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Abstract: High glucose induces human breast cancer cell viability, migration and invasion in vitro and in vivo. How-
ever, the mechanism of high glucose induces human breast cancer cell viability, migration and invasion remains 
poorly understood. In our study, we investigate the effects of high glucose induces MCF-7 human breast cancer cell 
viability, migration and invasion in vitro experiments. High glucose induces activation of cell viability, migration and 
invasion in a time- and concentration-dependent manner. The mechanism reveals that high glucose significantly 
increases the phosphorylation of AKT, ERK1/2 and STAT3 and inhibits the phosphorylation of p38 MAPK. These 
results suggest that high glucose induces human breast cancer cell MCF-7 viability, migration and invasion via the 
expression of AKT, MAPKs and STAT3. 
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Introduction

Breast cancer is the most commonly occurring 
tumor among women worldwide. In China, 
approximately one in every ten women will 
develop the disease in their lifetime, and it is 
the second leading cause of cancer-related 
death in women [1]. Type2 diabetes (T2DM) is 
characterized by a chronic hyperglycemic state 
caused by insulin resistance in skeletal muscle, 
adipose tissue, the liver, and/or impaired insu-
lin secretion [2]. It is now well-established that 
T2DM is linked to increasing breast cancer inci-
dence and mortality [3-5]. According to recent 
studies, T2DM conferred as much as 37% 
increased risk of breast cancer in women [6] 
and both T2DM and breast cancer incidence 
are increasing at alarming rates worldwide. 
Even prediabetes may also increase the risk of 
breast cancer [7-9]. The detailed mechanisms 
remains unknown, however, that the hypergly-
cemia in T2DM patients may promote cancer 
progression is a possible mechanism.

The central role of AKT in the PI3Ks pathway 
makes it one of the most activated downstream 
effectors, the AKT kinase family includes three 
members AKT1, AKT2, and AKT3. It is becoming 
increasingly clear that AKT isoforms underline 
their distinct functional role in cancer develop-
ment and progression [10-12]. Therefore, 
hyperglycemia enhances the viability of non-
tumorigenic and malignant mammary epithelial 
cells through increased leptin/IGF1R signaling 
and activation of AKT/mTOR [13].

The mitogen-activated protein kinase (MAPK) 
pathway is an important signaling pathway in 
living beings in response to extracellular stimu-
li. There are 3 main subgroups manipulating by 
a set of sequential actions: ERK1/2, JNK/SAPK, 
p38 MAPK. ERK1/2 can be triggered by growth 
factors or the transcription factors involved in 
tumor cell differentiation, proliferation, survival, 
migration, and angiogenesis, meanwhile glu-
cose uptake and metabolism are required for 
ERK1/2 activation [14, 15]. p38 MAPK that 
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mediates various cellular functions such as 
apoptosis, cell growth and differentiation are 
activated by inflammatory cytokines and a vari-
ety of environmental stresses. p38 MAPK activ-
ity play important roles in tumour progression 
[16, 17].

Of the seven members of signal transducer and 
activator of transcription (STAT) protein family, 
STAT3 has been demonstrated to be the most 
important for cancer progression [18, 19]. It’s 
not only crucial for transducing signals from 
numerous receptor and non-receptor tyrosine 
kinases that are frequently activated in cancer 
cells, but they are also transcription factors 
that regulate the expression of a wide range of 
genes [20, 21], thereby contributing to tumour 
progression.

Taken together, this evidence suggests that 
high glucose induced human breast cancer cell 
viability, migration and invasion, but its possi-
ble mechanism have not been investigated. To 
our knowledge, this is the study demonstrating 
that high glucose induced human breast can-
cer cell MCF-7 viability, migration and invasion 
via the expression of AKT, MAPKs and STAT3.

Materials and methods

Materials

Tubulin, AKT and the phospho-AKT (Ser473) 
antibody, STAT3 and the phospho-STAT3 
(Ser727), the MAPK family antibody sampler kit, 

and the phospho-MAPK family antibody sam-
pler kit were purchased from Cell signaling 
Technology (USA). D-Mannitol were purchased 
from Sigma (USA).

Cell culture and treatment

Human breast cancer cell line, MCF-7 (ATCC, 
Manassas, USA) were cultured in RPMI 1640 
(Gibco BRL, GrandIsland, NY, USA) containing 
10% fetal bovine serum (FBS) (HyClone, Logan, 
UT, USA) and 1% penicillin/streptomycin (Invi- 
trogen, Grand Island, NY) at 37°C in a humidi-
fied atmosphere of 5% CO2. Cells were cultured 
in normal-glucose (5.5+16.5 mM D-Mannitol 
for osmotic balance) and high-glucose (11+11 
mM D-Mannitol for osmotic balance or 22 mM) 
conditions. At 80-90% confluence, cells were 
subjected to serum starvation in serum-free 
RPMI 1640 overnight and then stimulated with 
wogonin under normal- and high-glucose condi-
tions for 48 h.

MTT assay

The thiazolyl blue tetrazolium bromide (MTT) 
(Amresco, Solon, OH, USA) was dissolved in 
phosphate buffered saline (PBS) at a concen-
tration of 5 mg/ml, filtered, and stored at 4°C. 
Cells were seeded into a 96-well plate, washed 
three times with PBS and starvation in serum-
free RPMI 1640 overnight. Cells were treated 
with wogonin under normal- and high-glucose 
conditions for 24 h, 48 h, 72 h. For the viability 
assay, 20 μl MTT was added into each well. An 
ELISA plate reader (Biotek, Winooski, Vermont, 
USA) was used to measure the optical density 
at 490 nm. The viability of control cells was 
100%.

TUNEL assay

The TUNEL assay was performed using an In 
Situ Cell Death Detection Kit (Roche, Basel, 
Switzerland) following the manufacturer’s 
instructions. Cells that were cultured in serum-
free RPMI 1640 containing 5.5 mM glucose 
were used as a negative control. Images were 
taken with the Olympus FluoView FV1000 
Confocal Microscope.

Wound healing assay

MCF-7 cells were grown to confluent monolay-
ers on 6-well plates and a pipette tip was used 
to create linear scratch wounds. Mitomycin C 
(Amresco) was used to inhibit cell viability. 1% 

Figure 1. Effect of high glucose on cell viability in 
MCF-7 cells in a concentration- and time-dependent 
manner. Cell viability was analyzed using the MTT as-
say. Cells were incubated with at the concentrations 
indicated for 24, 48 and 72 h. The bars represent the 
mean values ± SD triplicate (n = 3). *P < 0. 05, **P 
< 0.01 versus control values.
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FBS also was used in the assay. Cells migrated 
into the wound surface and the relative wound 
closure were determined under an inverted 
microscopy at various times, five randomly cho-
sen fields were analyzed for each well. The per-
centage of inhibition was expressed using con-
trol wells at 100%. Wound images were taken 
with a digital camera mounted on light micro-
scope. The wound gap widths were measured 
using Image J software.

Transwell assay

The upper chamber of each 8.0 μm pore size 
Transwell apparatus (Corning, NY, USA) was 
coated with Matrigel (BD Biosciences, San 
Jose, CA). MCF-7 cells were added to the upper 

chamber at a density of 2*106 cells/ml (100 μl 
per chamber) in serum-free RPMI 1640 and 
incubated for 48 h with 10% FBS and wogonin 
under normal- and high-glucose conditions in 
the lower compartment. Cells on the upper sur-
face were removed by a cotton swab. Cells that 
penetrated to the lower membrane surface 
were fixed in 4% paraformaldehyde, stained 
with crystal violet, and quantified by manual 
counting and ten randomly chosen fields were 
analyzed for each group.

Western blots

Cells were collected with lysis buffer after being 
washed three times with ice-cold PBS. Lysates 
were boiled in SDS loading buffer for 10 min 

Figure 2. Effect of high glucose on MCF-7 cells viability, migration, invasion in vitro. Cells were exposed to different 
glucose concentrations for 48 h in 5% CO2 incubator at 37°C. A. MTT assay was used to exam the effects of high 
glucose on cells viability. B. TUNEL assay was used to exam the effects of high glucose on cells apoptosis. C. Con-
fluent monolayer was scraped with a pipette tip and cells migrated into the wounded monolayer was assessed by 
microscope equipped with a camera. D. Cells were seeded in the upper chamber of transwell coated with matrigel, 
after 48 h incubation, invasive cells passed through the membrane and were measured by crystal violet staining. 
The bars represent the mean values ± SD triplicate (n = 3). *P < 0. 05, **P < 0.01 vs. the 5.5 mM group.
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then cleared by centrifugation (14,000 rpm, 10 
min, 4°C). The proteins were separated by SDS-

PAGE, transferred to a nitrocellulose mem-
brane, and detected with specific antibodies.

Figure 3. Effect of high glucose on MCF-7 cells via the expression of AKT, MAPKs and STAT3. Cells were exposed to 
different glucose concentrations for 48 h in 5 % CO2 incubator at 37°C. Cell lysates were then examined by Western 
blot analysis to verify the total and phosphorylation of AKT, MAPKs and STAT3. Band intensities were normalized to 
Tubulin and presented as a bar graph. The bars represent the mean values ± SD triplicate (n = 3). *P < 0. 05, **P 
< 0.01 vs. the 5.5 mM group. 
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Statistical analysis

All experiments were done independently at 
least three times. Results are represented as 
the mean ± SD. The quantification of the rela-
tive increase in protein expression and phos-
phorylation was performed using NIH Scion 
Image software and was normalized with the 
control protein expression in each experiment. 
Significant differences between groups were 
analyzed by using a r the paired t-test. A P-value 
of < 0.05 was considered statistically signifi- 
cant.

Results

Effect of high glucose on MCF-7 cell viability in 
a concentration-dependent and time-depen-
dent manner

The overall effects of high glucose in MCF-7 
cells was assessed using an MTT assay. As 
shown in Figure 1, high glucose promoted MCF- 
7 cell viability in a concentration-dependent 
and time-dependent manner when compared 
to the control. At glucose 22 mM group, cell 
viability after 48 h of treatment was promoted 
153.2% compared to glucose 5.5 mM group.

Effect of high glucose on MCF-7 cells viability, 
migration, invasion in vitro

To investigate the effects of high glucose-
induced MCF-7 cells growth, MCF-7 cells were 
incubated under normal- and high-glucose con-
ditions for 48 h. MTT and TUNEL assays were 
performed to measure cell viability and apopto-
sis. As demonstrated in Figure 2A, high glu-
cose improved MCF-7 cell viability, accordingly 
decreased MCF-7 cell apoptosis (Figure 2B). 
We used wound healing and transwell assays 
as described in the materials and methods 
section to test the effect of high glucose-
induced MCF-7 cell migration and invasion. As 
shown in Figure 2C, after 48 h the wound was 
almost covered due to the influx of highly migra-
tory cells in high glucose groups, whereas low 
glucose groups cells remained close to the ini-
tial state. As shown in Figure 2D, compared 
with the control, a dose-dependent augment in 
the number of invasive cells was seen in high 
glucose groups. 

Effect of high glucose on MCF-7 cells via the 
expression of AKT, MAPKs and STAT3

AKT, MAPKs and STAT3, which are important 
glucose effectors in tumour progression, are 

involved in the regulation of MCF-7 growth, 
migration, invasion. Western blotting assay was 
also used to find out the mechanism of high 
glucose-induced MCF-7 cells growth, migration, 
invasion. We tested the total and phosphoryla-
tion of AKT expression in MCF-7 cells exposed 
under normal- and high-glucose conditions for 
48 h. As shown in Figure 3, the phosphorylation 
of AKT was increased in high glucose groups. 
The amount of phosphorylation p38 reduced in 
high glucose groups, while ERK1/2 increased 
in high glucose groups. JNK1/2 was not signifi-
cantly influenced under high glucose condi-
tions. Also the phosphorylation of STAT3 was 
increased in high glucose groups.

Discussion

As cancer cells use glucose as the source of 
energy for their viability, high glucose provides 
a favorable environment for the growth and sur-
vival of breast cancer cells [22, 23]. Further, it 
has been reported that high glucose confers 
resistance to chemotherapy in malignant can-
cer cells but not in non-malignant cell [23, 24]. 
We demonstrate that high glucose induce 
MCF-7 viability, migration and invasion, more-
over the mechanism study that the effect is 
associated with the expression of AKT, MAPKs 
and STAT3. 

Viability, migration and invasion of tumor is the 
major cause of morbidity and mortality. The 
mechanism is a multistep and complex process 
involving the extracellular signalling, tumor 
microenvironment and stimulating factors. It is 
reported that activation of AKT plays a critical 
role in high glucose-induced cancer cell lines 
viability, migration and invasion [13, 25-29]. It 
is well-established that hyperglycemia enhanc-
es the viability of non-tumorigenic and malig-
nant mammary epithelial cells through incre- 
ased leptin/IGF1R signaling and activation of 
AKT/mTOR [13]. 

MAPKs are involved in a multitude of cellular 
pathways and functions in response to a variety 
of ligands and cell stimuli. In many cancer cell 
types, the ERK1/2 are linked to cell prolifera-
tion. ERK1/2 are thought to play a role in some 
cancers, because mutations in Ras and B-Raf, 
which can activate the ERK1/2, are found in 
many human tumor [15]. Reactive oxygen spe-
cies (ROS) are well known to induce the activa-
tion of the Raf/MEK/ERK1/2 signaling path-
ways in a variety of cell types [30, 31]. In 
pancreatic cancer ROS intermediates act 
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directly on growth receptors, such as the high 
glucose [32], and that induce the activation of 
ERK1/2 and p38 signaling. p38 kinases are 
members of MAPK family that transduce sig-
nals from various environmental stresses, 
growth factors and steroid hormones. p38 has 
recently gained attention as a tumor suppres-
sor. This effect is reported that increased 
tumorigenicity of the lack of p38 MAPK cells is 
caused mainly by a decrease in the apoptosis 
rate indicating that the lack of the p38 MAPK 
caused an imbalance to increase the ERα:ERβ 
ratio and a reduction in the activity of the p53 
tumor suppressor protein [33]. Further, There is 
much evidence to support a role for p38α as a 
tumour suppressor, and this function of p38α 
is mostly mediated by both negative regulation 
of cell cycle progression and the induction of 
apoptosis, although the induction of terminal 
differentiation also contributes to tumour sup-
pressive function [34]. These data suggest that 
high glucose can activate ERK1/2 and inhibit 
p38 that this may promote growth, migration, 
invasion and prevent apoptosis in MCF-7. 

STATs are latent transcription factors that medi-
ate cers are reported to contain constitutively 
activated cytokine- and growth factor-directed 
transcription [19, 20, 35]. In many human can-
cers and transformed cell lines, STAT3 is per-
sistently activated, and in cell culture, active 
STAT3 is either required for transformation, 
enhances transformation or blocks apoptosis 
[36-38]. There is study provide evidence that 
glucose can promote both migration and inva-
sion of CT-26 cells, and that the STAT3-induced 
MMP-9 signal pathway is involved in this pro-
cess [39]. It is well-established that high glu-
cose can increase mitochondria-derived ROS 
generation and subsequently upregulate VEGF 
expression possibly through JAK2/STAT3 acti-
vation [40]. It demonstrates that progestins 
(PR) also induce STAT3 phosphorylation at 
Ser727 residue, which occurs via activation of 
ERK1/2 pathways [41]. These data suggest 
that high glucose can activate STAT3 that this 
may promote growth, migration, invasion and 
prevent apoptosis in MCF-7.

In conclusion, this is the major study to show 
that high glucose induces human breast cancer 
cell MCF-7 viability, migration and invasion via 
the expression of AKT, MAPKs and STAT3. Never- 
theless, we find that high glucose induces 
MCF-7 viability, migration and invasion just by 

the experiments in vitro, whether those need to 
be further investigated in vivo.
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