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Purpose: This study aimed to explore the role of Estrogen Receptor-β (ERβ)-mediated Notch

signaling pathway in the regulation of proliferation and apoptosis in liver cancer cells.

Methods: HepG2 cells (Pbi-EGFP-ER) were transfected with ERβ that mediated by liposome,

and normal HepG2 cells (Blank) and empty plasmid-transfected HepG2 cells (Pbi-EGFP-C)

were used as controls. Then, Huh7 cells were transfected with shERβ lentivirus to knock down

ERβ expression. The Huh7 cells were divided into three groups including Blank, experimental

group (shERβ) and negative group (shLuc). Then, qRT-PCR, Western blot, CCK-8 assay, cell

scratch assay, Transwell assay, Annexin V-FITC and PI double staining were performed based on

these groups. Finally, a mouse xenograft model was constructed to verify the regulation of ERβ

on Notch signaling pathway in liver cancer.

Results: In HepG2 cells, the ERβ expression in Pbi-EGFP-E group was higher than that in

Blank and Bi-EGFP-C group. Overexpression of ERβ inhibited HepG2 cell proliferation,

migration, invasion and Ki67 protein expression, as well as promoted apoptosis, Bcl-2 and

Bax expression. Overexpression of ERβ decreased Notch1, Notch2 and Hes1 expression. In

Huh7 cells, the effect of low ERβ expression was contrary to that of high ERβ expression. The

shERβ + DAPT group reversed the effect of shERβ on the volume and weight of transplanted

tumors.

Conclusion: ERβ may inhibit the development of liver cancer and promote apoptosis via

inhibiting the Notch pathway.

Keywords: liver cancer, ERβ, Notch signaling pathway, HepG2 and Huh7, proliferation and

apoptosis

Introduction
Liver cancer is the second leading cause of cancer death worldwide, causing more than

700,000 deaths each year.1,2 Treatment for liver cancer includes surgery, radiofrequency

and microwave ablation, chemotherapy, radiation therapy and liver transplantation.3

Actually, the effects of drug treatment vary from person to person, and surgical treatment

is prone to recurrence.4,5 Although previous study shows that liver disease is associated

with imbalance between serum estradiol and testosterone,6 the molecular mechanism of

liver cancer cell metastasis has not been fully elucidated and needs further clarification.

Importantly, the liver is a hormone-sensitive organ, and the hepatic estrogen receptor

subtypes α (ERα) and ERβ have been characterized.7 ERβ, a member of the nuclear

receptor superfamily, has important effects on cell proliferation, development and pro-

gression in many diseases.8,9 Michele et al10 have indicated that the low expression of
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ERβ is directly related to apoptosis and negatively correlated

with cell proliferation. Overexpression of ERβ can attenuate

the role of apoptotic proteins and inhibit the level of pro-

apoptotic proteins.11 Moreover, the Notch signaling pathway,

one of the most frequently activated signaling pathways in

cancer, is proved to be involved in the regulation of hepatic

metabolism, inflammation and cancer.12,13 As an evolutiona-

rily conserved pathway, Notch is critical for the development

and homeostasis of many organs, including the liver.14

A previous study has shown that ERβ-dependent Notch1

activation regulates apoptosis in vascular endothelial cells.15

Although sporadic researches have proved the relations among

ERβ, Notch pathway and liver cancer, whether ERβ takes part

in the liver cancer progression via Notch signaling pathway is

still not fully revealed.

In this study, the human hepatoma HepG2 cells and

Huh7 cell lines were transfected with ERβ gene. Based on

this, the quantitative real-time polymerase chain reaction

(qRT-PCR) analysis, CCK-8 detection, cell scratch assay,

Transwell assay, Annexin V-FITC and PI double staining

and Western blot analysis were investigated. Finally, a

mouse xenograft model of liver cancer was constructed

to verify the regulation of ERβ on Notch signaling path-

way. This study hoped to reveal the biological function of

ERβ in the progression of liver cancer, and provided new

insights of ERβ in liver cancer treatment.

Materials And Methods
Cell Grouping And Transfection
Human hepatocellular carcinoma (HCC) cell lines HepG2

(American Type Culture Collection, ATCC) and Huh7 (Cell

Bank of the Chinese Academy of Sciences, Shanghai, China)

were cultured by our laboratory (37°C, 5%CO2, antibody-free

DMEM medium containing 10% fetal bovine serum). The

plasmids of Pbi-EGFP-ERβ and Pbi-EGFP-C were purchased

from Beijing Huada Gene Technology Co., Ltd. (Beijing,

China) followed by transduction of Huh7 cells with shERβ

lentivirus to knock down ERβ. Then, HepG2 cells were

divided into blank control (Blank) group, experimental (Pbi-

EGFP-ERβ) group and negative control (Pbi-EGFP-C) group.

Meanwhile, Huh7 cells were divided into blank control

(Blank) group, experimental (shERβ) group and negative con-

trol (shLuc) group. The cells with a good growth state were

transfected by Lipofectamine Fisher 2000 transfection reagent

(Invitrogen, USA). After aspirating the original medium, a

total of 200 pmol of Pbi-EGFP-ERβ/empty plasmid and

5 μL of LipofectamineTM 2000 were diluted with 250 μL

Opti-MEM. Then, diluted shERβ, shLuc, Pbi-EGFP-ERβ,
empty plasmid and LipofectamineTM 2000 were mixed and

incubated at room temperature for 20 mins. When transfected

for 24 hrs, the number of green fluorescent cells was observed

under an inverted fluorescence microscope, and five fields

were randomly selected to measure the cell transfection rate.

After transfection for 72 hrs, cells in Pbi-EGFP-ERβ group
and shERβ groupwere cultured inDMEMmedium containing

5 μmmol/L DAPT (Notch inhibitor, Sigma, Missouri, USA),

which was named as Pbi-EGFP-ERβ + DAPT group and

shERβ + DAPT group, respectively. After 48 hrs of culture,

the expression levels of Notch1, Notch2 and Hes1 proteins

were detected.

qRT-PCR
Total RNA was extracted by TRIZOL kit (Invitrogen,

Carlsbad, California, USA). For gene expression detection,

10 μL of ABI system was used, including 1 μL of single-

stranded cDNA, 5 μL of SYBRGreen Real-time PCRMaster

Mix and 0.5 μL (1 μmol/L) of upstream primers and down-

stream primers. The reaction conditions were 95°C for

5 mins, then 40 cycles of 95°C for 60 s, 60°C for 15 s and

72°C for 34 s. β-actin was used as an internal reference, and

expression of the target gene was analyzed by 2−ΔΔCt

method.16 All primer sequences were synthesized by

Invitrogen and are shown in Table 1.

Western Blot Assay
After transfection of HepG2 cells for 72 hrs, the transmem-

brane protein was extracted according to the member protein

extraction kit (Beyotime, Shanghai, China). SDS-PAGE was

performed to separate proteins, then the proteins were trans-

ferred to PVDF membranes, followed by blocking with 5%

BSA for 1 hr. Primary antibodies (Hesl, Notchl, Notch2,

1:1000, Santa Cruz, USA, Bax, BCL-2, Ki67, 1:1000,

Table 1 PCR Primer Sequences

Name Of Primer Sequences (5ʹ-3ʹ)

Notch1-F GACATCACGGATCATATGGA

Notch1-R CTCGCATTGACCATTCAAAC

Notch2-F TGCCAAGCTCAGTGGTGTTGTA

Notch2-R TGCTAGGCTTTGTGGGATTCAG

ERβ-F TTCTCCTTCCTCCTACAACTG

ERβ-R GATGTGATAACTGGCGATGG

Hes1-F CGAAGAGCAAGAATAAAT

Hes1-R GAATGAGGAAAGCAAACT

β-actin-F GAAGTCCCTCACCCTCCCAA

β-actin-R GGCATGGACGCGACCA
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Abcam, UK) and HRP-labeled goat anti-rabbit (1:3000,

Boaosen Biotechnology, China) were used, respectively.

The image was scanned using a gel imaging system

(Chemilu-mines-cenceimaging system, USA). Image J ana-

lysis software was used to analyze the expression levels of

Hes1, Notch1 and Notch2 proteins.

CCK-8 Detection
Cell proliferation assay was performed strictly according

to the instructions of the CCK-8 kit (Beyotime, China).

After transfection for 0 hr, 24 hrs, 48 hrs and 72 hrs, 90 μL
serum-free medium containing 10 μL of CCK-8 reagent

was added to each sample. After incubation for 2 hrs, the

supernatant was transferred to a new 96-well colorimetric

plate. The Anthos microplate reader (Biochrom Anthos

2010, Britain) was used to measure absorbance (A450)

and plot the in vitro growth curve of the cells.

Scratch Assay
Cell scratch assay was used to detect cell migration in the

current study. Simply, after adjusting the cell density of

each group, the cells were inoculated into the 6-well plate.

After drew a line across the surface of culture medium,

washed by PBS and added fresh culture medium, cells

were continuous cultured for 24–48 hrs. Then, these cells

were observed and photographed under inverted micro-

scope (Olympus Ckx53) to calculate the cell migration

rate.

Transwell Assay
Cells were placed in the gelatin-coated Transwell upper

chamber, a culture medium containing 10% fetal bovine

serum (FBS) was added to the lower chamber. After 12 hrs

of culture, the upper chamber was removed, and the unmi-

grated cells in the upper chamber were wiped off with a

cotton swab. The cells were fixed with 4% paraformalde-

hyde at room temperature for 10 mins, stained with 0.25%

Coomassie brilliant blue for 15 mins and randomly taken 5

visual fields under a 400× field microscope (Olympus

Ckx53) to count the number of invading cells.

Annexin V-FITC And PI Double Staining
After transfection for 72 hrs, cells were digested with

0.25% trypsin, and then PBS was used to prepare a cell

suspension. Then, cells were centrifuged (1500 r/min,

5 mins, 4°C), washed and re-suspended. A total of 100

μL cell suspension, 5 μL of FITC-labeled Annexin V and

10 μL of propidium iodide (20 g/L) were added and

incubated at room temperature for 15 mins in the dark.

Finally, 400 μL binding buffer was added to each tube, and

the flow cytometry was quantitatively detected by

FACScan.

Mouse Xenograft Model Experiment

A total of 20 BALB/c-nu mice (6 weeks old, purchased

from Shanghai Institute of Materia Medica) were ran-

domly divided into 4 groups (5 in each group). Then,

Huh7 cells (3 × 106) from Blank, shLuc, shERβ and

shERβ + DAPT groups were subcutaneously inoculated

into the right axillary region of the mice to establish a

xenograft tumor model. The growth of the transplanted

tumor was examined every 5 days after continuous mod-

eling (30 days of continuous measurement). The tumor

diameter was measured with a vernier caliper, followed

by the tumor volume was calculated. After the last mea-

surement, the mice were sacrificed by neck dislocation,

and the tumor weight was weighed after the tumor was

removed. The tumor growth curve was drawn by taking

the tumor volume as the ordinate and the time as the

abscissa. All the above experiments were approved by

the Animal Ethics Committee of our hospital, and all

experiments were in accordance with the local guide for

the care and use of laboratory animals.

Statistical Analysis
GaphPad Prism 5.0 software (GaphPad software, Inc., La

Jolla, USA) was used for all statistical analyses. All results

were expressed as the mean ± SD. One-Way ANOVA was

used for the current study. Tukey’s multiple comparison

test was used for the pairwise comparison after ANOVA. P

< 0.05 was considered to be statistically significant.

Results
Successful Transfection Of HepG2 And

Huh7 Cells
After transfection, cells were investigated by green fluor-

escent protein (GFP) under an inverted fluorescence

microscope. The percentage of fluorescent cells was

counted by the same field of view of multiple people,

and the transfection efficiency was determined to be

about 70% (Figure 1A). The results of qRT-PCR showed

that compared with Blank and Pbi-EGFP-C, ER expres-

sion in Pbi-EGFP-ER group was significantly increased

(P < 0.05, Figure 1B). Moreover, compared with Blank

and shLuc groups, ER expression in shERβ group was

decreased significantly (P < 0.05, Figure 1C).
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Overexpression Of ERβ Inhibits Cell

Proliferation
After cultivation for 24 hrs, the effect of overexpression

and low-expression of ERβ on HepG2 cell proliferation

was measured by the CCK-8. Compared with the Blank

group and Pbi-EGFP-C group, cell proliferation of Pbi-

EGFP-ERβ group was significantly decreased (P < 0.05,

Figure 2A). Conversely, compared with Blank and shLuc

group, the proliferation of cells in shERβ group was

increased (P < 0.05, Figure 2B).

Overexpression Of ERβ Inhibits Cell

Migration And Invasion
The effect of overexpressed and low-expressed ERβ on the

migration of HepG2 cells was examined by cell scratch assay.

Compared with Blank and PBI-EGFP-C groups, the cell

migration rate in P bi-EGFP-ER group was significantly

decreased (P < 0.05), but there was no significant difference

betweenBlank andPBI-EGFP-Cgroups (P>0.05, Figure 3A).

Meanwhile, compared with the Blank and shLuc group, the

cell migration in the shERβ group was significantly increased
(P < 0.05, Figure 3B). Furthermore, Transwell assay showed

that the invasive ability of Huh7 cells in P bi-EGFP-ER group

was decreased than that in Blank and Bi-EGFP-C groups

(P < 0.05, Figure 3C). On the contrary, the low expression of

ERβ resulted in the enhancement of the invasive ability of

Huh7 cells (P < 0.05, Figure 3D).

Figure 1 The transfection of Pbi-EGFP-ERβ and shERβ. A, GFP-positive cells. B–C, the mRNA levels of ERβ detected by qRT-PCR. #P < 0.05 when compared with Pbi-

EGFP-C group or shLuc group; *P < 0.05 when compared with Blank group.

Figure 2 Effect of ERβ on the proliferation of HepG2 and Huh7 cells. (A)

Overexpression of ERβ detected by CCK-8 assay, and proliferation of HepG2

cells was inhibited. (B) Low expression of ERβ detected by CCK-8 assay, and

proliferation of Huh7 cells was promoted. #P < 0.05 when compared with Pbi-

EGFP-C group or shLuc group; *P < 0.05 when compared with Blank group.
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Overexpression Of ERβ Promotes Cells

Apoptosis
The results of Annexin V-PI double staining showed

that the apoptosis rate of Pbi-EGFP-ERβ group was

evidently higher in Pbi-EGFP-ERβ group than that in

the Blank and Pbi-EGFP-C group (P < 0.05, Figure 4A).

Low ERβ expression resulted in a decrease in the apop-

totic rate of Huh7 cells (P < 0.05). Furthermore,

Western blot showed that in HepG2 cells, compared

with Blank and Bi-EGFP-C groups, the expression of

Ki67 and Bcl-2 protein in Pbi-EGFP-ER group were

decreased significantly (all P < 0.05), while the expres-

sion of ERβ and Bax protein were increased signifi-

cantly (all P < 0.05, Figure 4B). In Huh7 cells, the

expression of Ki67 and Bcl-2 protein in ERβ group

was increased significantly (all P < 0.05), and the

expression of ERβ and Bax protein was significantly

decreased (all P < 0.05, Figure 4C).

Figure 3 Effect of ERβ on HepG2 and Huh7 cell migration. (A–B) Cell scratch assay showed the effect of ERβ on the migration of HepG2 and Huh7 cells. (C–D) Transwell

assay used to detect the invasion of HepG2 and Huh7 cells (crystal violet staining, ×200). *P < 0.05 when compared with Blank group; # P < 0.05 when compared with Pbi-

EGFP-C or shLuc group.
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Overexpression Of ERβ Inhibits Notch

Signaling Pathway
Compared with the Blank group and Pbi-EGFP-C group, the

levels of Notch1, Notch2 and Hes1 mRNAwere significantly

decreased in the Pbi-EGFP-ERβ group (all P < 0.05).

However, there was no distinct difference between the Blank

group and Pbi-EGFP-C group (P > 0.05) (Figure 5A). The

expression of Notch1, Notch2 and Hes1 protein detected by

Western blot was consistent with that by qRT-PCR

(Figure 5B). After treatment with Notch inhibitor, the expres-

sion levels of Notch1, Notch2 and Hes1 were lower than those

of Pbi-EGFP-ER group (all P < 0.05). In Huh7 cells, qRT-PCR

results showed that the expression levels of Notch1, Notch2

and Hes1 in shERβ group were significantly higher than those
in Blank and shLuc groups (all P < 0.05), while the expression

levels of Notch1, Notch2 and Hes1 in Blank and shLuc groups

were not significantly different (P > 0.05, Figure 5C). The

expression of Notch1, Notch2 andHes1 protein was consistent

with the result of qRT-PCR (Figure 5D). After treatment with

Notch inhibitor, the expression of Notch 1, Notch 2 and Hes1

in shERβ was reversed.

ERβ Affects The Growth Of Transplanted

Tumor In Mice By Regulating Notch

Signaling Pathway
In order to detect the role of ERβ in vivo, we constructed

the mice xenograft model. We found that compared with

the Blank and shLuc group, the volume and weight of the

transplanted tumors in the shERβ group were significantly

increased (all P<0.05, Figure 6A–C). However, the shERβ

+ DAPT group reversed the effect of shERβ on tumor

volume and weight. All these results suggested that ERβ

could inhibit the growth of transplanted tumor in mice by

regulating Notch signaling pathway.

Discussion
ERβ plays a key role in the development and progression of

a variety of human tumors.17 It is expressed in 80% of

epithelial cells including the matrix.18 Zhao et al have

indicated that ERβ is a “tumor suppressor” in breast cancer,

and ERβ stabilization could promote targeted therapy for

breast cancer.19 A previous study shows that overexpression

Figure 4 Overexpression of ERβ promoted apoptosis in HepG2 and Huh7 cells. (A) Annexin V/PI double staining was used to detect the apoptotic of each group. (B–C)

Western blot was used to detect the expression of ERβ protein, Ki 67 and apoptosis-related proteins (Bax, Bcl-2). *P < 0.05 when compared with the Blank group. #P < 0.05

when compared with the Pbi-EGFP-C or shLuc group.
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of ERβ and treatment with ERβ agonists could enhance

tumor suppressor function, resulting in decreased tumor

cell survival.20 Moreover, ERβ has growth inhibition and

chemical potentiation effect on ovarian cancer cells.21 In

addition, up-regulation of ERβ could inhibit the growth of

prostate cancer cells in situ and promote tumor cell

apoptosis.22 In this study, ERβ was successfully transfected

into HepG2 and Huh7. Overexpression of ERβ inhibited the

proliferation, migration and promoted apoptosis of HepG2

and Huh7 cell. Therefore, we speculate that the overexpres-

sion of ERβmay inhibit the development of liver cancer via

inhibiting the proliferation, migration and promoted apop-

tosis in liver cancer.

Ki67 is a widely used marker of cancer cell prolifera-

tion with significant prognostic value.23,24 A previous

study shows that Ki67 expression was prominently

increased during the proliferative phase of cancer cells.25

Interestingly, ER status is negatively correlated with Ki67

expression, indicating that ER-positive rates are highest

when tumors have the lowest proliferative activity.26,27

A previous study indicates that ERβ inhibits prostate can-

cer cell proliferation and promotes apoptosis by down-

regulating the expression of the proliferative marker

Ki67.28 Here, overexpression of ERβ significantly reduced

the expression of Ki67, resulting in inhibition of tumor

proliferation. Bax, a central cell death regulator, is a major

pro-apoptotic protein that controls cancer cell apoptosis.29

A previous study shows that the content of Bax protein in

cancer tissues is significantly lower than that in adjacent

normal tissues.30 Stimulation of Bax protein expression by

ERβ has also found to induce tumor cell apoptosis.31 In

this study, overexpression of ERβ significantly increased

Bax content and promoted apoptosis in HepG2 cells. On

the contrary, low expression of ERβ leads to the decrease

of apoptotic rate of Huh7 cells. Based on these results, we

speculated that overexpression of ERβ might promote

apoptosis of liver cancer by down-regulating the expres-

sion of Ki67 and up-regulating the expression of Bax.

The activation of ERβ-dependent Notch1 is proved

to take part in the process of apoptosis.15 Importantly,

an aberrant activation of the Notch signaling pathway in

ERβ morphants has been reported.32 A previous study

indicates that Notch pathway is involved in cell prolif-

eration and differentiation in cancer.13 Moreover, abnor-

mal activation of Notch signaling often occurs in liver

cancer, and liver cancer can be treated by blocking this

pathway.33 Wang et al have showed that inhibition of

Notch pathway and decreased expression of Notch

Figure 5 Overexpression of ERβ inhibited the expression of Notch1, Notch2 and Hes1. (A) The expression of Notch1, Notch2, Hes1 detected by qRT-PCR in HepG2 cells

or Huh7 cells (C). (B) The protein expression of Notch1, Notch2 and Hes1 detected by Western blot in HepG2 cells or Huh7 cells (D). *P < 0.05 when compared with

Blank and PBI-EGFP-C group; #P < 0.05 when compared with P bi-EGFP-ER group.
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receptor could regulate liver regeneration and liver can-

cer development.34 Another study of HCC has also

shown that inhibition of the Notch pathway reduces

tumorigenicity, cell invasion and migration.35 Similarly,

in the present study, we found that overexpression of

ERβ could inhibit Notch signaling pathway and suppress

the expression of Notch 1, Notch 2 and Hes1, which

further inhibit the proliferation of human liver cancer

cells and promot apoptosis. Importantly, the xenograft

model of mice study showed that ERβ could affect the

growth of transplanted tumor in mice by regulating

Notch signaling pathway. Thus, we speculate that over-

expression of ERβ might participate in the progression

of liver cancer by inhibiting the Notch pathway.

Conclusion
In conclusion, overexpression of ERβ may inhibit the devel-

opment of liver cancer via inhibiting the proliferation,

migration and promoted apoptosis in liver cancer.

Furthermore, overexpression of ERβ might participate in

the progression of liver cancer by inhibiting the Notch

pathway.
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test was used for the pairwise comparison after ANOVA. *P < 0.05 when compared with Blank and shLuc group.
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