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Abstract. – OBJECTIVE: Breast cancer is 
one of the most common malignancies world-
wide. MicroRNAs (MiRNAs) have been identi-
fied to influence cell behaviors through epigen-
etic post-transcriptional gene regulation. There-
fore, the aim of this study was to determine the 
role of miR-3196 in the proliferation and apopto-
sis of breast cancer. 

MATERIALS AND METHODS: Human breast 
cancer cell lines (MCF-7 and MDA-MB-231) were 
obtained and cultured. The expression level of 
miR-3196 in breast cancer tissues was detect-
ed using Real Time-Polymerase Chain Reaction 
(RT-PCR). The effects of miR-3196 on the pro-
liferation and apoptosis of breast cancer cells 
were analyzed by cell counting kit-8 (CCK-8) as-
say and TUNEL assay, respectively. In addition, 
the interaction between miR-3196 expression 
and erb-b2 receptor tyrosine kinase 3 (ERBB3) 
expression, as well as the mechanism of miR-
3196 regulating ERBB3 in breast cancer, were al-
so addressed by RT-PCR, Western blot, and lu-
ciferase reporter gene assay. 

RESULTS: MiR-3196 was lowly expressed in 
breast cancer tissues. Overexpression of miR-
3196 could repress the proliferation and induce 
the apoptosis of breast cancer cells via target-
ing the 3’UTR of ERBB3. 

CONCLUSIONS: Our findings provide nov-
el insights into the role of miR-3196 in breast 
cell proliferation and apoptosis. Meanwhile, this 
study suggests that miR-3196 can serve as a 
potential biomarker and therapeutic target for 
breast cancer.
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Introduction

In the world, breast cancer is one of the most 
common malignant tumors in women with high 
morbidity and mortality. Many advances have 
been progressed in the diagnosis and treatment 
of breast cancer, including surgery, radiotherapy, 
chemotherapy and hormone therapy. However, 
the survival of breast cancer patients remains 
poor1. Thus, exploration of the underlying me-
chanism of breast cancer progression is of great 
importance for therapeutic strategies of breast 
cancer. MicroRNAs (miRNAs) are a class of 
small, non-coding RNAs with 19 to 25 nucle-
otides in length. They modulate the silencing 
of mRNA transcripts via annealing to 3’-UTR. 
Meanwhile, miRNAs also repress translation or 
initiate the degradation of transcript, thereby 
promoting different gene regulation2-4. Increasing 
evidence has demonstrated that the dysregula-
tion of miRNAs is related to multiple biological 
processes. For example, miR-661 can enhance 
tumor invasion and metastasis via repressing 
retinoblastoma 1 (RB1) in non-small cell lung 
cancer5. MiR-140 suppresses the proliferation, 
migration and invasion of gastric cancer cells via 
regulating YES16. In breast cancer, inhibition of 
pyruvate dehydrogenase complex, component X 
(PDHX) by miRNA-27b deregulates cell meta-
bolism and enhances cell growth7. However, the 
exact role of miR-3196 in breast cancer needs to 
be further explored. In current study, we found 
that miR-3196 maintained a low expression level 
in breast cancer tissues. Besides, overexpres-
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sion of miR-3196 could suppress the proliferation 
and induce the apoptosis of breast cancer cells. 
Mechanistically, miR-3196 negatively regulated 
erb-b2 receptor tyrosine kinase 3 (ERBB3) gene 
by binding to its 3’-UTR. Overall, our findings 
demonstrated a novel factor in the regulation 
of cell proliferation and apoptosis. Furthermore, 
miR-3196 might be used as an important bio-
marker for the diagnosis and targeted therapy of 
breast cancer.

Materials and Methods

Cell Culture
Human breast cancer cell lines (MCF-7 and 

MDA-MB-231) were purchased from the Shan-
ghai Institute of Cell Biology (Shanghai, Chi-
na). Cells were cultured in Dulbecco’s modified 
eagle medium (DMEM) (Gibco, Carlsbad, CA, 
USA) supplemented with 10% fetal bovine se-
rum (FBS) (Gibco, Carlsbad, CA, USA) and 
1% penicillin-streptomycin in a 37°C, 5% CO2 
incubator. 

Cell Transfection
One day before transfection, cells were seeded 

into 6-well plates at a density of 1.5 × 105 cells / 
mL. MCF-7 and MDA-MB-231 cells were tran-
sfected with miR-3196 mimics (a final concentra-
tion of 5 μM) and relative negative control (NC) 
(GenePharma, Shanghai, China) according to the 
manufacturer’s instructions of Lipofectamine 
RNAiMAX Reagent (Life Technologies, Grand 
Island, NY, USA). 

RNA Extraction and Real-Time 
Polymerase Chain Reaction (RT-PCR)

24 hours after cell transfection, total RNA 
was extracted from cells in strict accordance 
with the miRNeasy Mini Kit (Qiagen, Valencia, 
CA, USA). The concentration of extracted RNA 
was detected by NanoDrop 2000. RNA (500 
ng) was reverse transcribed into complemen-
tary deoxyribose nucleic acid (cDNA) using a 
High Capacity Reverse Transcription Kit (Ap-
plied Biosystems, Foster City, CA, USA). Re-
lative expression level of ERBB3 was detected 
by qRT-PCR Primer Assays and SYBR Green 
Master Mix (Qiagen, Valencia, CA, USA) in 
an ABI 7900HT System (Applied Biosystems, 
Foster City, CA, USA). Glyceraldehyde 3-pho-
sphate dehydrogenase (GAPDH) was used as 
an internal reference. Primers used in this study 

were as follows: ERBB3, F: 5’- CAAGATTC-
CAGTCTGCATTAAAGTC-3’, R: 5’-CAGCA-
TATGATCTGTCACAGCTTG-3’; miR-3196, 
F: 5’-CCTGTGTATGCATCCTCGACTG-3’, R: 
5’-CTGGCGTGTAATGGAGTCG-3’; U6: F: 
5’-GCTTCGGCAGCACATATACTAAAAT-3’, 
R: 5’-CGCTTCAGAATTTGCGTGTCAT-3’; 
GAPDH: F: 5’-CGCTCTCTGCTCCTCCT-
GTTC-3’, R: 5’-ATCCGTTGACTCCGACCT-
TCAC-3’.

Western Blot Analysis
Western blot was conducted to determine the 

protein expression levels of ERBB3, Cyclin D1, 
Ki67, Bcl-2 and Caspase-3 as previously descri-
bed8. Radio-immunoprecipitation assay (RIPA) 
(Beyotime, Shanghai, China) was used for total 
protein extraction in cells after washing with 
phosphate-buffered saline (PBS). Extracted pro-
tein samples were separated by 10% sodium do-
decyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and transferred onto polyvinyli-
dene difluoride (PVDF) membranes (Millipore, 
Billerica, MA, USA). The membranes were then 
immersed in 5% bovine serum albumin (BSA) 
(Sigma-Aldrich, St. Louis, MO, USA) containing 
specific primary antibodies at 4°C overnight. 
After washing with Tris-Buffered Saline and 
Tween 20 (TBST) buffer for 3 times (10 min for 
each time), the membranes were incubated with 
horseradish peroxide (HRP) conjugated secon-
dary antibody (Abnova, Taiwan) at room tem-
perature for 2 hours. Finally, immunoreactive 
bands were visualized by the enhanced chemilu-
minescence (ECL) Kit (Thermo Fisher Scientific, 
Waltham, MA, USA).

Cell Counting Kit-8 (CCK-8) Assay
Cells were seeded into 96-well plates at a den-

sity of 1 × 103 cells per well, followed by culture 
in DMEM medium (100 μL) supplemented with 
1% FBS. After culture for 24, 48 and 72 hours, 
10 µL CCK-8 reagent (Dojindo Laboratories, 
Kumamoto, Japan) were added in each well, fol-
lowed by incubation for 2 h in dark. The absor-
bance at the wavelength of 450 nm was detected 
by a microplate reader (Bio-Rad, Hercules, CA, 
USA).

TUNEL Staining
According to the terminal deoxynucleotidyl 

transferase (TdT)-mediated dUTP nick-end la-
beling (TUNEL) technique, cells were stained 
with in situ cell death detection kit. Briefly, 
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cultured cell smears were first fixed with 4% 
paraformaldehyde in PBS, and then permeabi-
lized with 0.1% sodium citrate containing 0.1% 
Triton X-100 on ice. Subsequently, the cells were 
incubated with the TUNEL reaction mixture. 
After rinsing with PBS, the cells were stained 
with DAPI (4’,6-diamidino-2-phenylindole) (Sig-
ma-Aldrich, St. Louis, MO, USA) and visualized 
under a fluorescence microscope. The number of 
TUNEL-positive nuclei (green fluorescence) was 
expressed as the percentage of total nuclei (blue 
fluorescence).

Luciferase Reporter Gene Assay
ERBB3 3’-UTR with wild-type or mutant miR-

3196 sequence was inserted into the pGL3-repor-
ter plasmid (Ambion, Thermo Fisher Scientific, 
Waltham, MA, USA), respectively. MCF-7 cells 
were first seeded into 24-well plates. Subsequent-
ly, the cells were transfected with a mixture of 0.2 
μg pGL3-ERBB3 or mutant, 0.1 μg β-galactosid-
ase (β-gal) expression plasmid (Ambion, Thermo 
Fisher Scientific, Waltham, MA, USA) and equal 
amount (20 pmol) of RNA. The β-gal plasmid 
was used as a control. Luciferase activity was 
detected using a luciferase assay kit (Promega, 
Madison, WI, USA) after 24 hours.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 software was used for all statistical 
analysis. Experimental data were expressed as 
mean ± SD. Student’s t-test was used to test the 
differences between the experimental group and 
the control group. Two-tailed tests were used, 
and p < 0.05 was considered statistically signi-
ficant.

Results

MiR-3196 Was Lowly Expressed in
Breast Cancer Tissues

We first performed RT-PCR to detect the 
expression level of miR-3196 in breast cancer. As 
shown in Figure 1A, the expression of miR-3196 
in breast cancer tissues was significantly lower 
than that of adjacent normal tissues. These results 
indicated that dysregulation of miR-3196 might 
be involved in the progression of breast cancer. 
To further detect the underlying function of miR-
3196 in breast cancer progression, we transfected 
miR-3196 mimics into breast cancer cells to upre-
gulate its expression. Transfection efficiency was 
confirmed by RT-PCR (Figure 1B, 1C).

Overexpression of miR-3196 Repressed 
the Proliferation of Breast Cancer Cells

Dysregulation of cell proliferation is an impor-
tant factor in tumor progression. To determine 
whether overexpression of miR-3196 could in-
fluence cell behavior, CCK-8 assay was perfor-
med to detect cell proliferation. Results showed 
that overexpression of miR-3196 significantly re-
pressed cell proliferation (Figure 2A, 2B). The 
expression levels of multiple genes involved in 
cell proliferation were significantly altered, such 
as Cyclin D1 and Ki67. Subsequently, we used 
Western blot analysis to detect the protein expres-
sion levels of Cyclin D1 and Ki67. Data showed 
that Cyclin D1 and Ki67 were both remarkably 
reduced in breast cancer cells transfected with 
miR-3196 mimics (Figure 2C, 2D). Overall, the-
se findings demonstrated that overexpression of 
miR-3196 could repress breast cancer cell proli-
feration.

Figure 1. MiR-3196 was lowly expressed in breast cancer tissues. A, The expression levels of miR-3196 in breast cancer tissues 
and adjacent normal tissues were detected by RT-PCR. B, (MCF-7) and C, (MDA-MB-231) cells were transfected with miR-
3196 mimics. Transfection efficiencies were confirmed by RT-PCR. *p < 0.05.
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Overexpression of miR-3196 Induced the 
Apoptosis of Breast Cancer Cells

Furthermore, cell apoptosis is also a crucial 
factor influencing tumor progression. Thus, to 
evaluate whether overexpression of miR-3196 af-

fected cell apoptosis, we performed TUNEL as-
say. Results showed that overexpression of miR-
3196 could significantly induce cell apoptosis 
when compared with the control group (Figure 
3A, 3B). Meanwhile, the expression levels of mul-

Figure 2. Overexpression of miR-3196 could repress breast cancer cell proliferation. CCK-8 assay was used to detect the 
proliferation of A, (MCF-7) and B, (MDA-MB-231) cells. The expression levels of Cyclin D1 and Ki67 in C, (MCF-7) and D, 
(MDA-MB-231) cells were detected by Western blot analysis. *p < 0.05.
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tiple genes involved in cell apoptosis were signi-
ficantly changed, including Bcl-2 and Caspase-3. 
Subsequently, we investigated the protein expres-
sion levels of Bcl-2 and Caspase-3 by western 
blot analysis. Results indicated that the protein 
expression of Bcl-2 in cells transfected with miR-
3196 mimics was significantly reduced, whereas 
Caspase-3 expression was remarkably increased 
(Figure 3C, 3D). In summary, these findings il-
lustrated that overexpression of miR-3196 could 
induce breast cancer cell apoptosis.

MiR-3196 Targeted the 3’-UTR of ERBB3
A growing number of studies have reported 

that miRNAs can influence the cellular behaviors 
of many diseases by inversely modulating target 
genes. In this study, miRNA target prediction 
software starBase (http://starbase.sysu.edu.cn/) 
was used to screen the potential target genes 
of miR-3196. Results demonstrated that ERBB3 
was a potential target gene of miR-3196. Hence, 
we sought to determine the correlation between 
miR-3196 with ERBB3. ERBB3 was overexpres-
sed and participated in the progression of breast 

cancer. The potential binding site predicted by 
starBase database was shown in Figure 4A. To 
validate this interaction, we further conducted 
a luciferase reporter gene assay. Results reve-
aled that the relative luciferase activity in cells 
transfected with miR-3196 mimics and ERBB3 
was significantly decreased when compared with 
that of the control group (Figure 4B). Inversely, 
the vector containing 3’-UTR mutant sequence 
was not modulated by miR-3196. In additional, 
RT-PCR and western blot assay also validated 
this negative regulation. As expected, both the 
mRNA and protein levels of ERBB3 were signifi-
cantly reduced by upregulating miR-3196 (Figure 
4C-4F). All the above data suggested that miR-
3196 targeted the 3’-UTR of ERBB3.

Discussion

Breast cancer is a malignant tumor that occurs 
in the epithelial tissue of the breast gland. It has 
become a common malignant tumor seriously 
threatening women’s physical and mental health. 

Figure 3. Overexpression of miR-3196 could induce breast cancer cell apoptosis. TUNEL assay was used to detect the apoptosis 
of A, (MCF-7) and B, (MDA-MB-231) cells (Magnification: 200×). The expression levels of Bcl-2 and Caspase-3 in C, (MCF-7) 
and D, (MDA-MB-231) cells were detected by western blot analysis. *p < 0.05.
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Meanwhile, the global incidence of breast cancer 
has been on the rise since the late 1970s. Thus, bre-
ast cancer has become a major public health pro-
blem in the current society. Aberrant expression 
of miRNAs in different cancers has been widely 
reported. In breast cancer, low expression of miR-
590 regulates cell invasion and epithelial-mesen-
chymal transition via influencing Wnt-β-catenin 
signaling pathway9. MiR-1254 functions as an 

oncogene through regulating RASSF9 in breast 
cancer10. Meanwhile, miR-19b acts as a progno-
stic biomarker, which may also enhance cancer 
progression via PI3K/AKT signaling pathway11. 
Wang et al12 have found that miR-3196 is lowly 
expressed in breast cancer through miRNA mi-
croarray. Moreover, Pena-Chilet et al13 reported 
that miR-3196 is significantly reduced in the mi-
croRNA profile of young breast cancer patients. 

Figure 4. MiR-3196 targeted the 3’-UTR of ERBB3. A, The miRNA target prediction software starBase (http://starbase.sysu.
edu.cn/) was used to screen the potential target genes of miR-3196. The potential binding site predicted by starBase database was 
exhibited. B, A luciferase reporter gene assay was conducted to validate this interaction. C-F, Both the mRNA and protein levels 
of ERBB3 were remarkably reduced by miR-3196 up-regulation. *p < 0.05.
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Here, we demonstrated that miR-3196 was remar-
kably decreased in breast cancer tissues when 
compared with adjacent normal tissues. Our fin-
dings were consistent with the above two studies. 
Furthermore, overexpression of miR-3196 could 
repress the proliferation and induce the apoptosis 
of breast cancer cells. After overexpressing miR-
3196, the expression levels of Cyclin D1, Ki67 
and Bcl-2 were significantly reduced, whereas 
Caspase-3 was significantly increased. ERBB3 is 
a member of the epidermal growth factor recep-
tor (EGFR) family, encoding receptor tyrosine 
kinases. Upregulation of ERBB3 promotes the 
proliferation, migration and invasion of cervical 
cancer cells via interaction with MTK-114. ErbB3 
promotes lactogenic expansion and differentia-
tion of mammary glands during pregnancy by 
activating Akt and STAT5A15. Previous investi-
gations16-18 have indicated that ERBB3 is signi-
ficantly increased in breast cancer. Meanwhile, 
upregulation of ERBB3 is positively correlated 
with cancer metastasis, tumor size and recurren-
ce. ERBB3 is also involved in the development 
of resistance to anti-estrogens and ErbB tyrosine 
kinase inhibitors, such as tamoxifen and gefiti-
nib16-18. Recently, ERBB3 has been proposed to 
be related to acquired resistance to ErbB-targeted 
drugs19. In the present wowrk miRNA target pre-
diction software starBase indicated that ERBB3 
was a potential target for miR-3196. Subsequent 
RT-PCR, Western blot and luciferase reporter 
gene assay confirmed this suggestion. Meanwhi-
le, both the mRNA and protein levels of ERBB3 
were remarkably reduced after miR-3196 upregu-
lation. All these findings suggested that miR-3196 
targeted the 3’-UTR of ERBB3. 

Conclusions

We found that the miR-3196 was lowly expres-
sed in breast cancer tissues. Overexpression of 
miR-3196 could repress the proliferation and in-
duce the apoptosis of breast cancer cells. More-
over, miR-3196 targeted the 3’-UTR of ERBB3. 
We validated the role of miR-3196 in breast 
cell proliferation and apoptosis. Furthermore, 
this study might provide novel insights into the 
underlying biomarker and therapeutic target for 
breast cancer.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 
2018. CA Cancer J Clin 2018; 68: 7-30.

  2)	 Ambros V, Bartel B, Bartel DP, Burge CB, Carrington 
JC, Chen X, Dreyfuss G, Eddy SR, Griffiths-Jones 
S, Marshall M, Matzke M, Ruvkun G, Tuschl T. A 
uniform system for microRNA annotation. RNA 
2003; 9: 277-279.

  3)	 Kuang WB, C DQ, Deng CT, Li WS, Zhang YG, Shu 
SW, Zhou MR. MiRNA regulates OCT4 expression 
in breast cancer cells. Eur Rev Med Pharmacol 
Sci 2018; 22: 1351-1357.

  4)	 Hobert O. Gene regulation by transcription fac-
tors and microRNAs. Science 2008; 319: 1785-
1786.

  5)	 Liu F, Cai Y, Rong X, Chen J, Zheng D, Chen L, Zhang 
J, Luo R, Zhao P, Ruan J. MiR-661 promotes tumor 
invasion and metastasis by directly inhibiting RB1 
in non small cell lung cancer. Mol Cancer 2017; 
16: 122.

  6)	 Fang Z, Yin S, Sun R, Zhang S, Fu M, Wu Y, Zhang T, 
Khaliq J, Li Y. miR-140-5p suppresses the prolifer-
ation, migration and invasion of gastric cancer by 
regulating YES1. Mol Cancer 2017; 16: 139.

  7)	 Eastlack SC, Dong S, Ivan C, Alahari SK. Suppres-
sion of PDHX by microRNA-27b deregulates cell 
metabolism and promotes growth in breast can-
cer. Mol Cancer 2018; 17: 100.

  8)	 Farago M, Dominguez I, Landesman-Bollag E, Xu X, 
Rosner A, Cardiff RD, Seldin DC. Kinase-inactive 
glycogen synthase kinase 3beta promotes Wnt 
signaling and mammary tumorigenesis. Cancer 
Res 2005; 65: 5792-5801.

  9)	 Gao J, Yu SR, Yuan Y, Zhang LL, Lu JW, Feng JF, Hu 
SN. MicroRNA-590-5p functions as a tumor sup-
pressor in breast cancer conferring inhibitory ef-
fects on cell migration, invasion, and epitheli-
al-mesenchymal transition by downregulating the 
Wnt-beta-catenin signaling pathway. J Cell Physi-
ol 2018:

10)	 Li B, Chen P, Wang J, Wang L, Ren M, Zhang R, He 
J. MicroRNA-1254 exerts oncogenic effects by di-
rectly targeting RASSF9 in human breast cancer. 
Int J Oncol 2018:

11)	 Li C, Zhang J, Ma Z, Zhang F, Yu W. miR-19b serves 
as a prognostic biomarker of breast cancer and 
promotes tumor progression through PI3K/AKT 
signaling pathway. Onco Targets Ther 2018; 11: 
4087-4095.

12)	 Wang B, Li J, Sun M, Sun L, Zhang X. miRNA ex-
pression in breast cancer varies with lymph node 
metastasis and other clinicopathologic features. 
IUBMB Life 2014; 66: 371-377.

13)	 Pena-Chilet M, Martinez MT, Perez-Fidalgo JA, 
Peiro-Chova L, Oltra SS, Tormo E, Alonso-Yuste E, 
Martinez-Delgado B, Eroles P, Climent J, Burgues O, 
Ferrer-Lozano J, Bosch A, Lluch A, Ribas G. MicroR-
NA profile in very young women with breast can-
cer. BMC Cancer 2014; 14: 529.



Z.-C. Ji, S.-H. Han, Y.-F. Xing

8390

14)	 Du J, Zhou S, Wang L, Yu M, Mei L. Downregulation 
of ERBB3 decreases the proliferation, migration 
and invasion of cervical cancer cells though the 
interaction with MTK-1. Oncol Lett 2018; 16: 3453-
3458.

15)	 Williams MM, Vaught DB, Joly MM, Hicks DJ, 
Sanchez V, Owens P, Rahman B, Elion DL, Balko 
JM, Cook RS. ErbB3 drives mammary epitheli-
al survival and differentiation during pregnan-
cy and lactation. Breast Cancer Res 2017; 19: 
105.

16)	 Hamburger AW. The role of ErbB3 and its bind-
ing partners in breast cancer progression and re-
sistance to hormone and tyrosine kinase direct-

ed therapies. J Mammary Gland Biol Neoplasia 
2008; 13: 225-233.

17)	 Sithanandam G, Anderson LM. The ERBB3 receptor 
in cancer and cancer gene therapy. Cancer Gene 
Ther 2008; 15: 413-448.

18)	 Stern DF. ERBB3/HER3 and ERBB2/HER2 duet in 
mammary development and breast cancer. J Mam-
mary Gland Biol Neoplasia 2008; 13: 215-223.

19)	 Aurisicchio L, Marra E, Luberto L, Carlomosti F, De 
Vitis C, Noto A, Gunes Z, Roscilli G, Mesiti G, Manci-
ni R, Alimandi M, Ciliberto G. Novel anti-ErbB3 
monoclonal antibodies show therapeutic efficacy 
in xenografted and spontaneous mouse tumors. 
J Cell Physiol 2012; 227: 3381-3388.


