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Background: Triple-negative breast cancer (TNBC) is an aggressive subtype of breast cancer. Metformin has been shown to have the 
potential to inhibit the proliferation of malignant cells. This study aimed to investigate the regulatory effect of metformin on the 
expression of programmed death protein ligand 1(PD-L1) and mechanisms in TNBC.
Methods: Mouse breast cancer cell line 4T1 was co-cultured with metformin, and the effect of metformin on cell proliferation was 
detected by MTT assay. The effect of metformin on the expression of JNK, RSK2 and CREB was detected by MAPK pathway protein 
chip. BALB/c mice were inoculated with 4T1 cells with knockdown/overexpression of C-Jun N-terminal kinase (JNK), and 
administered with metformin. The weight of tumor tissue was observed at the end of the experiment. The expression of PD-L1 in 
tumor cells was observed by immunofluorescence staining and the level of INF-γwas quantitatively determined by ELISA.
Results: Metformin inhibited the viability of 4T1 cells and increased the phosphorylation of JNK to reduce the phosphorylation of 
RSK2 and CREB. Metformin and JNK knockdown reduced the expression of PD-L1 in tumor cells, but there was no significant 
difference in the weight of tumor tissue. Metformin can reduce the level of INF-γ in tumor tissues, but JNK has no effect.
Conclusion: Metformin can inhibit the expression of PD-L1 in triple-negative breast cancer mice and improve the tumor micro-
environment, but does not reduce the size of the tumor.
Keywords: triple negative breast cancer, metformin, cell programmed death ligand 1, C-Jun amino-terminal kinase

Introduction
Breast cancer (BC) has become the most common malignant tumor in women in the world, accounting for 30% of new 
malignant cases and 15% of deaths in women.1 Chinese BC patients have special clinicopathological features, namely low 
expression of hormone receptor and high expression of human epidermal growth factor receptor 2 (HER2).2 Triple-negative 
breast cancer (TNBC) is characterized by negative expression of estrogen receptor (ER), progesterone receptor (PR), and 
HER2. It is a more aggressive subtype of breast cancer with the worst prognosis.3 TNBC in China accounts for 
approximately 15% to 20% of all breast cancer pathologies.3 Tumor immune microenvironment is closely related to the 
prognosis, recurrence and metastasis of breast cancer.4 Programmed death protein ligand 1(PD-L1) is a negative costimu-
latory molecule, which is highly expressed on the surface of tumor cells. It binds to its receptor Programmed cell death-1 
(PD-1) to inhibit the activation of T lymphocytes and enable tumor cells to escape from the body’s immune killing.5 The 
expression of PD-L1 in TNBC patients was significantly higher than that in non-TNBC patients (59% vs 33%), suggesting 
that the immune microenvironment of TNBC is inhibited.6 Metformin is one of the commonly used oral hypoglycemic 
drugs in clinical practice. Recent studies have found that metformin can reduce the recurrence of cancer patients and 
improve the survival rate of cancer patients.7 The anti-tumor mechanism of metformin may be related to its regulation of 
the immune system. Metformin reduced the expression of PD-L1 in endometrial cancer cell lines,8 and promote the 
activation and proliferation of T cells through JNK signaling pathway.9 C-Jun N-terminal kinase (JNK) is an important 
component of the mitogen-activated protein kinase (MAPK) signaling pathway, which participates in a variety of biological 
reactions such as cell proliferation, differentiation, and apoptosis.10 At present, there are few studies on the relationship 
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between JNK signaling pathway and PD-L1. This study investigated whether metformin can affect the expression of PD-L1 
in TNBC cells through the JNK signaling pathway through mouse breast cancer cells and animal models.

Methods
Ethics Approval
Animal experiments were approved by the Medical Ethics Committee of Beijing Shijitan Hospital, Capital Medical 
University and were carried out in accordance with the Animal Welfare Guidelines of the Medical Ethics Committee of 
Beijing Shijitan Hospital, Capital Medical University, in line with the guidelines for the care and use of laboratory 
animals by the Chinese Institute of Health, and in compliance with all regulatory guidelines.

Animal Administration
Thirty SPF BALB/c mice (Cavens Experimental Animal Co. Ltd.), aged 6 weeks, female, weighing 26–28 g. Animal 
production license number: SCXK (Su) 2021-0016, animal use license number: SYSK (Beijing) 2021-0025. The mouse 
model establishment and material sampling were carried out in the Animal Experiment Building of Beijing Shijitan 
Hospital affiliated to Capital Medical University. All procedures in animal experiments are in accordance with the 3R 
principle and have been approved by the Scientific Research Ethics Committee of Beijing Shijitan Hospital, Capital 
Medical University (sjtky11-lx-2021-100). The mice were divided into metformin administration group and non- 
administration group with 15 mice in each group. Wild-type 4T1 cells, JNK knockdown 4T1 cells, and JNK over-
expression 4T1 cells were inoculated subcutaneously into the abdomen of 5 mice in each group, respectively. The rats in 
the metformin group were given metformin (500mg/kg·d) by gavage for 4 weeks. When tumors reached 1cm in diameter, 
all mice were anesthetized, and tumors were aseptically removed and fixed in formalin.

4T1 Cell Line Culture
Mouse breast cancer cell line 4T1 (Nanjing Kebai Biotechnology Co., LTD.). The frozen 4T1 cell lines were removed in 
liquid nitrogen, thawed in a water bath at 37°C, added to a centrifuge tube with 4–6 mL complete medium (DMEM+ 
10% FBS+ 1% P/S), mixed, centrifuged at 1000RPM for 3min, and the cells were resuspended in complete medium after 
abandoning the supernatant. The cells were added to culture flasks containing 6–8mL of complete medium and cultured 
overnight at 37 ° C, passaged once for 2–3 days, and passed to the third passage for experiments.

Reagents and Instruments
Metformin (batch number: 20,210,841) was purchased from Sino-American Shanghai Bristol-Myers Squibb 
Pharmaceutical Co., LTD. MAPK pathway phosphorylation array kit (item number: AAH-MAPK-1-2) was purchased 
from RayBiotech (USA). Fetal bovine serum, 1640 medium, EDTA, MTT, Trypsin, INF-γ detection kits (product 
numbers were A3161001, 10,564,011, 61,870,036, MA5405, BMS603HS and PMC4016, respectively) were purchased 
from Thermo Fisher Scientific Co., LTD. Rabbit anti-mouse PD-L1 antibody (product number: Ab213480), sheep anti- 
rabbit fluorescent antibody (product number: Ab150080) (Abcam Company, UK). Inverted microscope and imaging 
system (Nikon Ci-S, Nikon DS-U3, Nikon, Japan). JNK lentivirus overexpression and interference vector plasmid 
construction (Jiman Biotech).

Cell Viability Assays
Cell viability was determined by MTT assay. The density of 4T1 cells after mixing was diluted to 1x105/mL in a 96-well 
plate, 2.0mL per well, and the cells were cultured for 24h at 37 ° C in 5%CO2. The next day, every hole to join 
metformin concentration respectively (0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0, 20.0 mmol/l), 37 °C 5% CO2 for 24 h. An 
additional 20μL (5g/L) MTT was added to each well, and the reaction was terminated after 4h at 37 ° C. The supernatant 
was discarded, and 100μL DMSO was added to each well and allowed to stand for 15 min. The absorbance was 
measured at 570 nm to calculate the inhibition rate of cell proliferation.
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MAPK Pathway Analysis
The effect of metformin on MAPK signaling pathway in 4T1 cells was determined by protein microarray (Raybiotech, 
Inc., Raybio C1). 4T1 cells were lysed post metformin treatment (10.0mmol/L). The membrane chip was incubated with 
diluted protein lysates followed by incubation with 1mL biotin labeled antibody. The membrane was then incubated with 
HRP-streptavidin. ImageQuant LAS4000 chemiluminescence imaging analysis system (General Electric Company) was 
used for scanning. The experiment was repeated twice. The scanned data were normalized by EXCEL formula, including 
subtracting background and averaging. The normalized data were analyzed using R language. The selection criteria of 
potential signal protein were set as upregulation more than 20.0% and downregulation more than 16.7%.

Knockdown/Overexpression of JNK in 4T1 Cells
Lentiviral-mediated JNK overexpression vector and shRNA vectors were obtained from GeneChem (Shanghai, China). 
Target sequences were shown in (Table 1). Cells were seeded at 70–80% confluency in medium and transfected with 
lentivirus and polybrene A reagent according to the manufacturer’s instructions. The empty vector served as a negative 
control. After 12h, the medium was removed and replaced with fresh culture medium. Three days later, green fluorescent 
protein gene expression was observed under a fluorescence microscope, and the experiment was repeated twice; then, the 
cells were collected for subsequent culture.

Plasmid Transfection
Polybrene to 6μg/mL and appropriate amount of virus were added to 2×105/mL suspension cells, mixed thoroughly, and 
incubated at 37 ° C. After 4h, an equal volume of fresh medium was added to dilute polybrene. After 3 days of 
continuous culture, the total RNA of cells was extracted for qRT-PCR detection to verify the knockdown effect, and the 
cells were collected for subsequent culture.

PD-L1 Detection
PD-L1 markers were stained and visualized by immunofluorescence (IF) staining. Paraffin embedded tumor tissue 
sections with a thickness of 4μm were transferred to a roasting machine and baked for 4h at 60 ° C. After exfoliation, 
the slides were washed 3 times with PBS solution for 5min each time. After the second wash, the slides were slightly 
dried and the tissue area to be tested was marked with an immunohistochemical pen. After incubation with blocking 
solution for 2 hours, press 1: The primary antibody working solution was removed and rinsed 3 times with PBS solution. 
The secondary antibody working solution was prepared and added at a ratio of 1:200. The tablets were incubated at 37°C 
for 2 hours, thawed with DAPI, stained for 10min, washed 5 times with PBS solution, dried in an oven at 60°C, and 
sealed with anti-fluorescence quenching solution. Images were acquired with a Nikon inverted microscope at 100 × and 
400 × field of view.

Table 1 The Sequences of shRNA for JNK and PCR Primer

Genes Sequence (5′-3′)

shRNA JNK
Control 5′-TTCTCCGAACGTGTCACGT-3′
shRNA 1 5′-GATCCGCGCGCCTACCGAGAA-3′
shRNA 2 5′-GATCCGCAGGCCTAAATACGCT-3′
shRNA 3 5′-GATCCGTGAT TCAGATGGAGTT-3′
qRT-PCR
JNK Forward 5′-AGCAGAAGCAAACGTGACAAC-3′

Reverse 5′-GCTGCACACACTATTCCTTGAG-3′
Actin Forward 5′-CATGTACGTTGCTATCCAGGC-3′

Reverse 5′-CTCCTTAATGTCACGCACGAT-3′
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Detection of INF-γ
INF-γ levels were examined by ELISA Kit. Mouse breast cancer tissues were collected to prepare homogenate, which 
was treated with Polytron-type reagent and centrifuged, and the supernatant was taken for testing. The solid-phase 
antibody was prepared by coating the microplate with the purified antibody. The standard, the tested sample, biotinylated 
INF-γ and HRP-labeled avidin were added to the solid-phase antibody coated microwells at one time, and then the color 
was developed with the substrate TMB after thorough washing. TMB is converted to blue color by peroxidase catalysis 
and to the final yellow color by acid. There was a positive correlation between the depth of color and INF-γ in the 
sample. The sample concentration was calculated by measuring the absorbance (OD) at a wavelength of 450±2nm using 
a microplate reader.

qRT-PCR
Mouse Mapk8 gene shRNA vector and negative control vector were co-transfected into 4T1 cells with the overexpression 
vector, respectively. After 72 hours, the cells were collected and total RNA was extracted for qRT-PCR. After the cell 
culture medium was removed, the lysate was added, the cells were lysed by repeated suction, and then added to the DNA 
removal column. The supernatant was collected and added to the buffer, then transferred to the RNA extraction column, 
and the RNA solution was obtained after washing and purification. Three repeat Wells were made when qRT-PCR was 
loaded on the machine. The reaction conditions for cDNA synthesis were 37 ° C for 15min→85 ° C for 5s→4 ° C for 
termination. The PCR reaction conditions were as follows: (95 °C for 30 min→95 °C for 5 s→60 °C for 31s) ×40 cycles. 
The 2-ΔΔCt analysis method was used to calculate the relative expression of each sample based on the reference gene.

Statistical Analysis
GraphPad Prism 7.0 software was used for statistical analysis. All data were presented as median and interquartile range 
(IQR). Differences between groups were estimated using the Kruskal–Wallis test. Wilcoxon test and Bonferroni 
adjustment were used for pairwise comparisons. All tests were two-sided, and p<0.05 was considered statistically 
significant.

Results
Metformin Inhibited the Viability of 4T1 Cells
Compared with the control group, metformin at low concentrations (0.1–5.0 mmol/L) had no significant effect on the 
viability of 4T1 cells (Figure 1), while metformin at high concentrations (10.0 mmol/L and 20.0 mmol/L) significantly 
inhibited the viability of 4T1 cells in a concentration-dependent manner (Figure 1). The IC50 of the drug was 15mmol/l.

Effect of Metformin on the MAPK Pathway in 4T1 Cells
Metformin increased the expression of JNK from 2462.0 (IQR=265.02) to 2991.7 (IQR=264.86), an increase of 21.4% 
(p<0.05, Figure 2A–D). The expression of RSK2 and CREB decreased from 1111.5 (IQR=233.16) and 2397.0 (IQR= 
252.06) to 923.5 (IQR=234.45) and 1867.7 (IQR=250.05), respectively (p<0.05, Figure 2A–D).

Quantitative Values and Analysis of MAPK8 Gene Knockdown Effect
Compared with the 4T1 cells transfected with the negative control vector (Table 2), MAPK8 mRNA expression level in 
the shRNA1 vector transfected 4T1 cells was 52% of the negative control group, that is, the MAPK8 gene was knocked 
down by 48%; The mRNA level of MAPK8 gene in shRNA2 vector transfected group was 31% of that in negative 
control group, that is, the MAPK8 gene was knocked down by 69%. The mRNA level of MAPK8 gene transfected with 
shRNA3 vector was 90% of that of the negative control, that is, the MAPK8 gene was knocked down by 10%. The 
expression of MAPK8 gene in shRNA2 vector was inhibited more significantly than that in the control group, and was 
selected as the interference sequence for the mouse triple-negative breast cancer model.

https://doi.org/10.2147/CMAR.S454960                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2024:16 262

Wang and Zhao                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


No Change of the Weight of Xenograft Tumors in Mice
Metformin did not affect the weight of xenograft tumors in mice between groups (p>0.05, Figure 3).

Effects of Metformin and JNK Pathway on PD-L1 Expression and INF-γ
Compared with the control group, JNK knockdown group and JNK overexpression group, the expression of PD-L1 in the 
metformin group was decreased (p<0.05, Figure 4). The expression of PD-L1 was decreased in the JNK knockdown 
group compared with the control group (p<0.05, Figure 4). Compared with the control group, the expression of PD-L1 in 
the JNK knockdown + metformin group and the JNK overexpression+metformin group was decreased (p<0.05, 
Figure 4), but there was no significant difference between the JNK knockdown+metformin group and the metformin 
group (p>0.05, Figure 4). The level of INF-γ in tumor tissues in the metformin group was lower than that in the control 
group and in the JNK knockdown and JNK overexpression groups, respectively (p<0.05, Figure 4). The levels of INF-γ 
in tumor tissues were significantly lower in the JNK knockdown+metformin group and the JNK overexpression + 
metformin group than in the control group and the JNK knockdown and JNK overexpression groups, respectively 
(p<0.05, Figure 4). However, there was no significant difference between the metformin group and the JNK knockdown 
+metformin group or the JNK overexpression+ metformin group (p>0.05, Figure 4).

Discussion
TNBC is a subtype with poor immune microenvironment among all breast cancer molecular phenotypes.11 Both 
metformin and JNK pathway have regulatory effects on the immune microenvironment of triple-negative breast cancer. 
As a first-line drug for the treatment of diabetes, metformin has good efficacy and high safety,10 and as a candidate drug 
for the prevention and treatment of tumors, it also plays a role in affecting the effect of immunotherapy.12 The results of 
the present study also confirmed that high concentrations of metformin could significantly inhibit the activity of mouse 
breast cancer cells in vitro. The effect of metformin on the immune microenvironment is mainly through AMP-activated 
protein kinase (AMPK) signaling pathway and mitogen-activated protein kinase (MAPK) signaling pathway. Our 
previous study demonstrated that metformin increased the functional phenotype of TILs and associated with JNK 
pathway, and suppressed the exhausted phenotype of TILs independently to JNK pathway in TNBC 
microenvironment.13 Other studies have confirmed that MAPK signaling pathway could also improve the tumor 
microenvironment by regulating intestinal flora.14 MAPK signaling pathway is one of the important pathways involved 
in the regulation of innate immunity.15 In the present study, it was found that metformin increased the phosphorylation of 
JNK, but decreased the phosphorylation of RSK2 and CREB. JNK is a component of the MAPK signaling pathway that 
inhibits malignant cell differentiation and induces apoptosis.16 CREB is frequently overexpressed in hematopoietic and 

Figure 1 The effects of metformin on 4T1 cell viability, *P<0.05, **P<0.01.
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solid tumors.17 CREB activation is closely associated with tumor growth, proliferation, increased angiogenesis and 
metabolism, and apoptosis.17 ERK/MAPK/RSK signaling pathway is activated by the oncogenic effects of EGFR, Ras 
and BRAF in a variety of tumors.18 Overactive RSK signaling has been shown to induce cell transformation and promote 
tumor growth.19 However, no study has confirmed the correlation between the phosphorylation levels of CREB and RSK 
and the tumor immune microenvironment. The anti-proliferative effect of metformin may also be related to the down- 
regulation of CERB and RSK2. However, probably due to the short study time, this study did not find significant 
differences in tumor tissue tumors in each group of mice.

The activation of PD-1/PD-L1 pathway is one of the main mechanisms of tumor immune escape. In solid tumors, 
tumor cells can silence the immune system by increasing PD-L1 expression on the cell surface.19 PD-L1 increases 
tumorigenesis and invasion and makes tumor cells less sensitive to specific CD8+T cells.20 PD-L1, as a ligand of the 
checkpoint, can deliver negative signals to T cells through its inherent reverse signaling upon binding to PD-1, leading to 

Figure 2 The effect of metformin on MAPK signaling pathway. (A) The original blot of protein expression in 4T1 cells (JNK: red circle; RSK2: green circle; CREB: blue 
circle). (B) The original blot of protein expression in 4T1 cells with metformin treatment (JNK: red circle; RSK2: green circle; CREB: blue circle). (C) and (D) Quantitative 
results of the original blot.
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dysfunction and ultimately apoptosis. Constitutive expression of PD-L1 in tumor cells is caused by dysregulation of 
oncogenic or tumor suppressor gene signaling pathways, activation of aberrant transcription factors, genomic aberrations, 
or gene amplification.21 The regulation of PD-L1 is very complex. The Ras/MAPK and PI3K-AKt signaling pathways 
can be activated by the epidermal growth factor (EGFR) receptor, and then the signal is transmitted to the nucleus by 

Table 2 Presents the Quantitative Assessment and Analysis of the Impact of MAPK8 
Gene Knockdown

Sample Actin Ct 
Value

MAPK 8 Ct 
Value

ΔCt 
Value

ΔΔCt 
Value

2−ΔΔCt 

Value
2−ΔΔCt Mean 
Value

Control 15.90 16.43 0.53 −0.19 1.14 1.01

Control 15.73 16.76 1.03 0.30 0.81
Control 15.63 16.24 0.61 −0.11 1.08

shRNA1 15.43 17.68 2.25 1.52 0.35 0.52

shRNA1 15.59 17.20 1.61 0.88 0.54
shRNA1 15.64 16.96 1.32 0.60 0.66

shRNA2 15.41 17.67 2.26 1.53 0.35 0.31
shRNA2 15.43 18.86 2.92 2.20 0.22

shRNA3 15.42 17.59 2.17 1.44 0.37

shRNA3 15.56 16.62 1.06 0.34 0.79 0.90
shRNA3 15.65 16.41 0.76 0.04 0.97

shRNA3 15.56 16.37 0.80 0.13 0.913

Figure 3 Effect of metformin on tumor weight in mice. (A) Tumor specimens of 4T1 cells. (B) Tumor specimens of 4T1 cells and metformin administration. (C) Tumor 
specimens of 4T1 cells with JNK knock-down. (D) Tumor specimens of 4T1 cells with JNK overexpression. (E) Tumor specimens of 4T1 cells with JNK knock-down and 
metformin administration. (F) Tumor specimens of 4T1 cells with JNK overexpression and metformin administration. (G) statistical result of tumor weight. ns p>0.05.
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transcription factors such as nuclear activator protein 1 and nuclear factor κB(NF-κB) to increase the transcription level 
of PD-L1.22 In addition to EGFR, interferon -γ(IFN-γ) can also directly affect PD-L1 expression.23 IFN-γ, produced by 
activated T cells and NK cells infiltrating the tumor, is one of the inflammatory cytokines often used as an inducer to 
study PD-L1.24,25 This study confirmed that JNK knockdown in mouse 4T1 cells reduced PD-L1 expression, similar to 
a recent study that used JNK inhibitor to reduce PD-L1 expression in renal cancer cells.26 The present study also 
confirmed that metformin reduced PD-L1 expression in mouse 4T1 cells regardless of the effect of JNK expression and 
that metformin reduced IFN-γ content in mouse tumor tissues. This also explains the fact that although the present study 
found that metformin increased JNK phosphorylation, it decreased PD-L1 expression. Because IFN-γ also plays an 
important role in the regulation of PD-L1 expression. IFN-γ up-regulated the expression of PD-L1 in tumor cells through 
the activator of JAK-STAT signal transduction and transcription pathway.27 Metformin inhibits the secretion of cytokine- 
induced pro-inflammatory cytokines (TNF-α, IFN-γ and IL-6) by activating AMP-activated protein kinase (AMPK) and 
then inhibiting the activity of NF-κB. Therefore, the inhibitory effect of metformin on INF-γ in mouse breast cancer 
tissues may lead to the reduction of PD-L1 expression. Although metformin did not significantly inhibit the tumor growth 
in our mouse model, clinical studies have shown that long-term treatment with metformin can improve the survival rate 
of diabetic breast cancer patients.28

Figure 4 Effects of metformin on PD-L1 expression and INF-γ level in mice with triple negative breast cancer. (A) 4T1 cell tumor specimens (B) 4T1 cell tumor specimens 
treated with metformin (C) 4T1 cell tumor specimens treated with JNK knockdown (D) 4T1 cell tumor specimens treated with JNK overexpression (E) 4T1 cell tumor 
specimens treated with metformin and JNK knockout (F) Statistics of 4T1 cell tumor samples (G) PD-L1 and JNK overexpression (H) INF-γ statistics *p <0.05 **p <0.01.
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In conclusion, metformin increased the phosphorylation of JNK in mouse 4T1 cells, inhibited the expression of PD- 
L1, and improved the tumor microenvironment in triple-negative breast cancer mice, but did not reduce tumor size. The 
results of this study provide an adjuvant treatment option for triple-negative breast cancer.
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