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Abstract: Objective: To investigate whether miR-125a-5p can inhibit the proliferation and invasion 

of breast cancer cells and induce apoptosis by targeting GAB2. Methods: qRT-PCR was used to 

detect the expression of miR-125a-5p in normal mammary epithelial cells and breast cancer cell lines; 

The miR-125a-5p overexpression plasmid was transiently transfected into MDA-MB-157 cells, and 

the proliferation, invasion and apoptosis of breast cancer cells were detected by CCK8 kit, Transwell 

chamber and flow cytometry, respectively; Gene silencing was used to knock down GAB2 gene in 

MDA-MB-157 cells, and the changes of proliferation, invasion, apoptosis and apoptosis-related 

proteins in breast cancer cells were detected by CCK8 kit, Transwell chamber, flow cytometry and 

western blot, respectively; The direct interaction between miR-125a-5p and GAB2 was detected by 

dual-luciferase reporter assay. The miR-125a-5p overexpression plasmid was transiently transfected 

into MDA-MB-157 cells, and the expression levels of GAB2 and apoptosis-related proteins were 

detected by western blot. Results: The expression of miR-125a-5p in breast cancer cell lines, 

MDA-MB-157 cells, MDA-MB-361 cells and MDA-MB-415 cells, was significantly lower than that 

in normal breast epithelial cells, MCF-10A cells; The proliferation and invasion ability of 

MDA-MB-157 cells transfected with miR-125a-5p were significantly inhibited, and the apoptosis 

rate was significantly increased; Since GAB2 knocked down, the proliferation and invasion ability of 

MDA-MB-157 cells were significantly inhibited, while the apoptosis rate was significantly increased, 

the Bax protein expression was significantly down-regulated, and the Bcl-2 protein expression was 

significantly up-regulated; The dual-luciferase reporter assay demonstrated that miR-125a-5p can 

specifically target GAB2. Transfected with miR-125a-5p, the GAB2 protein expression and Bax 

protein expression were significantly down-regulated, but the Bcl-2 protein expression was 

significantly up-regulated. Conclusion: miR-125a-5p inhibits the proliferation and invasion of breast 
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cancer cells and induces their apoptosis by negatively regulating GAB2. 
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1. Introduction  

Because of the high incidence and mortality, cancer has become the main cause of death, and 

has gradually developed as the primary health issue [1,2]. The incidence of breast cancer among 

women shows an increasing tendency year by year, ranking first in both developed and developing 

countries. In recent years, with the research of the invasion and metastasis mechanism of breast 

cancer by scholars, molecular targeted therapy has drawn extensive attention [3–5].  

MiRNAs are involved in the regulation of multiple signaling pathways, and play an important 

role in angiogenesis of tumors. Previous studies have shown that the expression of miR-125a-5p is 

abnormal in human tumors, such as non-small cell lung cancer [6], breast cancer [7], and gastric 

cancer [8]. Moreover, it was found that the regulatory pathway of HOXA11-AS/miR-125a-5p/Rab3D 

would promote OS metastasis [9]; miR-125a-5p could also serve as a potential therapeutic biomarker 

for CRC patients due to its role in inhibiting CRC cell migration, invasion and EMT [10]; Recently, 

Wang S and his team found that miR-125a-5p could inhibit the proliferation and EMT of gastric 

cancer by targeting FOXS1 [11]. On the whole, we assume that miR-125a-5p could play a similar 

role as tumor inhibitor by regulating related gene proteins. 

As a member of the Grb-associated binders (Gabs) family, GAB2 scaffold protein can activate 

downstream signal transduction pathway and play an important role in the proliferation, 

differentiation, invasion and metastasis of cancer cells after phosphorylation by tyrosine kinase. 

During the process of invasion and metastasis of breast cancer cells, GAB2 might be involved in 

related signal transduction [12,13]. It has been reported that miR-125a-5p can inhibit the invasion 

and metastasis of glioma cells and breast cancer cells by targeted regulating GAB2 [14,15], but 

whether miR-125a-5p can affect the proliferation and apoptosis of breast cancer cells by regulating 

GAB2 has not been reported. In this study, we investigated the molecular mechanism of 

miR-125a-5p in the migration, proliferation and apoptosis of breast cancer cells by altering the 

expression of miR-125a-5p in breast cancer cell line MDA-MB-157, so as to provide a new 

therapeutic target for clinical prevention and treatment of breast cancer cells. 

2. Materials and method 

2.1. Materials 

Human breast cancer cell strains, MDA-MB-157, MDA-MB-361 and MDA-MB-415, were 

purchased from Nanjing Cobioer Biotechnology Co., Ltd; RPMI-1640, fetal bovine serum and 

Annexin V-FITC/PI cell apoptosis detection kit were purchased from Beijing Solarbio Science & 

Technology Co., Ltd; MEM medium was purchased from Gibco; Bax, Bcl-2, GAB2 and GADPH 

antibodies were purchased from Santa Cruz company; miR-125a-5p overexpression Plasmids and 

gene vectors of dual-luciferase reporter were constructed by Obio Technology Corp., Ltd in Shanghai, 

China; LipofectamineTM2000 and Trizol lysate were purchased from Invitrogen company; Promega 
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Dual-Luciferase system detection kit was purchased from Hang Seng Biotechnology Co., Ltd; siRNA 

plasmids of GAB2 were purchased from Shanghai GenePharma; Transwell chamber was purchased from 

Milipore; the detection reagent for CCK8 proliferation was purchased from DOJINDO. 

2.2. Cell culture and transfection 

MDA-MB-157 cells, MDA-MB-361 cells and MDA-MB-415 cells were cultured in DMEM 

medium containing 10% FBS, DMEM medium containing 10% FBS and L-15 medium containing 

10% FBS, respectively. Human normal breast epithelial cells, MCF-10A cells, were cultured in 

DMEM/F12 (1:1) medium containing 10% FBS. Following the instruction of LipofectamineTM2000 

transfection reagent, the cells were transfected. The experimental groups were as below: 1) mock 

group, blank control group with only transfection reagent; 2) NC mimic group, negative control 

group for transfection of independent sequence; 3) miR-125a-5p mimic group, the experimental 

group for transfection of miR-125a-5p plasmids. 

Cells in each group were inoculated into six-well plate with a density of 3 × 105. When the 

growth density of cells reached 90%, we diluted them respectively and added 100 nmol/L plasmids 

to co-transfect with LipofectamineTM2000. After 5 minutes at room temperature, the cells were 

mixed and dripped into the cell culture pore after 20 minutes. Shake the plate gently to make the 

cells mixed, and continuous culture them in a culture box with 5% CO2 at 37℃. After 6 hours, the 

culture medium was replaced and the cells were transfected for 48 hours and collected for 

subsequent experiments. 

MDA-MB-157 cells in logarithmic phase were selected and divided into the following 

experimental groups: 1) mock group, blank control group with only transfection reagents; 2) NC 

group, the experimental group for transfection of Scr siRNA plasmids; 3) siGAB2 group, the 

experimental group for transfection of siGAB2 plasmids. Dilute 20μΜ siRNA of 8μL and incubate it 

at room temperature for 5 minutes after gently mixed with 250μL serum-free DMEM. Then mix the 

siRNA diluent with LipofectamineTM2000 with a total volume of 500 mL, incubated at room 

temperature for 20 minutes. The medium was replaced before transfection, and the corresponding 

reagents were added according to the experimental groups. The transfection time was 48 hours. 

2.3. Dual-Luciferase assay 

With LipofectamineTM2000 transfection reagent, wild GAB2 (wt-GAB2) and mutant GAB2 

(mut-GAB2) were co-transfected into MDA-MB-157 cells with blank plasmids and over-expressed 

miR-125a-5p plasmids, respectively. After 48 hours of incubation, the cells were collected and 

dual-luciferase was detected with Promega Dual-Luciferase system detection kit, which was 

performed as previously described [16]. Precipitation was washed by PBS twice, and lysed with cell 

lysate for 15 minutes, then it was centrifuged and the supernatant was taken. LAR II solution was 

added to rapidly determine the fluorescence intensity of samples. Finally, the reaction termination 

solution was added to detect the ranilla luciferase reaction intensity. 

2.4. Real-time Fluorescence Quantitative PCR 

Real-time Fluorescence Quantitative PCR analysis was performed as previously described [17]. 
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Trizol was used to lyse breast cancer cells and normal breast epithelial cells. Extract total RNA and 

determine its purity and concentration. The reverse transcription was carried out by adding the 

primer miR-125a-5p. U6 was selected as internal reference for qRT-PCR. The procedure was as 

below: 94℃ for 4 minutes, 94℃ for 20 seconds, 60℃ for 30 seconds, 72℃ for 30 seconds. Repeat 

this procedure 35 times. 

miR-125a-5p 

Forward Primer: 5’-ACACTCCAGCTGGGTCCCTGAGACCCTTTAA-3’; 

Reverse Primer: 5’-CTCAACTGGTGTCGTGGAGT-3’. 

U6 

Forward Primer: 5’-CTCGC TTCGGCAGCACA-3’; 

Reverse Primer: 5’-AACGCTTCACGAATTTGCGT-3’. 

2.5. Western blot experiment 

Based on the above experimental grouping and transfection methods, total protein was extracted 

after lysis, and conducted electrophoresis with 12% SDS-PAGE gel, then membrane transferred at 

300mA for two hours. Primary antibodies, GAB2 (1:1000), Bax (1:1000), bcl-2 (1:2000), GADPH 

(1:1000), were added after sealed and then incubated at 4℃ overnight. After washing membrane with 

TBST, second antibodies were added and incubated at room temperature for one hour. Then wash 

again and add ECL. The membrane was Exposed with X-ray film, developed with developer, fixed 

with fixation in dark room, then rinse and dry it, scan image, and repeat experiment independently 

for 3 times [18]. 

2.6. Transwell cell invasion assay 

Based on the above experimental grouping and transfection methods, the cells were inoculated 

into the upper chamber of 24-well Transwell chamber at the density of 2*105 cell/well. Matrigel glue 

was laid on the upper chamber and the culture medium with a volume of 600μL containing 10% FBS 

was added to the lower chamber. After 24 hours of incubation, carefully remove the Transwell 

chamber and fix it for 20 minutes with 4% polyformaldehyde solution. Then wash it with PBS 

solution, and wipe out the cells on the surface of the chamber with cotton swabs to crystallize. After 

purple staining, microscopic observation was carried out. Select six visual fields of each group to 

photograph and count, and calculate an average. The experiment was repeated independently for 

three times [19]. 

2.7. Detection of cell proliferation curve 

Based on the above experimental grouping and transfection methods, the cell proliferation was 

detected by CCK8 method. The cells were inoculated into 96-well plate at the density of 8000 

cells/well. The method of experimental group dividing was the same as before. After 12, 24, 36 and 

48 hours of transfection, the plate was replaced with a medium containing 10% CCK8, respectively. 

After 4 hours of continuous culture in the incubator, detect the OD value at 450 nm with enzyme 

labeling instrument, calculate the increment rate and draw the cell proliferation curve. Cell 

proliferation rate = (OD value of transfected cells/OD value of the blank control) * 100%. 
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2.8. Detection of apoptosis rate 

Apoptosis rate analysis was performed as previously described [20]. Based on the above 

experimental grouping and transfection methods, Annexin V-FITC/PI cell apoptosis detection kit was 

used to detect the apoptosis rate following the instruction. The method of experimental group 

dividing was the same as before. After 48 hours of transfection, the cells were collected and 

precipitated with 100μL 1 × Binding Buffer, then incubated with 5μL Annexin V-FITC solution at 

room temperature away from light for 10 minutes, and then incubated with 5μL PI solution in the 

same environment for 5 minutes. Finally, PBS solution was added to a total volume of 500μL. Gently 

mix and use Accuri C6 flow cytometry to detect the apoptosis rate of cells in each group. 

2.9. Statistical analysis 

Relevant data was analyzed statistically by using SPSS21.0, and tested with independent sample 

t. P < 0.05 was considered to have significant differences with statistical significance. 

3. Results 

3.1. The expression of miR-125a-5p in normal breast epithelial cells and breast cancer cell lines 

In order to investigate the expression of miR-125a-5p in normal breast epithelial cells and breast 

cancer cell lines, we used qRT-PCR to detect the expression of miR-125a-5p in each group. Results 

as shown in Figure 1. The expression of miR-125a-5p in breast cancer cell lines, MDA-MB-157, 

MDA-MB-361 and MDA-MB-415, was significantly lower than that in normal breast epithelial cells, 

MCF-10A (P < 0.05). Therefore, MDA-MB-157 cell strain was used for subsequent experiments. 

 

Figure 1. Expression levels of miR-125a-5p in MCF-10A, MDA-MB-157, 

MDA-MB-361 and MDA-MB-415 cells (x ± s, n = 3). *P < 0.05 vs MCF-10A. 
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3.2. Effect of miR-125a-5p on proliferation, invasion and apoptosis of human breast cancer cell line  

CCK8 kit was used to detect the effect of miR-125a-5p on the proliferation of MDA-MB-157 

cells. As shown in Figure 2A, the proliferation rate of MDA-MB-157 cells in the miR-125a-5p 

mimic group was significantly lower than that in the mock group and NC mimic group, and the 

difference had statistical significance (P < 0.05). Transwell assay was used to detect the effect of 

miR-125a-5p on the invasion of MDA-MB-157 cells. As shown in Figure 2B, the number of 

MDA-MB-157 cells invading in the miR-125a-5p mimic group was significantly lower than that in 

the mock group and NC mimic group, and the difference had statistical significance (P < 0.05). Flow 

cytometry was used to detect the effect of miR-125a-5p on the apoptosis of MDA-MB-157 cells. As 

shown in Figure 2C and D, the apoptotic number of MDA-MB-157 cells in miR-125a-5p mimic 

group was significantly higher than that in mock group and NC mimic group, and the difference had 

statistical significance (P < 0.05). The results showed that promoting the expression of miR-125a-5p 

could inhibit the proliferation, invasion and apoptosis of MDA-MB-157 cells. 

3.3. The effect of GAB2 on the proliferation, invasion and apoptosis of human breast cancer 

cell lines 

CCK8 kit was used to detect the effect of GAB2 on the proliferation of MDA-MB-157 cells. As 

shown in Figure 3A, the proliferation rate of MDA-MB-157 cells in siGAB2 group was significantly 

lower than that in mock group and siNC group, and the difference had statistical significance (P < 

0.05). Transwell assay was used to detect the effect of silencing GAB2 on the invasion of 

MDA-MB-157 cells. As shown in Figure 3B and C, the number of MDA-MB-157 cells invading in 

siGAB2 group was significantly lower than that in mock group and siNC group, and the difference 

had statistical significance (P < 0.05). Flow cytometry was used to detect the effect of GAB2 on the 

apoptosis of MDA-MB-157 cells. As shown in Figure 3D and E, the apoptotic number of 

MDA-MB-157 cells in GAB2 group was significantly higher than that in mock group and siNC 

group, and the difference had statistical significance (P < 0.05). The expression of 

apoptosis-associated proteins, Bax and Bcl-2, was detected by Western blot. As shown in Figure 3F, 

compared with mock group and siNC group, the expression of Bax protein in GAB2 group was 

significantly down-regulated, and the expression of Bcl-2 protein was significantly up-regulated (P < 

0.05). These results suggested that the expression of silencing GAB2 could inhibit the proliferation, 

invasion and apoptosis of MDA-MB-157 cells. 

3.4. Targeting effect of miR-125a-5p and GAB2 

According to the Targetscan.org website, we could predict the regional sequence where 

miR-125a-5p could be directly targeted combined with GAB2 3'-UTR, as shown in Figure 4A below. 

The results of dual-luciferase assay showed in Figure 4B indicated that the fluorescence intensity of 

co-transfection group with GAB2-wt and miR-125a-5p mimic was significantly lower than that with 

GAB2-mut and miR-125a-5p mimic, and GAB2-wt and NC mimic (P < 0.05). The results showed 

that miR-125a-5p could be targeted inhibit the expression of GAB2.  
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Figure 2. miR-125a-5p inhibits the proliferation and invasion of breast cancer cells and 

induces their apoptosis (x ± s, n = 3). A: The proliferation of MDA-MB-157 cell 

transfected with mock、NC mimic and miR-125a-5p mimic for 12h,24h,36h and 48h 

were detected by CCK8 kit; B,C: The Invasion of MDA-MB-157 cell transfected with 

mock、NC mimic and miR-125a-5p mimic were detected by Transwell invasion assay; 

D,E: The apoptosis of MDA-MB-157 cell transfected with mock、NC mimic and 

miR-125a-5p mimic were detected flow cytometry. *P < 0.05 vs MDA-MB-157/mock or 

MDA-MB-157/NC. 
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Figure 3. Knockdown of GAB2 inhibits the proliferation and invasion of breast cancer 

cells and induces their apoptosis (x ± s, n = 3). A: The proliferation of MDA-MB-157 

cell transfected with mock、siNC and siGAB2 for 12h, 24h, 36h and 48h were detected 

by CCK8 kit; B,C: The Invasion of MDA-MB-157 cell transfected with mock、siNC and 

siGAB2 were detected by Transwell invasion assay; D,E: The apoptosis of 

MDA-MB-157 cell transfected with mock、siNC and siGAB2 were detected flow 

cytometry; F,G: The expression of Bax and Bcl-2 of MDA-MB-157 cell transfected with 

mock、siNC and siGAB2 were detected by western blot. *P < 0.05 vs mock or siNC. 
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Figure 4. miR-125a-5p down-regulate the expression of GAB2、Bcl-2 and up-regulate 

the expression of Bax. A: The binding sequence of miR-125a-5p and the sequence of 

targeted 3’-UTR of GAB2; B: The result of dual luciferase reporter assay about the 

interaction between miR-125a-5p and GAB2. 

4. Discussion 

Breast cancer is one of the most common multiple malignant tumors in women worldwide, 

which seriously threatens human health and quality of life. Statistically, both the incidence and 

mortality of breast cancer in China have been increasing year by year in recent years. With the 

continuous development of medical level, the detection rate of breast cancer has been significantly 

improved. However, most patients have had lymph node metastasis at the time of detection, so the 

treatment effect is not optimistic and inhibiting the metastasis of breast cancer cells has become the 

key to improve the survival rate of patients [21]. Invasion and metastasis are considered to be main 

reasons for breast cancer recurrence and deaths due to breast cancer. Therefore, the research on the 

molecular mechanism of breast cancer is still a hot topic in recent years. 

GAB2 is a potential oncogene, and its abnormal amplification is closely related to the 

occurrence and metastasis of breast cancer. Studies have shown that GAB2 is overexpressed in lung 

cancer, ovarian cancer, chronic myelogenous leukemia, multiple primary breast cancer and various 

breast cancer cell lines [22–24]. In this study, we found that knocking down GAB2 expression by 

RNAi technology could inhibit the invasion and proliferation of breast cancer cells. Therefore, 

GAB2 can be used as a therapeutic target to inhibit the invasion and proliferation of breast cancer, 

and reduce the expression of GAB2 in cancer cells, so as to inhibit the invasion and proliferation of 

breast cancer cells. 

MiRNA is a class of single-stranded non-coding RNA with about 20 bases. Many studies have 

shown that miRNA can inhibit or promote the invasion and proliferation of tumors by regulating the 
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expression of related target genes in organisms [25]. At present, miRNA have become a new 

potential tumor marker. Therefore, exploring the role of miRNA in the molecular mechanism of 

breast cancer has far-reaching significance for the prevention and treatment of clinical breast cancer. 

miR-125a-5p is a member of the miR-125 family, which originates from the 5'end of pre-miR-125a. 

More and more studies have shown that mature miR-125a-5p could inhibit the invasion and 

metastasis of many malignant tumors, such as liver cancer, colon cancer, breast cancer and non-small 

cell lung cancer, playing the role of tumor suppressor [26–28]. 

5. Conclusion 

Through this experiment, we can find that miR-125a-5p could inhibit the proliferation and 

invasion of breast cancer cells by negatively regulating GAB2, and induce the apoptosis of breast 

cancer cells by regulating the expression of Bax and Bcl-2 proteins in apoptotic pathway. 
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