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Wogonin attenuates high glucose-induced  
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invasion via the expression of AKT, PKCδ and p38 MAPK
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Abstract: Wogonin, a major flavonoid extracted from the root of scutellaria baicalensis, has been shown to antidia-
betic and antitumor effects in vitro and in vivo. However, the mechanism of wogonin on high glucose-induced hu-
man breast cancer cell viability, migration and invasion remains poorly understood. In our study, we investigate the 
effects of wogonin on high glucose-induced 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-de-
pendent manner, while wogonin suppress those effects in a concentration-dependent way. The mechanism reveals 
that wogonin significantly inhibits high glucose-induced the phosphorylation of AKT and protein kinase Cδ (PKCδ) 
and activates p38 MAPK that could be attenuate by SB203580 (p38 MAPK inhibitor) and p38 shRNA. These results 
suggest that wogonin can attenuate high glucose-induced human breast cancer cell MCF-7 viability, migration and 
invasion via the expression of AKT, PKCδ and p38 MAPK.  
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Introduction

Breast cancer is the most commonly occurring 
tumor among women worldwide. Approximately 
one in every ten women will develop the dis-
ease in their lifetime, and it is the first leading 
cause of cancer-related death in women [1]. 
Type 2 diabetes (T2DM) is characterized by a 
chronic hyperglycemic state caused by insulin 
resistance in skeletal muscle, adipose tissue, 
the liver, and/or impaired insulin secretion [2]. 
It is now well-established that T2DM is linked to 
increasing breast cancer incidence and mortal-
ity [3-5]. According to recent studies, T2DM 
conferred as much as 20%-40% 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 un- 
known, however, the hyperglycemia in T2DM 
patients may promote cancer progression is a 
possible mechanism. 

Wogonin (5,7-dihydroxy-8-methoxyflavone, Pu- 
bChem CID: 5281703) is a major flavonoid 
extracted from the root of Scutellaria baicalen-
sis Georgi that has long been used as a tradi-
tional medicine in East Asian countries [10]. It 
has been reported that wogonin has several 
biological properties, including anti-inflammato-
ry, antidiabetic and antitumor effects in several 
studies [11-17]. Importantly, wogonin showed 
no organ toxicity in a subchronic study [18]. 

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 [19-21]. Therefore hyper-
glycemia enhances the viability of non-tumori-
genic and malignant mammary epithelial cells 
through increased leptin/IGF1R signaling and 
activation of AKT/mTOR [22]. In cancer, PKCs 
have been shown to contribute to the progres-
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sion of malignant phenotype [23-25]. In diabe-
tes, PKCδ regulates hepatic insulin sensitivity 
and hepatosteatosis in mice and humans [26]; 
meanwhile, hyperglycemia causes vascular cell 
apoptosis and diabetic retinopathy by activa-
tion of PKCδ [27]. 

The mitogen-activated protein kinase (MAPK) 
pathway is an important signaling pathway  
in living beings in response to extracellular 
stimuli. There are three main subgroups manip-
ulating by a set of sequential actions: ERK1/2, 
JNK/SAPK, p38 MAPK. p38 MAPK that medi-
ates various cellular functions such as apopto-
sis, cell growth and differentiation are activated 
by inflammatory cytokines and a variety of envi-
ronmental stresses. p38 MAPK activity plays 
an important role in tumor progression (Galliher 
and Schiemann 2007; Shin et al. 2005). 
Meanwhile the high glucose modulates prolif-
eration in MCF-7 via MAPK pathway [28]. 

Taken together, these evidences suggest that 
wogonin may be beneficial for attenuating high 
glucose-induced human breast cancer cell  
viability, migration and invasion, but it is possi-
ble mechanism have not been investigated. To 
our knowledge,  this is the first study demon-
strating that wogonin attenuate high glucose-
induced human breast cancer cell MCF-7 viabil-
ity, migration and invasion via the expression of 
AKT, PKC and p38 MAPK. 

Materials and methods

Materials

Wogonin was purchased from Sigma (USA). 
Wogonin was dissolved in dimethyl sulfoxide 
(DMSO) at a maximum concentration of 0.1%. 
β-actin, PKCδ and the phospho-PKCδ antibody, 
AKT and the phospho-AKT (Ser473) antibody, 
the MAPK family antibody sampler kit, and the 
phospho-MAPK family antibody sampler kit 
were purchased from Cell signaling Technology 
(USA). A p38 MAPK inhibitor (SB203580), 
D-Mannitol was 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 cultur- 
ed in normal-glucose (5.5 +16.5 mM D-Manni- 
tol 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 conditions 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, and 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 
was 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% 
FBS also was used in the assay. Cells migrated 
into the wound surface and the relative wound 
closure was 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. 
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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. 

Plasmids and virus infection

p38 MAPK shRNA lentiviruses were obtained 
from GeneChem Biotechnology (Shanghai, 
China), target sequences of human p38 MAPK 
(GenBank accession no. NM_002745). 

MCF-7 cells were cultured at a density of 5×105 
cells per 6 well plate. One day later, the cells 
were transfected with p38 MAPK shRNA and 
control sequences using CON077 (GeneChem 
Biotechnology, China) following the manufac-
turer’s instructions. Cell lysates were collected 
and western blots were performed to detect 
protein expression using specific antibodies. 

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 
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. 

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 experi-
ment. Significant differences between groups 
were analyzed by using a r the paired t-test. A 
P-value of < 0.05 was considered statistically 
significant.  

Results

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

The overall effect of wogonin and high glucose 
in MCF-7 cells was assessed using an MTT 
assay. As shown in Figure 1A, high glucose pro-
moted the viability of MCF-7 cells in a concen-
tration-dependent and time-dependent man-
ner when compared to the control. In 22 mM 
glucose group, cell viability after 48 h of treat-
ment was promoted by 153.2% compared to 
5.5 mM group. While, as shown in Figure 1B, 
wogonin inhibited high glucose-induced MCF-7 
cell viability in a concentration-dependent man-

Figure 1. Effect of wogonin and high glucose on cell viability in MCF-7 cells in a concentration- and time-dependent 
manner. A. Effects of high glucose on MCF-7 cell viability. Cell viability was analyzed using the MTT assay. Cells were 
incubated with at the concentrations indicated for 24, 48 and 72 h. B. Effects of wogonin on high glucose-induced 
MCF-7 cell viability. Cells were incubated with at the glucose 11 mM and 22 mM concentrations indicated for 0, 5, 
10 and 20 μM after 48 h. Viability was calculated as the percent of control. The bars represent the mean values ± 
SD triplicate (n = 3). *P < 0.05, **P < 0.01 versus control values. 
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ner when compared to the control. In 11 mM 
and 22 mM glucose groups, cell viability was 
separately inhibited by 45.1% and 29.1% after 
48 h of treatment by 10 μM of wogonin com-
pared to untreated cells. 

Wogonin inhibits MCF-7 cells viability, migra-
tion, invasion and triggers cell apoptosis under 
high glucose concentrations in vitro

MCF-7 cells were incubated with wogonin under 
normal- and high-glucose conditions for 48 h to 
investigate the effects of wogonin. MTT and 
TUNEL assays were performed to measure cell 
viability and apoptosis. As demonstrated in 
Figure 2A, wogonin triggered high glucose-
induced MCF-7 cell apoptosis. We used wound 
healing and transwell assays as described in 

the materials and methods section to test the 
effect of wogonin on high glucose-induced 
MCF-7 cell migration and invasion. As shown in 
Figure 2B, after 48 h the wound was almost 
covered due to the influx of highly migratory 
cells in high glucose groups, whereas wogonin-
treated cells remained close to the initial state. 
As shown in Figure 2C, compared with the  
control, a dose-dependent augment in the 
number of invasive cells was seen in high glu-
cose groups. Meanwhile, wogonin-treated cells 
respectively reduced. 

Wogonin inhibits high glucose-induced the 
phosphorylation of AKT and PKCδ

AKT and PKCδ, which are both important  
glucose effectors in tumor progression, are 

Figure 2. Wogonin inhibits MCF-7 cells viability, migration, invasion and triggers cell apoptosis under high glucose 
concentrations in vitro. Cells were exposed to different glucose concentrations with or without wogonin (10 μM) for 
48 h in 5% CO2 incubator at 37°C. A. Wogonin triggers high glucose-induced cell apoptosis. TUNEL assay was used 
to exam the effects of high glucose and wogonin on cells apoptosis. B. Wogonin inhibits high glucose-induced cell 
migration. Confluent monolayer was scraped with a pipette tip and cells migrated into the wounded monolayer was 
assessed by microscope equipped with a camera. C. Wogonin inhibits high glucose-induced cell invasion. 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 the 11 mM group or the 22 mM group vs. the 5.5 mM group; *P < 0.05, **P < 0.01 the non-wogonin 
group vs. the wogonin group.
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involved in the regulation of MCF-7 growth, 
migration, invasion. Western blotting assay 
was also used to find out the mechanism of 

wogonin on high glucose-induced MCF-7 cells 
growth, migration, invasion. We tested the total 
and phosphorylation of AKT and PKCδ expres-

Figure 3. Wogonin inhibits high glucose-induced the phos-
phorylation of AKT and PKCδ. Cells were exposed to different 
glucose concentrations with or without wogonin (10 μM) 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 and PKCδ. Band intensities were nor-
malized to β-actin and presented as a bar graph. The bars 
represent the mean values ± SD triplicate (n = 3). #P < 0.05 
the 11 mM group or the 22 mM group vs. the 5.5 mM group; 
*P < 0.05, **P < 0.01 the non-wogonin group vs. the wogo-
nin group. 

Figure 4. Wogonin activates high glucose-induced p38 
signaling pathways. Cells were exposed to different glu-
cose concentrations with or without wogonin (10 μM) 
for 48 h in 5% CO2 incubator at 37°C. Cell lysates were 
examined by Western blot analysis to verify the total and 
phosphorylation of ERK1/2, JNK1/2 and p38 MAPK. 
Band intensities were normalized to β-actin and present-
ed as a bar graph. The bars represent the mean values 
± SD triplicate (n = 3). #P < 0.05 The 11 mM group or 
the 22 mM group vs. the 5.5 mM group; *P < 0.05, **P 
< 0.01 the non-wogonin group vs. the wogonin group. 
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sion in MCF-7 cells exposed to wogonin under 
normal- and high-glucose conditions for 48 h. 
As shown in Figure 3, the phosphorylation of 
AKT and PKCδ was increased in high glucose 
groups and decreased by wogonin. 

Wogonin activates high glucose-induced P38 
signaling pathways

Since activated MAPKs play a critical role in 
viability, migration, invasion, we analyzed the 
total and phosphorylation of MAPK family mem-
bers including ERK1/2, JNK1/2 and p38 by 
Western blotting assay. As shown in Figure 4, 
the amount of phosphorylation p38 reduced in 

high glucose groups and increased by wogonin, 
while the phosphor-ERK1/2 increased in high 
glucose groups but was not influenced by wogo-
nin. The phosphorylation JNK1/2 was not sig-
nificantly influenced under high-glucose condi-
tions with/without wogonin treatment. 

Effects of p38 MAPK inhibition on MCF-7 cells 
viability, migration, invasion

Since wogonin could activate p38 signaling 
pathway, SB203580 was used as an inhibitor 
was used for knocking down p38 to further tes-
tify this effect. The data showed that SB203580 
suppressed wogonin-induced the phosphoryla-

Figure 5. Effects of p38 MAPK inhibition on MCF-7 cells viability, migration, invasion. Cells were incubated for 48 h 
with different glucose concentrations and/or wogonin (10 μM) and/or treated with 20 μM of SB203580 (p38 MAPK 
inhibitor). A. The effect of p38 MAPK inhibition on the expression of total and phospho-p38 MAPK. The total and 
phosphorylation of p38 MAPK were examined by Western blot. Band intensities were normalized to β-actin and pre-
sented as a bar graph. B. The effect of p38 MAPK inhibition on cell viability. MTT assay was used to exam the cells 
viability. C. The effect of p38 MAPK inhibition on cell apoptosis. TUNEL assay was used to exam the cells apoptosis. 
D. The effect of p38 MAPK inhibition on cell migration. Confluent monolayer was scraped with a pipette tip and cells 
migrated into the wounded monolayer was assessed by microscope equipped with a camera under the conditions. 
E. The effect of p38 MAPK inhibition on cell invasion. 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 vio-
let staining. The bars represent the mean values ± SD triplicate (n = 3). *P < 0.05, **P < 0.01 vs. the control values. 
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tion of P38 on high glucose conditions (Figure 
5A). SB203580 could ameliorate wogonin-
induced MCF-7 cells growth on high glucose 
conditions (Figure 5B), decrease the apoptotic 
cells (Figure 5C), increase the wounded closure 
(Figure 5D) and the more invasive cells through 
the matrigel (Figure 5E). 

Effects of p38 Gene Silencing on MCF-7 cells 
viability, migration, invasion

Since wogonin could activate p38 signaling 
pathway, p38 shRNA lentivirus was used for 
knocking down p38 to further testify this effect. 

The data showed that p38 shRNA could block 
both of the phosphorylation and the total pro-
tein level of p38 (Figure 6A). p38 shRNA could 
ameliorate wogonin-induced MCF-7 cells 
growth on high glucose conditions (Figure 6B), 
decrease the apoptotic cells (Figure 6C), 
increase the wounded closure (Figure 6D) and 
the more invasive cells through the matrigel 
(Figure 6E). 

Discussion

Wogonin is a major flavonoid extracted from 
the root of Scutellaria baicalensis that has sev-

Figure 6. Effects of p38 MAPK Gene Silencing on MCF-7 cells viability, migration, invasion. After transfected with 
p38 MAPK shRNA or control sequences,cell were incubated for 48 h with different glucose concentrations and/
or wogonin (10 μM). A. The effect of p38 MAPK gene silencing on the expression of total and phospho-p38 MAPK. 
Then, the total and phosphorylation of p38 MAPK were examined by Western blot. Band intensities were normalized 
to β-actin and presented as a bar graph. B. The effect of p38 MAPK gene silencing on cell viability. MTT assay was 
used to exam the cells viability. C. The effect of p38 MAPK gene silencing on cell apoptosis. TUNEL assay was used 
to exam the cells apoptosis. D. The effect of p38 MAPK gene silencing on cell migration. Confluent monolayer was 
scraped with a pipette tip and cells migrated into the wounded monolayer was assessed by microscope equipped 
with a camera under the conditions. E. The effect of p38 MAPK gene silencing on cell nvasion. 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 control values. 
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eral biological properties including anti-inflam-
matory, antidiabetic and antitumor effects. As 
cancer cells use glucose as the source of ener-
gy for their viability, high glucose provides a 
favorable environment for the growth and sur-
vival of breast cancer cells [29]. Furthermore, it 
has been reported that high glucose confers 
resistance to chemotherapy in malignant can-
cer cells but not in non-malignant cell [30, 31]. 
We demonstrate that wogonin effectively atten-
uate high glucose-induced MCF-7 viability, 
migration and invasion, and the mechanism of 
the effect is associated with inhibiting the 
phosphorylation of AKT, PKCδ and p38 MAPK.  

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 signaling, tumor 
microenvironment and stimulating factors. It is 
reported that activation of AKT and PKCδ plays 
a critical role in high glucose-induced cancer 
cell lines [22, 25, 32-35]. It is well-established 
that hyperglycemia enhances the viability of 
non-tumorigenic and malignant mammary epi-
thelial cells through increased leptin/IGF1R sig-
naling and activation of AKT/mTOR [22]. 
Moreover, high glucose increases PKCδ-
phosphorylation to enhance MCF-7 viability, 
migration and invasion [36]. The tyrosine phos-
phorylation of PKC by phorbol 12-myristate 
13-acetate (PMA) and various growth factors 
[34, 37, 38]. It is defined that Y64 and Y155 as 
critical residues for proapoptotic signaling by 
PKCδ and suggest that phosphorylation of 
PKCδ at these residues regulates nuclear trans-
location and hence cell survival [39]. Barbara 
et. Al [40] shows that active PKCδ is a proprolif-
erative factor in estrogen-dependent breast 
cancer cells. Activation of PKCδ by TPA resulted 
in activation and nuclear translocation of ERα 
and in an increase of ER-dependent reporter 
gene expression. Grossoni et al [24] report that 
PKCδ overexpression show enhance resistance 
to apoptotic stimuli, such as serum deprivation 
or doxorubicin treatment, an effect that corre-
lates with activation of the Akt survival path-
way. PKCδ can interact positively with Akt/
mTOR [41], which has also been implicated in 
survival signaling [20]. It remains to be deter-
mined whether survival signals generated by 
PKCδ in MCF-7 cells are dependent on Akt/
mTOR. Meanwhile, suppression of AKT and 
translocation of PKCδ have been associated 
with regulation of cell fate by wogonin [17, 42]. 
Consistent with these findings, we observe that 

suppression of AKT and PKCδ are involved in 
effects of wogonin on high glucose-induced 
MCF-7 viability, migration and invasion. 

p38 kinases are members of MAPK family that 
transduce signals from various environmental 
stresses, growth factors and steroid hormones. 
p38 has recently gained attention as a tumor 
suppressor. 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 activi-
ty of the p53 tumor suppressor protein [43]. 
Further, there is much evidence to support a 
role for p38α as a tumor 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 con-
tributes to tumor suppressive function [44]. 
The study [45] reveals that the activation of 
MAPK by estrogen is mediated through a 
HER-2/PKCδ/Ras. These data suggest that 
ER(+) MCF-7 has used PKCδ to activate MAPK 
and this may prevent apoptosis in MCF-7. It is 
reported that wogonin induces apoptosis by 
activation of ERK1/2 and p38 MAPKs signaling 
pathways and generation of reactive oxygen 
species in MCF-7 [13]. Consistent with these 
findings, we deduced that wogonin attenuate 
high glucose-induced MCF-7 viability, migration 
and invasion by activating the phosphorylation 
of p38 MAPK.

Conclusion

This is the first study to show that wogonin 
could inhibit high glucose-induced MCF-7 viabil-
ity, migration and invasion in vitro via suppress-
ing the phosphorylation of AKT and PKCδ and 
activating the phosphorylation of p38 MAPK. It 
is further demonstrated that the activation of 
p38 potentially associating with the suppres-
sion of AKT and PKCδ proteins phosphoryla-
tion. Nevertheless, we find that wogonin could 
attenuate high glucose-induced MCF-7 viability, 
migration and invasion just by the experiments 
in vitro, and those need to be further investi-
gated in vivo. 

Acknowledgements

This work was partially supported by a NSFC 
grant to Dr. Shengrong Sun (Grant NO: 3070- 



Wogonin attenuates high glucose-induced MCF-7 viability, migration and invasion

692	 Int J Clin Exp Pathol 2016;9(2):684-694

1032), and a NSFC grant to Prof. Changhua 
Wang (Grant NO: 30770758/H0178). This work 
was also supported by a NSFC grant to Dr. 
Juanjuan Li (Grant NO: 81302314/H1622) and 
the Fundamental Research Funds for the 
Central Universities of China to Shan Zhu (Grant 
NO: 2042014kf0189). 

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Shengrong Sun, 
Department of Breast and Thyroid Surgery, Renmin 
Hosptial of Wuhan University, 99 Ziyang Road, 
Wuhan 430060, Hubei Province, P. R. China. E-mail: 
sun137@sina.com; Dr. Changhua Wang, Department 
of Pathophysiology, Wuhan University School of 
Basic Medical Sciences, Wuhan 430060, Hubei 
Province, P. R. China. E-mail: chwang0525@whu.
edu.cn

References

[1]	 Siegel R, Ma J, Zou Z, Jemal A. Cancer statis-
tics, 2014. CA Cancer J Clin 2014; 64: 29. 

[2]	 Association. A D. Diagnosis and classification 
of diabetes mellitus. Diabetes Care 2010; 30: 
S42-S47.

[3]	 Wolf I, Sadetzki S, Catane R, Karasik A, 
Kaufman B. Diabetes Mellitus and Breast 
Cancer. Lancet Oncol 2008; 6: 103-111.

[4]	 Boyle P, Boniol M, Koechlin A, Robertson C, 
Valentini F, Coppens K, Fairley LL, Boniol M, 
Zheng T, Zhang Y, Pasterk M, Smans M, Curado 
MP, Mullie P, Gandini S, Bota M, Bolli GB, 
Rosenstock J, Autier P. Diabetes and breast 
cancer risk: a meta-analysis. Br J Cancer 2012; 
107: 1608-1617.

[5]	 Lipscombe LL, Goodwin PJ, Zinman B, 
Mclaughlin JR, Hux JE. Diabetes mellitus and 
breast cancer: a retrospective population-
based cohort study. Breast Cancer Res Treat 
2006; 98: 349-356.

[6]	 Liao S, Li J, Wei W, Wang L, Zhang Y, Li J, Wang 
C, Sun S. Association between diabetes melli-
tus and breast cancer risk: a meta-analysis of  
the literature. Asian Pac J Cancer Prev 2011; 
12: 1061-1065.

[7]	 Onitilo AA, Stankowski RV, Berg RL, Engel JM, 
Glurich I, Williams GM, Doi SA. Breast cancer 
incidence before and after diagnosis of type 2 
diabetes mellitus in women: increased risk in 
the prediabetes phase. Eur J Cancer Prev 
2014; 23: 76-83.

[8]	 Salinas-Martínez AM, Flores-Cortés LI, Car- 
dona-Chavarría JM, Hernández-Gutiérrez B, 
Abundis A, Vázquez-Lara J, González-Guajardo 

EE. Prediabetes, diabetes, and risk of breast 
cancer: a case-control study. Arch Med Res 
2014; 45: 432-438.

[9]	 Ji GY, Jin LB, Wang RJ, Bai Y, Yao ZX, Lu LJ, 
Huang JB, Liu SC, Li HY, Wang ZW, Ren GS,  
Wu KN, Kong LQ. Incidences of diabetes and 
prediabetes among female adult breast can-
cer patients after systemic treatment. Med 
Oncol 2013; 30: 687.

[10]	 Tai MC, Tsang SY, Chang LY, Xue H. Therapeutic 
potential of wogonin: a naturally occurring fla-
vonoid. CNS Drug Rev 2005; 11: 141-150.

[11]	 Enomoto R, Suzuki C, Koshiba C, Nishino T, 
Nakayama M, Hirano H, Yokoi T, Lee E. Wogonin 
Prevents Immunosuppressive Action But  
Not Anti-Inflammatory Effect Induced By 
Glucocorticoid. Ann N Y Acad Sci 2007; 1095: 
412-417.

[12]	 Bak EJ, Kim J, Choi YH, Kim JH, Lee DE, Woo 
GH, Cha JH, Yoo YJ. Wogonin ameliorates hy-
perglycemia and dyslipidemia via PPARα acti-
vation in db/db mice. Clin Nutr 2014; 33: 156-
163.

[13]	 Yu JS, Kim AK. Wogonin induces apoptosis by 
activation of ERK and p38 MAPKs signaling 
pathways and generation of reactive oxygen 
species in human breast cancer cells. Mol 
Cells 2011; 31: 327-335.

[14]	 Chen X, Bai Y, Zhong Y, Xie X, Long H, Yang Y, 
Wu S, Jia Q, Wang X. Wogonin has multiple an-
ti-cancer effects by regulating c-Myc/SKP2/
Fbw7α and HDAC1/HDAC2 pathways and in-
ducing apoptosis in human lung adenocarci-
noma cell line A549. PLoS One 2013; 8: 
e79201.

[15]	 He L, Dai Q, Zhao Y, Zhao L, Wang H, Li Z, You 
Q, Lu N, Guo Q. Wogonin induced G1 cell cycle 
arrest by regulating Wnt/β-catenin signaling 
pathway and inactivating CDK8 in human 
colorectal cancer carcinoma cells. Toxicology 
2013; 312: 36-47.

[16]	 Parmar M, Abdel-Reheem M, Rao V, Parmar M, 
Abdel-Reheem M, Rao V. Ameliorative Effects 
of Wogonin on Liver Damage in Streptozotocin-
induced Diabetes in Rats. Life Sci 2013; 10.

[17]	 Huang KF, Zhang GD, Huang YQ, Diao Y. 
Wogonin induces apoptosis and down-regu-
lates survivin in human breast cancer MCF-7 
cells by modulating PI3K-AKT pathway. Int 
Immunopharmacol 2012; 12: 334-341.

[18]	 Peng J, Qi Q, You Q, Hu R, Liu W, Feng F, Wang 
G, Guo Q. Subchronic toxicity and plasma phar-
macokinetic studies on wogonin, a natural fla-
vonoid, in Beagle dogs. J Ethnopharmacol 
2009; 124: 257-262.

[19]	 Gonzalez E, Mcgraw TE. The Akt kinases: iso-
form specificity in metabolism and cancer. Cell 
Cycle (Georgetown, Tex.) 2009; 8: 2502-2508.

[20]	 Schmelzle T, Hall MN. TOR, a central controller 
of cell growth. Cell 2000; 103: 253-262.

mailto:sun137@sina.com
mailto:chwang0525@whu.edu.cn
mailto:chwang0525@whu.edu.cn


Wogonin attenuates high glucose-induced MCF-7 viability, migration and invasion 

693	 Int J Clin Exp Pathol 2016;9(2):684-694

[21]	 Martelli AM, Tabellini G, Bressanin D, Ognibene 
A, Goto K, Cocco L, Evangelisti C. The emerging 
multiple roles of nuclear Akt. Biochim Biophys 
Acta 2012; 1823: 2168-2178.

[22]	 Lopez R, Arumugam A, Joseph R, Monga K, 
Boopalan T, Agullo P, Gutierrez C, Nandy S, 
Subramani R, de la Rosa JM, Lakshmanaswamy 
R. Hyperglycemia enhances the proliferation of 
non-tumorigenic and malignant mammary epi-
thelial cells through increased leptin/IGF1R 
signaling and activation of AKT/mTOR. PLoS 
One 2013; 8: e79708.

[23]	 Griner EM, Kazanietz MG. Protein kinase C and 
other diacylglycerol effectors in cancer. Nat 
Rev Cancer 2007; 7: 281-294.

[24]	 Grossoni VC, Falbo KB, Kazanietz MG, de Kier 
Joffé ED, Urtreger AJ, Grossoni VC, Falbo KB, 
Kazanietz MG. Protein kinase C delta enhanc-
es proliferation and survival of murine mam-
mary cells. Mol Carcinog 2007; 46: 381-90.

[25]	 Kiley SC, Clark KJ, Duddy SK, Welch DR, Jaken 
S. Increased protein kinase C delta in mam-
mary tumor cells: relationship to transformtion 
and metastatic progression. Oncogene 1999; 
18: 6748-6757.

[26]	 Bezy O, Tran TT, Pihlajamäki J, Suzuki R, 
Emanuelli B, Winnay J, Mori MA, Haas J, 
Biddinger SB, Leitges M. PKCδ regulates he-
patic insulin sensitivity and hepatosteatosis in 
mice and humans. J Clin Invest 2011; 121: 
2504-17.

[27]	 Geraldes P, Hiraoka-Yamamoto J, Matsumoto 
M, Clermont A, Leitges M, Marette A, Aiello LP, 
Kern TS, King GL. Activation of PKC-delta and 
SHP-1 by hyperglycemia causes vascular cell 
apoptosis and diabetic retinopathy. Nat Med 
2009; 15: 1298-306.

[28]	 Gupta C, Tikoo K. High glucose and insulin dif-
ferentially modulates proliferation in MCF-7 
and MDA-MB-231 cells. J Mol Endocrinol 
2013; 51: 119-129.

[29]	 Takatani-Nakase T, Matsui C, Maeda S, 
Kawahara S, Takahashi K. High glucose level 
promotes migration behavior of breast cancer 
cells through zinc and its transporters. PLoS 
One 2014; 9: e90136.

[30]	 Cheng Y, Diao D, Zhang H, Guo Q, Wu X, Song 
Y, Dang C. High glucose-induced resistance to 
5-fluorouracil in pancreatic cancer cells allevi-
ated by 2-deoxy-D-glucose. Biomed Rep 2014; 
2: 188-192.

[31]	 Zeng L, Biernacka KM, Holly JM, Jarrett C, 
Morrison AA, Morgan A, Winters ZE, Foulstone 
EJ, Shield JP, Perks CM. Hyperglycaemia con-
fers resistance to chemotherapy on breast 
cancer cells: the role of fatty acid synthase. 
Endocr Relat Cancer 2010; 17: 539-551.

[32]	 Coloff JL, Macintyre AN, Nichols AG, Liu T, Gallo 
CA, Plas DR, Rathmell JC. Akt-dependent glu-

cose metabolism promotes Mcl-1 synthesis to 
maintain cell survival and resistance to Bcl-2 
inhibition. Cancer Res 2011; 71: 5204-5213.

[33]	 Liu PP, Liao J, Tang ZJ, Wu WJ, Yang J, Zeng ZL, 
Hu Y, Wang P, Ju HQ, Xu RH, Huang P. Metabolic 
regulation of cancer cell side population by 
glucose through activation of the Akt pathway. 
Cell Death Differ 2014; 21: 124-135.

[34]	 Okumura M, Yamamoto M, Sakuma H, Kojima 
T, Maruyama T, Jamali M, Cooper DR, Yasuda 
K. Leptin and high glucose stimulate cell prolif-
eration in MCF-7 human breast cancer cells: 
reciprocal involvement of PKC-alpha and PPAR 
expression. Biochim Biophys Acta 2002; 1592: 
107-116.

[35]	 Yamamoto M, Patel NA, Taggart J, Sridhar R, 
Cooper DR. A shift from normal to high glucose 
levels stimulates cell proliferation in drug sen-
sitive MCF-7 human breast cancer cells but 
not in multidrug resistant MCF-7/ADR cells 
which overproduce PKC-betaII. Int J Cancer 
1999; 83: 98-106.

[36]	 Zhu S, Yao F, Li WH, Wan JN, Zhang YM, Tang Z, 
Khan S, Wang CH, Sun SR. PKC?-dependent 
activation of the ubiquitin proteasome system 
is responsible for high glucose-induced human 
breast cancer MCF-7 cell proliferation, migra-
tion and  invasion. Asian Pac J Cancer Prev 
2013; 14: 5687-5692.

[37]	 Hu CT, Cheng CC, Pan SM, Wu JR, Wu WS. PKC 
mediates fluctuant ERK-paxillin signaling for 
hepatocyte growth factor-induced migration of 
hepatoma cell HepG2. Cell Signal 2013; 25: 
1457-1467.

[38]	 Wooten MW, Vandenplas ML, Seibenhener ML, 
Geetha T, Diaz-Meco MT. Nerve growth factor 
stimulates multisite tyrosine phosphorylation 
and activation  of the atypical protein kinase 
C's via a src kinase pathway. Mol Cell Biol 
2001; 21: 8414-8427.

[39]	 Humphries MJ, Ohm AM, Schaack J, Adwan  
TS, Reyland ME. Tyrosine phosphorylation reg-
ulates nuclear translocation of PKCdelta. 
Oncogene 2008; 27: 3045-3053.

[40]	 De Servi B, Hermani A, Medunjanin S, Mayer 
D. Impact of PKCdelta on estrogen receptor lo-
calization and activity in breast cancer cells. 
Oncogene 2005; 24: 4946-4955.

[41]	 Kumar V, Pandey P, Sabatini D, Kumar M, 
Majumder PK, Bharti A, Carmichael G, Kufe D, 
Kharbanda S. Functional interaction between 
RAFT1/FRAP/mTOR and protein kinase Cδ in 
the regulation of cap-dependent initiation of 
translation. EMBO J 2000; 19: 1087-1097.

[42]	 Chen P, Lu N, Ling Y, Chen Y, Hui H, Lu Z, Song 
X, Li Z, You Q, Guo Q. Inhibitory effects of wogo-
nin on the invasion of human breast carcino-
ma cells by  downregulating the expression 
and activity of matrix metalloproteinase-9. 
Toxicology 2011; 282: 122-128.



Wogonin attenuates high glucose-induced MCF-7 viability, migration and invasion

694	 Int J Clin Exp Pathol 2016;9(2):684-694

[43]	 Mendoza RA, Moody EE, Enriquez MI, Mejia 
SM, Thordarson G. Tumorigenicity of MCF-7 
human breast cancer cells lacking the p38al-
pha mitogen-activated protein kinase. J 
Endocrinol 2011; 208: 11-19.

[44]	 Hui L, Bakiri L, Stepniak E, Wagner EF. p38al-
pha: a suppressor of cell proliferation and tu-
morigenesis. Cell Cycle 2007; 6: 2429-2433.

[45]	 Keshamouni VG, Mattingly RR, Reddy KB. 
Mechanism of 17-beta-estradiol-induced Erk- 
1/2 activation in breast cancer cells. A role for 
HER2 AND PKC-delta. J Biol Chem 2002; 277: 
22558-22565.


