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Abstract. – OBJECTIVE: This research aims 
to investigate the level of microRNA-1236-3p in 
breast cancer (BCa) tissues and to further inves-
tigate its possible mechanism in the progres-
sion of BCa. 

PATIENTS AND METHODS: The level of mi-
croRNA-1236-3p in BCa tissues and adjacent 
tissues was detected by quantitative Real-time 
polymerase chain reaction (qRT-PCR). Regulato-
ry effects of microRNA-1236-3p on cell prolifera-
tion and invasion were detected by cell counting 
kit-8 (CCK-8) and transwell assay. The binding 
relationship between microRNA-1236-3p and 
zinc-finger E-box binding homeobox (ZEB1) was 
examined by the dual-luciferase reporter gene 
assay. Finally, rescue experiments were con-
ducted to verify the potential role of microR-
NA-1236-3p/ ZEB1 axis in BCa.

RESULTS: MicroRNA-1236-3p was downreg-
ulated in BCa tissues relative to adjacent tis-
sues, and the similar trend was shown in BCa 
cell lines. Overexpression of microRNA-1236-3p 
in MDA-MB-231 and MCF-7 cells inhibited pro-
liferation and attenuated invasiveness, while 
knockdown of microRNA-1236-3p had an op-
posite effect. Dual-luciferase reporter gene as-
say and qRT-PCR results showed that microR-
NA-1236-3p could target ZEB1 to degrade it. 
Overexpression of ZEB1 in BCa cells can partial-
ly reverse the effect of overexpressed miR-1236-
3p on cell proliferative and invasive abilities.

CONCLUSIONS: MicroRNA-1236-3p could in-
hibit the growth and metastasis of BCa cells by 
inhibiting ZEB1 expression, suggesting that mi-
croRNA-1236-3p may be a potential therapeutic 
target for BCa.
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Introduction

Breast cancer (BCa) is one of the most com-
mon cancers in females, which extremely endan-

gers female health. The adverse effects of BCa are 
multifaceted1. The occurrence and progression 
of BCa is a complex process involving multiple 
factors and pathways. The pathogenesis of BCa 
involves both environmental and genetic factors, 
which cannot be comprehensively explained by 
only a few simple risk factors2. Therefore, early 
diagnosis plays a crucial role in improving the 
therapeutic efficacy of BCa3. The mechanism of 
BCa development needs to be further explored. 
More importantly, it is urgent to find sensitive 
and specific molecular biomarkers, which is im-
portant for the treatment of BCa. MicroRNAs 
(miRNAs) are a class of non-coding small RNA 
molecules of approximately 18-25 nucleotides in 
length. MiRNAs are a class of regulatory RNAs 
that inhibit gene expressions at the post-transcrip-
tional level. They can bind to the target mRNA 
by base pairing, resulting in the mRNA degrada-
tion or translation inhibition of the target mRNA4. 
Functionally, many important life activities apop-
tosis and cellular behaviors are affected by miR-
NAs5. It is currently found that almost one-third 
of proteins are regulated by miRNAs. Abnormal-
ly expressed miRNA can lead to a variety of bi-
ological processes including tumor occurrence, 
development, invasion and metastasis6. Related 
studies have shown that miRNA can act as an on-
cogene or a tumor suppressor in different tumor 
tissues. As an oncogene, it can promote the pro-
gression of tumor, and its deficiency can inhibit 
cell growth and induce cell apoptosis7. As a tu-
mor-suppressor gene, it can inhibit tumor growth, 
and its silence accelerates tumor progression8. At 
present, tumor-related miRNAs have been exten-
sively explored, and these miRNAs are expect-
ed to become a new target for tumor diagnosis, 
treatment and prognosis. Previous studies have 
confirmed that microRNA-1236-3p plays a cru-
cial role in various tumors, such as gastric cancer, 
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bladder tumor, lung adenocarcinoma and ovarian 
tumor9-12, but its biological function in BCa re-
mains to be studied. In our research, we explored 
the effects of miRNA-1236-3p on the proliferation 
and invasion of BCa cells. We speculated whether 
microRNA-1236-3p can exert its biological func-
tions by regulating the level of zinc-finger E-box 
binding homeobox (ZEB1). 

Patients and Methods

Study Subjects and Sample Collection
Fresh BCa tissues and adjacent normal tissues 

were collected from 67 patients treated with sur-
gery in Sichuan Luzhou TCM Hospital from July 
2015 to December 2017. None of patients received 
any treatment before surgery, and they had no 
family history. BCa diagnosis was confirmed by 
pathological diagnosis. Patients volunteered par-
ticipated in the study and signed written informed 
consent. This study has been approved by the 
Hospital Ethics Committee of The First Affiliated 
Hospital of Shantou University Medical College. 
The collected specimens were stored in a liquid 
nitrogen tank.

Cell Culture and Transfection
The normal cell line (HBL-100) and BCa cell 

lines (MDA-MB-231, MDA-MB-468, MDA-
MB-435s, and MCF-7) were obtained from ATCC 
(Manassas, VA, USA). Cells were cultured in 
Dulbecco’s Modified Eagle s̓ Medium (DMEM) 
containing 10% fetal bovine serum (FBS, Gibco, 
Rockville, MD, USA), 100 U/mL penicillin and 
100 µg/mL streptomycin (Gibco, Rockville, MD, 
USA). Cells were maintained in an incubator with 
a relative humidity of 95% and a 5% CO2 at 37°C. 
After the cell fusion degree reached 60-70%, cells 
were washed once with phosphate-buffered saline 
(PBS). The transfection reagent mixed with Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA) 
was applied. After 6 hours, the culture medium 
was replaced with complete medium, and the 
transfection effect was verified by quantitative 
Real-time polymerase chain reaction (qRT-PCR). 
The miRNA mimics, inhibitor and pcDNA-ZEB1 
used in this experiment were all provided by Ge-
nePharma (Shanghai, China).

RNA Extraction
1 mL of TRIzol (Invitrogen, Carlsbad, CA, 

USA) was added in tissue or cells. The mixture 
was thoroughly homogenized, incubated with 

chloroform, and then centrifuged at 12,000 rpm, 
4°C for 10 minutes. The RNA was precipitated 
with isopropanol and washed with 75% ethanol. 
The RNA precipitate was dried at room tem-
perature and dissolved in diethyl pyrocarbonate 
(DEPC) water (Beyotime, Shanghai, China) ac-
cording to the amount of RNA precipitation. The 
RNA concentration and purity were measured 
with a NanoDrop 2000 spectrophotometer (Ther-
mo-Fisher, Waltham, MA, USA).

QRT-PCR 
The reverse transcription reaction system was 

prepared on ice using the PrimeScript RT reagent 
Kit (TaKaRa, Otsu, Shiga, Japan), and the reaction 
was terminated to obtain complementary deoxyri-
bose nucleic acid (cDNA). The reverse transcript 
template was added to the RNase-free water to a 
final concentration of 10 ng/μL. Quantitative PCR 
operations were performed according to the SYBR 
Green PCR Kit instructions (TaKaRa, Otsu, Shi-
ga, Japan). The total reaction system was 10 μL. 
The reaction procedure was as follows: 95°C for 
10 min, 94°C for 30 s, 60°C for 30 s, 72°C for 30 s 
and a final extension at 72°C for 10 min, for a total 
of 40 cycles. Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) and U6 were used as internal 
references. Relative gene expression was calculat-
ed using the 2-ΔΔCT method. Primer sequences used 
in this study were as follows: ZEB1, F: 5’-CAA-
CAGGCCTCCCCACTTTC-3’, R: 5’-CGGTA-
GAGTGTTCCAGGGAA-3’; microRNA-1236-3p, 
F: 5’-GTGGGAACGTAATCGACCTCTG-3’, 
R: 5’-ATGTCGTCGTGGTGACGGT-3’; U6: F: 
5’-GCTTCGGCAGCACATATACTAAAAT-3’, R: 
5’-CGCTTCAGAATTTGCGTGTCAT-3’; GAP-
DH: F: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, R: 
5’-ATCCGTTGACTCCGACCTTCAC-3’.

Cell Counting Kit-8 (CCK-8) Assay
After 24 h of transfection, cells were collected 

and seeded into 96-well plates with 5000 cells/
well. At the appointed time points, 10 μL of CCK-
8 solution (Dojindo Molecular Technologies, Ku-
mamoto, Japan) was added to each well, and incu-
bated at 37°C for 1 h. The absorbance of each well 
at 450 nm was measured by a microplate reader.

Cell Invasion Assay
MDA-MB-231 and MCF-7 cells were prepared 

for suspension with 3×105 cells/mL, and then ap-
plied in the Matrigel pre-coated transwell chamber 
that was inserted into the 24-well plate. 100 μL of 
Dulbecco’s Modified Eagle s̓ Medium (DMEM) 
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was added to the upper chamber, while 600 μL 
of DMEM containing 10% fetal bovine serum 
(FBS) (Gibco, Rockville, MD, USA) was added 
to the bottom chamber. After incubating for 48 h, 
the chamber was removed. Remaining cells were 
fixed with ethanol for 15 min, and stained with 
crystal violet for 20 min. Penetrating cells were 
counted in 5 randomly selected fields per sample. 
The experiment was repeated three times.

Dual-Luciferase Reporter Gene Assay
The 3’UTR sequences of ZEB1 were down-

loaded from the NCBI website to construct the 
wild-type plasmid (ZEB1 WT 3’-UTR) and mu-
tant-type plasmid (ZEB1 MUT 3’-UTR). Cells 

were then seeded in 96-well plates. Subsequently, 
50 pmol/L microRNA-1236-3p mimics or nega-
tive control was co-transfected in cells with 80 ng 
ZEB1 WT 3’-UTR or ZEB1 MUT 3’-UTR. After 
48 h of transfection, the fluorescence intensity was 
measured using the dual-luciferase reporter gene 
detection system (Promega, Madison, WI, USA).

Statistical Analysis
Statistical analysis was performed using Statis-

tical Product and Service Solutions (SPSS) 22.0 
statistical software (IBM, Armonk, NY, USA). 
GraphPad Prism 7 software (La Jolla, CA, USA) 
was used for depicting figures. Measurement 
data were expressed as mean ± standard devia-

Figure 1. MicroRNA-1236-3p is downregulated in BCa tissues and associated with poor prognosis. A, MicroRNA-1236-3p 
level in 67 BCa tissues and corresponding adjacent tissues. B, MicroRNA-1236-3p level in 32 BCa patients with no tumor 
metastasis and 35 patients with tumor metastasis. C, MicroRNA-1236-3p level in 23 non-tumor tissues, matched tumor tissues, 
and metastatic tissues. D, Analysis of the relationship between microRNA-1236-3p level and prognosis of BCa patients by 
Kaplan-Meier. Data are presented as mean±SD; **p<0.01, ***p<0.001.
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Figure 2. MicroRNA-1236-3p inhibits pro-
liferation and invasion of BCa cells. A, Mi-
croRNA-1236-3p level in normal cell lines 
and BCa cell lines. B, Transfection efficien-
cy of microRNA-1236-3p mimics in MDA-
MB-231 and MCF-7 cells. C, Cell prolif-
eration in MDA-MB-231 and MCF-7 cells 
transfected with microRNA-1236-3p mimics 
or NC. D, Transfection efficiency of microR-
NA-1236-3p inhibitor in MDA-MB-231 and 
MCF-7 cells. E, Cell proliferation in MDA-
MB-231 and MCF-7 cells transfected with 
microRNA-1236-3p inhibitor or NC. F, Cell 
invasion in MDA-MB-231 and MCF-7 cells 
transfected with microRNA-1236-3p mimics 
or NC (Magnification: 20×). G, Cell invasion 
in MDA-MB-231 and MCF-7 cells transfect-
ed with microRNA-1236-3p inhibitor or NC 
(Magnification: 20×). Data are presented as 
mean±SD; *p<0.05, **p<0.01.
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tion. The correlation coefficient (R) was analyzed 
using Kaplan-Meier, and intergroup differences 
were compared by t-test. p<0.05 was considered 
statistically significant.

Results

MicroRNA-1236-3p Was Lowly Expressed
in BCa Tissues

First, we detected microRNA-1236-3p expres-
sion in 67 BCa tissues and corresponding adjacent 
tissues by qRT-PCR. As shown in Figure 1A, mi-
croRNA-1236-3p was downregulated in BCa tis-
sues, suggesting that microRNA-1236-3p might 
play a vital role in the development of BCa. Clini-
cal information revealed that the level of microR-
NA-1236-3p in metastatic BCa patients was lower 
than that in the non-metastatic group (Figure 1B). 
In 23 matched non-tumor, tumor and metastatic 
tissues, the level of microRNA-1236-3p gradual-
ly decreased from non-tumor tissue to metastatic 
one (Figure 1C). We further explored the prog-
nostic potential of microRNA-1236-3p in BCa. 
Kaplan-Meier analysis revealed that the survival 
rate of BCa patients with low level of microR-
NA-1236-3p was worse than those with high level. 
The experimental results indicated that microR-
NA-1236-3p could be used as a biomarker for pre-
dicting patient’s prognosis.

MicroRNA-1236-3p Enhanced Proliferative 
and Invasive Capacities of BCa Cells

We subsequently examined microR-
NA-1236-3p expression in BCa cell lines using 
qRT-PCR. The results showed that microR-
NA-1236-3p was down-regulated in BCa cell 
lines compared to HBL-100 (Figure 2A). MDA-
MB-231 and MCF-7 cell lines were selected for 
subsequent experiments. Transfection of mi-
croRNA-1236-3p mimics into BCa cell lines 
markedly upregulated microRNA-1236-3p lev-
el (Figure 2B). Further, CCK-8 result showed 
that overexpression of microRNA-1236-3p in 
BCa cells inhibited cell growth (Figure 2C). 
Similarly, we found that transfection of mi-
croRNA-1236-3p inhibitor could inhibit mi-
croRNA-1236-3p expression (Figure 2D). 
Knockdown of microRNA-1236-3p enhanced 
cell proliferation (Figure 2E). Subsequently, 
transwell assay revealed that overexpression 
of microRNA-1236-3p notably inhibited inva-
sion of BCa cells, while knockdown of microR-
NA-1236-3p enhanced it (Figure 2F-2G).

MicroRNA-1236 -3p Could Target ZEB1
We predicted the target genes of microR-

NA-1236-3p by bioinformatics and ZEB1 was 
selected (Figure 3A). Subsequently, we examined 
the binding relationship between the two genes by 
dual-luciferase reporter gene assay. The results 
showed that luciferase activity decreased in the 
ZEB1-WT 3’UTR group, but there was no sig-
nificant difference in ZEB1-MUT 3’UTR group 
(Figure 3B), indicating that microRNA-1236-3p 
could bind to ZEB1. In addition, we found that 
ZEB1 was upregulated in BCa tissues (Figure 
3C). We then identified a negative correlation 
between microRNA-1236-3p and ZEB1 (Figure 
3D). The mRNA level of ZEB1 was detected in 
MDA-MB-231 and MCF-7 cells transfected with 
miR-NC, or microRNA-1236-3p inhibitor. It was 
found that microRNA-1236-3p mimics signifi-
cantly reduced ZEB1 level, while transfection of 
microRNA-1236-3p inhibitor enhanced it (Figure 
3E-3F). The above results indicated that microR-
NA-1236-3p could target ZEB1 to inhibit its ex-
pression.

Overexpression of ZEB1 Could 
Reverse the Inhibitory Effect 
of microRNA-1236-3p on Cell Proliferative 
and Invasive Abilities

ZEB1 level was notably increased after trans-
fection of pcDNA-ZEB1 in BCa cells (Figure 4A). 
CCK8 results indicated that up-regulated microR-
NA-1236-3p weakened cell proliferative ability, 
which was reversed by overexpression of ZEB1 
(Figure 4B). Meanwhile, a similar change was ob-
served in cell invasiveness (Figure 4C). The above 
results demonstrated that microRNA-1236-3p 
might inhibit the growth and invasiveness of BCa 
cells by inhibiting ZEB1 expression.

Discussion

BCa is one of the most malignant tumors with the 
highest morbidity and mortality, and the non-spe-
cific invasive lesion may be an important reason. 
Normal mammary epithelial cells occur atypical 
change, followed by ductal epithelial hyperplasia 
(ADH) and ductal carcinoma in situ (ductal carcino-
ma is sire, DCIS), and eventually develop into inva-
sive ductal carcinoma (IDC). It is still a challenge to 
distinguish between ADH, DCIS and IDC by X-ray 
and core needle biopsy (CNB)13. Surgical resection 
cannot ultimately confirm the diagnosis, and the 
prognosis of BCa is extremely poor. So far, the most 
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common method for the treatment of early-stage 
BCa is surgical resection. For advanced BCa, sur-
gical resection combined with chemotherapy is pre-
ferred. Chemotherapy is frequently applied for BCa 
patients with metastasis14. Prevention and diagnosis 

of BCa as early as possible contribute to the well 
prognosis15,16. Therefore, improving our understand-
ing of early-stage BCa and tumor progression are 
critical for the treatment of BCa patients. Research-
es have demonstrated that miRNAs can exert a vital 

Figure 3. MicroRNA-1236-3p can target ZEB1. A, Prediction of the binding sites of microRNA-1236-3p to ZEB1 by bio-
informatics. B, Relative luciferase activity in ZEB1-WT 3’UTR group and ZEB1-MUT 3’UTR group. C, ZEB1 level in BCa 
tissues and adjacent tissues. D, A negative correlation between microRNA-1236-3p and ZEB1 level in BCa tissues. E, ZEB1 
level in MDA-MB-231 and MCF-7 cells transfected with microRNA-1236-3p mimics or NC. F, ZEB1 level in MDA-MB-231 
and MCF-7 cells transfected with microRNA-1236-3p inhibitor or NC. Data are presented as mean±SD; **p<0.01.
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influence on the progression of BCa17. For example, 
miR-449a inhibits tamoxifen-resistance in human 
BCa cells by targeting ADAM2218. MiR-22 inhib-
its tumorigenesis by targeting Sirt1 and improves 
radiosensitivity of BCa cells19. MiR-539 acts as a 
tumor suppressor by targeting epidermal growth 
factor receptors in BCa20. This experiment focused 
on the function of microRNA-1236-3p in BCa, and 
explored its possible mechanisms affecting the cel-
lular behaviors of BCa cells. We found that microR-
NA-1236-3p was downregulated in tumor tissues of 
BCa patients. Similar results were further verified in 
BCa cell lines. These results suggested that microR-
NA-1236-3p was closely related to certain biological 
functions of tumors. Based on the above studies, we 
selected the MDA-MB-231 and MCF-7 cell lines 
for functional studies of microRNA-1236-3p. The 
results showed that down-regulation of microR-
NA-1236-3p promoted the proliferation and metas-
tasis of BCa cells. BCa is the result of multiple genes 

and factors. In basic research, it is found that the 
common transcription factors regulating EMT are 
Twist, Snail, zinc-finger E-box binding homeobox 
(ZEB1) family21. EMT is a critical step to promote 
the metastasis of epithelial cancer cells. During the 
progression of EMT, epithelial cells acquire the bio-
logical characteristics of mesenchymal cells through 
various biochemical changes22. Upregulated E-cad-
herin and downregulated N-cadherin are features 
in EMT. The ZEB family, the E-box-binding zinc 
finger protein family, also includes ZEB1 and ZEB2 
proteins. ZEB1 mainly promotes the development 
of T cells and cartilage in normal physiological pro-
cesses. It is mainly related to the development of 
cancer in pathological processes. ZEB1 is upregu-
lated in various cancer tissues including BCa, and 
it can downregulate E-cadherin level and induce 
EMT23. We first predicted through bioinformatics 
that ZEB1 might be a downstream target gene of mi-
croRNA-1236-3p. ZEB1 was found to be highly ex-

Figure 4. Overexpression of ZEB1 reverses the effect of microRNA-1236-3p on cell proliferation and invasion. A, The 
mRNA level of ZEB1 in MDA-MB-231 and MCF-7 cells transfected with pcDNA-ZEB1 or pcDNA-NC. MDA-MB-231 and 
MCF-7 cells were transfected with NC, microRNA-1236-3p mimics or microRNA-1236-3p mimics+pcDNA-ZEB1. B, Cell 
proliferation in each group. C, Cell invasion in each group (Magnification: 20×). Data are presented as mean±SD; *p<0.05, 
**p<0.01, ***p<0.001, #p<0.05
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pressed in BCa tissues and played a vital role in tu-
mor development. Further, dual-luciferase reporter 
gene assay revealed that microRNA-1236-3p could 
directly bind to ZEB1. In BCa cells, ZEB1 level was 
negatively regulated by microRNA-1236-3p. Nota-
bly, overexpression of ZEB1 reversed the inhibitory 
effect of microRNA-1236-3p on proliferative rate 
or invasiveness of BCa cells. We indicated that mi-
croRNA-1236-3p might exert its influence by reduc-
ing ZEB1 expression.

Conclusions

In short, microRNA-1236-3p could inhibit the 
growth and metastasis of BCa cells by down-
regulating ZEB1 level, suggesting that microR-
NA-1236-3p may be a potential therapeutic target 
for BCa.
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