
ONCOLOGY LETTERS  14:  4949-4956,  2017

Abstract. Diabetes mellitus (DM) is an important factor 
that contributes to the development of type I endometrial 
cancer  (EC). Previous studies have demonstrated that 
metformin decreases mortality and risk of neoplasms in 
patients with DM. Since estrogen and estrogen receptor (ER) 
expression has been associated with the development of EC, 
the present study aimed to investigate the effects of metformin 
on cell proliferation and ER expression in EC cell lines that 
are sensitive to estrogen. The viability and proliferation of 
Ishikawa and HEC‑1‑A cells were measured following treat-
ment with metformin and/or a 5' AMP‑activated protein 
kinase (AMPK) inhibitor (compound C) with or without 
treatment with estradiol (E2). In addition, the levels of ERα, 
ERβ, AMPK, ribosomal protein S6 kinase β‑1 (p70S6K), myc 
proto‑oncogene protein (c‑myc) and proto‑oncogene c‑fos 
(c‑fos) were measured following treatment. Metformin signifi-
cantly decreased E2‑stimulated cell proliferation; an effect that 
was rescued in the presence of compound C. Metformin treat-
ment markedly increased the phosphorylation of AMPK while 
decreasing p70S6K phosphorylation, indicating that metformin 
exerts its effects through stimulation of AMPK and subsequent 
inhibition of the mammalian target of rapamycin (mTOR) 
signaling pathway. In addition, metformin significantly inhib-
ited ERα expression while increasing ERβ expression, whereas 
treatment with compound C reversed these effects. Reverse 

transcription‑quantitative polymerase chain reaction analysis 
demonstrated that c‑fos and c‑myc expression were attenuated 
by metformin, an effect that was rescued in the presence of 
compound C. Therefore, metformin regulates the expression of 
ERs, and inhibits estrogen‑mediated proliferation of human EC 
cells through the activation of AMPK and subsequent inhibi-
tion of the mTOR signaling pathway.

Introduction

Endometrial cancer (EC) is the fourth most common cancer 
in women worldwide and is the most common type of gyne-
cological cancer (1). Patients with high estrogen levels are 
at increased risk of developing EC since estrogen exhibits 
growth‑promoting properties in EC cells. Thus, estrogen serves 
as a tumor initiator, since it directly induces DNA mutations 
in tumor‑suppressor genes and oncogenes (2). Upon binding to 
its receptor, estrogen triggers the transcription of a number of 
genes. There are two classes of estrogen receptor (ER), ERα 
and ERβ, which are encoded by the estrogen receptor 1 (ESR1) 
and ESR2 genes, bind to the same estrogen response elements 
(EREs) and regulate similar sets of genes (3). However, during 
the early stages of EC, the expression of ERα is increased 
compared with that of ERβ (4,5), which activates ERα upon 
estradiol (E2) binding. This stimulates the expression of 
estrogen target genes and leads to enhanced proliferation of the 
previously transformed cells, while causing additional errors 
in replication and potentially further DNA mutations (2).

Previous studies have demonstrated that EC is associated 
with a shift in the ratio of the two ER subtypes (4,6,7). In the 
classical model, estrogen regulates the downstream expres-
sion of genes by binding to ER and stimulating subsequent 
receptor dimerization and nuclear translocation  (8‑10). At 
the transcriptional level, estrogen regulates the expression of 
estrogen‑responsive genes by binding to ER in the nucleus. In 
a number of target cells, ER regulates cell growth and differ-
entiation by stimulating the transcription of proto‑oncogene 
c‑fos (c‑fos), myc proto‑oncogene protein (c‑myc) and other 
proto‑oncogenes (11).

Metformin, a biguanide compound, has been demon-
strated to be effective in the treatment of polycystic ovarian 
syndrome, diabetes mellitus (DM) and insulin resistance (12). 
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Metformin exhibits chemopreventive and anti‑proliferative 
effects in a number of cancer types, including ovarian and 
breast cancer (13,14). In addition, application of metformin 
has been demonstrated to be significantly associated with a 
decrease in the incidence of cancer (15). Previous studies have 
reported that metformin inhibits cell proliferation and induces 
apoptosis in EC cell lines (16), in addition to inhibiting cell 
growth by non‑insulin‑ and insulin‑dependent mechanisms. 
Metformin regulates systemic insulin levels by increasing 
insulin receptor sensitivity and uptake (17). Metformin inhibits 
cell proliferation via liver kinase B1‑mediated activation 
of 5' AMP‑activated protein kinase (AMPK) and reduction 
in mammalian target of rapamycin (mTOR) signaling (18). 
Activation of AMPK inhibits the mTOR signaling pathway, 
thereby regulating multiple signaling pathways involved in cell 
proliferation (19).

As previously reported, hypertension, DM and obesity are 
high risk factors for developing EC, with insulin resistance 
as a common pathophysiological basis  (12). Estrogen and 
insulin have been demonstrated to be important risk factors 
leading to the development of EC (20). In non‑diabetic patients 
with breast cancer, metformin has been demonstrated to 
decrease circulating estrogen levels (21). Markowska et al (22) 
demonstrated that the expression of ER was decreased in 
patients with EC and type 2 DM (DM2) receiving metformin 
compared with that in patients treated with insulin. However, 
the molecular mechanism underlying the effect of metformin 
on ER expression remains unclear. Metformin may inhibit the 
proliferation of human EC cells by regulating the expression 
of ER and estrogen‑responsive genes, thereby altering the 
sensitivity of cells towards estrogen. To test this hypothesis, 
in the present study, the anti‑neoplastic activity of metformin 
in EC, and the role of metformin in the expression of ER and 
estrogen‑responsive genes were investigated in vitro. In addi-
tion, the underlying molecular mechanisms of the effects of 
metformin on EC cells were identified.

Materials and methods

Cell culture and reagents. The EC cell lines Ishikawa (differe
ntiated) and HEC‑1‑A (poorly differentiated) were purchased 
from The Cell Bank of Type Culture Collection of Chinese 
Academy of Sciences (Shanghai, China). The cell lines were 
maintained in RPMI‑1640 (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) and McCoy's 5A (Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany) medium containing 10% fetal 
bovine serum (FBS; Thermo Fisher Scientific, Inc.) in a humidi
fied incubator with 5% CO2 at 37˚C. The cells were passaged 
every 3‑5 days. Metformin and estradiol (E2) were purchased 
from Sigma‑Aldrich; Merck KGaA. Compound C (AMPK 
inhibitor) was purchased from Santa Cruz Biotechnology, Inc. 
(Dallas, TX, USA). Primers were purchased from Sangon 
Biotech Co., Ltd. (Shanghai, China). The 5'‑bromo‑2'‑deoxyu
ridine (BrdU) cell proliferation ELISA assay was obtained 
from Roche Molecular Diagnostics (Branchburg, NJ, USA). A 
bicinchoninic acid protein assay kit was obtained from Pierce 
(Thermo Fisher Scientific, Inc.). The anti‑ERα (cat. no. BS6424), 
anti‑ERβ (cat. no. BS8465), anti‑phosphorylated (p)‑AMPK (cat. 
no. BS4457P), anti‑AMPK (cat. no. BS4457), anti‑phospho‑S6K 
(cat. no. BS4440P) and anti‑S6K (cat. no. BS4440) antibodies 

were purchased from Bioworld Technology, Inc. (St. Louis Park, 
MN, USA).

BrdU assays for E2 and metformin. A BrdU ELISA kit was 
used to measure the effects of exposure of cells to estrogen 
(10‑6 M) and/or metformin (5 mM) in the presence or absence 
of compound C (5  µM). The Ishikawa and HEC‑1‑A cell 
lines were plated on 96‑well plates at a concentration of 
8x103 cells/well. After 24 h, the cells were serum‑starved for 
an additional 24 h and subsequently treated with E2 (10‑6 M) in 
the presence or absence of metformin (5 mM) for 24 h at 37˚C. 
To analyze the role of AMPK, cells were pre‑treated with 
compound C (5 µM) for 24 h at 37˚C prior to treatment with 
metformin and/or E2. The effect of metformin and estradiol 
was calculated as a percentage of the viability of control cells 
(cultured with medium without FBS) seeded in 96‑well plates. 
Serum‑free conditions were used for all the assays and tests. 
An immunoassay was performed to monitor the synthesis of 
DNA based on the incorporation of BrdU into the DNA as 
follows: Upon treatment with the aforementioned compounds, 
the cells were incubated with 10 µl/well BrdU labeling solu-
tion at 37˚C (10 µM) for 24 h. Prior to incubation for 30 min 
at room temperature, the labeling medium was removed and 
200 µl/well FixDenat (BioVision. Inc., Milpitas, CA, USA) 
was added. Subsequently, the cells were incubated for 30 min 
at room temperature and FixDenat solution was removed, and 
the cells were incubated with 100 µl/well anti‑BrdU‑peroxi-
dase solution for 90 min at 37˚C. Following the incubation, 
the antibody conjugate was removed and the cells were rinsed 
three times with 200 µl/well washing solution. The washing 
solution was then removed, 100 µl/well substrate solution was 
added and the cells were incubated at room temperature for 
30 min. The absorbance of samples was measured at 490 nm. 
Each experiment was performed in triplicate and repeated 
three times to ensure the consistency of the results.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Ishikawa and HEC‑1‑A cells were plated at a 
concentration of 105 cells/well in 6‑well plates for 24 h at 37˚C 
and subsequently treated with metformin (0, 1, 5 and 15 mM) 

Figure 1. Compound C rescues the anti‑proliferative effect induced by 
metformin. Ishikawa and HEC‑1‑A cells were pre‑treated with compound C 
for 24 h prior to incubation with metformin for 24 h. Proliferation was assessed 
using 5'‑bromo‑2'‑deoxyuridine assays. Results represent the mean ± standard 
error of the mean of triplicate samples and are representative of three indepen-
dent experiments. *P<0.05 compared with the control group. #P<0.05 compared 
with the Met group. Con, control; Met, 5 mM metformin; Met + Com, 5 mM 
metformin combined with pre‑treatment with 5 µM compound C.
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in McCoy's 5tA or RPMI‑1640 medium containing 5% FBS, 
respectively, for 24 h at 37˚C. In addition, to assess the role of 
AMPK on ER expression, cells were treated with metformin 
(5  mM) with or without pre‑treatment with compound C 
(5 µM) for 24 h. Total RNA was extracted from the cells using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. The RNA samples 
were subjected to DNase I (TIANGEN Biotech Co., Ltd., 
Beijing, China) digestion to avoid possible genomic DNA 
contamination and were reverse transcribed with oligo‑dT 
primers (Qiagen GmbH, Hilden, Germany) and Moloney 
murine leukemia virus reverse transcriptase (Promega 
Corporation, Madison, WI, USA). Reactions were performed 
using LightCycler 480 SYBR‑Green I PCR Mastermix (Roche 
Diagnostics, Indianapolis, IN, USA) in a 20‑µl reaction, 
containing 1 µl cDNA, 8.2 µl DNase/RNase‑free deionized 

water, 10 µl SYBR‑Green I Mastermix and 0.4 µl each primer 
(10  µM). Primer sequences are as follows: ERα forward, 
5'‑AGT​GCC​TTG​TTG​GAT​GCTG‑3' and reverse, 5'‑TGC​CAG​
GTT​GGT​CAG​TAA​GC‑3'; ERβ forward, 5'‑AGT​CCC​TGG​
TGT​GAA​GCA​AG‑3' and reverse, 5'‑TGA​GCA​TCC​CTC​TTT​
GAA​CC‑3'; c‑myc forward, 5'‑CCT​CCA​CTC​GGA​AGG​ACT​
ATC‑3' and reverse, 5'‑TTC​GCC​TCT​TGA​CAT​TCT​CC‑3'; 
c‑fos forward, 5'‑ACT​ACC​ACT​CAC​CCG​CAG​AC‑3' and 
reverse, 5'‑GGA​ATG​AAG​TTG​GCA​CTG​GA‑3'; and GAPDH 
forward, 5'‑CAG​TCA​GCC​GCA​TCT​TCT​TTT‑3' and reverse, 
5'‑GTG​ACC​AGG​CGC​CCA​ATAC‑3'. The cycling conditions 
for PCR were as follows: 95˚C for 30 sec, followed by 40 cycles 
(two steps) of 95˚C for 5 sec and 60˚C for 31 sec. PCR was 
performed in triplicate for each sample on an ABI 7500 Real 
Time PCR Instrument (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) to detect the fluorescent signals. The accu-
mulation of PCR product was determined as the increase in 
SYBR‑Green fluorescence. The mRNA levels of ERα, ERβ, 
c‑myc and c‑fos were normalized to GAPDH. The relative 
mRNA levels were compared and expressed as the ratio to the 
control groups (23).

Western blot analysis. Cells were plated at a density of 
2x105 cells/well in 6‑well plates for 24 h. To determine the 
change in the expression of ERα and ERβ, the plated cell 
lines were treated with metformin (0, 5 and 15 mM) with or 
without compound C (5 µM) in RPMI‑1640 or McCoy's 5A 
medium containing 5% FBS for 24 h. The p‑AMPK/AMPK 
and p‑p70S6K/p70S6K protein levels were detected to investi-
gate the relevant signaling targets. Radioimmunoprecipitation 
assay buffer, containing 1% NP‑40, 0.5% sodium deoxycho-
late and 0.1% SDS, was used for the preparation of cell lysates. 
Protein extracts (20 µg) were subjected to 10% SDS‑PAGE, 
subsequently transferred to polyvinylidene f luoride 
membranes and blocked in 5% non‑fat milk in 10 mM Tris, 
pH 7.5, 100 mM NaCl and 0.1% Tween‑20 for 1 h at room 
temperature. The membranes were subsequently incubated 
with the aforementioned primary antibodies (dilution, 1:1,000; 
Bioworld Technology, Inc.) overnight at 4˚C. The membrane 
was subsequently incubated with a secondary horseradish 

Figure 2. Metformin activates AMPK and inhibits the mammalian target of rapamycin signaling pathway in the Ishikawa and HEC‑1‑A cell lines. Western 
blot analysis of p‑AMPK, AMPK, p‑p70S6K and p70S6K protein levels following treatment with the indicated concentrations of metformin for 24 h. Results 
are representative of three independent experiments. AMPK, 5' AMP‑activated protein kinase; p70S6K, ribosomal protein S6 kinase β‑1; p, phosphorylated; 
Con, control; Met, metformin.

Figure 3. Compound C rescues the anti‑proliferative effects induced by 
metformin following E2 stimulation. 5'‑bromo‑2'‑deoxyuridine assay results 
in Ishikawa and HEC‑1‑A cells following treatment with E2, E2 and metformin 
or E2, metformin and pre‑treatment with compound C for 24 h. Cells were 
incubated with metformin and/or E2 for 24 h with or without pre‑treatment 
with compound C for 24 h. Results represent the mean ± standard error of the 
mean of triplicate samples and are representative of three independent experi-
ments. *P<0.05, E2 group compared with control. ΔP<0.05, E2 + Met group 
compared with the E2 group. #P<0.05, E2 + Met + Com group compared with 
the E2 + Met group. Con, control; E2, 10‑6 M 17β‑estradiol; E2 + Met, 10‑6 M 
17β‑estradiol combined with 5 mM metformin; E2+ Met + Com, 10‑6 M 
17β‑estradiol combined with 5 mM metformin and pre‑treatment with 5 µM 
compound C. 
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Figure 4. Metformin downregulates ERα and upregulates ERβ expression in Ishikawa and HEC‑1‑A cells in an AMPK‑dependent manner. Reverse transcrip-
tion‑quantitative polymerase chain reaction analysis of ERα and ERβ expression in Ishikawa and HEC‑1‑A cells following treatment with (A) metformin (0, 1, 
5 or 15 mM) or (B) 5 mM metformin pre‑treatment with or without 5 µM compound C for 24 h. ERα and ERβ mRNA levels in each sample were calculated 
from a standard curve and normalized using GAPDH mRNA levels. Results represent the mean ± standard error of the mean of three independent experi-
ments, each performed in triplicate (C) Western blot analysis of ERα and ERβ expression in Ishikawa and HEC‑1‑A cells following treatment with metformin 
(5 mM) and/or pre‑treatment with compound C (5 µM) for 24 h. β‑actin was used as a loading control. Results represent the mean ± standard error of the 
mean of three independent experiments. *P<0.05 compared with control. #P<0.05, 5+ Com group compared with the 5 mM metformin group. Con, control; 
5, 5 mM metformin; 5+ Com, 5 mM metformin combined with pre‑treatment with 5 µM compound C; Met, metformin; ER, estrogen receptor; AMPK, 
5' AMP‑activated protein kinase.
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peroxidase‑linked antibody (cat. no. 7074; dilution, 1:2,000; 
Cell Signaling Technology, Inc., Danvers, MA, USA) for 2 h 
following washing three times with PBS‑Tween‑20 for 5 min. 
Bands were visualized using enhanced chemiluminescence 
reagents (SuperSignal™ West Pico PLUS Chemiluminescent 
Substrate; cat. no. 34580), according to the manufacturer's 
protocol (Pierce; Thermo Fisher Scientific, Inc.). Membranes 
were subsequently stripped and re‑probed using a primary 
antibody against β‑actin (cat. no. AP0060; dilution, 1:1,000; 
Cell Signaling Technology, Inc.), pan‑S6K (cat. no. BS4440; 
dilution, 1:1,000; Bioworld Technology, Inc.) or pan‑AMPK 
(cat. no. BS4457; dilution, 1:1,000; Bioworld Technology, Inc.) 
to establish equal loading. The relative protein levels were 
normalized to β‑actin and were expressed as the ratio to the 
non‑treatment control groups. Densitometry with Quantity 
One® 1‑D Analysis Software (version 4.6.9 for PC; Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA) was used for the quan-
tification of protein bands, including β‑actin.

Statistical analysis. Data are presented as the mean ± standard 
error of the mean. One‑way analysis of variance was used for 
statistical analyses and was performed using SPSS software 
(version 13.0; SPSS, Inc., Chicago, IL, USA). The data between 
the two groups were compared using the least significant 
difference test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Compound C rescues the decrease in cell proliferation 
induced by metformin. A previous study from our group 
demonstrated that metformin significantly decreases the 
viability of Ishikawa and HEC‑1‑A cells in a time‑ and 
dose‑dependent manner (24). Compound C has been iden-
tified as an adenosine triphosphate‑competitive AMPK 
inhibitor (25). In the present study, treatment with metformin 
significantly decreased cell proliferation in HEC‑1‑A 
and Ishikawa cells compared with that in the control 
groups (P<0.05; Fig. 1), as measured using a BrdU assay. 
However, pre‑treatment of Ishikawa and HEC‑1‑A cells 

with compoundC significantly rescued the decrease in cell 
proliferation induced by metformin (P<0.05; Fig. 1).

Metformin inhibits cell proliferation through the activation 
of AMPK. The effects of metformin on the mTOR signaling 
pathway were characterized in order to investigate the under-
lying molecular mechanisms of the anti‑proliferative effects of 
metformin. Western blot analysis demonstrated that metformin 
induced the phosphorylation of AMPK in HEC‑1‑A and 
Ishikawa cells in a dose‑dependent manner (Fig. 2). Previous 
studies have demonstrated that p70S6K is a downstream target 
of the mTOR signaling pathway (18,26). Metformin markedly 
inhibited the phosphorylation of p70S6K following 24 h of 
treatment; however, the effect of metformin on AMPK and 
p70S6K expression were not statistically significant. This 
suggests that metformin exhibits its anti‑proliferative effect 
by activating AMPK and inhibiting the phosphorylation of 
p70S6K, which in turn results in the inhibition of the mTOR 
signaling pathway.

Inhibition of metformin attenuates the estrogen‑mediated 
proliferation of EC cells. To establish the role of metformin 
in attenuating the estrogen‑mediated proliferation of EC 
cells, Ishikawa and HEC‑1‑A cells were pre‑treated with 
compound C for 24 h, and incubated with metformin and 
E2 for 24 h prior to performing a BrdU assay to assess cell 
proliferation. E2 significantly increased the proliferation of 
Ishikawa and HEC‑1‑A cells in comparison with that of the 
control group (P<0.05; Fig. 3). Co‑treatment of cells with 
E2 and metformin significantly decreased cell proliferation 
compared with that of the E2 alone group (P<0.05). However, 
cell proliferation was significantly rescued when cells were 
pre‑treated with compound C for 24 h (P<0.05, comparing the 
E2 + Met + Com group with the E2 + Met group).

Regulation of ERα and ERβ expression levels in the Ishikawa 
and HEC‑1‑A cell lines. Previous studies from our group have 
demonstrated that metformin significantly downregulates 
ERα and upregulates ERβ protein levels in Ishikawa and 
HEC‑1‑A cells (24). RT‑qPCR results from the present study 

Figure 5. Compound C rescues the effects of metformin on c‑fos and c‑myc expression in Ishikawa and HEC‑1‑A cells. Reverse transcription‑quantitative 
polymerase chain reaction analysis of c‑fos and c‑myc expression in Ishikawa and HEC‑1‑A cells following treatment with metformin (5 mM) for 24 h in the 
presence or absence of pre‑treatment with compound C (5 µM) for 24 h. The c‑fos and c‑myc mRNA levels in each sample were calculated from a standard 
curve and normalized using GAPDH mRNA levels. Results represent the mean ± standard error of the mean of three independent experiments, each performed 
in triplicate. *P<0.05 compared with control. #P<0.05, 5+ Com group compared with the 5 mM metformin group. Con, control; 5, 5 mM metformin; 5+ Com, 
5 mM metformin combined with pre‑treatment with 5 µM compound C; c‑fos, proto‑oncogene c‑fos; c‑myc, myc proto‑oncogene protein.
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demonstrated that, following treatment with metformin for 
24 h, the ERα and ERβ mRNA levels in Ishikawa and HEC‑1‑A 
cells were significantly decreased and increased, respectively 
(P<0.05; Fig. 4A). Western blot analysis and RT‑qPCR data 
from the present study suggest that metformin exhibits a regu-
latory effect on ER protein and mRNA levels. However, the 
regulatory effect of metformin on ER expression was rescued 
by pre‑treatment with compound C at the mRNA and protein 
level (P<0.05; Fig. 4B and C).

Effect of metformin on c‑fos and c‑myc mRNA levels. Treatment 
of Ishikawa and HEC‑1‑A cells with metformin significantly 
decreased the expression of c‑fos and c‑myc at the mRNA 
level (P<0.05; Fig. 5); however, the effect of metformin was 
reversed when cells were pre‑treated with compound C prior 
to metformin addition (P<0.05).

Discussion

A previous study from our group demonstrated the roles of 
metformin and estrogen in inhibiting and promoting the 
proliferation of EC cells (24). The results from the present 
study demonstrate the role of metformin in regulating ER 
expression; metformin significantly increased ERα while 
significantly decreasing ERβ expression at the mRNA and 
protein level in Ishikawa and HEC‑1‑A cells. In addition, 
metformin significantly inhibited the expression of c‑fos and 
c‑myc at the mRNA level. However, the molecular mecha-
nisms underlying this regulation remain unclear.

Although its etiology remains unclear, previous studies 
have demonstrated the role of endocrine and genetic factors in 
its initiation and progression (27). According to a number of 
epidemiological studies, EC is associated with chronic expo-
sure to high levels of estrogen (28). In addition, abnormalities 
in glucose and insulin levels are associated with EC (29).

A previous study demonstrated that metformin decreases 
the neoplastic proliferation of cells by modulating glucose 
metabolism, insulin sensitivity and intracellular signaling 
pathways (12). Data from the present study demonstrated that 
metformin inhibits the proliferation of EC cell lines; an effect 
that is reversible with pre‑treatment with compound C, an 
AMPK inhibitor. Metformin treatment resulted in the activa-
tion of AMPK and its immediate downstream target, p70S6K. 
These results suggest that metformin exerts its effects through 
the mTOR signaling pathway and reveal a potential molecular 
mechanism for its antitumor effects on EC. These results are 
consistent with those from previous studies on ovarian, colon 
and prostate cancer cell lines (30,31).

It has previously been demonstrated that estrogen serves a 
critical role in the progression and development of EC (32,33). 
Previous studies have reported that women treated with 
metformin (1,500 mg/day) exhibit a significant reduction in 
E2 levels (‑38%; P=0.02) and a borderline significant reduc-
tion in estrone (‑10%; P=0.06)  (21). Similar results were 
obtained in a randomized study in obese postmenopausal 
female patients with a history of polycystic ovary syndrome 
and/or insulin resistance  (34); treatment with metformin 
(2,000 mg/day) resulted in a significant reduction in E2 levels 
(‑27%). Additionally, metformin may decrease the concen-
tration of estrogen in neoplastic tissue by locally inhibiting 

aromatase activity and suppressing the synthesis of the enzyme 
by interacting with its promoter, PII (35).

Estrogen has been demonstrated to promote the proliferation 
of EC cell lines. Results from the present study revealed that 
metformin attenuates the effect of E2 on the proliferation of EC 
cells. In addition, compound C rescued the anti‑proliferative 
effect of metformin. Erdemoglu et al (36) demonstrated that 
metformin reduces estrogen‑induced endometrial hyperplasia 
by inhibiting mTOR‑mediated S6K1 activation, which acts as 
a potent regulator of protein synthesis and growth. Therefore, 
the metformin‑induced attenuation of the effect of E2 on cell 
proliferation may be attributed to the activation of AMPK 
followed by the inhibition of the mTOR signaling pathway.

Estrogen‑induced regulation of cell proliferation occurs 
via the ERα and ERβ isoforms. Estrogen and ERs serve 
critical roles in the initiation and development of EC (37). 
ERα is associated with estrogen‑induced mitogenic signaling, 
whereas the function of ERβ is opposite to that of ERα (38). In 
the human mammary gland, E2 binds to ER isoforms, thereby 
regulating the proliferation and differentiation of cells (39). 
The E2‑ERα complex functions as a regulator of the transcrip-
tion of genes involved in the proliferation, differentiation 
and survival of cells. In various types of cancer, ERβ serves 
a critical role in inhibiting the ERα‑mediated transcription 
and E2‑induced proliferation of cells (38,40). Furthermore, 
in normal mammary epithelial cells, ERα and ERβ differen-
tially regulate proliferation and apoptosis (41). The ERα/ERβ 
ratio has been reported to be a key element in modulating the 
activity of E2 in breast cancer cells (42). Markowska et al (22) 
reported a significant decrease in the expression of ER in 
female patients with DM2 and EC following administration of 
metformin compared with that in patients treated with insulin 
(P=0.004). However, the study did not demonstrate the effects 
of metformin on ER subtypes.

The data from the present study demonstrate that metformin 
reduces the expression of ERα while promoting the expres-
sion of ERβ, which may be associated with the activation of 
AMPK. Therefore, the regulation of ER subtype expression 
following metformin treatment may affect cell proliferation 
and influence the prognosis of patients with EC. However, 
further studies are required to validate this hypothesis.

Studies on breast cancer cells (43) and rat uterus (44) have 
demonstrated estrogen‑induced induction of c‑fos, c‑myc 
and N‑myc proto‑oncogene protein. In mammalian uterus, 
estrogen induces the expression of c‑fos (45), c‑myc (46) and 
c‑jun (47). In addition, metformin acts as a chemopreventive 
agent by downregulating the expression of c‑myc to restrict 
the initiation and transformation of prostatic neoplasia (48). 
According to Zhang et al (17), metformin treatment attenu-
ates the estrogen‑dependent proliferation of c‑myc and c‑fos 
expression in the endometrium of obese rats compared with 
that in untreated controls. The findings from the present study 
indicate that metformin treatment results in reduced expres-
sion of c‑myc and c‑fos in vitro. Metformin treatment activated 
the AMPK signaling pathway and concomitantly downregu-
lated the expression of c‑myc and c‑fos. It has previously been 
demonstrated that metformin reduces the expression of c‑myc 
in breast tumors (49) and prostatic neoplasia (48) by activating 
AMPK. According to Dang (50), c‑myc and c‑fos oncogenes 
are critical in the tumorigenesis of a number of human cancers.
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In conclusion, the results from the present study indicate 
that metformin inhibits the proliferation of EC cells through 
the activation of AMPK and subsequent inhibition of the 
mTOR signaling pathway. Further studies are required to 
identify the role of metformin as chemopreventive agent in 
populations with a high risk of cancer.
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