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 Background: Breast cancer is the main type of cancer in women, and triple-negative breast cancer (TNBC) is a unique sub-
type of breast cancer. The expression of miR-940 has been shown to play an important role in various cancers; 
however, the role of miR-940 in TNBC remains unknown.

 Material/Methods: The expression of miR-940 in TNBC tissues or cells were tested by qRT-PCR; the expression of miR-940 in cells 
were overexpressed by miR-940 mimics, and suppressed by anti-miR-940. Bioinformatics algorithms from 
TargetScanHuman were used to predict the target genes of miR-940. The interaction between miR-940 and 
ZNF24 was confirmed by dual luciferase assays. The protein level was assayed by Western blot.

 Results: TNBC tissues and cells showed lower miR-940 levels.
 Conclusions: MiR-940 inhibited cellular proliferation and migration in TNBC.
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Background

In China, the predominant type of cancer detected in males is 
lung cancer; and the predominant type of cancer detected in fe-
males is breast cancer [1]. Triple-negative breast cancer (TNBC) 
is a unique subtype of breast cancer that is histologically de-
fined by the absence of estrogen receptor (ER) and progester-
one receptor (PR), and lacks human epidermal growth factor 
receptor 2 (HER2) overexpression [2–4]. Recent data show that 
TNBC has specific molecular features that could be possible 
targets for new therapies; TNBC is still associated with poor 
prognosis and a high risk of distant recurrence and death [5].

MicroRNAs are small noncoding RNAs, of 21–24 nucleotides, 
which are involved in the regulation of the expression of pro-
tein-coding genes at the posttranscriptional level [6,7]. Many 
studies have revealed that several miRNAs take part in the 
hormone receptor expression in breast cancer. For example, 
miR-342, miR-299, and miR-218 correspond with ER; miR-520g, 
miR-377; miR-520f-520c corresponds with PR; miR-520d, miR-
181c, and miR-302c; and miR-30e corresponds with HER2 [8].

The function of miR-940 has been investigated in different types 
of cancers including gastric cancer [9], hepatocellular carcino-
ma [10], pancreatic ductal adenocarcinoma [11], and prostate 
cancer [12]. These studies have shown that miR-940 may be 
a potential therapeutic target in cancer therapy. However, the 
function of miR-940 in TNBC remains unclear.

In this study, we first assayed the level of miR-940 in TNBC, 
and then evaluated the effect of miR-940 in vitro. We hope our 
data elucidates the role of miR-940 in TNBC.

Material and Methods

Patients

Twelve TNBC specimens were collected from The Affiliated 
Hospital of North Sichuan Medical College via Shengong 
Company (Shanghai, China). Before this study, the senior pa-
thologists of The Affiliated Hospital of North Sichuan Medical 
College evaluated and confirmed the histological traits of the 
specimens. Tissue samples were immediately frozen in liquid 
nitrogen after isolation. Informed consent was obtained from 
each patient. The Ethics Commitment of The North Sichuan 
Medical College and the Ethic Commitment of The North 
Sichuan Medical College approved this study.

Cell culture

ME16C cell line, TNBC cell lines MDA-MB-231 and BT-549, and 
HEK293 cells were purchased from the Chinese Academy of 

Science (Beijing, China). ME16C cells, MDA-MB-231 cells, BT-
549 cells, and HEK293 cells were maintained in DMEM with 
10% fetal bovine serum (FBS) (Invitrogen Corp, Grand Island, 
NY, USA).

Detection of miR-940 in TNBC tissues or cells

Total RNAs of TNBC tissues and cells were extracted by TRIzol 
reagent (Invitrogen Corp, Grand Island, NY, USA) according to 
the manufacturer’s instructions. Total RNAs were reverse-tran-
scribed to cDNA using All-in-One™ miRNA First-Strand cDNA 
Synthesis Kit (Invitrogen Corp, Grand Island, NY, USA). The 
primers were constructed by GenScript Company (GenScript, 
Nanjing, China). U6 snRNA was used to normalize relative miR-
940 levels. Real time PCR assay was performed as described 
previously [11,13–15].

MiR-940 mimics and anti-miR-940 transfection

MiR-940 antisense oligonucleotides (anti-miR-940), miR-940 
mimics, and negative control miRNA were purchased from 
RiboBio (Guangdong, China). Anti-miR-940 or miR-940 mim-
ics were transfected into cells using Lipofectamine (Invitrogen, 
Shanghai, China), according to the manufacturer’ s instruc-
tions [11].

Cell proliferation and migration assay

After 24 hours of transfection of miR-940 mimics and an-
ti-miR-940, cells from MDA-MB-231 and BT-549 cell lines 
(5×103/well) were seeded into 96-well plates. Then MTT experi-
ments were performed as described in previous articles [16,17]. 
Absorbance in each well was measured by using a micro-
plate reader set at 570 nm. To measure cell migration, 8-mm 
pore size-culture inserts (Transwell; Millipore, MA, USA) were 
placed into wells of 24-well culture plates, separating the up-
per and lower chambers. In the lower chamber, 600 µL DMEM 
containing 10% FBS was added. Then 1×105/well cells were 
added to the upper chamber. After 24 hour incubation, mi-
grated cells were counted by a counting chamber (Shengong, 
Shanghai, China) [18].

Target prediction

Bioinformatics methods were applied for the prediction of the 
targeted genes. The online tools for targeted gene prediction 
from TargetScanHuman were used [19–24].

ZNF24 alteration in various types of cancer

ZNF24 amplification data and graph were obtained from cBio-
Portal for Cancer Genomics [25,26].
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Dual luciferase assays

To confirm direct binding of ZNF24 to miR-940, a dual lucifer-
ase assay was performed [27,28]. The 3’UTR of ZNF24 was am-
plified using PCR from genomic DNA. The product was insert-
ed downstream of ZNF24 3’UTR reporter plasmids (pRL-ZNF24) 
(Biotech, Chengdu, China), Mutants of ZNF24 3’UTR were gen-
erated by Site-Directed Mutagenesis kit (Shanghai, China). Then 
the whole plasmid was confirmed by sequencing. Mutations in 
the miR-940 binding site of ZNF24 3’UTR were constructed by 
Shengong Company (Shengong, Chengdu, China). Luciferase 
reporter-containing mutants were constructed. For luciferase 
assays, HEK293 cells were transfected with luciferase report-
er plasmid along with miR-940 mimics or negative control us-
ing Lipofectamine 2000 (Invitrogen, Shanghai, China). Then 24 
hours after transfection, these cells were analyzed using a lu-
ciferase assay kit (Promega, Madison, WI, USA) [29].

Western blot

At 48 hours after treatment, cells were washed with cold PBS 
and subjected to a lysis buffer. Protein lysates were separat-
ed using 8% SDS-polyacrylamide gel electrophoresis, then 
electro-transferred onto nitrocellulose filter membranes. The 
membranes were blocked with a buffer containing 5% non-
fat milk in PBS with 0.05% Tween-20 for 2 hours and incubat-
ed with primary antibody (anti-ZNF24) overnight. Then mem-
branes were incubated with peroxidase-conjugated secondary 
antibodies (Millipore, Darmstadt, Germany) and developed 
with an enhanced chemiluminescence detection kit (Pierce, 
Rockford, IL). b-actin was used as blank control.

Statistical analysis

The data are presented as the mean ±SD from three indepen-
dent experiments. When only two groups were compared, 

the difference between them was analyzed using a two-tailed 
Student’s t-test. However, when three or more groups were 
compared, the difference between them was analyzed using 
analysis of variance (ANOVA). Statistically significant differenc-
es in the expression of miR-940 between matched pairs were 
detected by the Wilcoxon matched-pairs signed rank test. SPSS 
software (version 17.0) was used to perform statistical analy-
ses, in which p < 0.05 was considered significant.

Results

The lower expression of miR-940 in TNBC

Initially, we collected 12 TNBC clinical species from our hospi-
tal. The miR-940 level in the tumor tissues and matched ad-
jacent normal tissues were assayed by qRT-PCR. For every pa-
tient selected in the study, we found that the miR-940 levels 
in tumor tissues were lower than in normal tissues (Figure 1A, 
Table 1). Furthermore, the mean level of miR-940 in the 12 
TNBC tumor tissues was lower than the mean expression of 
miR-940 in normal tissues (B).

MiR-940 inhibited cell growth and migration

Two TNBC cell lines, MDA-MB-231 and BT-549, were chosen 
for investigating the role of miR-940 in TNBC. The miR-940 ex-
pression levels in MDA-MB-231 and BT-549 cells were analyzed 
by qRT-PCR. We found that the miR-940 expression levels in 
MDA-MB-231 and BT-549 cells were higher than the miR-940 
expression levels in ME16C cells, which were used as a nega-
tive control (Figure 2A). Then we overexpressed the miR-940 
levels in MDA-MB-231 and BT-549 cells by transfection of miR-
940 mimics, and inhibited the miR-940 levels by anti-miR-940. 
We found that miR-940 mimics and anti-miR-940 altered the 
miR-940 expression effectively (Figure 2B). Next the effects of 
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Figure 1.  The levels of miR-940 in TNBC cells. The miR-940 expression level in 12 TNBC tissues and tumor adjacent normal tissues 
were assayed by qRT-PCR. U6 snRNA was used as the blank control (A). The mean expression of miR-940 in the 12 TNBC 
tissues and matched adjacent normal cancer tissues were calculated; the mean level of 12 normal tissues are arbitrarily 
defined as 100% (B). The qRT-PCR experiments were performed three times. Data are presented as mean ± SD, * p<0.05.
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miR-940 on cell growth and migration were tested. MTT anal-
ysis revealed that overexpression of miR-940 suppressed cel-
lular proliferation, and on the contrary, inhibition of miR-940 
promoted cellular proliferation (Figure 2C). As expected, miR-
940 mimics resulted in fewer migrated cells and anti-miR-940 
led to more migrated cells (Figure 2D).

ZNF24 was targeted by miR-940

Next we investigate the potential target of miR-940. As a recent 
study showed that ZNF24 was targeted by miR-940 [30], we 
chose ZNF24 for further experimentation. To reveal the exact 
role of ZNF24, we explored The Cancer Genome Atlas (TCGA). 
TCGA Project is a large-scale collaborative effort to characterize 
the genomic changes that occur in cancer. This project has pro-
filed and analyzed large numbers of human tumors to discover 

No. 1 2 3 4 5 6 7 8 9 10 11 12

Tumor 4.56E-04 4.88E-04 1.59E-03 1.95E-03 2.58E-03 2.96E-03 3.17E-03 5.15E-03 5.52E-03 1.18E-02 1.56E-02 5.08E-02

Normal 1 1 1 1 1 1 1 1 1 1 1 1

Tumor/
Normal
(log2)

–11.1 –11.0 –9.3 –9.0 –8.6 –8.4 –8.3 –7.6 –7.5 –6.4 –6.0 –4.3

Table 1. The miR-940 expression values in 12 TNBC tissues and tumor adjacent normal tissues.
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Figure 2.  Overexpression of miR-940 inhibited cells growth and migration and vice versa. After total RNA extraction, the miR-940 
levels in ME16C, MDA-MB-231, and BT-549 cells were assayed by qRT-PCR. The miR-940 level in ME16C cells was deliberately 
defined as 100% (A). MDA-MB-231 and BT-549 cells (1×106/well) were transfected with miR-940 mimics or anti-miR-940, 
and 24 hours later, the miR-940 levels were assayed by qRT-PCR. The miR-940 level in the negative control was deliberately 
treated as 100% (B). After miR-940 mimics or anti-miR-940 transfection, the cellular proliferation of MDA-MB-231 and BT-
549 cells was tested by MTT analysis (C). Then 24 hours after miR-940 mimics or anti-miR-940 transfection, MDA-MB-231 
and BT-549 cells were collected for migration tests (D). The experiments were performed three times. Data are presented as 
mean ±SD, * p<0.05.
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Figure 3.  Alterations of ZNF24 were visualized by cBioPortal for Cancer Genomics. Mutation, deletion, amplification, and other 
alterations are shown in different colors. The most frequent alteration of ZNF24 in breast cancer is amplification. The CAN 
data stand for copy number alteration data (A). The network of ZNF24 was visualized by cBioPortal (B). The binding site of 
miR-940 in ZNF24 was mutated (C). HEK293 cells were co-transfected with miR-940 mimics or control and reporter plasmid 
or the mutant 3’UTR of ZNF24, together with the controls. Then 48 hours after transfection, the luciferase activity was 
measured (C). MiR-940 mimics were transfected into HEK293 cells; 48 hours later, the ZNF24 protein level was tested by 
Western blot (D). The experiments were performed three times. Data are presented as mean ±SD, * p<0.05.
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and catalog molecular aberrations at the DNA, RNA, protein, 
and epigenetic levels [31]. Interestingly, we found that ZNF24 
showed amplification mutation in breast cancer (Figure 3A), and 
ZNF24 could interact with TP53 (Figure 3B). Next we identified 
the binding sites between miR-940 and ZNF24, and found that 
the mutated version of ZNF24 was also displayed (Figure 3C). 
Next the wild type or mutant of 3’ UTR of ZNF24 and miR-940 
were co-transfected into HEK293 cells and the effect of miR-
940 on the ZNF24 translation was tested by a luciferase report-
er assay, and data showed that miR-940 targeted the 3’UTR 
of ZNF24 (Figure 3D). Next we tested the ZNF24 protein level 
in HEK293 cells, and found the ZNF24 protein level was sup-
pressed following miR-940 transfection (Figure 3E).

Discussion

In this study, we investigated the role of miR-940 in TNBC and 
found that miR-940 showed a protection role in TNBC, and the 
possible targeted gene was ZNF24.

The role of miR-940 has been studied in many cancers: miR-940 
was found to play an anti-oncogenic role in pancreatic ductal 
adenocarcinoma and prostate cancer [32,33]; and miR-940 pro-
moted tumor cell invasion and metastasis by downregulating 
ZNF24 in gastric cancer [30]. Our data showed that miR-940 
inhibited cellular proliferation and migration, and the poten-
tial targeted gene was ZNF24. This discrepancy indicates that 
miR-940 plays different roles in various cancers.

ZNF24 has mainly been identified as a repressor of vascular 
endothelial growth factor (VEGF) [34]. An inverse correlation 
between the expression of VEGF and ZNF24 was observed in a 
series of independent studies. In gastric cancer, ZNF24 served 
as a tumor suppressor [30], the related mechanism suggest-
ed was that ZNF24 negatively regulated VEGF expression and 
acted as a transcriptional repressor of VEGF gene. However, in 
another study, data showed that knockdown of ZNF24 in mi-
crovascular endothelial cells led to decreased cell migration 
and attenuated VEGFR2 signaling [35]. Our data also indicat-
ed the ZNF24 served as a promoter of TNBC.

Interestingly, we found that ZNF24 showed amplification of 
mutations in breast cancer cells (Figure 3A), which was con-
sistent with the oncogenic role of ZNF24 in TNBC. In addition, 
the network analysis indicated that ZNF24 was connected with 
TP53, which we will investigate in future studies.

Conclusions

In conclusion, our study found that miR-940 inhibited cellu-
lar proliferation and migration in TNBC cells, and the poten-
tial targeted gene was ZNF24.

MiR-940 showed a tumor suppressor role via ZNF24 in TNBC.
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