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Abstract. Hepatocellular carcinoma (HCC) is the one of most 
common malignant tumors. The tumor microenvironment has 
a role in not only supporting growth and survival of tumor 
cells, but also triggering tumor recurrence and metastasis. 
Hepatocyte growth factor (HGF), one of the important growth 
factors in the tumor microenvironment, has an important role 
in angiogenesis, tumorigenesis and regeneration. However, 
the exact mechanism by which HGF regulates HCC initiation 
and development via epigenetic reprogramming has remained 
elusive. The present study focused on the epigenetic modifica-
tion and target tumor-suppressive genes of HGF treatment in 
HCC. Expression profiling and DNA methylation array were 
performed to investigate the function of HGF and examine 
global genomic DNA methylation changes, respectively. 
Integrated analysis of gene expression and DNA methylation 
revealed potential tumor suppressor genes (TSGs) in HCC. 
The present study showed the multiple functions of HGF in 
tumorous and non‑tumorous pathways and global genomic 
DNA methylation changes. HGF treatment upregulated 
the expression of DNA methyltransferase  1 (DNMT1). 
Overexpression of DNMT1 in HCC patients correlated with the 
malignant potential and poor prognosis of HCC. Furthermore, 
integration analysis of gene expression and DNA methylation 
changes revealed novel potential tumor suppressor genes TSGs 
including MYOCD, PANX2 and LHX9. The present study has 

provided mechanistic insight into epigenetic repression of 
TSGs through HGF‑induced DNA hypermethylation.

Introduction

Hepatocyte growth factor/scatter factor (HGF/SF), which is 
mainly secreted by Kuppfer cells, endothelial cells, fibroblasts 
and hepatic stellate cells in the liver, has been shown to have a 
role in embryonic organ development, adult organ regeneration 
and wound healing (1). HGF regulates cell growth, cell motility 
and morphogenesis by binding to its unique receptor c‑Met 
and by activating a tyrosine kinase‑signaling cascade (2‑4). 
Owing to its functions, including stimulating mitogenesis, 
cell motility and matrix invasion, HGF has a central role in 
angiogenesis, tumorigenesis and tissue regeneration.

Hepatocellular carcinoma (HCC) is one of most common 
malignant tumors; the incidence rate and mortality of HCC 
is the fifth- and third-highest in the world, respectively (5). 
Although several advanced treatments are now available, 
including surgical resection, liver transplantation and ablation 
therapies (6), and in spite of the development of molecular‑target 
drugs such as sorafenib (7), the five‑year overall survival rate 
of patients with advanced HCC remains poor (8). The main 
reason for the poor survival rate of advanced HCC is the high 
rate of recurrence and metastasis after local treatment (9).

The tumor microenvironment is composed of various 
stromal cells, including myofibroblasts, vascular cells and 
immune cells, and it has an important role in not only supporting 
the growth and survival of tumor cells but also in triggering 
tumor recurrence and metastasis (10). Within the tumor micro-
environment, several of the growth factors secreted by stromal 
or tumor cells, including HGF, insulin‑like growth factor 1 
(IGF1), epidermal growth factor (EGF), vascular endothelial 
growth factor (VEGF) and platelet‑derived growth factor 
(PDGF), may induce a similar signaling cascade downstream 
of receptor tyrosine kinase (RTK) and trigger synergistic 
tumor recurrence and metastasis (11). The important role of 
the HGF/c‑Met signaling pathway in carcinogenesis and devel-
opment has been well established. For example, this pathway 
activates mitogen‑activated protein kinase (MAPK) and 
phosphoinositide 3‑kinase (PI3K)/AKT/mammalian target of 
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the rapamycin (mTOR) pathways as well as enables cross‑talk 
with epidermal growth factor and transforming growth factor 
(TGF)‑β ligands. Overactivation of these pathways promotes 
proliferation, survival, migration, invasiveness and angiogen-
esis of certain tumors (11,12). In general, the HGF expression 
levels in the liver cancer microenvironment after surgery show 
marked increases, implicating HGF as one of the main causes 
of HCC recurrence and metastasis (13).

In addition to genetic alteration, abnormality of epigenetic 
mechanisms is also frequent in carcinogenesis and cancer 
progression, including dysregulation of histone modification 
and DNA methylation (14). DNA methylation is one of the 
most important epigenetic mechanisms that modulate gene 
expression in a plethora of physiological and pathological 
processes, including carcinogenesis  (15). Accurate DNA 
methylation patterns are established by the de novo DNA 
methyltransferases (DNMTs) DNMT3A and DNMT3B, and 
then subsequently maintained by DNMT1  (16). DNMTs 
are overexpressed in various cancer types, including 
colorectal (17), prostate (18), hepatocellular (19), breast (20), 
gastric (21) and lung cancers (22), and their overexpression is 
significantly correlated with poor histological differentiation 
and prognosis (17‑22). At present, it is generally accepted that 
tumor environmental cues together with cell‑intrinsic altera-
tions contribute to the epigenetic changes in carcinogenesis as 
well as recurrence and metastasis of cancer, as these changes 
induce adaptations of cancer cells for successful invasion 
of the stroma, entry and survival in the lymphatic or blood 
vessels, followed by spread and colonization of distant or 
different organs (23,24). It is thus clear that the tumor micro-
environment, particularly the growth factors, are able to affect 
the functions of epigenetic molecules. However, the potential 
tumor suppressor genes (TSGs) regulated by HGF via an 
epigenetic mechanism have remained to be identified. The 
present study investigated the target TSGs of HGF by altering 
DNA methylation.

Materials and methods

Ethics statement. The present study was approved by the 
Xiamen University Medical Ethics Committee (Xiamen, 
China), and written informed consent was obtained from all 
participants or their representatives if direct consent could not 
be obtained.

Cell culture and reagents. The HCC cell line HepG2 was 
obtained from the Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China) and cultured in 
Dulbecco's modified Eagle's medium (DMEM; Gibco-BRL, 
Invitrogen Life Technologies, Carlsbad, CA, USA). The immor-
talized normal human liver cell line HL‑7702 was obtained 
from the China Center for Type Culture Collection (Wuhan, 
China) and cultured in RPMI‑1640 medium (Gibco-BRL). 
Media were supplemented with 10% fetal bovine serum (FBS; 
Hyclone, Logan, UT, USA) and 1% penicillin‑streptomycin 
(Gibco-BRL). The cells were incubated at 37˚C in an incu-
bator with 5% CO2. Recombinant human HGF was obtained 
from Millipore (Billerica, MA, USA). 5'Aza‑2'‑deoxycytidine 
(5'Aza) was obtained from Sigma‑Aldrich (St Louis, MO, 
USA).

Tissue samples and clinical characteristics of patients. 
Tumor samples were obtained from the Chronic Liver Disease 
Biological Tissue Bank, Department of Hepatobiliary Surgery, 
Zhongshan Hospital of Xiamen University (Xiamen, China), 
which were obtained during surgery between 2008 and 2011. 
Paraffin blocks of tumor tissue from 89 patients were prepared 
for immunohistochemical (IHC) assays. The patients were aged 
between 30 and 70 and 72 were male and 17 were female. The 
patients were assessed at two‑month intervals after surgery in 
outpatient clinics or by routine telephonic inquiry. The end of 
the follow‑up period was December 2011 for all patients. The 
overall survival was calculated from the day of surgery to the 
day of succumbing to the disease or final follow‑up.

RNA isolation and reverse transcription quantitative poly-
merase chain reaction (RT-qPCR). Total RNA was extracted 
with the TRIzol reagent (Invitrogen Life Technologies). 
cDNA was synthesized using the PrimeScript RT Reagent 
kit with gDNA Eraser (Takara Bio, Inc., Otsu, Japan). qPCR 
was performed using the StepOne™ Real-Time PCR system 
(Applied Biosystems, Foster City, CA, USA), SYBR® Green 
(Takara Biotechnology Co., Ltd., Dalian, China) and SYBR 
Select Master mix (Takara Bio, Inc., Otsu, Japan) with the 
following cycling condiditons: 95º˚C for 30 sec and 60˚C for 
1 min. The primers were designed and synthesized by BGI 
company (Shenzhen, China). β-actin mRNA was used as an 
endogenous control. The relative expression of RNA was 
calculated using the comparative Ct method (2-∆∆CT).

Microarray analysis. Expression profiling analysis was 
performed on HL‑7702 cells and HGF‑treated HL‑7702 cells. 
To simulate hepatocarcinogenesis and to explore the long‑term 
effect of HGF, HL‑7702 cells were cultured in RPMI‑1640 
medium supplemented with 1% FBS and 50  ng/ml HGF 
for 4 weeks. The medium was replaced every day with fresh 
medium containing the same concentration of HGF. Total 
RNA from each sample was quantified by using the NanoDrop 
ND‑1000 spectrometer (Thermo Fisher Scientific), and the 
RNA integrity was assessed by standard denaturing agarose 
gel electrophoresis (Biowest SAS, Nuaillé, France). The Human 
GeneArray 1.0 ST platform (Agilent Technologies, Santa Clara, 
CA, USA) was used for the microarray analysis. The sample 
preparation and microarray hybridization were performed based 
on the manufacturer's instructions. The labeled cRNAs were 
hybridized onto the Whole Human Genome Oligo Microarray 
(4x44K; Agilent Technologies). The slides were washed and the 
arrays were scanned by the Agilent Scanner G2505B (Agilent 
Technologies). Agilent Feature Extraction software (version 
10.7.3.1; Agilent Technologies) was used to analyze the acquired 
array images. Raw signal intensities were normalized using the 
quantile method in the GeneSpring GX software (version 11.5.1; 
Agilent Technologies), and low‑intensity genes were filtered. 
P<0.05 was considered to indicate significant changes in gene 
expression and when >2.0‑fold changes in the ratio of means 
were observed.

Methylation arrays. Genome DNA was extracted and bisul-
fite‑converted using the Epitect Fast DNA Bisulfite kit (Qiagen, 
Hilden, Germany). DNA methylation microarray analysis was 
performed at Kangchen Biotech Inc. (Shanghai, China).



MOLECULAR MEDICINE REPORTS  12:  4250-4258,  20154252

Statistical analysis. All statistical analyses were performed 
using the SPSS software (version 19.0) for Windows 
(International Business Machines, Armonk, NY, USA). The 
survival curves were calculated by the Kaplan‑Meier method, 
and comparison was performed by a log rank test. Values for 
parametric variables are expressed as the mean ± standard 
error. P<0.05 was considered to indicate a statistically signifi-
cant difference between values.

Results

Gene expression profiling reveals multiple functions of 
HGF. To explore the underlying molecular mechanisms of 
HGF‑induced carcinogenesis, the transcriptome following 

HGF treatment was examined using a microarray analysis. 
Comparison of the transcriptomes of untreated HL‑7702 and 
HGF‑treated HL‑7702 cells identified 6,874 genes with a 
>2‑fold change (P<0.05), of which 2,902 genes were upregu-
lated and 3,972 genes were downregulated (Fig. 1A).

To obtain further insight into the biological function of the 
differentially expressed genes, 6,874 genes were subjected to 
Gene Ontology (GO) analysis by using the GeneSpring GX 
software. Unexpectedly, the genes were markedly enriched 
in multiple metabolic processes, including cellular, macromo-
lecular and mRNA metabolic processes, as well as translation 
(Fig. 1B). The genes associated with metabolism were found 
to be significantly affected by HGF. Next, a pathway analysis 
was performed based on differentially expressed genes by 

Figure 1. HGF treatment in HL‑7702 cells induced a dramatic change in the gene expression profile. (A) Scatterplot for assessing the variation between two 
groups. Upper and lower oblique lines mean fold changes of >2 or <2, respectively. (B and C) A total of 6,874 genes (>2‑fold change; P<0.05) were subjected to 
(B) gene ontology analysis and (C) pathway analysis. (D) The genes were classified into functionally associated gene groups by using the functional annotation 
clustering tool. HGF, hepatocyte growth factor.

Figure 2. HGF upregulates DNMT1 protein levels. (A and B) Expression levels of DNMT1 in HL‑7702 cells treated with HGF were analyzed by western 
blotting as a function of (A) dose and (B) time. HGF, hepatocyte growth factor; DNMT, de novo DNA methyltransferase; Ctrl, control.
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using the latest Kyoto Encyclopedia of Genes and Genomes 
database (http://www.genome.jp/kegg/). Consistent with those 
of the GO analysis, the results of the pathway analysis revealed 

that metabolic pathways involving ribosomes, oxidative phos-
phorylation, amino sugars and nucleotide sugar metabolism 
had high enrichment scores, with a significance in the order in 

Figure 3. Upregulated DNMT1 expression correlates with malignant indicators of HCC. (A) Immunohistochemical staining of DNMT1 (brown) in paraffin 
sections of cancer tissues and adjacent tissues from HCC patients (scale bar, 100 µm). According to the DNMT1 protein expression levels, 89 cases were 
divided into three groups (negative, moderately positive and strongly positive). (B) Scatter plots of serum AFP levels in the three study groups. In each panel, 
the dotted line indicates the median (r=0.26, P=0.02; Spearman correlation). (C) Distribution of histopathological differentiation and classification in the 
three study groups. The differentiation status is indicated as follows: Blue, high differentiation; red, intermediate and low differentiation. Differences in dif-
ferentiation among the groups were significant (P=0.008). The Kaplan‑Meier curves for (D) tumor‑free survival and (E) overall post‑operative survival indicate 
that HCC patients with marked DNMT1 overexpression had a worse prognosis as compared with those in the negative group. Arrows indicate representative 
cells. DNMT, de novo DNA methyltransferase; HCC, hepatocellular carcinoma; AFP, alpha‑fetoprotein; H&E, hematoxylin and eosin; T, tumorous; NT, 
non-tumorous.

  A

  B   C

  D   E



MOLECULAR MEDICINE REPORTS  12:  4250-4258,  20154254

which they are stated (Fig. 1C). The genes were also markedly 
enriched in the P53 pathway, which is closely associated with 
HCC, suggesting that HGF influences the recurrence and devel-
opment of HCC, mainly through the P53 pathway (Fig. 1C). A 
list of cancer‑associated pathways showing significantly up- or 
downregulated genes is shown in Fig. 1D, including P53, cell 
adhesion molecules as well as the Hedgehog‑ and MAPK 
signaling pathways. However, HGF was also shown to influ-
ence several non‑tumorous pathways, including those involved 
in Parkinson's and Huntington's disease, implying that HGF 
may have a role in nervous system diseases (Fig. 1C). The find-
ings of the present study suggest that HGF may have multiple 
roles in these signaling pathways in HCC or in diseases of the 
nervous system.

HGF induces DNMT1 overexpression in HCC patients, which 
correlates with the malignant potential and poor prognosis 
of HCC. The results revealed that several differentially 
expressed genes induced by HGF treatment had a role in 
the DNA methylation pathway (Fig. 1D). DNMT1 is closely 
associated with various cancers; it is a key regulator in DNA 
hypermethylation (17). The DNMT1 protein levels was obvi-
ously increased following HGF treatment in the present study 
(Fig.  2). To unravel the clinical significance of abnormal 
DNMT1 expression in HCC, 89 primary HCC samples were 
examined by IHC staining. The results revealed that DNMT1 
was more easily detectable in the nuclei of tumorous tissues 
than in paired non‑tumorous tissues in 74 out of 89 (83.1%) 
HCC cases. Among these, 59 (66.2%) cases were strongly 

positive (++) and 15 (16.8%) were moderately positive (+) 
(Fig.  3A). Furthermore, a correlation analysis between 
DNMT1 expression and clinical features was performed for 
the 89 HCC cases. Elevated levels of serum alpha‑fetoprotein 
(AFP) indicate a high risk of liver cancer (21). As shown in 
Fig. 3B, the serum AFP levels were significantly elevated in 
the DNMT1‑overexpressing groups, with median serum AFP 
levels of 9.87, 88.89 and 825.5 ng/ml in the DNMT1‑negative, 
‑moderately positive and ‑strongly positive groups, respec-
tively (P=0.02). The proportion of low and intermediate 
differentiation gradually increased with DNMT1 overexpres-
sion (Fig. 3C; P=0.008). Furthermore, Kaplan‑Meier analysis 
revealed that the three‑year recurrence‑free survival rate was 
significantly lower for HCC patients in the strongly positive 
DNMT1 group as compared with that in the DNMT1‑negative 
HCC patients (Fig.  3D; P=0.002). The three‑year overall 
survival rate of patients with DNMT1‑positive HCC was also 
significantly lower than that of patients with DNMT1‑negative 
HCC (Fig. 3D; P=0.034). These cumulative findings suggested 
the clinical significance of DNMT1 as a biomarker for HCC 
diagnosis as well as prognosis.

HGF induces changes in DNA methylation. Extensive low‑level 
methylation of genomic DNA is a characteristic of a malignant 
tumors (25). Silencing of TSGs due to promoter hypermethyl-
ation is closely associated with tumorigenesis (26). To explore 
the effect of HGF on genomic methylation, a genome‑wide DNA 
microarray analysis was performed. The level of DNA methyla-
tion in a number of loci was significantly altered in the HGF 

Figure 4. Genome‑wide analysis of CpG island methylation of HL‑7702 with or without HGF treatment. DNA methylation pattern on chromosome 17 (top) 
and the expanded view of selected positive signals for tumor suppressors from chromosome 17 and other chromosomes (bottom). HGF, hepatocyte growth 
factor; chr, chromosome.
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group as compared to that in the control group (Fig. 4). After 
HGF treatment, a total of 2,878 genes were hypermethylated 
and 2,302 genes were hypomethylated. Parts of known TSG 
promoters, including PCGF2, PTEN, and PANX2, were mark-
edly hypermethylated following HGF treatment (Fig. 4). These 
results suggested that HGF may alter the expression of TSGs 
via an epigenetic mechanism involving DNA hypermethylation.

Integrated analysis of gene expression and DNA methylation 
reveals potential TSGs in HCC. One of the most important 
contributors to tumorigenesis is the downregulation of TSGs by 
hypermethylation of CpG islands (27). To reveal the epigenetic 
mechanism of HGF‑mediated repression of TSG transcrip-
tion via DNA hypermethylation, DNA methylation and gene 
expression profiles were subjected to integrated analysis. The 

Figure 5. Integrated analysis of gene expression and DNA methylation. (A and B) Expression heatmap of genes regulated by HGF and DNA methylation in 
HL‑7702 cells. (A) A total of 89 genes were screened out; (B) 35 of these were associated with cell proliferation, apoptosis, cell cycle, and metastasis. (C) The 
89 potential target genes that were subjected to gene ontology analysis (top) and pathway analysis (bottom). (D) Quantitative real‑time polymerase chain reaction 
assays were performed following 5'Aza and HGF treatment of HL‑7702 (left) and HepG2 (right) cells. The relative levels of mRNA between treated cells vs. 
untreated cells were normalized to beta‑actin. Values are expressed as the mean ± standard error. HGF, hepatocyte growth factor; 5'Aza, 5'Aza‑2'‑deoxycytidine.
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results showed that the expression of a total of 89 genes was 
decreased by promoter hypermethylation after HGF treatment 
(Fig. 5A). 35 of these differentially expressed genes, were 
associated with cell proliferation, apoptosis, cell cycle and 
metastasis based on previous studies (Fig. 5B) (28‑30). In addi-
tion, GO analysis revealed that the 89 differentially expressed 
genes were markedly enriched in the adhesion process 
(Fig. 5C), which is consistent with the findings reported by 
a previous study asserting that HGF promotes tumor metas-
tasis  (31). Furthermore, pathway analysis showed that the 
P53 pathway, hedgehog pathway and cell adhesion (Fig. 5C), 
which influenced HCC occurrence and metastasis, also had 
high enrichment scores. The 35 potential TSGs, which were 
associated with cell proliferation, apoptosis, cell cycle, and 
metastasis, were selected for the confirmation of microarray 
profiles in the HL‑7702 and HepG2 cell lines. Among these 
35  genes, the expression of 17  genes was downregulated 
following HGF treatment for 4 days, whereas these genes were 
upregulated following treatment with the DNA demethylation 
agent 5'Aza (Fig. 5D). The expression levels of PTEN, PNMT, 
MYOCD, LHX9 and PANX2 were obviously changed after 
HGF or 5'Aza treatment. These results identified potential 
TSGs regulated by HGF via DNA hypermethylation in HCC.

Discussion

Metabolism is a fundamental aspect of every essential cell 
function. Metabolic reprogramming induced by growth 
factors including vascular endothelial growth factor‑B has also 
been reported recently (32). The initiation and development of 
cancer is frequently associated with the upregulation of cata-
bolic pathways (33). One such important pathway is aerobic 
glycolysis that preferentially metabolizes glucose to lactate, 
even in the presence of excess oxygen, and provides substances 
which are essential for cancer cell survival (33). In the present 
study, gene expression profiling demonstrated that HGF 
mainly participates in cellular metabolic processes, including 
macromolecular, mRNA- and translation-associated meta-
bolic processes. HGF is a growth factor that exerts multiple 
effects; it promotes cell proliferation, migration and angiogen-
esis in cancer (34). Previous studies have mainly focused on 
dysregulation of certain tumor‑associated signaling pathways 
influenced by HGF (35). Therefore, little is known about the 
effects of HGF‑induced metabolic reprogramming on cancer 
development and recurrence. The present study provided novel 
clues for the exploration of the underlying mechanisms of 
HGF‑induced tumorigenesis from a metabolic perspective.

Emerging evidence suggests an association between DNA 
hypermethylation and hepatocarcinogenesis (36). For example, 
DNMT1 overexpression was observed in 43% of HCC cases 
whose three‑year overall survival rate was <40% (19). However, 
the mechanistic and prognostic significance of DNA hyper-
methylation in human HCC has remained to be elucidated. 
The findings of the present study demonstrated the clinical 
significance of aberrant DNA methylation in HCC diagnosis 
and prognosis. In 82.8% of HCC samples, DNMT1 protein 
was overexpressed. The results also revealed a significant 
positive association between DNMT1 overexpression and poor 
HCC prognosis. The Kaplan‑Meier curves for post‑operative 
overall survival indicated a worse prognosis for HCC patients 

with DNMT1 overexpression compared with those negative 
for DNMT1. The three‑year overall survival rate was only 
40% in the DNMT1‑positive group, which was significantly 
lower (P=0.002) than that in the DNMT1‑negative group 
(~80%). Serum AFP is currently the most widely used sero-
logical tumor marker for HCC diagnosis. In the present study, 
median AFP levels were 9.78, 88.89 and 825.5 ng/ml in the 
DNMT1‑negative, ‑moderately positive and ‑strongly positive 
group, respectively, and these differences were significant 
(P=0.0204). The normal range for AFP is 10‑20 ng/ml, and 
a level >400 ng/ml is usually considered diagnostic for HCC. 
In the present study, the percentage of patients with AFP 
levels >400 ng/ml was 54.5% in the strongly positive group, 
which was significantly higher than that in the negative group 
(16.7%), suggesting that DNMT1 is clinically significant as an 
additional indicator in routine HCC diagnosis.

Evidence of epigenetic dysregulation in cancer, including 
aberrant histone modification and DNA methylation, has been 
rapidly expanding (37). The epigenetic reprogramming by the 
tumor microenvironment has a critical role in tumor growth 
and survival. Growth factors bind to their corresponding 
receptors and subsequently activate downstream signaling 
cascades. More importantly, these signaling pathway activa-
tions give rise to comprehensive epigenetic reprogramming. 
For example, TGF‑β is an important factor that regulates 
proliferation, apoptosis, extracellular matrix composition and 
epithelial mesenchymal transition (38) through upregulation 
of SNAIL and TWIST family proteins and through recruit-
ment of epigenetic molecules, including G9a, DNMTs (39), 
BMI1  (40) and EZH2 (41). However, the exact underlying 
mechanisms of HGF on tumor initiation and development 
through epigenetic reprogramming remain elusive. The 
present study demonstrated that HGF can alter the global 
chromosomal DNA methylation status. The methylation of 
promoters of certain known TSGs, including PCGF2, PTEN 
and PANX2, were enriched after HGF treatment. Methylation 
of the cytosine residues in the DNA of TSGs has been recog-
nized as a silencing mechanism of fundamental importance in 
tumorigenesis and metastasis (42). DNA methylation and gene 
expression profiles were subjected to integration analysis to 
finally identify the following potential TSGs silenced by HGF 
via DNA methylation changes: PTEN, PNMT, MYOCD, LHX9 
and PANX2. MYOCD encodes a nuclear protein functioning 
as a transcriptional co‑activator of serum response factor 
(SRF) and modulates the expression of cardiac and smooth 
muscle‑specific SRF‑target genes (43). However, to the best of 
our knowledge, there is no evidence of any role of MYOCD 
in any type of cancer; this aspect therefore requires further 
study. LHX9, which encodes LIM‑homeodomain 9 transcrip-
tion factor, was found to be involved in cell differentiation of 
several neural cell types (44). It has been reported that LHX9 
expression was reduced by promoter hypermethylation in 
malignant childhood gliomas. Restoration of LHX9 expres-
sion inhibited glioma cell migration and invasion, suggesting 
the implication of LHX9 on the migratory phenotype of 
cancer (45). Panx2, which is a member of the gap‑junction 
protein family, showed an overall reduction in gliomas and can 
thus help predict post‑diagnosis survival of patients with glial 
tumors. In addition, restoration of Panx2 reduces oncogenicity 
in vivo and in vitro (46). MYOCD, LHX9 and PANX2 may thus 
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be novel TSGs that are regulated by the HGF‑DNA methyla-
tion pathway in HCC.

In conclusion, the results of the present study suggested a 
significant disruption of TSGs by hypermethylation. Several 
of these genes have not been previously implicated in HCC. 
To the best of our knowledge, the present study was the first 
to associate aberrant DNA methylation with gene expression 
induced by HGF in order to identify potential TSGs in HCC. 
The findings of the present study are valuable in the identifica-
tion of key TSGs.
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