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ABSTRACT 
 

 

The analyze the effect of miR-138 on the proliferation and apoptosis of breast cancer cells through the 

NF-κB/VEGF signaling pathway is the Objective of this experiment. For this aim, the endometrial stem 

breast cancer cell line MCF-7 was cultured in vitro, and the overexpression mimic miR-138 mimics and 

the inhibitor anti-miR-138 were transfected into the endometrial stem breast cancer cell line MCF-7, 

which was set to overexpress miR-138 group and interfere with miR-138, and set up negative control of 

overexpression and negative control of inhibitor. Observe the cell proliferation and apoptosis ability of 

each group, and the changes in tumor necrosis factor-α (TNF-α), interleukin 1β, 6, 18 (IL-1β, IL-6, IL-

18) levels, and compare the Bax of each group, NF-κB, VEGF protein expression level. Results showed 

that the proliferation ability of the miR-138 overexpression group was significantly lower than that of 

the miR-138 overexpression control group (P<0.05); the proliferation ability of the miR-138 

interference group was significantly higher than that of the miR-138 interference control group 

(P<0.05). The apoptosis rate, caspase-3 and caspase-9 expression levels of the miR-138 overexpression 

group were significantly higher than those of the miR-138 overexpression control group (P<0.05);  the 

apoptosis rate, caspase-3 and caspase-9 expression levels of the miR-138 interference group were 

significantly lower than those of the miR-138 interference control group (P<0.05). The expression levels 

of IL-1 β, IL-6, IL-18 and TNF - α in the miR-138 overexpression group were significantly lower than 

those in the miR-138 overexpression control group (P < 0.05). The protein expression levels of Bax, 

NF-κB and VEGF in the miR-138 overexpression group were significantly lower than those in the miR-

138 overexpression control group (P < 0.05); the protein expression levels of Bax, NF-κB and VEGF in 

the miR-138 interference group were significantly higher than those in the miR-138 interference control 

group (P <0.05). The proliferation ability of the miR-138 overexpression group was significantly lower 

than that of the miR-138 overexpression control group (P < 0.05); the proliferation ability of the miR-

138 + NF-κB overexpression group was significantly higher than that of the miR-138 overexpression 

group (P<0.05). The apoptosis rate of the miR-138 + NF-κB overexpression group was significantly 

lower than that of the miR-138 overexpression group (P < 0.05). Then MiR-138 can significantly inhibit 

the proliferation of breast cancer cells, promote apoptosis, and regulate the expression of inflammatory 

factors in the cells. It is speculated that the related mechanism may be related to the negative regulation 

of the NF-κB/VEGF signaling pathway.  

 

DOI: http://dx.doi.org/10.14715/cmb/2022.68.2.19         Copyright: © 2022 by the C.M.B. Association. All rights reserved. 

Introduction 

Breast cancer is a common female malignant tumor 

in the clinic, which is caused by the uncontrolled 

proliferation of mammary epithelial cells under the 

action of various carcinogenic factors. The early 

major symptoms of breast cancer manifest the nipple 

discharge, breast lump and the enlargement of lymph 

nodes in the axilla, seriously affecting women's health 

and quality of life (1). In the terminal cancer of the 

breast cancer, the distant metastasis of cancer cells 

may occur, resulting in lesions of multiple organs and 

seriously threatening patients' lives. The pathogenesis 

of breast cancer has not been completely clear yet. 

Related data show that the occurrence and 

development of breast cancer is an uncontrolled 

process of complex molecular regulation, which is 

closely related to the cell-matrix adhesion, abnormal 

signal transduction and inactivation of oncogenes and 

tumor suppressor genes (2). Therefore, an in-depth 

understanding of the underlying molecular mechanism 

http://dx.doi.org/10.14715/cmb/2022.68.2.19
https://creativecommons.org/licenses/by/4.0/
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of breast cancer is of great significance for finding 

effective targets to block tumor formation. miRNAs, 

as a type of small non-coding RNA, play an important 

regulatory role in the cell adhesion, proliferation and 

angiogenesis by targeting the regulation of one or 

more RNAs and inhibiting the expression of genes 

that are target RNAs for translation and interpretation, 

which is closely related to the pathogenesis of breast 

cancer (3). The nuclear factor kappa B (NF-κB) is an 

important nuclear transcription factor, and its activity 

is closely related to various biological processes, 

which is widely involved in the gene regulation in 

multiple pathological processes, such as the 

inflammation, immunity and cell proliferation (4). 

Vascular endothelial growth factor (VEGF) can be 

involved in the formation of blood vessels during the 

ectopic transplantation of endometrial cells, playing 

an important role in the formation process of breast 

cancer (5). This research aims to analyze the effect of 

miR-138 on the proliferation and apoptosis of breast 

cancer cells through the NF-κB/VEGF signaling 

pathway.  

 

Materials and Methods  

Experiment reagents and instruments  

Endometrial stem breast cancer cell line MCF-7 

(Shanghai Aulu Biological Technology Co., Ltd.) 

MTT solution (Shanghai Fantai Biotechnology Co., 

Ltd.) DAPI solution (Beijing Baiaolaibo Technology 

Co., Ltd.) ELISA kit (Shanghai Guduo Biotechnology 

Co., Ltd.) Trizol pyrolysis liquid (Guangzhou 

Dongsheng Biotech Co., Ltd.) Protein loading marker 

(Qingdao Haosail Science CO., Ltd.) Bax, NF-κB, 

VEGF antibody (Wuhan Yipu Biotechnology Co., 

Ltd.)  

Inverted microscope (Beijing Jiayuan Xingye 

Technology Co., Ltd.) Pipette  (Shanghai Jizhi 

Biochemical Technology Co., Ltd.) PCR Amplifier  

(Nanjing Vedeng Medical Co., Ltd.) Water bath kettle  

(Jiangsu Genloci Biotechnologies Inc.) Protein 

electrophoresis apparatus (  Beijing Popular Science 

Ganke Technology Development Co., Ltd.) Protein 

transfer membrane instrument (Saibai'ao (Beijing) 

Technology Co., Ltd.) Desk centrifuge (Shanghai 

Fuze Trading Co., Ltd. ) Autoclave (Nanjing Vedeng 

Medical Co., Ltd.)  

 

Cell culture and grouping  

The endometrial stem breast cancer cell line MCF-7 

was cultured in the DMEM culture medium 

containing 10% fetal calf serum at 37℃ and 5% of 

CO2. When the cell density reached 80%~90%, the 

passage was carried out, and the logarithmic growth 

of cells was taken for the subsequent research. The 

operation was carried out in strict accordance with the 

instructions for Lipofectamine2000 transfection 

reagents. The overexpression mimicked miR-138 

mimics and the inhibitor anti-miR-138 were 

transfected into the endometrial stem breast cancer 

cell line MCF-7, which was set to overexpress miR-

138 group and interfere with miR-138, and set up 

negative control of overexpression and negative 

control of inhibitor. In the follow-up experiment, the 

NF-κB agonist was transfected into the miR-138 

overexpression group cell, which was set to 

overexpress miR-138 +NF-κB group.  

 

Test methods  

(i) Cell proliferation tested by MTT method: Breast 

cancer cell MCF-7 at the logarithmic growth stage 

was taken and inoculated in the 96-well plate for 

further culture for 12h, and the old culture medium 

was removed after being attached. Then, the 20µl of 

5mg/ml MTT solution was added and cultured for 4h. 

The supernate was removed, and the 150µl DMSO 

was added in each group of cells. The supernate was 

shaken in a constant temperature shock box for 

10min. The enzyme-linked immunosorbent assay was 

used to measure the absorbance values at the 490 m 

wavelength of each group, and then the proliferation 

curve was drawn.  

(ii) Cell apoptosis experiment: Cells were collected 

by centrifugation with a non-enzyme digestion 

solution, and 70% ethyl alcohol was added at room 

temperature for 5 min. Added PBS and rinsed twice. 

100μl 1×binding buffer was used for cell re-

suspension; then, PBS, 5μlPI dyeing liquor, AV-FIT 

Cantibody, PI dyeing liquor +AV-FITC were added 

and mixed; after that, 400μl 1×binding buffer was 

added again for cell re-suspension; and the flow 

cytometer was used to test cell apoptosis.  

(iii) Expression of inflammatory factors tested by 

ELISA method: The cell culture solution was taken 

out after culture for 48h, and the supernate was 

collected after centrifugation. The ELISA kit was used 



 Cheng et al./ Effect of miR-138 on breast cancer cells, 2022, 68(2): 132-137  

 

Cell Mol Biol  134 

 

to test the changes of tumor necrosis factor-α (TNF-

α), interleukin 1β, 6, 18 (Interleukin1β, 6, 18, IL-1β, 

IL-6, IL-18) levels.  

(iv) Expression of related proteins tested by 

Western blot method: The logarithmic growth of cells 

of each group was collected, and the RIPA pyrolysis 

liquid was added to fully lysate the cells. The BCA 

method was used to test the protein concentration. The 

30μg protein and 4× loading buffer were mixed for 

centrifugation, then the supernate was taken and 

transferred to the PVDF membrane after SDS-PAGE 

gel electrophoresis. 5% of skim milk powder was 

sealed at room temperature for 1h, and the PVDF 

membrane was placed into the primary antibody Bax, 

NF-κB and VEGF for incubation process, and then 

was incubated overnight in the refrigerator at 4℃. 

TBST was used to wash the primary antibody that was 

not specifically bound to the membrane, and the 

corresponding secondary antibody was added and 

incubated at room temperature for 1-2h. TBST was 

used to wash the secondary antibody that was not 

specifically bound to the membrane. ECL 

chemiluminescent immunoassay was used for 

coloration. 

  

Statistical methods  

The research data were analyzed by using the SPSS 

21.0 software package, and the measured data in 

accordance with normal distribution were expressed 

by ( sx  ). The comparison between multiple groups 

was conducted by using the one-way variance, and the 

comparison between two groups with statistical 

differences would be further carried out with the LSD-

t test. When P<0.05, the difference will be deemed to 

have statistical significance.  

 

Results and discussion 

The effect of miR-138 transfection on the 

proliferation of breast cancer cells  

The MTT testing results showed that the 

proliferation ability of the miR-138 overexpression 

group was significantly lower than that of the miR-

138 overexpression control group (P < 0.05);  the 

proliferation ability of the miR-138 interference group 

was significantly higher than that of the miR-138 

interference control group (P < 0.05). See Table 1 

  

The effect of miR-138 transfection on apoptosis of 

breast cancer cells  

The apoptosis rate, caspase-3 and caspase-9 

expression levels of the miR-138 overexpression 

group were significantly higher than those of the miR-

138 overexpression control group (P < 0.05);  the 

apoptosis rate, caspase-3 and caspase-9 expression 

levels of the miR-138 interference group were 

significantly lower than those of the miR-138 

interference control group (P < 0.05). See Table 2  

 

The effect of miR-138 transfection on 

inflammatory factors of breast cancer cells  

The expression levels of IL-1 β, IL-6, IL-18 and 

TNF - α in miR-138 overexpression group were 

significantly lower than those in the miR-138 

overexpression control group (P < 0.05);  the 

expression levels of IL-1 β, IL-6, IL-18 and TNF - α 

in the miR-138 interference group were significantly 

higher than those in miR-138 interference control 

group (P < 0.05). See Table 3. 

 

The effect of miR-138 transfection on NF-

κB/VEGF signaling pathway of breast cancer  

The Western blot testing results showed that the 

protein expression levels of Bax, NF-κB and VEGF in 

the miR-138 overexpression group were significantly 

lower than those in the miR-138 overexpression 

control group (P < 0.05); the protein expression levels 

of Bax, NF-κB and VEGF in the miR-138 interference 

group were significantly higher than those in the miR-

138 interference control group (P <0.05). See Table 4  

 

The effect of overexpression miR-138 and NF-κB 

on the proliferation and apoptosis of breast cancer 

cells  

The MTT test found that the proliferation ability of 

the miR-138 overexpression group was significantly 

lower than that of the miR-138 overexpression control 

group (P < 0.05); the proliferation ability of the miR-

138 + NF-κB overexpression group was significantly 

higher than that of the miR-138 overexpression group 

(P < 0.05). The apoptosis rate of the miR-138 

overexpression group was significantly higher than 

that of the control group (P<0.05), and the apoptosis 

rate of the miR-138 + NF-κB overexpression group 

was significantly lower than that of the miR-138 

overexpression group (P<0.05). See Table 5. 
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Table 1. The Effect of MiR-138 Transfection on 

Proliferation of Breast Cancer Cells ( sx  ) (%) 

Group  0h 24h 48h 72h 

Overexpression control  1.02±0.01 1.03±0.01 1.02±0.01 1.01±0.01 

MiR-138 

overexpression group  
1.01±0.01 0.82±0.02* 0.59±0.02* 0.46±0.03* 

Interference control  1.01±0.01 1.02±0.02 1.02±0.01 0.98±0.01 

MiR-138 interference  1.01±0.01 1.04±0.04 1.21±0.06# 1.42±0.05# 

F  2.50 177.47 655.87 1719.54 

P  0.075 ＜0.001 ＜0.001 ＜0.001 

Note: Compared with the overexpression control group at the same time 

point *P<0.05; Compared with the interference control group at the same 

time point #P<0.05  

 

Table 2. The Effect of miR-138 Transfection on Apoptosis 

Rate and Factors of Breast Cancer Cells ( sx  ) 

Group  
Apoptosis 

rate (%)  
caspase-3  caspase-9  

Overexpression control  7.28±1.06 59.67±5.84 20.81±3.26 

MiR-138 overexpression  23.97±1.85* 117.56±6.90* 112.31±3.12* 

Interference control  10.64±1.25 43.87±5.11 22.54±3.76 

MiR-138 interference  4.76±1.54# 19.97±5.32# 15.67±2.35# 

F  345.19 506.92 2189.29 

P  ＜0.001 ＜0.001 ＜0.001 

Note: Compared with the overexpression control group *P<0.05; 

Compared with the interference control group #P<0.05  

 

Table 3. The Effect of MiR-138 Transfection on 

Inflammatory Factors of Breast Cancer ( sx  ) 

Group 
IL-1β 
(ng/ml) 

IL-6   
(ng/ml) 

IL-18 
(ng/ml) 

TNF-α 
(ng/ml) 

Overexpression 

control  
22.52±7.68 31.62±10.39 22.36±5.67 55.42±16.78 

MiR-138 
overexpression  

7.45±2.63* 7.46±2.51* 7.41±1.63* 20.16±7.48* 

Interference 

control  
28.36±10.18 25.30±9.63 25.85±8.47 22.48±6.52 

MiR-138 
interference  

55.49±19.63# 79.58±12.30# 55.49±17.63# 78.69±18.20# 

F  29.01 105.97 38.84 44.34 

P  <0.001 <0.001 <0.001 <0.001 

Note: Compared with the overexpression control group *P<0.05; 

Compared with the interference control group #P<0.05   

 

Table 4. Comparison of Bax of Each Group, NF-κB, 

VEGF Protein Expression Level ( sx  ) 

Group  Bax NF-κB VEGF 

Overexpression control  1.02±0.18 0.94±0.12 1.02±0.21 

MiR-138 overexpression  0.41±0.23* 0.69±0.10* 0.64±0.20* 

Interference control  1.09±0.22 1.04±0.18 1.01±0.24 

MiR-138 interference  2.41±0.36# 2.51±0.16# 2.59±0.34# 

F  107.78 329.01 117.18 

P  <0.001 <0.001 <0.001 

Note: Compared with the overexpression control group *P<0.05; 

Compared with the interference control group #P<0.05  

 

Table 5. The Effect of Overexpression MiR-138 and NF-κB 

on the Proliferation and Apoptosis of Breast Cancer Cells     

( sx  ) 

Group 
Proliferation rate (%)  Apoptosis 

rate (%)  0h 24h 48h 72h 

Control  1.01±0.01 0.89±0.03 0.96±0.02 0.97±0.03 7.13±1.25 

MiR-138 
overexpression  

1.00±0.01 0.86±0.02 0.81±0.04* 0.71±0.02* 25.14±1.72* 

Overexpression 

miR-138 +  
NF-κB  

1.00±0.02 0.61±0.05* 0.58±0.03* 0.42±0.04* 13.43±1.36* 

F  1.67 186.58 378.97 783.10 393.36 

P  0.207 <0.001 <0.001 <0.001 <0.001 

Note: Compared with the control group *P<0.05  

 

Breast cancer, known as the "pink killer", is the 

most common female malignant tumor, accounting for 

24.2 % of all female cancers worldwide. In recent 

years, the incidence rate of breast cancer has been 

increasing year by year. It has biological behaviors, 

such as distant metastasis and invasive growth, and its 

pathogenesis has not been completely clear yet, which 

has a serious impact on women's quality of life (6). 

miRNA is a type of endogenous non-coding 

micromolecule RNA fragment, which is specifically 

paired with the 3'UTR region through the incomplete 

alkaline complementation way to promote the direct 

degradation of target mRNA or inhibit its translation. 

It regulates the expression of post-transcriptional 

genes, thus participating in cell proliferation, 

apoptosis, angiogenesis and other biological processes 

(7). The latest study shows that multiple miRNAs 

affect the apoptosis, invasion and angiogenesis of 

breast cancer cells, and may involve in the 

pathophysiological process of breast cancer. 

Angiogenesis plays an important role in the 

pathological process of breast cancer. The growth and 

metastasis of tumors are closely related to 

angiogenesis. Under normal circumstances, the 

angiogenesis factor and angiogenesis inhibiting factor 

are in a dynamic equilibrium state. But in the 

pathological state, such as injury and tumor, the 

angiogenesis factor have advantages, resulting in 

increased angiogenesis and tumor invasion and 

metastasis (8). miRNA may be the main controller of 

angiogenesis, and VEGF can stimulate peripheral 

angiogenesis, which is highly expressed in breast 

cancer cells. Cell proliferation and apoptosis play an 

important role in maintaining the growth and 
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environmental stability of ectopic endometrial cells, 

which are regulated by several genes in this process. 

Among them, miRNA can regulate these genes and 

plays an important role in the proliferation and 

apoptosis of breast cancer cells (9). miR-138 is a 

newly discovered miRNA with tumor regulation in 

recent years, and it has been verified that miR-138 

plays a role in promoting or inhibiting cancer in a 

variety of tumor tissues (10). Islam M et al. found 

through their studies that miR-138 can inhibit the 

proliferation and invasion ability of head-neck 

squamous cell carcinoma (HNSCC), and can lead to 

cell cycle arrest and promote cell apoptosis (11). 

However, there are few reports on the relationship 

between miR-138 and the biological behavior of 

breast cancer cells.  

In this research, the cell biological functions were 

studied through the miR-138 overexpression group 

and breast cancer cell interference models. It was 

found that the proliferation ability of the miR-138 

overexpression group was significantly lower than 

that of the miR-138 overexpression control group, and 

the apoptosis rate, caspase-3 and caspase-9 expression 

levels of the miR-138 overexpression group were 

significantly higher than those of the miR-138 

overexpression control group (P < 0.05). In addition, 

expression levels of IL-1 β, IL-6, IL-18 and TNF - α 

in the miR-138 overexpression group were 

significantly lower than those in the miR-138 

overexpression control group (P < 0.05), which 

indicated that miR-138 can inhibit the proliferation of 

breast cancer cells, promote cell apoptosis, and inhibit 

the expression of inflammatory factors in cells. Some 

scholars found through the study of cerebral 

ischemia/reperfusion injury in rats that miR-138 has a 

protective effect on the inflammatory response caused 

by injury in rats.  

NF-κB is an important nuclear transcription factor, 

and can be bound to promoters of various cellular 

genes after activation, which promotes the 

transcription and expression of target genes, and is 

closely related to various biological processes, such as 

cell growth, differentiation and inflammatory response 

(12). The target gene products of NF-κB, including 

IL-1β, IL-6 and TNF-α, can activate NF-κB, which 

plays a positive feedback regulation role, and further 

enlarges its biological effects (13). VEGF is highly 

expressed in breast cancer models and tissue samples 

of patients and is closely related to disease activities 

and development stages, which be involved in 

angiopoiesis during the growth and metastasis of 

breast cancer cells and can be used as a potential 

therapeutic target for breast cancer (14-16). The 

research results showed that the protein expression 

levels of Bax, NF-κB and VEGF in the miR-138 

overexpression group were significantly lower than 

those in the miR-138 overexpression control group (P 

< 0.05). The biological function of miR-138 was 

restored by using the NF-κB overexpression vector, 

and it was found that the proliferation ability of miR-

138 + NF-κB overexpression group was significantly 

higher than that of the miR-138 overexpression group 

(P < 0.05), and the apoptosis rate was significantly 

lower than that of the miR-138 overexpression group 

(P<0.05). This shows that miR-138 may regulate the 

proliferation and apoptosis of breast cancer cells 

through NF-κB/VEGF signaling pathway.  

To sum up, MiR-138 can significantly inhibit the 

proliferation of breast cancer cells, promote apoptosis, 

and regulate the expression of inflammatory factors in 

the cells. It is speculated that the related mechanism 

may be related to the negative regulation of the NF-

κB/VEGF signaling pathway.  
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