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Background: To explore potential therapeutic target is one of the areas of great interest in 

both clinical and basic hepatocellular carcinoma (HCC) studies. Nuclear receptor liver recep-

tor homolog-1 (LRH-1, NR5A2) is proved to play a positive role in several cancers including 

breast cancer, pancreatic cancer and intestinal cancer in recent years. However, the exact role 

of LRH-1 in the development and progression of HCC is not fully elucidated. 

Methods: The LRH-1 expression level in HCC clinical samples was examined by immunohis-

tochemistry (IHC). Stable LRH-1-suppressed HepG2 clones (HepG2LRH-1/-) were generated by 

transcription activator-like effector nucleases (TALENs) and both in vitro and in vivo experi-

ments were conducted. 

Results: We confirmed that LRH-1 showed an increased expression pattern in HCC clinical sam-

ples. Our in vitro and in vivo results indicated that suppression of LRH-1 in HepG2 significantly 

attenuated its proliferation rate and tumorigenic capacity. Gene expression microarray analysis 

indicated that LRH-1mostly regulated gene expression involved in cell cycle. In addition, our 

gain-of-function experiments indicated that ectopic expression of LRH-1 dramatically induced 

the mRNA and protein levels of c-myc and cyclin E1, while attenuating the expression of p21.

Conclusion: Our results suggest that LRH-1 might be a potential therapeutic target for clinical 

HCC treatment.

Keywords: LRH-1, HCC, c-myc, p21, cyclin E1

Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer overall and the 

second leading cause of cancer-related mortality worldwide.1,2 Surgical removal is cur-

rently the preferred option for the treatment of HCC in the majority of cases. However, 

most patients with HCC are not accessible to curative resection or transplantation 

due to late detection of this disease.3 Over the past decades, increased understanding 

of the signaling pathways in HCC development and progression has aroused inter-

est in the identification of molecular biomarkers and potential therapeutic targets.4 

Nuclear receptors are a large superfamily of transcriptional factors that function as 

ligand-dependent or -independent sensor molecules that regulate a broad range of 

physiological processes such as metabolism, development, and reproduction, but also 

play various and significant roles in cancer development and progression.5,6 It has 

been reported that nuclear receptor ERRγ is upregulated in HCC and its inhibition 

suppresses liver cancer cell proliferation via regulation of p21 and p27.7 Feng et al 

reported that androgen receptor (AR) regulates cell cycle-related kinase expression to 

promote hepatocarcinogenesis through the upregulation of β-catenin/TCF signaling.8 
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HNF4α is the most abundant transcription factor in the liver, 

a key regulator of hepatic lipid metabolism and a critical 

determinant of hepatic development. However, in addition to 

normal physiological function, it has also been reported that 

HNF4α knockout in adult hepatocytes leads to hepatocyte 

proliferation and promotes the development of HCC in mice,9 

suggesting that HNF4α also plays an important role in HCC.

LRH-1 belongs to the NR5A or Ftz-F1 subfamily, which 

comprises two identified members (NR5A1/SF-1, NR5A2/

LRH-1) in humans. LRH-1 is mostly expressed in tissues 

derived from endoderm, including intestines, liver, and exocrine 

pancreas, as well as in the ovaries. In these tissues, LRH-1 plays 

a predominant role in development,5,10–13 reverse cholesterol 

transport,14,15 bile-acid homeostasis,16,17 and steroidogenesis.18–20 

In addition, LRH-1 has been implicated in tumorigenesis of 

some cancers, though its exact oncogenic roles are still unclear. 

Overexpression of LRH-1 is reported in breast cancer, gastric 

cancer, pancreatic cancer, and ovarian granulosa cell tumors.21–24 

Functional studies have demonstrated that LRH-1 promotes 

breast cancer growth and promotion of cancer cell motility and 

invasiveness.21,25,26 It has been confirmed that LRH-1 promotes 

cell proliferation via induction of cyclin D1 and E1 through 

interaction with β-catenin in intestinal cells,27 and heterozygous 

LRH-1 knockout in mice markedly prevents intestinal cancer 

formation.28 Previously, a few studies have been done to explore 

the functional roles of LRH-1 in HCC. Increased expression 

of LRH-1 in murine hepatic cell line FL83B can increase its 

proliferation rate.27 Decreased expression of LRH-1 in liver 

cancer cell line BEL-7402 prevents the cell proliferation rate 

and promotes cell apoptosis.29 Recently, a study highlighted 

the importance of LRH-1 in coordinating glutamine-induced 

metabolism and signaling to promote hepatocellular carcino-

genesis.30 However, the exact functional role of LRH-1 in HCC 

is not fully understood.

In the present study, we examined the expression level 

of LRH-1 in clinical HCC specimens and their adjacent 

non-tumor lesions. Furthermore, we also investigated the 

functional significance of LRH-1 in the growth regulation 

of liver cancer cells and determined the potentially crucial 

genes involved in this process.

Materials and methods
immunohistochemistry
Immunohistochemistry of LRH-1 and immunoreactivity 

score (IRS) analysis were performed on human liver can-

cer tissue microarray slide (Catalog: LV-1505, Alena Bio, 

Xi’an, China) containing validated cases of HCC (n=50) and 

adjacent non-tumor tissues (n=50) using an immunohisto-

chemistry-validated rabbit polyclonal anti-LRH-1 antibody 

(Catalog: HPA005455, Sigma-Aldrich Co., St Louis, MO, 

USA). The LRH-1 immunosignal intensity detected in HCC 

was assessed by a semi-quantitative IRS analysis, scores 

were obtained by multiplying the level of staining inten-

sity  (negative =0; weak =1; moderate =2; strong =3) and 

percentage of positive cells (0%=0; 10%=1; 11%–50%=2; 

51%–80%=3; 80%=4). 

Cell lines and cell culture
Two liver cancer cell lines, HepG2 and HuH7 obtained from 

ATCC (American Type Culture Collection, Manassas, VA, 

USA), were used in this study. HepG2 and HuH-7 were cul-

tured in different media according to the original suppliers’ 

instructions.

Plasmids’ construction
The plasmids for transcription activator-like effector nucle-

ases’ (TALENs) assembly were obtained from Addgene 

(Cambridge, MA, USA). TALENs targeting LRH-1 were con-

structed through Golden Gate TALENS Assembly.31 Human 

LRH-1 cDNA (HsCD00347044, Harvard Cancer Center 

DNA Resource Core) was FLAG-tagged and subcloned 

into pBABE-puro as pBABE-FLAG-LRH-1 for retroviral 

transduction. p21 cDNA was subcloned into pLenti6/v5 

as pLenti6/v5-p21 for lentiviral transduction. Nucleotides 

targeting c-myc were subcloned into pLKO.1 as pLKO.1-sh 

c-myc for lentiviral transduction.

Reporter assay
HepG2 and HepG2-LRH-1 cells were plated at 5×104 cells/

well in 24-well plates and grown in normal media with 10% 

FBS for 24 hours before transfection. Cells were transfected 

with 0.2 µg reporter plasmid (pGL3-c-myc/p21/cyclin 

E1-Luc), and 0.015 µg Renilla luciferase control reporter 

pRL-CMV using FuGENE 6 transfection reagent. Cells 

were lysed 48 hours post-transfection for reporter activity 

determination using the dual luciferase reporter method. 

All assays were performed in three independent experi-

ments repeated in triplicate and results were presented as 

mean ± SD.

generation of lRh-1 overexpressed 
hepg2 and huh-7 cells 
pBABE-FLAG-LRH-1 and vector pBABE-puro were trans-

fected into PA317 cells for production of retroviruses. For 

retroviral transduction, HepG2 and HuH-7 cells were co-

cultured with the retroviruses-containing medium including 

8 µg/mL polybrene for 48 hours, puromycin was added and 

co-cultured for 10 days.
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Cell proliferation assay and colony 
formation assay
Briefly, HepG2 cells were harvested at 80% confluence and 

re-suspended in complete medium and inoculated into a 

96-well plate at 3×103 cells/well for a duration of 1–5 days. 

MTT assay was performed as described previously.32 As 

to colony formation assay, 1×103 HepG2 and HepG2LRH-1/- 

cells with decreased LRH-1 expression were seeded into a 

6-well plate. After incubation for 10 days, cells were fixed 

with 70% ethanol and subsequently stained by 0.2% crystal 

violet solution. The images were obtained and the colonies 

were counted.

in vivo tumor growth assay
In vivo tumorigenicity of HepG2 and HepG2LRH-1/- cells with 

decreased LRH-1 expression was evaluated by subcutaneous 

injection of cells (5×106 cells/injection) into the flanks of 

nude mice and allowing them to grow for 6–7 weeks. Tumor 

growth and volumes were monitored (mm3 was measured by 

electronic calipers according to the formula [width × length × 

height/2]). Finally, mice were sacrificed and the tumors were 

harvested, weighed, and Ki67-stained by IHC (ab15580). 

Animals were housed under specific pathogen-free condi-

tions at the Laboratory Animal Service Center (LASEC) 

and experiments were conducted according to protocols and 

guidelines of the Animal Experimentation Ethics Committee 

(AEEC) in The Southern Medical University, which also 

approved the study.

qRT-PCR 
Cells were grown to 80% confluence and collected, total RNA 

was extracted using Trizol and reverse transcribed to cDNA 

using M-MLV reverse transcriptase. For qRT-PCR analysis, 

cDNA samples were PCR-amplified with specific primers 

in an RT-PCR system (AbI 7500), the expression levels of 

target genes relative to GAPDH were determined by a SYBR 

Green-based detection method. The amplification curves 

were analyzed with ABI7500 SDS Software. The sequences 

of different specific primers used are listed in Table S1.

Western blotting
Protein expression of LRH-1, p21, cyclin E1, c-myc, and 

β-actin was detected by conventional Western blotting. 

Briefly, well-grown HepG2 and HuH-7 cells were collected. 

Cell lysates were collected and applied for LRH-1, p21, 

cyclin E1, c-myc, and β-actin detection by using mouse 

monoclonal LRH-1 antibody (Catalog: ab41901, Abcam, 

Cambridge, UK), rabbit polyclonal c-myc antibody (Catalog: 

sc-788, Santa Cruz Biotechnology Inc., Dallas, TX, USA), 

rabbit polyclonal cyclin E1 antibody (Catalog: sc-198, Santa 

Cruz Biotechnology Inc.), and rabbit monoclonal p21 anti-

body (Catalog: 2947, Cell Signaling Technology, Danvers, 

MA, USA).

gene expression microarray
HepG2 mRNA microarray was performed with Arraystar 

Human LncRNA Microarray v4.0 according to the manu-

facturer’s protocol. All analyses were corrected for multiple 

hypothesis testing, and effects were determined to be signifi-

cant when greater than or equal to two-fold with an adjusted 

P-value ≤0.05. Microarray data have been deposited into the 

National Center for Biotechnology Information Gene Expres-

sion Omnibus (accession no GSE98688).

statistical analysis
All results shown represent the means ± SEM from triplicate 

experiments performed in a parallel manner unless otherwise 

indicated. Statistical analyses were performed using an 

unpaired, two-tailed Student’s t-test. All comparisons were 

made relative to untreated controls and significance of dif-

ference is indicated as P<0.05, P<0.01.

ethics statement
All human tissues were obtained from patients after their 

informed consent according to protocols and guidelines 

approved by the Institutional Clinical Research Ethics 

Committees.

Results
lRh-1 is frequently upregulated in hCC 
clinical specimens
Immunohistochemistry of LRH-1 with tissue array including 

50 pairs of HCC and adjacent tissue was first performed in the 

present study. Our results indicated that a significant increase 

of malignant cells with intense nuclear immunoreactivity 

was seen in HCC lesions (Figure 1A). In adjacent liver tis-

sues, the LRH-1 protein was present at relatively low levels 

in nuclei, while weak immunostaining was also observed in 

the cytoplasm in some cases. On the contrary, in most HCC 

tissues, the expression of LRH-1 was dramatically increased, 

especially in the nuclei. IRS analysis further confirmed that 

HCC tissues exhibited significantly higher LRH-1 IRS as 

compared to tumor-adjacent tissue (Figure 1B).These results 

suggest that increased LRH-1 expression in HCC may play 

an oncogenic role in the development and progression of 

carcinogenesis.
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suppression of lRh-1 in hepg2 prevents 
its growth and colony formation capacity 
in vitro
It is hypothesized that LRH-1 might promote the develop-

ment and progression of HCC based on our previous study. 

To elucidate the functional significance of LRH-1 in HCC 

cell growth, we generated stable LRH-1-supressed HepG2 

clones (HepG2LRH-1/-) by TALENs. Figure 2A shows a sche-

matic diagram of the TALENs targeting the second exon of 

LRH-1, and suppression of LRH-1 which was confirmed by 

Western blotting. The in vitro growth experiment showed that 

suppression of LRH-1 severely prevented the proliferation 

rate in HepG2 (Figure 2B). Colony formation assay indicated 

that HepG2LRH-1/- cells formed less and smaller colonies as 

compared to parental HepG2 cells (Figure 2C).

suppression of lRh-1 in hepg2 
attenuates its growth in vivo
Our previous results suggested that suppressing LRH-1 

expression in HepG2 prevented its proliferation rate and 

colony formation capacity in vitro. To further elucidate the 

functional role of LRH-1 in HCC, evaluation of in vivo 

tumorigenicity of LRH-1 was also performed. HepG2 and 

HepG2LRH-1/- cells were subcutaneously injected into seven 

nude mice respectively, our results showed that HepG2 cells 

formed xenograft tumors with larger sizes and at faster rates 

as compared to HepG2LRH-1/- #1 cell, while HepG2LRH-1/- #2 lost 

the in vivo tumorigenic capacity in all nude mice (Figure 3A 

and B). In addition, immunohistochemistry of xenograft 

tumors with specific Ki67 antibody was also performed, 

and results suggested that significantly lower and less Ki67 

immunoreactivity was seen in xenograft tumors formed from 

HepG2LRH-1/- than parental HepG2 cells (Figure 3C).

gene expression microarray analysis for 
the identification of LRH-1-regulated 
genes in hepg2 cells
Our previous data proved that suppression of LRH-1 in 

HepG2 cells compromised its growth capacity both in vitro 

and in vivo. To identify LRH-1-regulated genes and to 

Figure 1 lRh-1 was frequently upregulated in hCC clinical specimens. 
Notes: (A) LRH-1 immunohistochemistry. Three representative micrographs of LRH-1-immunostained tissue microarray spots of HCC and adjacent tissues. Magnification, 
×400; bars, 30 µm. The cells in tumor-adjacent tissues showed detectable or weak nuclear immunoreactivity. intense nuclear immunosignals were detected in cancer cells in 
hCC tissues. (B) LRH-1 IRS analysis performed on HCC and adjacent tissues. Results showed that HCC tissues showed significantly higher LRH-1 expression than tumor-
adjacent tissues. P<0.001 vs tumor-adjacent tissues.
Abbreviations: hCC, hepatocellular carcinoma; iRs, immunoreactivity score.
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determine the possible mechanisms underlying the role of 

LRH-1 in growth in HepG2 cells, gene expression microar-

ray was performed with HepG2 and HepG2LRH-1/- cells, using 

the Arraystar Human LncRNA Microarray v4.0. Our results 

identified that the gene expression levels detected by 2006 

probes were significantly (2-folds expression alteration) 

down-regulated, while a greater number, 2,590 probes, were 

upregulated following suppression of LRH-1, suggesting 

Figure 2 suppression of lRh-1 in hepg2 prevents its growth and colony formation capacity in vitro. 
Notes: (A) schematic diagram of the Talens targeting the second exon of lRh-1 and Western blotting (WB) validation of hepg2lRh-1/- cell clones. (B) Proliferation assay 
by MTT. Two hepg2lRh-1/- cell clones proliferated at slower rates than the parental hepg2 cells. (C) Colony formation assay. Results showed that hepg2lRh-1/- cells formed 
smaller and less colonies than parental hepg2 cells. ** P<0.01 vs parental hepg2 cells.
Abbreviation: Talens, transcription activator-like effector nucleases.
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Figure 3 suppression of lRh-1 in hepg2 attenuates its growth in vivo. 
Notes: (A and B) growth curve shows the growth patterns of tumors formed by hepg2lRh-1/- cell clones and parental hepg2 cells, hepg2 cells formed xenograft tumors 
with larger sizes and at faster rates as compared to hepg2lRh-1/- #1 cells, while hepg2lRh-1/- #2 lost the in vivo tumorigenic capacity in all nude mice (nT, no tumor). (C) Ki67 
immunohistochemistry. Our results suggested that significantly lower and less Ki67 immunoreactivity was seen in xenograft tumors formed from HepG2lRh-1/- than parental 
hepg2 cells. scale bar =100 μm.** P<0.01 vs parental hepg2 cells.
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that gene repression by LRH-1 is an important feature of its 

action in HepG2 cells. To explore the signaling pathways that 

may mediate LRH-1 function in HCC, gene ontology (GO) 

analyses were subsequently performed. Our results indicated 

that significant GO biological process groups were related to 

DNA replication and cell cycle (Figure 4A). These findings 

were confirmed in analysis of Kyoto Encyclopedia of Genes 

and Genomes (KEGG) pathways, which also incorporated 

the terms “DNA replication” and “cell cycle” (Figure 4B). 

Several cell cycle-related genes that altered after suppression 

of LRH-1 are listed in Figure 4C.

lRh-1 promotes the development and 
progression of hCC through induction  
of c-myc and cyclin e1, and suppression  
of p21
To further verify the results obtained from the gene expression 

microarray, we generated stable LRH-1-transdued infectants 

in two HCC cell lines, HepG2 and HuH-7, to elucidate the 

molecules mediated by LRH-1 in HCC. Ectopic expression of 

LRH-1 in HepG2 and HuH-7 cells was confirmed by Western 

blotting (Figure 5B). Our data indicated that ectopic expression 

of LRH-1 dramatically induced the mRNA and protein levels 

of c-myc and cyclin E1, and attenuated, in the meanwhile, the 

expression of p21 (Figure 5A and B). In addition, the protein 

expression levels of c-myc and cyclin E1 were decreased, while 

p21 expression was increased in HepG2LRH-1/- cells (Figure S1). 

We next investigated whether LRH-1 regulates these genes’ 

expression through its transcriptional activity, and the reporter 

assay showed that luciferase activity of c-myc and cyclin E1 

promoter-luciferase reporter was significantly enhanced, while 

that of p21 was dramatically suppressed, in HepG2-LRH-1 

cells (Figure 5C). To further elucidate the functional role 

of these factors, we suppressed the c-myc and restored p21 

expression in HepG2-LRH-1 cells by lentivirus-mediated 

knockdown and overexpression, and the results indicated that 

the increased growth ability of HepG2-LRH-1 cells could be, 

at least partially, reversed by suppressing the expression of 

c-myc or restoring the expression of p21 (Figure 5D). Taken 

together, our results suggested that LRH-1 may promote the 

development and progression of HCC through induction of 

c-myc and cyclin E1, and suppression of p21 (Figure 5E).

Discussion
LRH-1 has been reported to be implicated in tumorigenesis 

of several cancers including breast cancer, gastric cancer, 
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pancreatic cancer, intestinal cancer, and ovarian granulosa 

cell tumors recently.21–24,27,28 In HCC, few studies have been 

undertaken to explore the potential function of LRH-1. It is 

reported that ectopic expression of LRH-1 in FL83B pro-

motes its proliferation capacity, while suppression of LRH-1 

in BEL-7402 attenuates its proliferation rate and promotes 

cell apoptosis.27,29 In addition, it has been shown that LRH-1 

regulates the glutamine-induced metabolism and signaling to 

promote hepatocellular carcinogenesis.30 However, whether 

LRH-1 expression is increased or not in clinical HCC tissue, 

and the involved mechanism concerning the participation of 

LRH-1 in HCC, remain largely unknown.

In this study, we first confirmed that LRH-1 showed an 

increased expression pattern in 50 HCC clinical samples 

as compared to corresponding tumor-adjacent tissues, sup-

porting that LRH-1 may be associated with the development 

and progression of HCC. This result is consistent with the 

statistical data obtained from oncomine database ( Figure S2). 

Indeed, overexpression of LRH-1 has previously been 

reported in breast cancer, gastric cancer, pancreatic cancer, 

and ovarian granulosa cell tumors.21–24 However, how LRH-1 

expression level is increased in these cancers, as well as in 

HCC, is still unclear. A few studies have shown that LRH-1 

can be induced by some upstream molecules involved in 

several signaling pathways including p38/MAPK pathway 

and ERK1/2 pathway.33,34 In addition, LRH-1 has been 

proven to be a direct target gene of β-catenin, PDX-1, SF-1, 

and ER.13,35–37 Interestingly, in the present study, we gener-

ated several HepG2LRH-1/- clones by TALENs which cut the 

specific DNA site in the second exon of LRH-1, and up to 

five different kinds of repair situations were detected in one 

HepG2LRH-1/- clone derived from a single cell, which indicates 

that the LRH-1 gene locus in HepG2 genome may be multiple 

(data not shown), suggesting that gene amplification might 

be one potential reason for the elevated expression of LRH-1 

in HCC. Further efforts remain to be taken to determine the 

mechanism concerning the elevated LRH-1 expression in 

HCC and other cancers.

In our in vitro experiment, we proved that suppression of 

LRH-1 in HepG2 prevents its growth and colony-formation 

capacity. These results are consistent with a previous report 

which indicated that suppression of LRH-1 in liver cancer 

cell line BEL-7402 attenuates the cell proliferation rate and 

promotes cell apoptosis.29 It has also been suggested that 

LRH-1 promotes the cell proliferation in breast and intesti-

nal cancers.21,25–27 In addition, our in vivo results show that 

suppression of LRH-1 in HepG2 dramatically compromised 

its tumorigenic capacity in nude mice. Recently, it has 

Figure 4 Gene expression microarray analysis for the identification of LRH-1-regulated genes in HepG2 cells.
Notes: (A) gene ontology (gO) analysis of genes that are lRh-1-regulated in hepg2 and in hepg2lRh-1/- cells. (B) Kegg pathway enrichment analysis for lRh-1-regulated 
genes in hepg2 cells are shown. (C) several cell cycle-related genes that altered after suppression of lRh-1 were listed.
Abbreviations: BP, biological process; De, differential expression; Kegg, Kyoto encyclopedia of genes and genomes.
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Figure 5 lRh-1 promotes the development and progression of hCC through induction of c-myc and cyclin e1, and suppression of p21. 
Notes: (A) qRT-PCR analysis of c-myc, cyclin e1, and p21 genes in hepg2 and huh-7 cells with ectopic lRh-1 expression. Our data indicated that ectopic expression of 
lRh-1 dramatically induced the mRna and protein levels of c-myc and cyclin e1, and attenuated, in the meanwhile, the expression of p21. (B) Western blotting validation 
of c-myc, cyclin e1, and p21 in hepg2 and huh-7 with ectopic lRh-1 expression. (C) Reporter assay showed that luciferase activity of c-myc and cyclin e1 promoter-luc 
reporter was significantly enhanced, while that of p21 was dramatically suppressed, in HepG2-LRH-1 cells. (D) MTT results indicated that the increased growth ability of 
hepg2-lRh-1 cells could be, at least partially, reversed by suppressing the expression of c-myc or restoring the expression of p21. (E) schematic diagram showing the 
hypothesized pathways of lRh-1-mediated cell growth in hCC via its transcriptional repression of p21 and transactivation of c-myc and cyclin e1. * P<0.05; ** P<0.01; #not 
significant.
Abbreviations: hCC, hepatocellular carcinoma; luc, luciferase.
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been elucidated that hepatic loss of LRH-1 prevents DEN-

induced liver carcinogenesis in liver-specific LRH-1-deficient 

(LRH-1hep-/-) mice.30

To further demonstrate LRH-1-regulated genes and to 

determine the possible signaling pathway underlying the role 

of LRH-1 in liver cancer cells, gene expression pattern was 

analyzed between HepG2 and HepG2LRH-1/- cells. GO and 

KEGG pathway analyses suggest that significant biological 

process groups are related to DNA replication and cell cycle. 

This result is consistent with a previous study which suggests 

that “cell cycle” is the top significant GO biological process 

for LRH-1-regulated genes identified in colon cancer cell 

line HCT116 by gene expression microarray.38 To further 

verify that LRH-1 regulates cell cycle genes in liver cancer 

cells, we overexpressed LRH-1 in HepG2 and HuH-7 cell 

lines by retrovirus-mediated transduction. Our RT-PCR and 

Western blotting results showed that oncogenic c-myc and 

G1/S-specific cyclin E1 were obviously induced after LRH-1 

overexpression in both HepG2 and HuH-7 cells, meanwhile, 

the mRNA and protein expression levels of cyclin-dependent 

kinase inhibitor p21 were significantly reduced. Consistently, 

cyclin E1 has previously been determined to be an LRH-1 

direct target gene,27 and knockdown of LRH-1 in pancreatic 

cancer cells lead to suppression of c-myc.23 In colon cancer 

cells, it has also been reported that LRH-1 is recruited to the 

p21 promoter to repress its expression in a p53-dependent 

manner.38

Conclusion
To sum up, our study provides evidence that LRH-1 expres-

sion level is upregulated in clinical HCC tissues; suppres-

sion of LRH-1 in liver cancer cells significantly attenuates 

its proliferation rate and tumorigenic capacity both in vitro 

and in vivo; LRH-1 mainly regulates the expression of genes 

involved in cell cycles including c-myc, cyclin E1, and p21. 

Given that LRH-1 inverse agonist has been successfully 

developed,39 LRH-1 might be a promising therapeutic target 

for HCC treatment.
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Supplementary materials

Figure S1 Western blotting validation of c-myc, cyclin e1, and p21 in hepg2 and hepg2lRh-1/- cells. 
Note: The expression level of c-myc and cyclin e1 was decreased, while that of p21 was increased, in hepg2lRh-1/- cells.
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c–myc

P21

Cyclin E1

β–actin

HepG2LRH–1/–

Table S1 nucleotide sequences information

Name Genomic sites for TALE targeting LRH-1

lRh-1 Tale F CCCCCaTTagCaTgaC
lRh-1 Tale R agCCTgCaaggTTaCC

Primer sequences used for qRT-PCR
c-MYC _F ggaCTaTCCTgCTgCCaaga
c-MYC _R CgCCTCTTgaCaTTCTCCTC
p21_F TgCCCaagCTCTaCCTTCC
p21_R CaggTCCaCaTggTCTTCCT
cyclin e1_F CggTaTaTggCgaCaCaaga
cyclin e1_R aCaTaCgCaaaCTggTgCaa

Nucleotides for c-myc knockdown
sh c-myc s ccgggaTgaggaagaaaTCgaTgctcgagcatcgatttcttcctcatctttttg
sh c-myc as aattcaaaaagaTgaggaagaaaTCgaTgctcgagcatcgatttcttcctcatc
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Figure S2 lRh-1 was frequently upregulated in hepatocellular carcinoma clinical specimens. 
Note: lRh-1 showed increased expression pattern according to several independent cases derived from oncomine database (www.oncomine.org).
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