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Purpose: Nr5a2 (nuclear receptor subfamily 5 group A member 2, also known as LRH-1),

which belongs to the NR5A (Ftz-F1) subfamily of nuclear receptors, is a key regulator in

stem cell pluripotency and the development of several types of cancer. However, the data are

controversial. Since Nr5a2 plays different roles in multiple types of cancer and the function

of Nr5a2 in gastric cancer (GC) has not been revealed, we studied the role and molecular

mechanism of Nr5a2 in GC.

Methods: In this study, we have investigated the effect of Nr5a2 on tumor growth and

metastasis by in vivo and in vitro models.

Results: The results showed that knockdown of Nr5a2 could inhibit cell proliferation via

arresting the cell cycle in the G2/M phase and suppress cell mobility through preventing the

epithelial-mesenchymal transition (EMT) process in AGS cells. In addition, knockdown of

Nr5a2 could suppress tumorigenesis and metastasis of AGS cells in vivo. We also demon-

strated that knockdown of Nr5a2 inhibited cellular proliferation and mobility by suppressing

the Wnt/beta-catenin signaling pathway.

Conclusion: Nr5a2 may act as an oncogene in GC development. The EMT process and the Wnt/

beta-catenin signaling pathway play an important role in the Nr5a2 induced GC development.
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Introduction
Gastric cancer (GC) is the fourth most common cancer and the second leading

cause of cancer death worldwide. The outcomes of metastatic GC are very poor,

with median survival being around 1 year.1 It is important to explore the molecular

mechanisms underlying GC development to identify novel therapeutic targets or

prognostic markers.

Nr5a2 (nuclear receptor subfamily 5 group A member 2, also known as LRH-1),

which belongs to the NR5A (Ftz-F1) subfamily of nuclear receptors, is an orphan

nuclear receptor predominantly expressed in the enterohepatic axis and in the

ovary.2 Previous studies have reported that Nr5a2 plays a role in reverse cholesterol

transport and bile acid metabolism in the liver.3–7 More recent studies have identi-

fied Nr5a2 as a key regulator in stem cell pluripotency and the development of

several types of cancer,8–16 especially breast cancer and pancreatic cancer.17–30

Nr5a2 promotes cancer cell proliferation via regulating cell cycle. In colon cancer

cell lines, Nr5a2 knockdown leads to an impairment of cell proliferation and Nr5a2

silencing can prolong the G0/G1 phase by cell-cycle analysis.15 In pancreatic
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cancer cell lines, Nr5a2 overexpression enhanced the

expression of Cyclin D1/E1 and stimulated cell

proliferation.23 In addition, Nr5a2 promotes cell prolifera-

tion through mitochondrial glutaminase 2 (GLS2) -

mTORC1 pathway in hepatoma carcinoma cells.13 Nr5a2

inhibition affects cell proliferation of different types of

breast cancer cells by regulating CDKN1A

transcription.20 Nr5a2 also play an important role in cell

mobility and invasion. Nr5a2 promotes pancreatic cancer

metastasis through enhanced transcriptional activity of

beta-catenin and the expression of downstream target

genes (c-Myc, MMP2/9).29 Remodelling of the actin cytos-

keleton and E-cadherin cleavage was observed in Nr5a2

over-expressed breast cancer cells, contributing to

increased cell mobility and invasion.17 Moreover. Nr5a2

mediates cancer cells chemoresistance via multiple

mechanisms. Nr5a2 enhances breast cancer cell chemore-

sistance by upregulating MDC1 and attenuating DNA

damage.27 Nr5a2 exhibits an increased expression pattern

in castration-resistant prostate cancer (CRPC) xenograft

models, and it promotes the intratumoral androgen bio-

synthesis in CRPC via its direct transcriptional control of

steroidogenesis.14

Although most studies have shown that Nr5a2 may

play an oncogenic role and may correlate with poor prog-

nosis, there are also some reports indicating the opposite

role of Nr5a2.28 These studies indicate that Nr5a2 plays

different roles in multiple types of cancer. Moreover,

Nr5a2 regulates the established tumor marker AFP in the

liver, whose expression is reinduced not only in hepatic

but also in gastric cancers.31,32 Does Nr5a2 also play a role

in the process of gastric cancer? In addition, Nr5a2 play

a central role in intestinal tumorigenesis, and intestinal

metaplasia of the stomach, a mucosal change characterized

by the conversion of gastric epithelium into an intestinal

phenotype, is a precancerous lesion from which intestinal-

type gastric cancer.33 In view of this, we wonder the

effects and molecular mechanisms of Nr5a2 on gastric

cancer.

Material and methods
Cell culture
The human GC cell line AGS was obtained from the

American Type Culture Collection (ATCC, Manassas,

VA) and cultured in F-12K medium. Human gastric cancer

cell lines BGC-823, KATO III, MGC-803 and SGC-7901

were purchased from the Type Culture Collection of the

Chinese Academy of Sciences (Shanghai, China) and cul-

tured in RPMI 1640 medium. All media were supplemen-

ted with 10% FBS, 100 U/ml penicillin and 100 μg/ml

streptomycin. HiPerFect Transfection Reagent (QIAGEN,

Hilden, Germany) was used to transfect cells with siRNA

and Attractene Transfection Reagent (QIAGEN, Hilden,

Germany) was used to transfect cells with plasmid DNA.

Establishment of stable shRNA-Nr5a2

AGS cell lines by lentivirus
Lentiviral vectors with shRNA-Nr5a2 (shNr5a2) and nega-

tive control (shNC) were purchased from the GenePharma

Company (Shanghai, China). The oligonucleotide encod-

ing sequences are as follows: shRNA-Nr5a2 5ʹ-

GCAGCAGACAGAGAAATTT-3ʹ, and negative control

5ʹ-TTCTCCGAACGTGTCACGT-3ʹ. Cells in the logarith-

mic growth phase were collected and inoculated into a 24-

well plate (5×104 cells/well). After adherence, the cells

were transfected with lentivirus and screened using 2 μg/
ml puromycin 2 days later. Cells from each clone were

analyzed for Nr5a2 expression by RT-qPCR and western

blotting, and the most efficiently knocked-down cells were

used in subsequent tests.

RNA extraction and RT-qPCR
Total RNA was extracted using TRIZOL Reagent

(Invitrogen, CA, USA) and reverse transcription was per-

formed using PrimeScript RT Master Mix Kit (Takara,

Dalian, China). For RT-qPCR, the cDNA was amplified

using SYBR Premix Ex Taq (Takara, Dalian, China), and

detected by a LightCycler 480 II (Roche, Mannheim,

Germany). Relative gene expression was determined

using the comparative delta-delta Cq method (2-ΔΔCq).34

The housekeeping gene GAPDH was used as an internal

control and all of the RT-qPCR reactions were performed

in triplicates. The primer sequences are as follows, Nr5a2

(5ʹ to 3ʹ, Forward: GCCACCCTCAACAACCTCAT,

Reverse: CTGCTGCGGGTAGTTACACA), GAPDH (5ʹ

to 3ʹ, Forward: GAAGGTGAAGGTCGGAGTC,

Reverse: GAAGATGGTGATGGGATTTC).

Western blotting
Western blotting analyses were performed following stan-

dard protocols. Briefly, cells were lysed in RIPA Lysis

Buffer (Beyotime, Jiangsu, China), which contained

Protease Inhibitor Cocktail (Roche, Mannheim,

Germany). Protein concentrations were measured using
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a BCA Protein Assay Reagent (Thermo, MA, USA). Equal

amounts of cell lysate were loaded onto SDS-PAGE gels

and then transferred to PVDF membranes. Membranes

were blocked with 5% fat-free milk and incubated with

primary antibodies at 4 °C overnight. The membranes

were incubated with horseradish peroxidase-conjugated

species-specific secondary antibodies. Bands were visua-

lized with enhanced chemiluminescence reagent

(Millipore, MA, USA). The following commercial antibo-

dies were used in this study: Nr5a2 (1:1000, Sigma, MO,

USA), E-cadherin, N-cadherin, Twist1, Vimentin, MMP-2,

beta-Catenin, Wnt3a, c-Myc and Cyclin D1 (1:1000, Cell

Signaling Technology, MA, USA), and Snail2 and

GAPDH (1:1000, Proteintech, Wuhan, China).

Cell proliferation assay
Cell proliferation rates were measured using a Cell

Counting Kit-8 (CCK-8) (Dojindo Laboratories, Japan)

according to the manufacturer’s instructions. Cells were

plated into 96-well plates (5×103 cells/well) and the cell

proliferation assay was performed at 0, 2, 48, 72, 96, and

120 h. The absorbance was measured by the EnSpire

Multimode Plate Reader (PerkinElmer, CA, USA). Each

sample was assayed in six repeated wells and the experi-

ment was performed three times independently.

Colony-formation assay
Cells were plated into 6-well plates (500 cells/well) and

incubated for 10–14 days. The medium was changed every

3 days. At the endpoint of incubation, the cells were fixed

with paraformaldehyde and stained with crystal violet.

Colonies (≥50 cells/colony) were counted.

Cell cycle analysis
Cells were collected at 72 h after siRNA-Nr5a2 or siRNA-

control transfection for flow cytometry analysis. Cells

were incubated with 50 µg/ml RNase A for 30 min at

room temperature, and then stained with 50 µg/ml propi-

dium iodide for 15 min at room temperature in the dark

before flow cytometry analysis. A total of 1×104 cells were

subjected to cell cycle analysis by the flow cytometer

(Becton Dickinson, NJ, USA). Each set was repeated

three times.

Cell migration and invasion assay
Cell migration and invasion assay were performed using

a 24-well migration chamber (Corning, NY, USA) with or

without Matrigel. Then, 5×104 cells were seeded in the top

chamber with 200 μl medium containing 5% FBS. The

bottom chamber was filled with 600 μl medium containing

20% FBS. After incubation for 24 h, the cells remaining at

the upper surface of the membrane were removed with

a cotton swab, and those that adhered to the lower surface

were fixed with paraformaldehyde and stained with crystal

violet. The number of cells that had invaded through the

membrane per field were counted and imaged under

a microscope (Leica Microsystems, Wetzlar, Germany).

Each experiment was performed three times

independently.

Wound healing assay
Cells were plated into 6-well plates. After cells were

grown to 90% confluence, a scratch was made by

a sterile pipette tip. After washing, cells were incubated

in medium containing 5% FBS. After incubation for 24 h

plates were photographed. Images were analyzed by Image

J software, and wound healing was calculated as the pro-

portion of remaining cell-free area compared with the

initial wound area. Each experiment was performed three

times independently.

TOP flash/FOP-flash reporter assay
Cells were plated into 24-well plates (5×104 cells/well)

and co-transfected with 0.4 μg beta-catenin reporter plas-

mid (TOP-flash; Sino Biological Inc., Beijing, China) or

its mutant control (FOP-flash; Sino Biological Inc.,

Beijing, China) and 0.04 μg pRLTK (Renilla TK-

luciferase vector; Promega, WI, USA) using Attractene

Transfection Reagent (QIAGEN, Hilden, Germany).

Cells were collected at 48 h after transfection, and the

activities of both firefly and Renilla luciferase reporters

were determined using a dual-luciferase reporter assay kit

(Promega, WI, USA) according to the manufacturer’s

instructions. Reporter activity was normalized to the con-

trol Renilla, and the TOP/FOP ratio was used as a measure

of beta-catenin-driven transcriptional activity.

In vivo tumor xenograft assays and

metastasis assays
For the in vivo xenograft assay, 2×106 AGS-shNr5a2 or

AGS-NC cells were subcutaneously injected into the

left or right dorsalflank, respectively, in nude mice.

Tumor sizes were measured with calipers every

3 days, and the volumes were calculated with the for-

mula (length × width2)/2. The mice were sacrificed at
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26 days after injection, and the tumors were excised for

photography. For lung metastasis formation, 1×106

AGS-shNr5a2 and AGS-NC cells were injected into

the tail veins of nude mice. Mice were euthanized

8 weeks after injection, and the lungs of the mice

were fixed with formaldehyde, followed by H&E stain-

ing. The metastatic foci in the lungs were counted

under a microscope. All experimental procedures were

approved by the Animal Ethics Committee of the West

China Hospital and were performed in accordance with

the Guide for the Care and Use of Laboratory Animals.

GC patient samples and

immunohistochemistry (IHC) staining
A total of 72 GC tissues and paired adjacent noncancerous

tissues were purchased from Shanghai Outdo Biotech

Company and were approved by the Ethics Committee of

Shanghai Outdo Biotech Company (Shanghai, China). All

tissue samples were double examined with a hematoxylin

& eosin staining method by two individual pathologists.

Immunohistochemistry staining of Nr5a2 was performed

using a standard biotin-streptavidin method with

a monoclonal antibody against human Nr5a2 (1:200 dilu-

tion, Sigma, MO, USA). For evaluating the expression

levels of Nr5a2, the Nr5a2 staining intensities were inde-

pendently scored by two experienced pathologists. Then,

the immunohistochemical staining of cells was evaluated

according to a score that added a scale of intensity of

staining to the proportion of positively-stained cells. The

intensity of staining was scored as follows: 0, no staining;

1, weak staining; 2, moderate staining; and 3, strong

staining. The proportion of stained cells was scored as

follows: 0, no cells stained; 1, <10% of cells stained

positive; 2, 10–50% of cells stained positive; and 3,

>50% of cells stained positive. The final score was deter-

mined by combining the two scores. A score of ≤3 was

considered low expression, and a score of 4–9 was con-

sidered high expression.35

Statistical analysis
Statistical analyses were performed using unpaired

Student’s t-tests and paired Student’s t-tests on GraphPad

Prism Software (GraphPad Software Inc., CA, USA). All

of the experiments were repeated at least three times, and

the data were expressed as means ± SD. The P-values

were denoted as * P<0.05, ** P<0.01, and *** P<0.001

in all figures.

Results
Knockdown of Nr5a2 reduced cellular

proliferation in AGS cells
In order to explore the role of Nr5a2 in the proliferation of

GC cells, we detected the mRNA and protein expression

level of Nr5a2 in five GC cell lines (AGS, BGC-823,

KATO III, MGC-803, and SGC-7901) (Figure 1A). The

Nr5a2 high-expression GC cell line AGS was infected

with the shNr5a2 lentivirus. The transfection efficiency

was validated by RT-qPCR and western blotting. The

results showed that infection with shNr5a2 lentivirus effi-

ciently decreased the mRNA (Figure 1B) and protein

expression level (Figure 1C) of Nr5a2 in AGS cells. The

effect of Nr5a2 knockdown on the proliferation of AGS

cell lines was examined by a CCK-8 proliferation assay

and a clone formation assay. The results showed that

knockdown of Nr5a2 in AGS cells caused a significant

inhibition of cell growth at 4 days after seeding (P<0.01)

(Figure 1D). This suppressive effect was further confirmed

by a colony formation assay, in which Nr5a2 knockdown

significantly decreased colony formation of AGS cells

when compared with control (P<0.01) (Figure 1E).

Further, we examined the effect of Nr5a2 knockdown on

cell cycle progression in AGS cells using PI staining in

combination with flow cytometric analyses. Compared to

the control group, Nr5a2 knockdown cells showed

a significant increase in the fraction of cells in the G2/M

phase (P<0.05) (Figure 1F). These results suggested that

Nr5a2 knockdown arrested cells in the G2/M phase. These

results revealed that Nr5a2 knockdown suppressed the

proliferation of AGS cells and suggested that Nr5a2 func-

tions as an oncogenic molecule in GC.

Knockdown of Nr5a2 suppressed cellular

mobility and inhibited EMT in AGS cells
To further examine the effect of Nr5a2 on AGS cell

mobility, the Nr5a2 knockdown and shRNA control cells

were used for Transwell assays. The Transwell migration

assays showed that the migration ability of Nr5a2 knock-

down cells was obviously suppressed compared with con-

trol cells (P<0.05). The Matrigel invasion assays indicated

that the tendency of the number of Nr5a2 knockdown cells

that invaded through Matrigel appeared to be less than that

of control cells, but there was no statistical difference

(Figure 2A). The wound healing assays showed

a consistent result, which was that the Nr5a2 knockdown
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cells demonstrated lower migration rates compared to the

control cells (P<0.05) (Figure 2B).

The role of Nr5a2 in cell migration led us to exam-

ine if Nr5a2 had any effect on the EMT process in

AGS cells. We measured the expression levels of mul-

tiple EMT-related factors in Nr5a2 knockdown and

control cells by western blotting. The results showed

that Nr5a2 knockdown induced the expression of

epithelial cell marker (E-cadherin) and reduced the

expression of mesenchymal cell markers (N-cadherin

and Vimentin) in AGS cells. The tendency of the

expression levels of two other typical mesenchymal

cell markers (Snail2 and Twist1) also appeared to be

reduced in Nr5a2 knockdown cells, but there were no

statistical differences. Furthermore, we detected the

expression of the MMP family member MMP2, which

has previously been reported to induce EMT in variety

of cancer. The results revealed that the expression of

MMP2 was remarkably suppressed in Nr5a2 knock-

down AGS cells (Figure 2C). Taken together, these

data suggest that Nr5a2 regulates the EMT process,

and downregulation of Nr5a2 inhibits AGS cells migra-

tion in vitro.

Knockdown of Nr5a2 suppressed

tumorigenesis and metastasis of AGS cells

in vivo
To investigate whether Nr5a2 knockdown could also sup-

press AGS cells growth and metastasis in vivo, we used

the Nr5a2-knockdown AGS cells to establish xenograft

tumor models in nude mice. We found that the mean
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Figure 1 Effect of Nr5a2 on proliferation of gastric cancer (GC) cells. (A) Nr5a2 mRNA abundance and protein expression levels in 5 GC cell lines were detected by RT-qPCR and

western blotting (B and C). Nr5a2 mRNA abundance and protein expression levels in the control and knockdown groups were confirmed by RT-qPCR and western blotting. (D)
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volume of tumors infected with shNr5a2 was 2.8-fold smal-

ler than the volume of tumors in the control group at 26 days

after inoculation (Figure 3A). Tumor growth curves show

that the AGS-shNr5a2 group exhibited a markedly decreased

growth rate after inoculation for 23 days (P<0.05) in contrast

to the control group (Figure 3B). Taken together, these find-

ings demonstrate that Nr5a2 knockdown can obviously sup-

press tumorigenic ability in AGS cells.

Further, to test whether Nr5a2 knockdown could influ-

ence the metastatic potential of AGS cells in vivo, AGS-

shNr5a2 and control cells were injected into nude mice’s

tail veins. The mice were sacrificed 2 months after injec-

tion, and we examined the metastatic nodules in the lung.

H&E staining showed that downregulated expression of

Nr5a2 led to a significantly decreased number of meta-

static nodules in the lung compared to the vector group

(P<0.05) (Figure 3C). All these findings suggest that

Nr5a2 knockdown could suppress the metastatic properties

of AGS cells in vivo.

Knockdown of Nr5a2 inhibited cellular

proliferation and mobility by suppressing

the Wnt/beta-catenin signaling pathway
The Wnt/beta-catenin signaling pathway plays an important

role in maintaining an epithelial cell phenotype,36 and pre-

vious studies have reported that Nr5a2 could drive cell cycle

progression and tumorigenesis by synergizing with the beta-

catenin signaling pathway in gut,37 so we detected the activ-

ity of the Wnt/beta-catenin signaling pathway in AGS cells.

Our data showed that the activities of Wnt/beta-catenin

signaling were significantly decreased in shNr5a2 groups

compared with the vector group by a TOP/FOP luciferase

reporter assay (P<0.01) (Figure 4A). Western blotting ana-

lysis showed that Nr5a2 knockdown decreased the expres-

sion of beta-catenin and Wnt3a in AGS cells. In accordance

with this, Cyclin D1 and c-Myc expression levels were also

decreased (Figure 4B). These are Wnt/beta-catenin signaling

pathway target genes. Therefore, these results indicated that

Nr5a2 may promote cellular proliferation and mobility by
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Figure 2 Effects of Nr5a2 on migration of GC cells. (A) The effect of Nr5a2 knockdown on cell migration and invasion ability in AGS cells was evaluated by Transwell assay. (B)
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regulating Wnt/beta-catenin signaling. To further confirm

this hypothesis, we treated AGS-NC and AGS-shNr5a2

cells with or without LiCl (an activator of the Wnt/beta-

catenin signaling pathway), and then detected cellular pro-

liferation and mobility by a CCK-8 proliferation assay and

a Transwell assay, respectively. The results showed that

Nr5a2 knockdown-induced downregulation of proteins

related to the Wnt/beta-catenin signaling pathway could be

rescued by LiCl (Figure 4C). Moreover, the results of the

CCK-8 proliferation assay showed that LiCl restored the

cells’ proliferation property in the shNr5a2 group

(Figure 4D). Further, the results of the Transwell assay

indicated that LiCl significantly increased the cell migration

ability of Nr5a2 knockdown AGS cells (P<0.05)

(Figure 4E). All these findings suggest that Nr5a2 promotes

cellular proliferation and mobility by regulating the Wnt/

beta-catenin signaling pathway in AGS cells.

There was no significant difference in

Nr5a2 expression in GC tissues compared

with adjacent noncancerous tissues
To determine the expression levels of Nr5a2 in GC tissues,

tissue microarray (TMA) - immunohistochemistry (IHC)

was performed in 72 paired primary GC tissues and adja-

cent noncancerous tissues. The expression of Nr5a2 is

mainly exhibited in the nucleus and/or the cytoplasm.

Strong or moderate staining of Nr5a2 was observed in

34/72 (47.2%) GC tissues, whereas weak or no staining

was observed in 38/72 (52.8%) of them (Figure 5A). The

mean expression level of Nr5a2 in the GC tissues

(4.60±0.27) was higher than in the paired adjacent non-

cancerous tissues (4.16±0.24), but there was no significant

difference between them (P>0.05) (Figure 5B).

Discussion
It is well known that Nr5a2 plays an important role in the

regulation of genes involved in reverse cholesterol trans-

port and bile acid metabolism in the liver.5,7 In addition,

more recent studies have identified Nr5a2 as a key reg-

ulator in the development of several types of cancer.11–16

Most of these studies have shown that Nr5a2 plays an

oncogenic role and correlates with poor prognosis,

although some reports have indicated the opposite role of

Nr5a2.28 In our study, we demonstrated that Nr5a2 plays

an important role in regulating proliferation and metastasis

of AGS cells in vitro and in vivo. We showed that
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Figure 3 Effects of Nr5a2 on growth and metastasis of gastric cancer (GC) cells in vivo. (A) Subcutaneous xenograft assay was performed to assess the proliferation

potential of control (left flank) and Nr5a2 downregulated AGS cells (right flank) in vivo. An image of subcutaneous tumors from the control and shNr5a2 groups is shown.

(B) Tumor volumes were measured on the indicated days, and tumor growth curves were drawn. The data points represent the mean tumor volumes ± SD. (C) Tumor cell

tail vein injection was performed to assess the effect of Nr5a2 knockdown on GC cell metastasis in vivo. This representative image shows the metastatic foci on the lung

surfaces of mice after tail vein injection. H&E staining of the lung slices shows that Nr5a2 knockdown in AGS cells decreased the metastatic capacity in vivo. The number of

metastatic tumor foci was counted in the control and shNr5a2 groups. The data express the mean ± SD from triplicate measurements. *P<0.05. NC, negative control.
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knockdown of Nr5a2 could inhibit the EMT process and

suppress the activity of the Wnt/beta-catenin signaling

pathway. These results suggest that Nr5a2 plays an impor-

tant role in promoting GC progression.

Many studies have shown that Nr5a2 can promote cell

proliferation in multiple types of tumors. In ER-positive

breast cancer cells, Nr5a2 promotes cell proliferation by

enhancing ERalpha mediated transcription of target genes

such as GREB-1.19 Nr5a2 inhibition affects cell prolifera-

tion of different types of breast cancer cells by regulating

CDKN1A transcription.20 In pancreatic cancer cell lines,

Nr5a2 overexpression enhanced the expression of down-

stream target genes (Cyclin D1/E1) and stimulated cell

proliferation.23 Selective blocking of Nr5a2 significantly

inhibits pancreatic cancer cell proliferation in vitro. The

inhibition effect is partly due to the attenuation of the

receptor’s target genes (including Cyclin D1, E1, and

c-Myc), which control cell growth, proliferation, and

differentiation.30 Nr5a2 knockdown leads to significant

impairment of proliferation in a colon cancer cell line

with high Nr5a2 expression, and results in more modest

impairment in a cell line with moderate Nr5a2 expression.

Nr5a2 silencing can prolong the G0/G1 phase by cell-

cycle analysis.15 Nr5a2, in complex with co-repressors,

suppresses p53 action at the cell cycle inhibitor p21

gene, allowing colorectal cancer cells to evade cell cycle

arrest mediated by p21.16 In our study, we found that

knockdown Nr5a2 inhibited cellular proliferation in AGS
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Figure 4 The oncogenic effect of Nr5a2 is mediated by activating the Wnt/β-catenin signaling pathway. (A) The effect of Nr5a2 knockdown on the activity of Wnt/β-catenin
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cells. Cell cycle assays indicated that downregulation of

Nr5a2 arrested AGS cells in the G2/M phase.

The epithelial to mesenchymal transition (EMT) plays

an important role in carcinogenesis and metastatic progres-

sion. Previous literature has reported that NR5A2 could

play a role in cancer stem cell (CSC) stemness and EMT in

pancreatic cancer. NR5A2 knockdown resulted in

increased expression of the epithelial marker E-cadherin

and reduced expression of the mesenchymal marker

Vimentin.25 Recent studies have confirmed that aberrant

EMT activation is closely associated with gastric carcino-

genesis and progression.38,39 Our results showed that

Nr5a2 knockdown increased the expression of the epithe-

lial marker E-cadherin and decreased the expression of the

typical mesenchymal markers N-cadherin, Snail2,

Vimentin and Twist1. Moreover, Nr5a2 knockdown

resulted in a remarkably reduced expression of MMP2,

which has previously been shown to induce EMT in

a variety of cancers.40 These results suggest that Nr5a2

may promote cellular mobility and metastasis through

regulating the process of EMT in GC.

The Wnt/beta-catenin signaling pathway is activated in

multiple types of tumors. Particularly, activation of this

pathway is found in about 30–50% of GC tissues and in

many kinds of GC cell lines.41–43 Furthermore, the Wnt/

beta-catenin pathway closely relates to EMT and plays

a critical role in metastasis.44 Nr5a2 promotes cell cycle

progression by two distinct mechanisms. Nr5a2 acts as co-

activator of beta-catenin/Tcf4 and induces Cyclin D1 and

c-Myc expression in a DNA binding-independent manner.

Nr5a2 also binds the promoter of cyclin E1 and SHP.

A combination of these two activities contributes to induce

G1 cyclin and leads to accelerated cell cycle progression.45

Recent study has revealed that miR-219-5p may regulate

cell proliferation, migration, and invasion by directly tar-

gets the 3ʹ-UTR of Nr5a2 and suppresses the Wnt/beta-

catenin signaling pathway in human GC cells. Further,

overexpression of Nr5a2 rescues miR-219-5p-mediated

tumor suppression.46 In accordance with this, our data

showed that Nr5a2 knockdown significantly decreased

the activity of Wnt/beta-catenin signaling. The expression

levels of Cyclin D1 and c-Myc, downstream targets of the

Nr5a2 and beta-catenin signaling pathways, were

decreased as well. However, as an established regulators

for G1 progression, depressed cyclin D1 induced by Nr5a2

knockdown leads cells be arrested in the G2/M phase

instead of the G1 phase, we speculated that cyclin D1

affects cell cycle together with other cell cycle regulators.

Moreover, treating AGS-shNr5a2 cells with LiCl, an acti-

vator of the Wnt/beta-catenin signaling pathway, restored

the cells’ proliferation, migration, and invasion properties.

All these findings suggest that Nr5a2 promotes cellular

proliferation and mobility by regulating the Wnt/beta-

catenin signaling pathway in AGS cells. Nr5a2 is

a constitutively active transcription factor, and previous

studies have shown that b-catenin functions as its

coactivator.47 LRH-1 coordinates intestinal cell renewal

by controlling cell proliferation through crosstalk with
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the Wnt/b-catenin pathway.45 In the present study, as

shown in Figure 4C, enhance the activaty of the Wnt/beta-

catenin pathway by LiCl could also enhanced the level of

Nr5a2. These results indicate that there may be a feedback

loop between Nr5a2 and Wnt/beta-catenin pathway, and

they may play a synergistic effect in GC development.

Although the results showed that Nr5a2 could promote

tumorigenesis and metastasis of AGS cells in vitro and

in vivo, there was no significant difference of Nr5a2

expression in GC tissues compared with adjacent noncan-

cerous tissues. It is probably because that the sample in

this research is a little less (72 cases). The tendency of the

expression level of Nr5a2 in the GC tissues is higher than

in the paired adjacent noncancerous tissues, but there was

no statistical difference. Moreover, many studies have

reported that Nr5a2 plays an important role in cell stem-

ness and embryonic development,8–10 so the difference of

the expression level of Nr5a2 between GC tissues and

adjacent noncancerous tissues might not be very great.

However, the activation of the Wnt/beta-catenin pathway

is found in about 30–50% of GC tissues.41–43 It is possible

because that as a transcription factor, a minimal change in

the expression level of Nr5a2 may lead to cascade reaction

of downstream target genes. Therefore, the expression

level of Nr5a2 in the GC tissues, and the relationship

between Nr5a2 and clinicopathological characteristics of

GC patients are worth further investigation.

Conclusion
Our study demonstrates that knockdown of Nr5a2 inhibits

cell proliferation via arresting the cell cycle in the G2/M

phase and suppressing cell mobility through blocking the

Wnt/beta-catenin pathway and preventing the EMT pro-

cess in AGS cells. These findings strongly indicate that

Nr5a2 may act as an oncogene in GC development.
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