCAAA-3’ After transfection, miR182 expression was
measured by quantitative real-time PCR (qQRT-PCR) to detect
the transfection efliciency.

Bioinformatic methods and luciferace reporter assay.
The miRNA targets were predicted by Targetscan (http://www.
targetscan. org/vert_61/). FOXF2 at position 688-695 and 485-
491 was found as the potential target regions of miR-182. To
further confirm which target region of FOXF2 was the target
of miR-182, a luciferase reporter assay was conducted with
the Luciferase Reporter Assay System (Promega, Wisconsin,
USA). In brief, MCF7 cells were cultured in 48-well plates for
incubation of 24 h, and then co-transfected with pGL3 vector
(Promega, Wisconsin, USA) containing miR-128 binding site
of FOXF2 3’UTR (WT) or deleting the sequence of binding
site (MUT) with or without miR-128 mimics. At 48 h after in-
cubation, the luciferase activity was measured by a microplate

reader (Perkin-Elmer, CA, USA) and normalized to renilla
luciferase activity.

RNA extraction and qRT-PCR. Trizol reagent (Invitrogen,
CA, USA) was used to extract total RNA. The quality (A, /
A,,,) and concentration of RNA was detected using SMA 400
UV-VIS (Merinton, Shanghai, China). cDNA synthesis was
then performed by reverse transcription. qRT-PCR analysis
was conducted with the SYBR ExScript qRT-PCR Kit (Takara,
Dalian, China). The PCR conditions were: 95 °C 10 min; 40
cycles of 95 °C 15 sec, 60°C 1min and 72 “C 30 sec; 72 °C 5
min. The expression of miR-182 and FOXF2 were normal-
ized to U6 and GAPDH, respectively. The primers for gene
amplification were: miR-182: forward, 5’-GGCTTTGGCAAT-
GGTAGAAC-3’ reverse, 5-GTGCGTGTCGTGGAGTCG-3’
FOXF2: forward, 5-GGATATTAAGCCCTGCGTCA-3,
reverse: 5-TTCAGATTGGGGAACGCTAC-3’; GAPDH:
forward, 5-CCCACTAACATCAAATGGGG-3), reverse:
5’- CCTTCCACAATGCCAAAGTT-3’ The relative gene ex-
pression was then calculated by the 274" method.

Western blot. MCF?7 cells were harvested after transfection
with miR-182 mimics for 48 h and then lysed in RIPA lysis
buffer. Equal amount of protein samples were separated on
SDS-PAGE gel and electrophoretically transferred to a PVDF
membrane (Millipore, MA, USA). The membranes were
incubated with primary antibodies to FOFX2 and GAPDH
(1:10000, Roche, Robert Rohrberg, Germany) overnight at
4°C, followed by HRP-conjugated secondary goat anti-rabbit
IgG(H+L) (1:5000, Sigma, Taufkirchen, USA) or goat anti-
mouse IgG(H+L) (1: 10000, Thermo, CA, USA) for 2 h at room
temperature. Finally, the blots were visualized with electro-
chemi-luminescence (ECL) (Thermo, CA, USA).

Cell viability assay. Cell proliferation was evaluated with
the Cell Counting Kit 8 (CCK-8, biosharp, hefei, China). In
brief, cells (3000 cells/well) were seeded in 96-well plates. At 72
h after transfection, each well was changed to DEME medium
containing 10% CCK-8 solution and the plates continued to be
incubated at 37 °C for 1 h. Absorbance (450 nm) of each well
was measured with a microplate reader (Perkin-Elmer, CA,
USA). All experiments were performed in triplicate.

Transwell assay. Cell migration assay was conducted using
Transwell assay after 24 h of transfection. In brief, MDA-MB-
231 and MCF?7 cells (40,000 cells in 100 uL. DEME medium
without FBS) were added into the upper compartment of
Transwell chamber (pore size 8.0 um, BD Biosciences, CA,
USA). The lower compartment was loaded with DEME
medium containing 10% FBS as the nutritional attractant.
After incubation for 24 h, the chambers were fixed with 4%
paraformaldehyde and then stained with DAPI. The cells on
the upper side of the chamber were removed before observa-
tion. Five randomly fields on the bottom of the chamber were
selected and the migrated cells were counted under an inversed
fluorescent microscope (20 x magnification).

Statistical analysis. Statistical differences between multiple
results in our study were analyzed by SPSS 17.0. All data were
presented as mean + SD. The correlation between miR-182
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Figure 1. Analysis of the expression of miR-182 in TNBC tissues (A) and MDA-MB-231 and MCF7 cells (B). Data are presented as mean + SD. *:

P <0.05, **: P <0.01.

expression and TNBC clinical indicators was evaluated by
Mann Whitney-U test. The statistical differences in miR-182
expression, cell viability, cell migration between groups were
assessed by paired t-test or one-way ANOVA. Statistically
significant difference was obtained when P < 0.05.

Results

The correlation between miR-182 expression and TNBC
clinical indicators. The correlation between miR-182 expres-
sion and TNBC clinical indicators was shown in Table 1. By
Mann Whitney-U test, miR-182 expression in TNBC tissues
with lymph node metastasis was significantly higher than
that in TNBC tissues without lymph node metastasis (Z =
-3.454, P = 0.001), was significantly higher in TNBC with
TNM (stage III) than that in TNBC with TNM (stage I+1I) (Z
= -3.946, P = 0.000), and was also markedly higher in TNBC
with intravascular cancer emboli than that in TNBC without
emboli (Z = -3.247, P = 0.01). During the follow-up, signifi-
cant differences in miR-182 expression still existed between
TNBC with and without recurrence and metastasis (Z = -2.408,
P = 0.016). However, there were no significant differences
in miR-182 expression between TNBC tissues withdifferent
histological grades, tumor size, menstrual status and ki-67
index (P > 0.05).

Analysis of miR-182 expression. The results of qRT-PCR
showed that the expression of miR-182 in TNBC tissues was
significantly higher than that in matched normal tissues (P <
0.01, Figure 1A). In addition, the expression levels of miR-182 in
MCEF-7 and MDA-MB-231 cells were also measured. We found
that miR-182 expression in MDA-MB-231 cells was markedly
higher than that in MCF?7 cells (P < 0.01, Figure 1B).

FOXF2 was a direct target of miR-182. In this study, Tar-
getscan software predicted that FOXF2 at position 485-491
(U1) and 688-695 (U2) were the potential target regions of
miR-182 (Figure 2A). In order to further verify the predicted

results, FOXF2-U1 and FOXF2-U2 were co-transfected into
MCEF?7 cells with miR-182 mimics, and the luciferase reporter
assay was then performed to verify the predicted results. As

Table 1. The correlation between miR-182 expression and TNBC clinical
indicators

Clinical indicators Cases mean = SD Z P value

Histological type -1.087  0.277
basaloid carcinoma 11 9.568+5.569
Others 19 8.275+4.555

Menstrual status -0.733  0.464
premenopausal 12 9.619+5.351
postmenopausal 18 8.090+4.805

Histological grade -0.326  0.745
G1+G2 15 9.436+4.750
G3 15 8.579+5.581

Lymph node metastasis -3.454  0.001
negative 17 6.945+3.791
positive 13 13.820+4.642

Tumor size -1.855 0.064
PT1+2 28 9.605+5.217
PT3+4 2 5.985+1.959

TNM staging -3.946  <0.001
I+11 24 7.133+3.669
111 6 15.169+4.375

Ki-67 -0.334  0.738
<14% 25 9.374+4.598
>14% 5 8.687+5.652

Intravascular cancer emboli -.3.247  0.001
no 21 7.442+4.561
yes 9 13.313+4.114

Recurrence and metastasis -2.408 0.016
no 25 7.388+3.304
yes 5 17.106+5.050
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Figure 2. FOFX2 was a directly target of miR-182. A: the results of predicted analysis of Targetscan; B: the results of luciferase report assay; C: the
expression of FOFX2 mRNA after miR-182 overexpression; D: the expression of FOFX2 protein after miR-182 overexpression. Data are presented as

mean + SD. *: P < 0.05, **: P < 0.01.

shown in Figure 2B, the luciferase activity of FOXF2-U2 was
significantly decreased (P = 0.001), while there was no obvi-
ous change in the luciferase activity of FOXF2-U1 (P = 0.145).
Besides, the results of qRT-PCR and western blot showed
FOXF2 expression was significantly decreased in miR-182
mimics transfected MCF7 cells in comparison with control
(P < 0.05, Figure 2C and 2D). Taken together, these findings
suggest that FOXF2 (688-695) is a target of miR-182.

Overexpression of miR-182 promoted cell prolifera-
tion and migration. miR-182 mimics were transfected into
MCF7 cells while miR-182 inhibitor was transfected into
MDA-MB-231 cells to further detect the function of miR-
182. The results of CCK-8 assay showed that in comparison
with negative control, miR-182 knockdown significantly
inhibited the proliferation of MDA-MB-231 cells while miR-
182 overexpression markedly promoted the proliferation of
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Figure 3. The cell viability of MCF?7 cells and MDA-MB-231 cells after transfection with miR-182 mimics and miR-182 inhibitor, respectively. Data are

presented as mean + SD. *: P < 0.05, **: P < 0.01.

MCEF7 cells (P < 0.01, Figure 3). In addition, the miR-433
inhibitor transfected group had significantly fewer migrated
MDA-MB-231cells than the control group, while the miR-
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Figure 4. The cell migration of MCF?7 cells and MDA-MB-231 cells after transfection with miR-182 mimics and miR-182 inhibitor, respectively. A, MCF7

cells; B, MDA-MB-231 cells. *: P < 0.05, **: P < 0.01.
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Discussion

TNBC is a clinically aggressive phenotype of breast can-
cer with poor prognosis and limited targeting therapies.
Increasing evidence has highlighted the key role of miRNAs
as diagnostic markers and therapeutic targets in tumor
treatment [16]. In the present study, we found that miR-182
expression was significantly correlated with TNBC clinical
indicators, such as lymph node metastasis TNM (stage III),
intravascular cancer emboli and TNBC recurrence and me-
tastasis. In addition, we found that miR-182 was up-regulated
in TNBC tissues significantly. Also, miR-182 expression in
MDA-MB-231 cells was significantly higher than that in
MCEF7 cells. Knockdown of miR-182 significantly inhibited
the proliferation and migration of MDA-MB-231 cells while
miR-182 overexpression markedly promoted these behaviors
of MCF7 cells. Besides, FOXF2 was identified as a direct target
of miR-182. All these findings imply the key role of miR-182
and merit further investigation.

Previous studies show that miR-182 is able to act as a tumor
suppressor to control cell proliferation and invasion in lung
cancer via targeting the regulator of the oncogene cortactin
[17]. On the contrary, miR-182 is shown to downregulate me-
tastasis suppressor 1 (MTSS1), thus promoting metastasis of
hepatocellular carcinoma [18]. It is also reported that miR-182
overexpression contributes to cell proliferation and invasion
in prostate cancer through suppressing NDRG1 [19]. Wang et
al. also demonstrated that miR-182 could promote cell growth
and invasion in human ovarian carcinomas [20]. In our study,
miR-182 was markedly up-regulated in TNBC tissues. Also,
knockdown of miR-182 significantly inhibited the proliferation
and migration of MDA-MB-231 cells while miR-182 overex-
pression markedly promoted these behaviors of MCF7 cells.
It can therefore speculate that knockdown of miR-182 may
inhibit cell proliferation and migration in TNBC.

Furthermore, miR-182-5p is shown to promote cell
proliferation and invasion in human prostate cancer via
downregulating FOXF2 [21]. In this study, FOXF2 is also
identified to be a direct and functional target of miR-182.
FOXF2, a transcription factor, is shown to be involved in
epithelial-mesenchymal interactions [22], which is associated
with the metastatic capabilities of cancer cells [23]. Wang et
al. also demonstrated that FOXF2 deficiency could promote
epithelial-mesenchymal transition, thereby promoting the
metastasis of basal-like breast cancer [24]. In addition,
FOXEF?2, identified as a target of miR-301, functions as a crucial
oncogene to mediate cell proliferation and invasion in breast
cancer [25]. Besides, low levels of FOXF2 is demonstrated
to predict shorter disease-free survival for those patients
with TNBC [26]. Therefore, FOXF2 down-regulation may
contribute to TNBC progression and is associated with poor
prognosis. In our study, FOXF2 was identified as a direct
target of miR-182, it could therefore be speculated that miR-
182 might promote cell proliferation and invasion in TNBC
via targeting FOXF2.

However, we did not performed experiments, such as over-
expression or knockdown of FOXF2, to verify whether FOXF2
dysregulation is associated with the malignant behaviors of
TNBC cells. In addition, miR-182 is also proved to promote
the tumor progression via targeting MTSS1 or NDRGI [18,
19], implying that miR-182 may play a regulatory role in
TNBC possible via suppressing other targets. Further studies
are needed to investigate our observation.

Conclusion

In conclusion, our findings indicate that miR-182 may
promote cell proliferation and migration in TNBC possible via
down-regulation of FOXF2. miR-182 may serve as a potential
target in the therapy of TNBC. Our findings will provide po-
tential value for TNBC diagnosis and treatment.
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