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Abstract. In recent years, population-based studies and retro-
spective analyses of clinical studies have shown that metformin 
treatment is associated with reduced cancer incidence and a 
decrease in cancer-associated mortality. However, its mecha-
nism of action remains to be fully understood. The present 
study demonstrates the effects of metformin on KB human oral 
cancer cells and explores the role of myeloid cell leukaemia-1 
(Mcl-1) in metformin-induced mitochondria-dependent 
cellular apoptosis. It was demonstrated that metformin expo-
sure caused significant suppression of KB cell proliferation and 
induced cell death. Furthermore, metformin induced apoptosis 
through the downregulation of Mcl-1 in KB human oral cancer 
cells, and the overexpression of Mcl-1 in metformin-treated 
KB cells significantly increased cell viability. Consistently, 
Bax and Bim were upregulated in metformin-treated cells. 
The results also reveal that microRNA (miR)-26a expres-
sion was markedly increased by metformin. Subsequent 
to enforced miR-26a expression in KB cells using miR-26a 
mimics, cell viability and the level of Mcl-1 decreased. These 
results suggest that the anti-proliferative effects of metformin 
in KB cells may result partly from induction of apoptosis by 
miR-26a-induced downregulation of Mcl-1.

Introduction

Human oral cancer is a frequently occurring subclass of head 
and neck tumours. Surgery, radiation and chemotherapy are 
the predominant clinical therapeutic strategies for oral cancer. 
However, despite advances in curative multimodal treatments, 

the overall survival rate in patients with oral cancer remains 
unsatisfactory (1,2). Therefore, it is essential to determine the 
most effective therapeutic agents to control this disease and 
enhance patient quality of life.

Apoptosis, or programmed cell death, is regulated in 
a complex manner by a multitude of factors (3). B-cell 
lymphoma/leukaemia-2 (Bcl-2) family proteins are important 
regulators of cell death, and the dysregulation of Bcl-2 family 
members is key in certain human diseases, including cancer. 
Myeloid cell leukaemia-1 (Mcl-1) is a pro-survival member of 
the Bcl-2 protein family that suppresses apoptosis by inhibiting 
the activity of pro-apoptotic proteins (4,5). Moreover, Mcl-1 
expression is highly amplified in a variety of human cancers 
and is frequently associated with chemotherapeutic resistance 
and recurrence, suggesting that overexpression of Mcl-1 may 
contribute to apoptotic evasion and malignant tumour growth. 
Therefore, targeting Mcl-1 expression in these cancers, using 
genetic and pharmacological approaches, represents a poten-
tial means of developing novel efficacious cancer therapies (6).

Metformin (1,1-dimethylbiguanide hydrochloride) is 
a biguanide traditional oral hypoglycaemic agent that is 
widely used in the clinic for the treatment of type 2 diabetes 
mellitus. It reduces plasma glucose levels by increasing fatty 
acid oxidation and glucose utilisation, decreasing hepatic 
gluconeogenesis (7). Recently, metformin has received 
considerable attention for its antitumour efficacy against 
numerous types of malignancies. For example, retrospec-
tive studies in patients with type 2 diabetes showed reduced 
cancer incidence in patients who had been treated with 
metformin for several years (8-11). Furthermore, other studies 
have demonstrated that metformin can inhibit tumour growth 
in vitro and increase tumour sensitivity to chemotherapeutic 
drugs (12-15). All of these studies strongly support the 
clinical development of metformin as a potentially useful 
therapeutic agent for cancer.

In the present study, experiments were conducted to 
examine the effects of metformin on KB human oral cancer 
cells and determine whether metformin induces apoptosis 
via Bcl-2 family proteins. Moreover, the present study aimed 
to further elucidate the mechanism underlying Mcl-1 regula-
tion.
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Materials and methods

Chemicals and reagents. Metformin was purchased from 
Sigma-Aldrich (St. Louis, MO, USA). Metformin solution 
was prepared by dissolving metformin in phosphate-buffered 
saline (PBS). Minimum essential medium (MEM), foetal 
bovine serum (FBS) and PBS were purchased from Gibco 
Life Technologies (Grand Island, NY, USA). An Annexin 
V‑fluorescein isothiocyanate (FITC)/propidium iodide (PI) 
apoptosis detection kit was purchased from Keygen Biotech 
(Nanjing, China). Anti-Mcl-1 (rabbit anti-human; 1:100), 
anti-Bax (rabbit anti-human; 1:1,000), anti-Bim (rabbit 
anti-human; 1:1,000), and anti-caspase-3 (rabbit anti-human; 
1:1,000) monoclonal antibodies were obtained from Abcam 
(Cambridge, UK). Mouse anti-β-actin antibody (1:2,000) was 
obtained from Santa Cruz Biotechnology Inc. (Santa Cruz, 
CA, USA). Cells were transfected with miR-26a mimics, nega-
tive control or miR-26a inhibitor purchased from Guangzhou 
RiboBio (Guangzhou, China).

Cell lines and cell culture. The KB human oral cancer cell 
line was obtained from the Shanghai Cell Bank at the Chinese 
Academy of Sciences (Shanghai, China). Cells were cultured 
in MEM with 10% FBS, and supplemented with 100 U/ml 
penicillin and 100 mg/ml streptomycin in a humidified incu-
bator at 37˚C containing 5% CO2. Cells were passaged at 80% 
confluence using 0.25% trypsin (Gibco Life Technologies).

Cell proliferation assay. The effect of metformin on KB 
cell viability was evaluated using the 3-(4,5-dimethylthia-
zolyl-2)-2-5 diphenyltetrazolium bromide (MTT) assay. KB 
cells in the exponential growth phase were plated in 96-well 
plates at 8x103/well in a final volume of 100 µl. KB cells were 
exposed to different concentrations of metformin for 24, 48 
and 72 h in a humidified incubator at 37˚C with 5% CO2. For 
the MTT assay, cells were then incubated with MTT (5 mg/ml 
in PBS) for 4 h. Subsequently, the MTT solution was removed 
and replaced with 150 µl dimethyl sulphoxide/well, and the 
absorbance was measured at 490 nm using an automated 
microplate reader (Synergy™ HT; Bio-Tek Instruments, Inc., 
Winooski, VT, USA). Experiments were repeated in triplicate, 
and three parallel samples were measured each time.

Annexin V‑FITC/PI apoptosis assay. Apoptosis was assessed 
using double staining with Annexin V‑FITC/PI. Briefly, 
KB cells were treated with metformin at different doses in 
a 12-well plate for 24 h. Cells were harvested, rinsed twice 
with PBS and re‑suspended in 300 µl ice‑cold binding buffer. 
They were then stained with Annexin V-FITC/PI for 15 min 
in the dark. Stained cells were analysed using a flow cytometer 
(Accuri C6; BD Biosciences, Franklin Lakes, NJ, USA).

Western blot analysis. KB cells grown in 6-well plates at a 
density of 3x105 cells/well were treated with metformin for 
various incubation periods. Cells were collected by centrifu-
gation and lysed in radioimmunoprecipitation assay buffer 
(Beyotime Institute of Biotechnology, Beijing, China) for 
30 min on ice. Cell lysates were centrifuged at 12,000 x g 
for 30 min at 4˚C. Total protein (50 µg) was separated by 
15% sodium dodecyl sulphate-polyacrylamide gel (Beyotime 

Institute of Biotechnology) electrophoresis (70 V, 30 min; 
120 V, 90 min) and electrophoretically transferred to polyvi-
nylidene fluoride membranes (Bio‑Rad, Hercules, CA, USA). 
The membranes were blocked with 5% non-fat dry milk for 
4 h at room temperature and subsequently incubated with the 
appropriate antibody for 4 h at room temperature or over-
night at 4˚C. After washing three times with Tris‑PBS, the 
membranes were incubated with the corresponding secondary 
antibody. β-actin was used as a control for protein loading.

Plasmid transfection. The pCMV-HA-Mcl-1 plasmid and 
control plasmid were obtained from GenePharma (Shanghai, 
China). KB cells were transfected using Lipofectamine 2000 
reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) 
according to the manufacturer's instructions. After cultiva-
tion for 48 h, total cell lysates were prepared for western blot 
analysis or an MTT assay.

Reverse transcription‑quantitative polymerase chain reaction 
for miRNAs. Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR) was performed for miRNA detec-
tion. Total RNA was extracted from KB cells treated with 
or without metformin using TRIzol reagent (Invitrogen Life 
Technologies) and an miRNeasy Mini kit (Qiagen, Shanghai, 
China) according to the manufacturer's instructions. For the 
detection of miR-26a, mature hsa-miR-26a and U6 primer 
from All-in-OneTM miRNA qPCR Primer (GeneCopoeia, 
Guangzhou, China) was used. RT-qPCR was performed 
with the All-in-OneTM miRNA qRT-PCR Detection kit 
(AOMD-Q050, GeneCopoeia) in an ABI StepOne™ Real-
Time PCR System (Applied Biosystems Life Technologies, 
Foster City, CA, USA) at 95˚C for 10 min, followed by 40 
cycles of 95˚C for 10 sec, 60˚C for 30 sec and 72˚C for 15 sec. 
PCR data were analysed using the 2-ΔΔCt method and were 
normalised against RNU6B expression in each sample. Paired 
Student's t-test was performed to appraise the difference in the 
level of miRNA expression.

Transfection of miRNA precursor miR‑26a. KB cells were 
seeded in 6-well plates at a density of 3x105 cells/well. Cells 
at 60-80% confluency were transfected with microRNA 
(miR)-26a mimics, negative control, miR-26a inhibitor, 
or inhibitor control at a final concentration of 20 µM using 
Lipofectamine 2000 reagent (Invitrogen Life Technologies, 
Carlsbad, CA, USA) according to the manufacturer instruc-
tions. Cells were harvested 48 h later for western blot analysis 
and PI viability assays.

Plate clone formation assay. Cells were seeded at a density 
of 1x104 cells/well in 6-well plates with growth medium 48 h 
after transfection and incubated in MEM containing 10% FBS 
at 37˚C with 5% CO2 for 7 days. The colonies were washed 
with PBS, fixed with 10% formaldehyde for 10 min on ice, and 
stained with 1.0% crystal violet for 30 min.

Propidium iodide staining. Prior to metformin treatment, cells 
were plated in 12-well plates and subsequently transfected 
with miR-26a mimics, negative control, miR-26a inhibitor, 
or inhibitor control for 48 h. Cells were then subjected to PI 
staining and evaluated using flow cytometry (Accuri C6).
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Statistical analysis. All experiments were repeated at least 
three times and the values were expressed as the mean ± stan-
dard deviation. Statistical significance was determined by 
Student's t-test using SPSS software, version 13.0 (SPSS, Inc., 
Chicago, IL, USA). P<0.05 was considered to indicate a statis-
tically significant difference.

Results

Metformin inhibits the proliferation and induces apoptosis of 
KB cells. To evaluate the growth inhibitory effect of metformin 

on human KB cells in vitro, cells were treated with different 
concentrations of metformin for 24, 48 and 72 h. The rate of 
cell proliferation was inversely related to the time of exposure 
to metformin and the metformin concentration (Fig. 1A).

Flow cytometric analysis revealed that metformin mark-
edly increased the number of apoptotic KB cells (Fig. 1B). 
Furthermore, in KB cells, metformin decreased the expression 
of Mcl-1 and increased the expression of Bim and Bax in a 
time-dependent manner (Fig. 1C). Downstream of apoptosis 
signalling pathways, there was a significant activation of 
caspase-3 cleavage (Fig. 1C). These results confirmed the 
prediction that metformin induces apoptosis, and that this is 
predominantly through the mitochondria-mediated internal 
pathway.

Figure 2. Upregulation of Mcl-1 protects KB cells from apoptosis. (A) Whole 
cell lysates from KB transfected with Mcl-1 cDNA for 48 h were subjected 
to western blot analysis. *P<0.05 compared with the respective controls. 
(B) KB cells were transfected with Mcl-1 cDNA. After 24 h, the cells were 
cultured with metformin for 24 h, and the cell viability was analysed using an 
3-(4,5-dimethylthiazolyl-2)-2-5 diphenyltetrazolium bromide assay. (C and 
D) KB cells were transfected with the control or Mcl-1 cDNA. After 48 h, 
the total cell lysates were prepared, and western blotting was conducted. The 
membranes were probed with anti-Bax, -Bim and -caspase-3 antibodies. The 
data are representative of three independent experiments.

Figure 1. Metformin inhibited the proliferation and induced apoptosis of KB 
cells. (A) KB cells were treated with different concentrations of metformin 
(0, 1.25, 2.5, 5, 10 and 20 mmol/l) for 24, 48 and 72 h, and the cell viability 
was analysed using an 3-(4,5-dimethylthiazolyl-2)-2-5 diphenyltetrazolium 
bromide assay. (B) Cells were treated with various concentrations of met-
formin (5, 10, 20 mmol/l) and were harvested after incubation for 24 h before 
being analysed using Annexin V/PI staining. (C) Whole cell lysates from KB 
treated with the combination of metformin (10 mM) for 0, 6, 16 and 24 h were 
subjected to western blot analysis for Mcl-1, Bax, Bim and caspase-3. One 
representative blot out of three is shown.
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Upregulation of Mcl‑1 protects KB cells from apoptosis. To 
evaluate the association between Mcl-1 and metformin-induced 
apoptosis, an Mcl-1 expression plasmid was transfected into 

KB cells (Fig. 2A). Then, overexpression of Mcl‑1 significantly 
increased cell viability in response to metformin treatment 
and decreased the expression of Bim and Bax compared 

Figure 4. Overexpression of miR-26a reduced cell viability and regulated Mcl-1 expression in KB cells. miR-26a decreased KB oral cancer cell colony formation. 
Representative images are shown. (Aa) miR-26a mimics+metformin; (Ab) NC+metformin; (Ac) miR-26a inhibitor+metformin; (Ad) inhibitor NC+metformin. 
(B) Western blotting and (C) quantification of Mcl‑1 expression in KB cells after transfection with miR‑26a mimics and negative control. Mcl‑1 expression was 
downregulated after KB cell transfection with miR-26a mimics. **P<0.01 compared with the combination of miR-26a mimics and metformin

Figure 3. Metformin significantly increases the expression of miR‑26a. KB cells were treated with metformin, the levels of miR‑26a were measured by reverse 
transcription-quantitative polymerase chain reaction. ***P<0.001 compared with control. 
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with their respective controls (Fig. 2B and C). In addition, 
the cleaved products of caspase-3 were scarcely activated in 
the Mcl‑1‑overexpressing KB cells (Fig. 2D). These findings 
suggest that Mcl-1 may be important in metformin-induced 
apoptosis as an anti-apoptotic protein.

Metformin increases the expression of miR‑26a. Expression of 
miR-26a was analysed by RT-qPCR and normalised against an 
endogenous control (RNU6B). Total RNA was extracted from 
KB cells treated with or without 10 mmol/l metformin. The 
results indicated that miR‑26a was significantly upregulated 
in metformin-treated cells compared with non-treated cells 
(Fig. 3).

Overexpression of miR‑26a reduces cell viability and regu‑
lated Mcl‑1 expression in KB cells. In order to confirm the 
biological function of miR-26a, KB cells were transfected 
with miR-26a mimics or corresponding negative controls for 
7 days, miR-26a inhibited KB cell growth compared with 
miR-Ctrl (Fig. 4A). As shown in Fig. 4B, the level of Mcl-1 
decreased in cells transfected with miR-26a mimics compared 
with cells transfected with the corresponding negative control. 
By contrast, Mcl-1 was increased in KB cells transfected 
with anti-miR-26a inhibitor compared with cells transfected 
with the corresponding negative control. These experiments 
confirm that the expression of Mcl-1 can be regulated by 
miR-26a.

Discussion

Metformin is widely used for the treatment of diabetes 
mellitus, however, recent epidemiological and preclinical 
studies have demonstrated that metformin is also a promising 
anticancer agent. In this study, exposure of KB oral cancer 
cells to metformin led to a time- and concentration-dependent 
inhibition of proliferation. Moreover, metformin was found to 
induce apoptosis.

Apoptosis is an activated cellular death process that is 
induced by physiological or pathological factors to eliminate 
redundant and damaged cells. Furthermore, apoptosis is an 
important defence against cancer (16). When cells are exposed 
to various stress stimuli, Bim relays apoptotic signals to the 
mitochondria through the activation of Bax, resulting in an 
increase in mitochondrial outer membrane permeabilisation 
and the consequent release of cytochrome c into the cytosol. 
Cytochrome c then binds to Apaf-1 to ensure the formation 
of the apoptosome that leads to activation of caspase-9 and 
the induction of the apoptosis-promoting caspase cascade (17). 
By contrast, anti-apoptotic Bcl-2 proteins, such as Mcl-1 serve 
to inhibit apoptosis. Generally, promotion of cell survival 
by Mcl-1 is hypothesised to be due to sequestration of Bim, 
thereby inhibiting Bax/Bim interaction in the mitochondrial 
outer membrane. Alternatively, Mcl-1 may directly bind to Bax 
and maintain it in an inactive conformation. This competition 
leads to the suppression of cytochrome c release from the 
mitochondria and a reduction in Apaf-1-dependent activation 
of caspase‑3. Therefore, Mcl‑1 acts in a significant regulatory 
role that can modulate the expression of pro-apoptotic proteins 
and control cell fate decisions (18). Consistent with this theory, 
the results of the present study demonstrate that metformin 

downregulated the expression of Mcl-1 and upregulated the 
expression of Bim and Bax. Conversely, overexpression of 
Mcl-1 downregulated Bim and Bax expression, suggesting that 
Mcl-1 is involved in KB cell apoptosis, and predominantly 
through mitochondria-mediated pathways.

In vitro and in vivo studies have shown that the expres-
sion of various miRNAs was markedly altered by treatment 
with metformin (19). By binding to the 3'-untranslated 
region (UTR) of target mRNAs, miRNAs act as endogenous 
sequence‑specific suppressors that regulate gene expres-
sion by eliciting mRNA degradation or inhibition of mRNA 
translation (20). Therefore, miRNAs are important regulators 
of tumourigenicity, proliferation, apoptosis, invasion and 
metastasis. Numerous studies have highlighted the role of 
miRNAs in Mcl-1 regulation (21-23). Analysis of candidate 
target genes for miR-26a using miRBase previously revealed 
perfect complementarity between miR-26a and the 3' UTR of 
Mcl‑1 over the first 9 nucleotides (21,23). In the current study, 
it was demonstrated that miR‑26a significantly downregulated 
Mcl-1, which led to the apoptosis of KB cells. Furthermore, 
miR-26a overexpression suppressed in vitro cell proliferation. 
Conversely, downregulation of miR-26a inhibited apoptosis 
and promoted proliferation. These results indicate that 
miR-26a may be a novel tumour suppressor that is important 
in the regulation of tumoural Mcl-1 expression.

In conclusion, the results of this study confirm that 
metformin restricted tumour growth and induced apoptosis 
predominantly by regulating the expression of Bcl-2 family 
members in the KB human oral cancer cell line. Furthermore, 
it was demonstrated that metformin increased expression of 
miR-26a in KB cells and miR-26a itself mediated inhibition of 
proliferation and induction of apoptosis. In combination, these 
findings suggest that metformin induces apoptosis in human 
oral cancer cells by downregulating Mcl-1 via miR-26a and 
these results provide in vitro evidence to support the use of 
metformin as a novel and efficient candidate for the treatment 
of human oral cancer.
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