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Introduction

Breast cancer (BrCa) is the foremost female mali-
gnancy across the globe and has witnessed 2,261,419 new 
cases and 684,996 reported deaths in 2020, contributing to 
11.7% and 6.9% of all cancer, respectively (1). It can be 
divided into the luminal, HER-2(+), and Basal-like types 
according to molecular typing. Among these, the luminal 
type, or hormone receptor-positive BrCa, constitutes the 
most prevalent molecular subtype, representing over 70% 
of all BrCa (2). The Basal-like type, or triple-negative 
BrCa (TNBC), has highly expressed basal epithelial mole-
cular markers (CK5/6 or 17, EGFR) and lowly expressed 
ER or ER-related genes, as well as HER-2 or HER-2 or 
HER-2 related genes. 

Approximately 15-20% of all pathological types of Br-
Cacan be attributed to TNBC, which is currently the one 
with the highest mortality rate and recurrence (3). With in-
creasing research, the treatment of TNBC is now shifting 
towards the categorical treatment of subgroups (4,5) and 
targeted therapy for specific targets identified by testing 
(6,7). However, there is still some heterogeneity within 
subgroups of categorical therapy, the accuracy of existing 
targeted therapies is low and the detection and treatment 
are not effective and affordable. Therefore, searching for 
new biological targets for TNBC may help to develop 

more effective treatments for TNBC and thus prolong ove-
rall survival in patients. 

MicroRNAs (miRNAs) could specifically target miR-
NA genes, resulting in the degradation of the target miR-
NA or inhibition of protein expression of its target gene 
(8). As the molecular mechanisms of BrCa development 
and progression are further explored, dysregulation of 
certain miRNAs has been shown to have prognostic value 
in TNBC patients (9). MiR-497-3p, a miRNA that is pro-
cessed from the 3' arm of the human miR-497 precursor, 
is often expressed at low levels in various tumor tissues, 
and its reduced expression is associated with various ma-
lignant biological behaviors, including tumor migration 
and proliferation (10-12). Additionally, overexpression of 
miR-497-3p can inhibit BrCa cell invasion while promo-
ting apoptosis by downregulating MUC1 (13). Further-
more, miR-497-3p can regulate the invasive and survival 
abilities of BrCa cells by targeting SMAD7 (14). Howe-
ver, the miR-497-3p effect and mechanisms on TNBC 
remain unclear.

This study detached the expression of miR-497-3p in 
various BrCa and its impact on TNBC cell proliferation, 
invasion, and migration. Moreover, we conducted a com-
prehensive functional analysis to elucidate the mechanisms 
of miR-497-3p on TNBC, addressing a gap in our unders-
tanding of miR-497-3p's role in TNBC pathogenesis.
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suggests that hsa-miR-497-3p inhibits the proliferation and invasion of TNBC cells through the modulation of 
EMT via ZEB1 targeting.
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Materials and Methods

Patients and cell culture 
We recruited a total of 36 female BrCa patients who re-

ceived treatment at our hospital between January 2016 and 
December 2017 and obtained their tumor tissue samples. 
The average age of the patients was 53.4 years. We classi-
fied the molecular typing of BrCa in all the patients based 
on their pathological features and immunohistochemical 
reports after surgery, in accordance with the diagnosis 
and treatment guidelines of BrCain China (2019 edition). 
Among these patients, 22 were Luminal-type cases and 
14 were TNBC-type cases. All patients were staged ac-
cording to the American Joint Committee on Cancer 8th 
edition TNM staging system for BrCa, and they were all 
diagnosed with TNM stage I-III BrCa, with tumors ran-
ging from 0.1 to 3.5 cm in diameter. All 36 patients had 
complete clinical data, and their post-operative patholo-
gical histology reports were reviewed by senior patholo-
gists. Patient demographics are summarized in Table 1. 
Each patient provided written consent after receiving com-
plete information. We purchased MDA-MB-231, BT549, 
and MDA-MB-468 and MCF-7 from Procell Co.

Fluorescence quantitative PCR 
According to the instructions of the RNA gent Isolation 

System (Promega, USA), 2 μg of total RNA was extrac-
ted with Trizol reagent. Subsequently, cDNA was reverse 
transcribed using the reverse transcription kit (Promega).

We performed the amplification reactions as per the ins-

tructions provided with the Trans Start Top Green qPCR 
Supermix. An initial denaturation step at 95°C for 10 mi-
nutes was followed by 42 amplification cycles at 95°C for 
15 seconds and 60°C for 1 minute. Additionally, we quan-
tified the mRNA expression of miR-497-3p, ZEB1, and 
EMT-associated proteins using the 2-ΔΔCt method, and the 
sequences of primers are listed in Table 2.

Cell transfection 
TNBC cells with low miR-497-3p expression (MDA-

MB-231) and high miR-497-3p expression (BT-549) were 
cultured in RPMI-1640 medium with 5% CO2 at 37°C and 
until they reached a confluence of 60-70%, which took 
24 hours. miR-497-3p mimics, miR-497-3p NC plasmids 
and miR-497-3p inhibitors were procured from Guang-
zhou Ruibo Biotechnology Co., Ltd. The transfection was 
performed using 1 μL of Lipo6000TM Cell Transfection 
Reagent. 

MTT assay
Seeded cells into 96-well plates (1-3 × 103 cells/well) 

and cultured for 0, 24, 48, and 72 hours. Following this, 
added 20 µl MTT solution to each well at the appropriate 
time. The liquid in the wells was removed with an empty 
needle (1 ml), added 10 µl DMSO to each well after a fur-
ther 4 h of growth in the dark. The cells were gently stirred 
for 10 min, after which cell activity was assessed. Then, 
the absorbance was examined at 450nm using a multifunc-
tional microplate reader.

n miR-497 expression P value
low high

Age (years)
<40 2 2 0 0.124
≥40 34 11 23

Clinical stage
I 17 6 11 1
II 18 7 11
III 1 0 1

Lymph nodes
positive 10 3 7 0.716
negative 26 10 16

Molecular typing
lumina 22 6 16 0.286
TNBC 14 7 7

Tumor size
≤2cm 26 12 14 0.06
>2cm≤5cm 10 1 9
>5cm 0 0 0

Vascular invasion
Yes 3 1 2 1
No 33 12 21

Table 1. Patient demographics.

Gene Primer sequences (forward/reverse)

E-cadherin 5'- CCGCCATCGCTTACA -3'
5'- GGCACCTGACCCTTGTA -3'

N-cadherin 5'- GAAAGACCCATCCACG -3'
5'- CCTGCTCACCACCACTA -3'

Vimentin 5'- AAGGCGAGGAGAGCAGGATT -3'
5'- GGTCATCGTGATGCTGAGAAG-3'

GAPDH 5'-CAGATACTGGCTAAATGGGGAT-3'
5'-ACCTTGGCTGGTTTGATGAC-3'

Table 2. List of primer sequences for q-PCR.
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was found to be the highest expression in TNBC cell lines, 
whereas the lowest was in MDA-MB-231.Consequently, 
BT549 and MDA-MB-231 were employed for the follow-
up experiments below. It should be noted that miR-497-3p 
expression level did not correlate with age, TNM stage, 
lymph node metastasis, molecular staging, tumor size, and 
vascular invasion of BrCa patients (Table 1).

miR-497-3p regulates the proliferative, invasive, and 
migrative abilities of TNBC cells

After transfecting MDA-MB-231 and BT549 cells 
with miR-497-3p mimics, NC plasmid, and miR-497-3p 
inhibitor for 48 h, we conducted MTT, cell clone forma-
tion, wound healing, and Transwell assays to measure 
cell proliferation and metastasis. Results indicated that 
in MDA-MB-231 cells, the miR-497 mimic group signi-
ficantly inhibited proliferation (Figure 2a, b), invasion 
(Figure 3a), and migration (Figure 3c) compared to the 
NC group. In BT549 cells, the miR-497 inhibitor group 
significantly increased proliferation (Figure 2c), invasion 
(Figure 3b), and migration (Figure 3d) compared to the 
NC group. These results suggest that miR-497-3p inhibits 
TNBC cell proliferation, invasion, and migration.

ZEB1 is the target gene of miR-497-3p
The qPCR experiments indicated successful transfec-

Clone formation assay
Fixed cells in 4% paraformaldehyde for 20 min, remo-

ved it and stained cells for 30 min. The stained cells were 
washed three times using PBS. After drying, a microscope 
was applied to count visible colonies greater than or equal 
to 50 cells. 

Wound-healing assay
Marker lines were drawn through the diameter of the 

wells on the back of the 6-well plates. A total of 5 × 105 
well-grown cells were inoculated in the 6-well plates and 
cultivated in an incubator at 37°Covernight until they for-
med a monolayer. Next, the bottom of the 6-well plates 
was scored with a sterile gun in the center perpendicular to 
the marker lines. Following this, washed cells three times 
using PBS and added to a 1% serum-supplemented me-
dium for growth. Photographs of cell migration were taken 
under the microscope at 0 h and 24 h, and wound healing 
rates were measured by the ImageJ software.

Western blotting (WB)
Cells from each group were collected and total cellular 

protein was extracted via PMSF and RIPA. The BCA kit 
was applied to measure the protein concentration. Blocked 
membranes with 10% skimmed milk powder in TBS for 1 
hour, incubated with primary antibodies against ZEB1, Vi-
mentin, N-cadherin, E-cadherin, and GAPDH overnight at 
4°C. After washing, incubated for 1 hour at 37°C with IR 
fluorescence-labeled secondary antibody diluted in TBST. 
The PVDF membranes were immersed in 1mL of color de-
velopment solution for approximately 10 min away from 
light and the results were observed. The ImageJ software 
was utilized to analyze the protein expression levels. In the 
experiments, GAPDH was used as a control.

Luciferase reporter assay
The primer 5'-GTGGTTTA-3' was employed to 

construct the wild-type vector 3'-UTR (h-ZEB1-WT) 
for ZEB1. The mutant vector 3′-UTR (h-ZEB1-MUT) 
of ZEB1 was constructed using a point mutation intro-
duced in the 3`-UTR sequence of ZEB1 mRNA (5'-CAC-
CAAAT-3'). The wild-type vector, mutant vector of ZEB1, 
MiR-497-3p mimics, and miR-NC were mixed with Lipo-
fectamine 2000TM and transfected in MDA-MB-231 cells. 
Luciferase activity was detected after 48h via the lucife-
rase reporter gene assay kit. 

Statistical analysis
Statistical analysis was performed using the SPSS 22.0 

software. Independent samples t-test was utilized for mea-
surement data, and the χ2 test was applied for comparing 
count data. The comparison among multiple groups was 
conducted using One-way ANOVA.

Results

Low expression of miR-497-3p in TNBC
A marked reduction in miR-497-3pexpression level 

in TNBC tissues when compared to luminal BrCa tissues 
(Figure 1a). Then, we conducted a comparative analysis 
of miR-497-3pexpression in various BrCa cell lines. As 
expected, there was a significantly lower miR-497-3p 
expression in TNBC cell lines than in luminal BrCa cell 
lines (Figure 1b). Additionally, miR-497-3p in BT-549 

Figure 2. The effect of miR-497-3p on TNBC cell proliferation. Ove-
rexpression of miR-497-3p inhibited MDA-MB-231 cell proliferation 
(A-B), while inhibition of miR-497-3p promoted BT-549 cell prolife-
ration (C-D). * P<0.05; ** P<0.01.

Figure 1. (A) Luminal BrCa tissues had significantly lower miR-497-
3p expression levels than TNBC tissues. (B) TNBC cell lines had 
significantly lower miR-497-3p expression levels than MCF7 luminal 
BrCa cell line. **P<0.01; *** P<0.001.
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tion of MDA-MB-231 cells with miR-497 mimics (Figure 
4a) and significantly lower ZEB1 expression in the miR-
497 mimics group compared to miR-NC group (Figure 
4b). WB experiments also showed a remarkable decrease 
in ZEB1 protein expression in the miR-497 mimics group 
(Figure 4c, d). Bioinformatics software predicted a bin-
ding site for miR-497-3p in the ZEB1 3'-UTR region 
(Figure 4e), which was confirmed by a luciferase reporter 
gene assay showing that miR-497-3p significantly inhi-
bited luciferase activity in the ZEB1 3'-UTR wild type in 
MDA-MB-231 (Figure 4f). Thus, miR-497-3p was found 
to target ZEB1 and regulate its expression.

The role of miR-497-3p in EMT of TNBC cells 
MiR-497-3p overexpression resulted in decreased ex-

pression of Vimentin and N-cadherin mRNA and increased 
E-cadherin mRNA in MDA-MB-231 cells, as demonstra-
ted by q-PCR and Western blot analysis (Figure 5a, b). 
This indicates that miR-497-3p can regulate the EMT pro-
cess by targeting ZEB1. 

miR-497-3psuppressesEMT, proliferation, and inva-
sion of TNBC cells by targeting ZEB1

Previous studies have indicated that miR-497 suppresses 
the TNBC cells function through YAP1 (15). However, 
our research has discovered that miR-497-3p targets the 
ZEB1 gene and regulates the EMT of TNBC. In order to 
investigate whether the inhibitory effects of miR-497-3p 
on TNBC cells' EMT, proliferation, and invasion were me-

diated by ZEB1, we conducted Western blot experiments, 
MTT assays, and Transwell invasion assays. The Western 
blot experiments showed that the protein expression levels 
of vimentin, N-cadherin, and ZEB1 were increased, while 
the expression of E-cadherin was drastically decreased in 
miR-497-overexpressing MDA-MB-231 cells after resto-
ring ZEB1 expression levels compared to the Vector group 
(Figure 6b). The inhibitory effects of miR-497-3p on 
MDA-MB-231 cell proliferation (Figure 6a) and invasion 
(Figure 6c) were reversed after restoring ZEB1 expression 
levels compared to the miR-mimics group, as observed 
in the MTT and Transwell invasion assays. All these sug-
gest that miR-497-3p inhibits the malignant phenotype of 
TNBC cells by targeting ZEB1.

Discussion

MiRNAs are vital regulators of cancer development 
and progression. Here, we found that miRNAs regulate 
TNBC cells. Specifically, we observed miR-497-3p was a 
lower expression in TNBC, and it could regulate EMT and 
inhibit the proliferative, invasive, and migrative abilities 

Figure 3. The effect of miR-497-3p on TNBC cell invasion and mi-
gration. (A) Overexpressed miR-497-3p hindered MDA-MB-231 cell 
invasion. (B) Knockdown of miR-497-3p promoted BT-549 cell inva-
sion. (C-D) The wound healing assay was used to assess the migratory 
ability of MDA-MB-231 cells with overexpressed miR-497-3p and 
BT-549 cells with low miR-497-3p expression. *** P<0.001.

Figure 4. ZEB1 is the target gene of miR-497-3p. (A) miR-497-3p 
mimics transfection efficiency detection using q-PCR. (B) The ove-
rexpression of miR-497-3p resulted in a downregulation of the mRNA 
(C) and protein (D) expression of ZEB1. (E) By utilizing Target Scan 
and miRbase software, it was found that miR-497-3p is a comple-
mentary binding site in the ZEB1 3'-UTR region. (F)The wild type 
of ZEB1 demonstrated a significant decrease in luciferase activity 
following transfection with the miR-497-3p gene. ** P<0.01, *** 
P<0.001.



82

Qian Dong et al. / Hsa-miR-497-3p inhibits triple-negative breast cancer cell proliferation, 2023, 69(8): 78-83

of TNBC cells. Our mechanistic analysis further suggests 
that miR-497-3p regulates EMT by targeting ZEB1 and 
thereby suppressing TNBC proliferation and invasion. 
Thus, our study indicates that miR-497-3p may function 
as a promising target for TNBC prevention.

The research conducted by Jiang et al. shed light on the 
miR-497-3p role in BrCa by revealing that low levels of 
ER in ER-negative BrCa led to reduced miR-497-3p ex-
pression. This, in turn, resulted in increased expression of 
MIF and MMP9, leading to upregulation of ERRα and ul-
timately promoting the cancer cells growth. Similarly, Tao 
et al. demonstrated that miR-497-3p can regulate BrCa by 
targeting specific genes. However, the differential expres-
sion of miR-497-3p in different molecular types of BrCa 
cells and the mechanism of miR-497-3p in TNBC cell 
invasion and metastasis remain unclear. Here, the TNBC 
cell lines had notably lower miR-497-3p expression levels 
than Luminal cell lines, as demonstrated by real-time fluo-
rescence quantitative PCR and WB assays. Further ana-
lyses indicated that transfecting miR-497-3p mimics and 
inhibitors in cells with low and high miR-497-3p expres-
sion, respectively, significantly inhibited or enhanced the 
proliferative, invasive, and migratory capacities of TNBC 
cells. To elucidate its mechanism in TNBC cell invasion 
and migration, q-PCR and WB experiments were conduc-
ted to confirm its regulatory role of it in the EMT pro-
cess of TNBC. The findings revealed that miR-497-3p 
targets the gene ZEB1. Consequently, it was hypothesized 
that miR-497-3p could regulate EMT by targeting ZEB1 
expression, ultimately impeding TNBC cell invasion and 
migration (16).

ZEB1 belongs to the ZEB transcription factor family 
and binds to target DNA sequences to suppress the expres-
sion of cell adhesion molecules as well as genes related to 
cell polarity, ultimately inducing EMT. Previous studies 

have shown that DNAJB9 can inhibit TNBC metastasis by 
promoting FBXO45-mediated degradation of ZEB1 (5), 
while CHFR can modulate chemoresistance in TNBC by 
disrupting ZEB1 (17). MiR-128-3p could regulate colon 
cancer cell invasion and migration by targeting and regu-
lating ZEB1 expression (18). Collectively, ZEB1 plays a 
critical role in the overall mechanism of tumor invasion 
and migration, while targeting ZEB1 with miR-497-3p 
may also be pivotal in TNBC development. To test this hy-
pothesis, a rescue assay was designed in which ZEB1 was 
transfected into miR-497-overexpressing MDA-MB-231 
cells, and the biological characteristics were observed. 
The results indicate that miR-497-3p can regulate EMT 
by targeting ZEB1, thereby hindering TNBC invasion and 
migration.

It is worth noting that, however, this study did not fur-
ther analyze the role of the miR-497-3p-ZEB1 signaling 
pathway in the mechanism of TNBC development and 
progression due to experimental constraints. This does not 
mean that further studies on the miR-497-3p-ZEB1 signa-
ling pathway are not clinically and biologically significant.
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