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Abstract. Endometrial carcinogenesis may be related to the 
long-term effects of estradiol with no antagonism. However, 
how estradiol regulates cell proliferation is unknown. In the 
present study, through investigating the molecular events 
involved in estradiol induced angiogenics factors VEGF and 
bFGF, we found that estradiol induced endometrial cancer 
cell division, proliferation, migratory and invasive capacity 
in  vitro and upregulated mRNA expression and protein 
synthesis of VEGF and bFGF. The estradiol-dependent induc-
tion of the expression of VEGF and bFGF was blocked by 
ER inhibitor, AKT inhibitor and NF-κB inhibitor (PDTC) 
in estrogen receptor positive Ishikawa cells and blocked by 
AKT inhibitor, NF-κB inhibitor (PDTC) in estrogen receptor 
negative HEC-1A cells. Moreover, estradiol activation of 
AKT was also blocked by AKT antagonist. NF-κB activation 
was restricted by estradiol concentration and time. Estradiol 
leading to VEGF and bFGF induction was also confirmed by 
the development of xenograft tumors in vivo. Taken together, 
our data suggest that estradiol induces the production of 
angiogenic factors via a mechanism involving AKT-mediated 
NF-κB activation partly in non-genomic manner without the 
estrogen receptor.

Introduction 

Endometrial carcinoma is the third most common gyneco-
logical cancer, but its frequency has increased steadily in the 
last three decades (1). Most women who present with early 
disease are treated with surgery and/or radiotherapy, giving 
5-year survival rates of >70%. Approximately one-fourth of 
those patients go onto develop a recurrence. Although the 

exact cause of endometrial carcinoma remains unknown, 
the argument that estradiol somehowis implicated in this 
carcinoma is becoming increasingly more difficult to refute. 
On the other hand, the need of molecular-target therapy 
has increased, especially for recurrent cases. Thus, a better 
understanding is necessary of the molecular pathways of 
endometrial carcinogenesis.

Estradiol-induced proliferation for mammary and uterine 
epithelial cells is primarily mediated by estrogen receptor 
(ER), which belongs to a steroid receptor superfamily/
thyroid hormone superfamily of transcription factors. This 
is the classical, or genomic, pathway of the estrogen effect 
(2). Non-genomic estrogenic effects have been described 
in a few mammalian tissues and cell lines. For example, 
Sudhagar et al (3) demonstrated that estradio activated the 
Akt signaling pathway in a non-genomic manner.

The serine/threonine kinase (Akt), also known as protein 
kinase B (PKB), is the cellular homologue of the viral onco-
gene v-Akt. It functions as a downstream regulator of PI3K 
signaling, activated by multiple growth factors. It has been 
demonstrated that a subunit of phosphatidylinositol 3-kinase 
(PI3-K) including the regulatory and catalytic play a role in 
NF-κB activation by the tyrosine phosphorylation-dependent 
pathway (4). In addition to its role in inflammation and the 
suppression of apoptosis, cellular survival, transformation 
and oncogenesis, the transcription factor NF-κB plays an 
important role in control of the expression of many related 
genes (5).

Evidence exists suggesting that estrogen-induced angio-
genesis appears to occur via induction of various angiogenic 
factors such as vascular endothelial growth factor (VEGF) 
and basic fibroblast growth factor (bFGF) (6,7). However, 
the molecular mechanisms of how estradiol induces the 
expression of these angiogenic factors are poorly understood. 
Furthermore, estradiol enhances angiogenesis through a 
pathway involving platelet-activating factor-mediated NF-κB 
activation. In endometrial cancer cells, regulation of COX-2 
protein expression by Akt is mediated through the NF-κB/
IκB pathway (8). These studies led to the hypothesis that Akt 
via NF-κB plays a role in estradiol-induced angiogenesis. 
The results from experiments designed to test this hypoth-
esis demonstrated that induction of angiogenesis occurs by 
increasing the expression of several key angiogenic factors 
through AKT-dependent NF-κB activation.
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Materials and methods

Ethics statement. The present study was approved by the 
Animal Care and Use Committee of Guangxi Medical 
University. The animal research was carried out with strict 
adherence to the accepted standards for the Care and Use of 
Laboratory Animals of China. The protocol was approved 
by the Committee on the Ethics of Animal Experiments of 
Affiliated Tumor Hospital of Guangxi Medical University 
[ethical approval reference: CS2012(28)]. All efforts were 
made to minimize animal suffering.

Cell culture and reagents. The human endometrial cancer 
Ishikawa and HEC-1A cell line, positive and negative with 
estrogen receptor, respectively, were generous gifts from 
Dr Wei Lihui, Gynecological Oncology Center of Peking 
University People's Hospital. Cells were maintained at 37˚C 
under 5% CO2 in Dulbecco's modified Eagle's medium 
(DMEM; HyClone Laboratories, Inc., Logan, UT, USA) 
supplemented with 10% fetal bovine serum (FBS; HyClone 
Laboratories), 100 U/ml penicillin and 100 mg/ml strepto-
mycin. The medium was changed every three days.

Proliferation assays. The logarithmic phase cells were 
digested, centrifuged and labeled with concentration of 5 µM 
CFSE (Molecular Probes, Eugene OR, USA), then 1x105 cells 
were seeded per well in 6-well plates. When the cells attached, 
the supernatant was changed with 1x10-6 mol/l estradiol or 
vehicle to different 3-wells, after 30 min, the effect of estradiol 
or vehicle was terminated through changing the supernatant 
to DMEM with 10% FBS, the cells were cultured for 24, 48, 
72 and 96 h. Then, flow cytometry (BD FACSCanto™; BD 
Biosciences, Piscataway, NJ, USA) was used to detect the 
proliferation of cells. The results were analyzed by using 
ModFit LT 3.0 software.

Clone formation assay. Cells were seeded in 6-well plates 
(500 cells/well), when adhered, they were treated with 
1x10-6 mol/l estradiol, or DMEM as control for 30 min. The 
medium of 6-wells were all changed to DMEM with 10% FBS 
to terminate the effect of estradiol or control. After 7 days, 
cells were fixed by 95% methanol for 15 min and stained with 
H&E. Clones containing ≥50 cells were counted under the low 
power microscope (x10). The clone formation rate was calcu-
lated using the following formula: clone formation rate (%) = 
(number of clones/number of seeded cells) x 100%.

Cell cycle analysis. Ishikawa or HEC-1A (1x106) cells were 
seeded in a 6-well plate respectively, when the cells attached, 
the supernatant was discarded, and 1.5 ml FBS-free DMEM 
was added for 24 h to induce cell cycle in G0 phase. Then, 
1.5 ml DMEM was added with 1x10-6 mol/l E2 to 3-wells 
as E2 group, or DMEM only as control. After 30 min, the 
medium of 6-wells were all changed to DMEM with 10% FBS 
to terminate the effect of estradiol or control. the cells were 
grown continuously at 37˚C in a humid chamber with 5% CO2. 
After 24 h, cells were treated according to the instructions of 
cycle test plus DNA reagent kit (BD Biosciences) and analyzed 
by flow cytometry (FCM; BD FACSCanto). The results were 
analyzed by ModFit LT 3.0 software.

Transwell migration and Matrigel invasion assay. The cell 
migration/invasion experiment was performed in Transwell 
mini-chamber (Milipore, Billerica, Ma, USA). For transwell 
invasion assay, the membrane of the upper chamber was pre-
coated with Matrigel at a 1:3 dilution (BD Biosciences).

After treated with 1x10-6 mol/l estradiol, or DMEM as 
control for 30 min, 1x105 cells were seeded in the upper wells 
filled with serum-free medium, the lower chambers were 
filled with complete medium supplemented with 20% FBS to 
induce cell migration. After the cells were incubated at 37˚C 
for 24 h, the migrated/invasived cells through the membrane 
to the lower side were fixed, stained with crystal violet and 
photographed. Five random fields per insert were imaged at 
x200 magnification. Migrated/invasived cells in the images 
were counted.

Semi-quantitative RT-PCR and ELISA for VEGF and 
bFGF expression. After adherence, cells were cultured 
in DMEM without FBS for 24 h till ~70-80% confluence. 
After being pretreated with 25x10-6 mol/l AKT inhibitor 
1L-6-Hydroxymethyl-chiro-inosito12-[(R)-2-0-methyl-3-0-
octadecylcarbonate] (Alexis co., Farmers Branch, TX, USA) 
(AKT inhibitor group, AKTI), or 1x10-6 mol/l ICI 182,780 
(estrogen receptor antagonist; Tocris Bioscience co., Bristol, 
UK) (ER inhibitor group, EI), or 100 µmol/l NF-κB inhibitor 
PDTC; Sigma, St. Louis, MO, USA) (NF-κB inhibitor group, 
PDTC) for 60 min, cells were stimulated with 1x10-6 mol/l 
β-Estradiol-water soluble (Sigma) (E2 group) for 30 min while 
control group was treated with FBS-free DMEM.

Total RNA was extracted from the cells using Trizol 
reagent (Fermentas, Burlington, ON, Canada) according to the 
manufacturer's instructions. The total RNA was reverse tran-
scribed using RevertAid™ First Strand cDNA Synthesis kit 
(Fermentas). The sequences for the forward and reverse 
primers for human VEGF are 5'-GAATCATCACGAAGTGG 
TGAAGT-3' and 5'-GCACACAGGATGGCTTGAAG-3, 
respectively. The sequences for the forward and reverse 
primers for human bFGF are 5'-TATTTCTTTGGCTGCT 
ACTTG-3' and 5'-TCCAGCATTTCGGTGTTG-3', respec-
tively. The sequences for the forward and reverse primers for 
human GAPDH are 5'-GAAGGTGAAGGTCGGAGT-3' and 
5'-GAAGATGGTGATGGGATTTC-3', respectively. All the 
sequences were synthesized by invitrogen (Carlsbad, CA, 
USA). FastStart Universal SYBR-Green Master (Rox) was 
from Roche (Indianapolis, IN, USA). The real-time PCR 
protocol included 94˚C for 3 min; 40 cycles of 94˚C for 30 sec, 
55˚C for 30 sec and 72˚C for 30 sec, final extension were 72˚C 
for 10 min.

The quantitative determination of VEGF and bFGF in 
culture supernatant was performed by ELISA kit (Shanghai 
ExCell Biology, Inc., Shanghai, China) according to the 
manufacturer's instructions. The absorbance of 450 nm was 
measured and the expression of VEGF and bFGF evaluated in 
the cell culture supernatant.

NF-κB activation. Cells were treated with different concentra-
tions of estradiol (10-4, 10-6, 10-8 and 10-10 mol/l) for 30 min, or 
1x10-6 mol/l estradiol at different time-points (15 and 30 min, 
1 and 2 h), or 25x10-6 mol/l AKT inhibitor for 60 min following 
incubation with 1x10-6 mol/l estradiol for 30 min. Harvested 
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cells were washed, centrifuged at 500  rpm for 5 min and 
mixed with PBS/phosphatase inhibitor, then nucleoprotein was 
prepare using nuclear extract kit (Active Motif co., Carlsbad, 
CA, USA). Quantitative NF-κB DNA-binding p65 was deter-
mined using ELISA-based TransAM™ assays (Active Motif) 
in accordance with the manufacturer's instructions. The kit 
contain a 96-well plate pre-immobilized oligonucleotide 
containing the NF-κB consensus site 5'-GGGACTTTCC-3'. 
Activated NF-κB nuclear extraction is first bound to the 
attached oligonucleotide. The primary antibody was used to 
detect an epitope on p65 recognized by NF-κB. An enzyme 
(HRP)-linked secondary antibody was quantified by spec-
trophotometry (450 nm absorbance) to evaluated the NF-κB 
activation.

Western blot analysis. Cells were lysed using lysis buffer with 
protease inhibitor, after 30-min incubation on ice, centrifuged 
with 12,000 rpm for 10 min, the supernatant was collected. 
The protein concentration was determined by BCA (bicincho-
ninic acid assay; Fermentas). Twenty-five micrograms protein 
per each lane was separated electrophoretically by 10% 
SDS-PAGE gel. The gel was transferred to PVDF membrane, 
then the membrane was blocked in 5% non-fat milk in PBS for 
2 h at room temperature followed by washes with 1x TBST. 
The membranes were incubated with primary antibodies 
against phospho-Akt (ser 473), AKT or GAPDH (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) overnight at 4˚C. The 
membrane was washed three times with TBS-T for 20 min and 
then incubated for 2 h with peroxidase-labeled anti-rabbit IgG 
(KPL, Gaithersburg, MD, USA) at room temperature in 5% 
non-fat milk in TBST, subsequently washed with TBST three 
times for 20 min. The signal was developed by addition of 
enhanced chemiluminescence solution (Bio-Rad Laboratories, 
Hercules, CA, USA). The proteins were detected with infrared 
imaging system. Band intensity was quantified using infrared 
imaging system. Akt and phospho-Akt (p-Akt) band intensi-
ties were normalized to those of GAPDH.

Animal care and experiments. Specific pathogen-free female 
BALB/C mice were obtained from the Animal Experiment 
Centre of Guangxi Medical University and maintained in 
our animal facility. All mice were used at 3-4 weeks of age. 
Subcutaneous xenograft tumors in BALB/c mice were estab-
lished by the inoculation of a 0.2 ml cell suspension containing 
1x107 Ishikawa or HEC-1A cells in each of the 15 mice. When 
xenograft tumors reached 1 cm3, mice were assigned randomly 
to one of five treatment regimens once every three days, seven 
times: i) 25 ml/kg estradiol (E2); ii) 45 mg/kg estrogen inhib-
itor ICI 182,780 (EI); iii) 25 ml/kg AKT inhibitor (AKTI); iv) 
50 mg/kg NF-κB inhibitor PDTC (PDTC); v) vehicle (control) 
were injected into the abdomen, respectively. Each treatment 
group consisted of three mice. The day following last inocula-
tion, mice were weighed and sacrificed. Tumor volumes (cm3) 
were calculated by the formula: [(major axis) x (minor axis)2/2]. 
After the treatment, the tumors were removed and analyzed by 
immunohistochemistry.

Immunohistochemistry. VEGF, phospho-AKT, AKT and 
GAPDH antibody (rabbit IgG) were purchased from Santa 
Cruz Biotechnology. bFGF and NF-κB/p65 antibody (rabbit 

IgG) were from Cell Signaling Technology (Danvers, MA, 
USA). Normal rabbit IgG as negative control antibody were 
from Cell Signaling Technology. DyLight 680 goat anti-rabbit 
IgG (H+L) was from KPL.

Tissues were fixed in 10% formalin buffer, embedded in 
paraffin, and sectioned at 4 µm for consecutive glass slides 
which were incubated with normal rabbit IgG (1:200, as nega-
tive control), or rabbit polyclonal anti-human VEGF antibody 
(1:120), or anti-human bFGF antibody (1:120), or p-Akt 
(Ser473) antibody (1:200), or NF-κB/p65 antibody (1:200) 
for 1 h at room temperature. Slides were rinsed in PBS and 
incubated with anti-rabbit secondary antibody. The subsequent 
steps were carried out using the SP (streptavidin-peroxidase) 
kit (Zymed Laboratories, Inc., South San Francisco, CA, USA) 
according to the manufacturer's instruction. After DAB solu-
tion was applied, slides were counterstained with hematoxylin 
and then evaluated under a light microscope. Cytoplasmic 
staining intensity, and the proportion of positive tumor cells 
were recorded and the staining intensity (0-3) and the area of 
positive staining (0, no staining; 1+, <30%; 2+, 30-60%; 3+, 
>60%) were calculated.

Statistical analysis. All statistical analyses were performed 
with SPSS statistical software (version 19.0). The data are 
represented as the mean ± standard deviation (SD). Analysis 
of variance was used to determine P-value between mean 
measurements. P-value of <0.05 was deemed to be statistically 
significant. All experiments were conducted in triplicate and 
repeated two or more times.

Results

Effect of estradiol on cell biological behavior. To determine 
the role of estradiol on cell proliferation, Ishikawa and HEC-1A 
cells were treated with or without 1x10-6 mol/l estradiol for 24, 
48, 72 and 96 h. Cell proliferation of E2 groups was signifi-
cantly faster than that in control group in different time-points. 
The results showed that estradiol can promote Ishikawa and 
HEC-1A cell division and proliferation (Fig. 1).

To evaluate the impact of estradiol on Ishikawa and HEC-1A 
cell growth, clone-forming experiment was developed. A total 
of 500 cells were seeded and treated with 1x10-6  mol/l estra-
diol or with DMEM as control for 30 min. After 7 days, the 
clone formation rate in E2 group was significantly higher than 
that in control group (Fig. 2C).

The migration experiment was performed to verify the 
effect on motility of Ishikawa and HEC-1A cells. The cells 
that managed to traverse the filter to the lower chamber were 
counted under magnification. The migrating cells in E2 group 
was significantly increased compared to that in control group 
(Fig. 2A and D). The invasion capacity of Ishikawa cells was 
evaluated in matrigel invasion assays. The number of cells that 
invaded through the matrigel and membrane was determined. 
The invading cells in E2 group was significantly increased 
compared to the control group (Fig. 2A and D). These results 
suggest that estradiol may impact tumor metastatic ability in 
endometrial cancer cells.

To further observe the estradiol function on the cell cycle, 
1x106 cycle synchronized cells, after serum starvation, were 
seeded in 6-well plates and treated with or without 1x10-6 mol/l 
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Figure 1. Cell passage detected by CFSE at different times. (A) Ishikawa cell proliferation of E2 and control groups. (B) HEC-1A cell proliferation of E2 and 
control groups. *P<0.05.

Figure 2. Cells phenotype of Ishikawa and HEC-1A cells. (A) The cell migration and invasion experiment was performed by Transwell mini-chamber. The 
cells that managed to penetrate the filter to the lower chamber were counted at x20 magnification in 5 different fields per filter. (B) The effect of estradiol on 
Ishikawa and HEC-1A cell cycles. (C) The clone formation assay. The clone formation rate in E2 group was significantly higher than that in control group either 
Ishikawa or HEC-1A cell. (D) The migrating and invading cells in E2 group was significantly increased versus control group in either Ishikawa or HEC-1A 
cells. (E) G0/G1 and S phase percentage of E2 and control groups. For Ishikawa and HEC-1A cell line, G0/G1 cell percentage in E2 group was significantly 
decreased compared to the control group, S phase cell percentage in E2 group was significantly increased versus the control group; *P<0.05.
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estradiol for 30 min, G0/G1 percentage of E2 groups were 
significantly lower than that in control groups, percentage 
of S phase cells in E2 groups were significantly increased 
compared to that in control groups (Fig. 2B and E), suggesting 
that estradiol might stimulate cell proliferation.

Estradiol induced mRNA expression of VEGF and bFGF 
via Akt induced NF-κB pathway in the endometrial cancer 
Ishikawa cells. To understand the function of estradiol and 
angiogenesis in endometrial cancer, we first investigated 
whether estradiol induced mRNA expression and protein 
synthesis of the VEGF and bFGF in Ishikawa and HEC-1A 
cells through real-time semi-quantitative RT-PCR and 
ELISA for VEGF and bFGF expression. The effect of VEGF 
and bFGF level increased in Ishikawa cells with estradiol 
treatment could be blocked by estradiol inhibitor ICI, AKT 
inhibitor, or NF-κB inhibitor PDTC. However, the effect of 
VEGF and bFGF level increased in HEC-1A cells with estra-
diol treatment could be blocked by AKT inhibitor, NF-κB 
inhibitor PDTC, but not by the estradiol inhibitor ICI (Fig. 3), 
suggesting a role of Akt and NF-κB in estradiol-induced 
angiogenic factor synthesis.

Effects of estradiol on Akt kinase activity. To determine 
whether estradiol can also activate the Akt pathway, the ability 
of estradiol to induce Akt protein expression was determined 
by western blot analysis. Ishikawa and HEC-1A cells were 
serum starved for 24 h and treated with 1x10-6 mol/l estradiol 
for 30 min with or without 25x10-6 mol/l of Akt inhibitor, or 
1x10-6 mol/l of anti-estradiol ICI 182,780 preincubation for 
1 h. We detected total Akt and phosphorylation Akt of Ser473 
to evaluate activated serine/threonine kinase function of Akt. 
The ratio of p-Akt (at Ser473 site)/Akt/GAPDH was used as 
the level of Akt activation. The results showed that Akt acti-
vation was stimulated by estradiol. In contrast, ICI 182,780 
and Akt inhibitor inhibited estrogen-induced Akt activation 
in Ishikawa cells (Fig. 4A and B) while only Akt inhibitor 
inhibited estrogen-induced Akt activation in HEC-1A (Fig. 4C 
and D).

NF-κB activation by Akt in endometrial cancer cells. To 
investigate whether estradiol could regulate NF-κB activity, 
we measured its activity in Ishikawa and HEC-1A cells stimu-
lated by varied concentrations of estradiol at 30 min. NF-κB 
activity peaked at concentration of 1x10-6  mol/l estradiol 

Figure 3. Involvement of AKT via NF-κB in the induction of VEGF and bFGF production by estradiol. (A) VEGF and bFGF mRNA expression in Ishikawa 
cells pretreated with estradiol receptor inhibitor ICI, AKT inhibitor, NF-κB inhibitor PDTC, respectively, at indicated concentrations before 1x10-6 mol/l 
estrogen treatment was detected through real-time RT PCR. VEGF and bFGF mRNA increase in Ishikawa cells with estradiol treatment could be blocked by 
estradiol receptor inhibitor ICI, AKT inhibitor, or NF-κB inhibitor PDTC. (B) VEGF and bFGF protein in the Ishikawa cell culture supernatant was measured 
by ELISA. VEGF and bFGF protein level tendency was consistent with mRNA expression. (C) VEGF and bFGF mRNA expression in HEC-1A cells pretreated 
with estradiol receptor inhibitor ICI, AKT inhibitor, NF-κB inhibitor PDTC, respectively, at indicated concentrations before 1x10-6 mol/l estrogen treatment 
was detected through real-time RT PCR. VEGF and bFGF mRNA increased in Ishikawa cells with estradiol treatment could be blocked by AKT inhibitor, or 
NF-κB inhibitor PDTC, but not by the estradiol receptor inhibitor ICI. (D) VEGF and bFGF protein in the HEC-1A cell culture supernatant was measured by 
ELISA. VEGF and bFGF protein level tendency was consistent with mRNA expression. Each bar represents the mean ± SD. *P<0.01, compared with control 
group; #P<0.05, compared with E2 group.
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Figure 4. Estradiol induces Akt aictivation in Ishikawa and HEC-1A cells. (A) Expression of activated Akt kinase in Ishikawa cells. (B) Quantitation of the 
total Akt by western blot analysis normalized by GAPDH levels in Ishikawa cells. Each bar represents the mean ± standard deviation (SD). *P<0.01, compared 
with control group; #P<0.05, compared with E2 group. Akt activation was stimulated by estradiol only, ICI 182,780 and Akt inhibitor inhibited estrogen-
induced Akt activation. (C) Expression of activated Akt kinase in HEC-1A cells. (D) Quantitation of the total Akt western blot signal normalized by GAPDH 
levels in HEC-1A cells. Each bar represents the mean ± standard deviation (SD). *P<0.01, compared with control group; #P<0.05, compared with E2 group. Akt 
activation was stimulated by estradiol, Akt inhibitor inhibited estrogen-induced Akt activation.

Figure 5. NF-κB activity. (A) The NF-κB activity in Ishikawa cells after stimulated with concentration of 1x10-6 mol/l estradiol were significantly higher than 
that in the control group and the other concentration groups (10-4, 10-8 and 10-10 mol/l); *P<0.05. (B) The NF-κB activity in Ishikawa cells after stimulated with 
1x10-6 mol/l estradiol for 30 min and 1 h were significantly higher than that in 15 min and 2 h; *P<0.05. (C) Ishikawa cells was incubated with 1x10-6 mol/l 
estradiol for 30 min (E2 group), or with the AKT inhibitor for 1 h, following incubation with 1x10-6 mol/l estradiol for 30 min, or vehicle as control. NF-κB 
activity in AKT inhibitor group was significantly lower than that in estradiol group. *P<0.05, AKT inhibitor group compared with E2 group. (D) The NF-κB 
activity in HEC-1A cells after stimulated with concentration of 1x10-6 mol/l estradiol were significantly higher than that in the control group and the other 
concentration groups (10-4, 10-8 and 10-10 mol/l); *P<0.05. (E) The NF-κB activity in HEC-1A cells after stimulated with 1x10-6 mol/l estradiol for 30 min 
and 1 h were significantly higher than that in 15 min and 2 h; *P<0.05. (F) HEC-1A cells was incubated with 1x10-6 mol/l estradiol for 30 min (E2 group), or 
with the AKT inhibitor for 1 h, following incubation with 1x10-6 mol/l estradiol for 30 min, or vehicle as control. NF-κB activity in AKT inhibitor group was 
significantly lower than that in estradiol group. *P<0.05, AKT inhibitor group compared with E2 group. Each bar represent the mean ± SD of 3 independent 
experiments. 
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(Fig. 5A and D). After incubation with 1x10-6 mol/l estradiol, 
the level of NF-κB activity in Ishikawa cells was gradually 
increased at 30 min and peaked at 60 min, showing a time-
dependent manner (Fig. 5B and E). The results indicated that 
estradiol could induce NF-κB activation.

To further study the relationship between Akt and NF-κB 
activation, Ishikawa and HEC-1A cells were serum starved for 
24 h and then treated with 1x10-6 mol/l estradiol for 30 min 
with or without 25x10-6 mol/l of Akt inhibitor preincubation. 
NF-κB activity in AKT inhibitor was significantly weaker 
than that in estradiol stimulation (Fig. 5C and F). Thus, NF-κB 
activity induced by estradiol was blocked by AKT inhibitor 
pretreatment, confirming that estradiol induced NF-κB acti-
vation by Akt. Taken together, these data demonstrated that 
estradiol can mediate the expression of VEGF and bFGF 
through AKT pathway involving NF-κB activation.

Growth of tumors in vivo. To further elucidate the mechanism by 
which estradiol and Akt-mediated NF-κB pathway stimulates 
growth of endometrial cancer cells, we developed  Ishikawa 
and HEC-1A cell-stimulated endometrial cancer model in vivo. 
In this model, tumors originated from Ishikawa or HEC-1A 
cells treated with estradiol E2 grew faster than that in control 
(P<0.01) (Fig. 6). In Ishikawa cell model in vivo, tumors were 
smaller in estrogen inhibitor ICI 182,780 alone (P<0.01), 
AKT inhibitor alone (P<0.01), NF-κB inhibitor PDTC alone 
(P<0.01) compared with that in control. In HEC-1A cell model 

in vivo, tumors were smaller in AKT inhibitor alone (P<0.01), 
NF-κB inhibitor PDTC alone (P<0.01) compared with that in 
control. Notably, NF-κB inhibitor PDTC particularly blocked 
xenograft tumors, compared with estrogen inhibitor or AKT 
inhibitor. These data showed that tumor continues to grow in 
response to E2, but was resistant to its Akt-mediated NF-κB 
pathway inhibitor in the model in vivo of Ishikawa or HEC-1A 
cells-stimulated endometrial tumors.

We constructed a xenograft model in nude mice by inocu-
lation of Ishikawa or HEC-1A cells. When xenograft tumor 
was developed to 1 cm3, we investigated the effect after using 
E2, estrogen inhibitor ICI 182,780, AKT inhibitor, or NF-κB 
inhibitor PDTC through hematoxylin and eosin stain and 
immunohistochemical methods.

VEGF was detected in the cytoplasm; bFGF, Akt protein 
and NF-κB protein were detected mainly in the endometrial 
gland epithelium and slightly in cell membrane (Fig. 7A).

The percentage of strong positive expression of VEGF and 
bFGF in ishikawa cell estradiol group were significant higher 
than that in control group (both 83.33 vs. 50.0%). The strong 
positive expression of VEGF and bFGF using estrogen inhib-
itor ICI 182,780, or AKT Inhibitor was 0%, estradiol group 
was 83.33%, there was a significant difference (P<0.05). The 
strong positive expression of VEGF, and bFGF using PDTC 
were significantly lower than that in E2 group (33.33, 16.67 
vs. 83.33%), (P<0.05) (Fig. 7B). The strong positive expression 
rate of Akt protein in ishikawa cell E2 group was much higher 

Figure 6. The effect of estradiol and its inhibitor on development of xenograft tumors. Mice were randomly treated with PBS as controls; 25 ml/kg estradiol; 
45 mg/kg estrogen inhibitor ICI 182,780; 25 ml/kg AKT inhibitor; NF-κB inhibitor PDTC into the abdomen, respectively, once every three days for seven 
times continuously. The length and width of tumors were measured every two days. (A) Tumor volume of Ishikawa cell model in vivo. (B) Tumor volume of 
HEC-1A cell model in vivo. (C) The tumor images after the mice were sacrificed at day 21. *P<0.01, compared with control group; #P<0.05, compared with 
E2 group.
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than that in control group, EI group, Akt inhibitor group, 
PDTC group (95.83% vs. 66.67, 0, 0 and 33.33%, respectively; 
P<0.05 all) (Fig. 7B).

The strong positive expression rate of NF-κB protein in 
ishikawa cell E2 group was much higher than that in control 
group (100 vs. 62.5%; P<0.05). The strong positive expression 
rate of NF-κB protein in EI group, Akt group, or NF-κB group 
was significantly lower than that in E2 group (0%, 33.33, 33.33 
vs. 100%, respectively; P<0.01) (Fig. 7B).

HEC-1A cell line showed almost the same results, except 
in the group of EI. That is to say, for HEC-1A cell line nega-
tive of estrogen receptor, the strong positive expression rate of 
VEGF, bFGF, AKT and NF-κB protein was not significantly 
different between the groups E2 and EI.

Discussion

The actions of estradiol are essential for the growth and 
survival of tumors that develop from reproductive tissue. 
Estradiol is thought to exert its biological effects by at 
least two mechanisms: one termed genomic and the other 
non-genomic (9). The rapid, non-genomic actions of this sex 
steroid are attributed to membrane action. However, studies 
also found that E2 attributed to rapid, non-genomic effects 
on cell membrane-initiated signaling  (10). Many studies 
show that estradiol can induce Akt activation of PI3K/Akt 
which is linked to estradiol-induced endometrial epithelial 
cell proliferation  (11). Estradiol can activate Akt rapidly 
in endometrial cancer while blocked by PI3K inhibitor, 

indicating the estradiol may activate PI3k/Akt kinase cascade 
through non-genomic action involved in the occurrence of 
endometrial cancer (12). E2 activation of PI3K is required for 
subsequent downstream activation of membrance-associated 
signaling pathway-phosphorylation of Akt. We have 
observed that estradiol treatment of Ishikawa or HEC-1A 
cells for 30  min rapidly induce phosphorylation of Akt 
(Ser473). We propose that estrogen-mediated Akt activation 
is non-genomic because production of p-Akt protein was 
only 30  min and not completely depend on the estrogen 
receptor. On the contrary, the blocking effect of Akt inhibitor 
is more significant than that of ER inhibitor in Ishikawa 
cells. We deduced estradiol might activate Akt pathway by 
non-genomic estrogenic effects, suggesting p-Akt is related 
to occurrence of the tumor.

AKT is a serine/threonine protein kinase, also known as 
protein kinase B including N-terminal pleckstrin homology 
(PH) domain, middle of the kinase activity domain, C-terminal 
regulatory domain (RD). Akt is activated by phospholipid 
binding and activation loop phosphorylation at Thr308 by 
PDK1 and by phosphorylation within the carboxy-terminus at 
Ser473. Whereas the phosphorylation at Ser473, an indication 
of the maximal activation of Akt appears to be dependent on 
PI3K (13,14). Some studies (15-17) have indicated that Akt 
may form a complex with IκB kinase (IKK) and subsequently 
protect cells from apoptosis. Akt phosphorylation has been 
shown to activate NF-κB in RL-95-2 and Ishikawa human 
endometrial cancer cell lines (8). To date, it is unclear whether 
diverse estradiol mediated biological effects are via Akt 

Figure 7. Immunohistochemical experiments in the xenograft model. (A) The a, c, e and g show strong positive immunohistochemical staining of VEGF, bFGF, 
AKT and NF-κB images; the b, d, f and h are negative staining images. (B) The histogram of VEGF, bFGF, AKT, NF-κB strong positive expression in Ishikawa 
cells. (C) The histogram of VEGF, bFGF, AKT, NF-κB strong positive expression in HEC-1A cells.
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mediated NF-κB pathway. Indeed, our results demonstrated 
that the NF-κB activity was induced by different concentra-
tions of estradiol. the estradiol induced NF-κB activity was 
blocked by pretreatment with the Akt inhibitor comparing 
with estradiol treatment, suggesting Akt pathway is essential 
for the effect of estradiol on the downstream target NF-κB.

Akt, a major effector protein kinase in the PI3-K signaling, 
is regulated by steroid hormones (18), growth factors (19) and 
their receptors (20). ER mediated VEGF and bFGF protein 
expression were shown to be strictly dependent on Akt pathway 
which was inhibited by AKT inhibitors in vivo.

High expression of NF-κB in breast and endometrial cancer 
showed a possible important role of NF-κB in promoting 
proliferation, suppressing apoptosis and promoting cell migra-
tion (21-23). The activity of NF-κB is tightly controlled by 
inhibitory IκB proteins that bind to NF-κB complexes and 
thus sequester NF-κB in the cytoplasm. Upon appropriate 
stimulation, phosphorylation of IκB family members by IKB 
kinase (IKK) complex leading to NF-κB nuclear translocation 
and transcriptional activation. Since Akt phosphorylation 
has been shown to activate NF-κB in other systems (24), a 
similar sequence of events might be involved in phosphor-Akt 
expressing Ishikawa and HEC-1A cells in the present study.

Regulation of the various key angiogenic factor synthesis 
such as VEGF and bFGF, are controlled via NF-κB 
activity  (8,25). NF-κB is an important upstream regulator 
of VEGF, a major angiogenic factor that induces endothelial 
cell proliferation (26), promotes tumor-induced angiogenesis. 
Estradiol-induced angiogenesis appear to be dependent on 
angiogenic factors such as VEGF and bFGF. In the present 
study, we demonstrated that estradiol induces Akt production, 
which subsequently leads to production of angiogenic factors 
VEGF and bFGF in endometrial cancer cells via the activation 
of NF-κB, this estrogenic effect was blocked by the estradiol 
inhibitor ICI, AKT inhibitor, or the NF-κB inhibitor PDTC in 
estrogen receptor-positive Ishikawa cell line and blocked by 
AKT inhibitor, NF-kB inhibitor PDTC in estrogen receptor- 
negative HEC-1A cell line.

To the best of our knowledge, this is the first report 
demonstrated the critical role of Akt-induced NF-κB activa-
tion in estradiol-mediated angiogenesis which promotes the 
cell proliferation, clone formation while impacts tumor cell 
migration and invasion. In the present study, we demonstrate 
that Akt is involved in estradiol induced angiogenesis because 
it was observed that the inhibition of Akt or NF-κB action 
decreased the effects of estradiol. We have also shown that 
Akt exerts its biological activity through NF-κB activation 
(4,17). Several investigators have reported a role of NF-κB in 
angiogenesis (27,28). Because Akt is a critical factor of NF-κB 
in vivo as well as in vitro (29), any circumstance of release 
and/or synthesis of Akt abnormally may lead to pathological 
angiogenesis via an NF-κB-dependent mechanism. NF-κB 
inhibition by parthenolide markedly enhances the sensitivity 
of resistant breast cancer tumor cells to tamoxifen through 
suppression of the Akt pathway (30). Thus, in the present study, 
we have demonstrated that estradiol induces NF-κB activation 
through Akt induction in endometrial cells.

Angiogenesis is essential for tumor growth, invasion 
and metastatic spread. High expression of VEGF and bFGF 
were significantly associated with histologic grade, vascular 

invasion and disease progress (31,32). therefore, VEGF and 
bFGF are considered as important angiogenic and prognostic 
factors. In conclusion, our findings demonstrated that estradiol 
induces the synthesis of key angiogenic factors VEGF and 
bFGF in endometrial cells through Akt-mediated activation 
of NF-κB, suggesting the possibility of a potential therapeutic 
target for human endometrial cancers.
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