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Abstract: Hepatocellular carcinoma (HCC) is one of the most common malignancies globally, and is frequently as-
sociated with a poor prognosis. 5-methylcytosine (m5C) is a common epigenetic modification with many critical roles 
in eukaryotes. However, the expression and functional roles of m5C regulators are largely unknown. In this study, we 
utilized The Cancer Genome Atlas (TCGA) to determine the expression, gene signatures, and prognostic values of 
m5C-related genes. We confirmed that the frequency of mutation events of m5C regulatory genes was high in HCC 
(35/363). Dysregulation of m5C-related genes was also associated with a higher HCC stage. Moreover, a strong 
relationship was found between the expression of m5C regulatory genes and HCC patient survival. High expression 
of NSUN4 and ALYREF correlated significantly with survival outcome. We developed a two-gene signature of m5C 
regulators with HCC prognostic value based on the least absolute shrinkage and selection operator (LASSO) and 
multivariate Cox regression models. Gene set enrichment analysis (GSEA) results indicated that high expression of 
NSUN4 was associated with methylation and demethylation processes. Meanwhile, high expression of ALYREF was 
clearly related to cell cycle regulation and mitosis. In conclusion, our results revealed that m5C-related genes play 
an essential role in tumor progression in HCC. Further detection of m5C methylation could provide a novel method 
for HCC targeted therapy.
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Introduction

According to a recent report, hepatocellular 
carcinoma (HCC) is the third most common 
cause of cancer-related death globally (8.2% of 
all cases), and thus is a severe public health 
problem [1, 2]. Despite considerable progress 
in the development of therapeutic strategies 
for HCC, the five-year survival rate of advanced 
HCC remains poor due to late-stage diagnosis, 
metastasis, and postsurgical recurrence [3-5]. 
Therefore, investigation into the molecular 
mechanism of tumorigenesis and tumor pro-
gression is critical for identifying novel biomark-
ers for early detection and effective therapeu-
tic targets for treating patients with HCC.

Growing evidence suggests that post-transcrip-
tional modification of RNA plays essential roles 
in different cancers [6, 7]. Genetic and epigen-

etic alterations of RNA and histones have been 
widely studied in tumor progression, leading to 
the development of many therapeutic modali-
ties, including histone deacetylase inhibitors 
and drugs targeting hypoxia-related pathways 
[8]. Although numerous RNA modifications have 
been documented, our understanding about 
their regulation and function remains limited, 
especially for mRNAs, due to technical limita-
tions in accurately locating modifications across 
the genome. Common RNA methylation sites 
include 5-methylcytosine (m5C), 7-methylguano-
sine (m7G), m1G, m2G, m6G, N1-methyladenosine 
(m1A), and m6A [9-16]. m5C modification pro-
motes splicing and translation [17]. In compari-
son, m1G, m2G, and m1A modifications, which 
occur at the first or second codon, repress pro-
tein synthesis, while tRNA m7G methylation is 
required for mRNA translation into proteins.
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Reversible m5C modification, which is one of 
the longest-known post-transcriptional modifi-
cations of RNA, plays essential roles in regulat-
ing mRNA alternative splicing, export, stabiliza-
tion localization, and translation [18, 19]. The 
regulatory role of m5C in mRNAs is beginning to 
be revealed, as an increasing number of stud-
ies has demonstrated a broad effect of m5C on 
tRNAs, rRNAs, and mRNAs. m5C methylation 
involves a series of regulators, including m5C 
methyltransferases, demethylases, and “read-
ers”. The methyltransferase “writer” complex 
increases methylation at the C5 position of 
RNAs, then different “reader” proteins recog-
nize and bind the methylated mRNAs, while the 
“eraser” protein reverses m5C modification by 
degrading the written methylation [20]. The 
m5C modification involves adenosine methyl-
transferases, demethylases, and RNA-binding 
proteins called m5C “writers”, including NSUN1-
7, DNMT1, DNMT2, DNMT3A, and DNMT3B, 
m5C “erasers” such as TET2, and m5C “read-
ers” such as ALYREF [21]. Accumulating lines of 
evidence have demonstrated that m5C modifi-
cation plays a pivotal regulatory role in various 
important biological processes, including the 
structure, stability, and translation of mRNAs 
[22, 23]. However, the specific gene signatures 
and prognostic values of m5C-related regula-
tors in cancers, including HCC, remain largely 
unknown.

In this study, we analyzed a TCGA dataset for 
m5C-related regulators involved in HCC. Our 
results revealed a close correlation between 
genetic alterations of changes in the spectrum 
of 13 m5C regulatory genes and clinical patho-
logical features, including HCC survival. 
Moreover, the changes observed in the m5C 
regulatory gene were significantly associated 
with a higher tumor stage. Based on the least 
absolute shrinkage and selection operator 
(LASSO) and multivariate Cox regression mod-
els, we built a two-gene signature of m5C regu-
lators that aligns with an HCC prognostic value 
to effectively predict the prognosis of patients 
with HCC. In addition, high NSUN4 or ALYREF 
expression was associated with critical biologi-
cal processes in HCC. In conclusion, we identi-
fied changes in m5C-related genes, which could 
affect key regulatory molecules that contribute 
to HCC progression.

Materials and methods

Liver hepatocellular carcinoma (LIHC) dataset 
acquisition and process

All HCC copy number variants (CNV), single 
nucleotide variants (SNV), mRNA, and all cor-
responding clinical data used in our study were 
downloaded from the TCGA data portal (http://
gdc-portal.nci.nih.gov/) as described previously 
[24]. We obtained 423 and 364 samples for 
transcriptome and SNV data, respectively. For 
CNV data, 375 samples were analyzed by the R 
package RTCGA. There were 377 clinical sam-
ples from which clinical information data was 
acquired. After integrating the data and exclud-
ing samples with a survival time of less than 90 
days, a total of 319 HCC samples were avail-
able for further analysis.

Gene set enrichment analysis (GSEA)

GSEA, which is available in Java, was used to 
determine which gene sets were associated 
with m5C gene expression in the TCGA dataset, 
as described previously [25].

The least absolute shrinkage and selection 
operator (LASSO)

LASSO is an accepted method for regression 
analysis of high-dimensional data. In our study, 
LASSO was adopted to choose optimal predic-
tive biomarkers for m5C regulatory genes in 
TCGA-LIHC. The selected factors in the LASSO 
regression model were analyzed by multivari-
ate analysis. Two m5C regulatory genes (NSUN4 
and ALYREF) were filtrated as the target genes. 
Kaplan-Meier survival analysis, risk prediction 
and receiver operating characteristic (ROC) 
curves were applied to evaluate the prognostic 
value of NSUN and ALYREF.

Statistical analysis

SPSS 23.0 software (IBM Corp, Armonk, NY, 
USA) and R language were used for the statisti-
cal analyses. Kaplan-Meier and log-rank tests 
were adopted to analyze the survival time of 
patients. The chi-squared test was used to 
evaluate the association of CNV and SNV with 
m5C regulatory genes and clinicopathological 
characteristics. P-values less than 0.05 were 
considered statistically significant.
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Figure 1. Relationship between mutations of m5C regulatory genes and hepatocellular carcinoma (HCC). A. Fre-
quency of mutations of different m5C regulatory genes in HCC; TET2 had the highest frequency of mutation events 
(16/363). B. Classification of mutations of different m5C regulatory genes in HCC; missense mutations were the 
most frequent mutation event (68.75%). C. Kaplan-Meier analysis of the association between mutations of m5C 
regulatory genes and survival in patients with HCC; patients with genetic mutations had poorer prognosis. D. Fre-
quency of CNV of m5C regulatory genes in HCC; “writer” genes had the highest frequency of CNV (81.85%).

Results

Mutations and CNVs of m5C-related genes in 
HCC patients

Among the 363 HCC cases with available 
sequencing data, mutations in m5C-related 
genes were observed in 35 independent sam-
ples. More specifically, the m5C “eraser” TET2 
had the highest frequency of mutation events 
(16/363) followed by the m5C “writer” genes 
DNMT2 and DNMT3A (both 5/363). The fre-
quency of mutation of the m5C “eraser” gene 
was over eight times that of the average num-
ber of “writer” and “reader” genes. Moreover, 
we found that m5C “writer” genes displayed a 
broad range of genetic mutations compared 
with the m5C “eraser” and “reader” genes 
(Figure 1A). For the SNV, we found that 7 of 13 
m5C regulator genes possessed functional 
changes, with missense mutations being the 
most frequent mutation event (68.75%) (Figure 

1B and Table 1). Additionally, we observed that 
the seven patients exhibiting genetic mutations 
had the worst survival in patients with HCC 
(Figure 1C).

Furthermore, CNV was found to play an essen-
tial role in the changes of m5C regulator genes. 
We found that “writers” exhibited the highest 
frequency of mutation in the 375 samples  
with CNV data (Figure 1D). In particular, TET2  
displayed the highest frequency of mutation 
(40.42%), followed by ALYREF (35.29%). How- 
ever, the NSUN1 and DNMT2 genes were  
not detected (Table 2). Taken together, these 
results suggest that mutation of the m5C genes 
may be frequent in HCC.

Effect of m5C-related genes SUV and CNV in 
HCC prognosis and key regulatory molecules

We performed a Cox analysis to explore the 
effect of m5C-related gene SNV and CNV on the 
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Table 1. Functional changes of m5C regulatory genes in hepatocellular carcinoma
Gene Frame Shift Deletion Frame Shift Insert Missense Mutation Splice Site Total
DNMT3A 1 0 3 0 4
TET2 0 2 2 0 4
DNMT1 0 0 2 1 3
NSUN4 0 1 1 0 2
DNMT3B 0 0 1 0 1
NSUN6 0 0 1 0 1
NSUN7 0 0 1 0 1

prognosis of patients with HCC. As shown in 
Table 3, a higher cancer stage is associated 
with a worse prognosis; however, neither SNV 
or CNV were associated with the HCC progno-
sis. Studies have shown that alterations in 
TP53, CYP1A1, NQO1, ALDH2, and EPHX1 play 
essential roles in the underlying mechanism 
regulating the pathogenesis of HCC [26-30]. 
Therefore, we investigated the effect of m5C-
related gene SNV and CNV on these key regula-
tory molecules and their alteration. Our data 
demonstrate that TP53 alteration was marked-
ly associated with SNV and CNV of m5C-related 
genes (Table 4).

Next, we elevated the effect of SNV and CNV on 
the expression of m5C regulatory genes. We 
detected 11 of 13 m5C genes in the 423 sam-
ples analyzed. The level of mRNA expression of 
all 11 m5C regulatory genes was associated sig-
nificantly with CNV. Furthermore, CNV-mediated 
amplification of nine genes (NSUN2, NSUN3, 
NSUN4, NSUN5, NSUN6, NSUN7, DNMT3A, 
TET2, and ALYREF) was linked to increased 

mRNA expression (Figure 2A-I). However, no 
differences were observed for two genes 
(DNMT1 and DNMT3B) (Figure 2J and 2K). 
These findings indicate that SNV and CNV of 
m5C-related genes could affect the expression 
of key regulatory molecules and contribute to 
HCC progression. Moreover, the expressions of 
all “eraser” and “reader” genes were associat-
ed significantly with CNV, suggesting that these 
genes play important roles in m5C regulation.

Relationship between the expression of m5C-
related genes and clinical grade in HCC

To further investigate the expression of m5C-
related genes in different clinical grades, we 
defined TNM I and II stages as low TNM stage 
(low stage), and TNM III and IV stages as high 
TNM stage (high stage). Then, we analyzed the 
TCGA database to further validate the expres-
sion of m5C-related regulators in different TNM 
stages. We found that the expression of 
DNMT3A, NSUN4, NSUN5, DNMT1, TET2, and 
ALYREF were substantially overexpressed in 

Table 2. Copy number variants (CNV) of m5C regulatory genes in hepatocellular carcinoma
Function Genes Diploid Deletion Amplification CNV sum Amplification % Deletion % Percentage
Writer NSUN1 - - - - - - -

NSUN2 250 10 118 128 92.19% 7.81% 33.86%
NSUN3 329 12 36 48 75.00% 25.00% 12.73%
NSUN4 274 76 29 105 27.62% 72.38% 27.70%
NSUN5 263 15 95 110 86.36% 13.64% 29.49%
NSUN6 307 19 51 70 72.86% 27.14% 18.57%
NSUN7 291 48 41 89 46.07% 53.93% 23.42%
DNMT1 289 57 36 93 38.71% 61.29% 24.35%
DNMT2 - - - - - - -

DNMT3A 321 12 47 59 79.66% 20.34% 15.53%
DNMT3B 291 2 85 87 97.70% 2.30% 23.02%

Eraser TET2 227 146 8 154 5.19% 94.81% 40.42%
Reader ALYREF 242 7 125 132 94.70% 5.30% 35.29%
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Table 3. Results of Cox regression analysis to explore the effect of m5C-related gene single nucleo-
tide variants (SNV) and copy number variants (CNV) in the prognosis of patients with hepatocellular 
carcinoma (HCC)

beta HR (95% CI for HR) Wald test P
Stage -1 0.37 (0.25-0.54) 26 3.20E-07
Gender -0.3 0.74 (0.51-1.1) 2.2 0.13
SNV 0.19 1.2 (0.66-2.2) 0.39 0.53
CNV 0.17 1.2 (0.66-2.1) 0.33 0.57
Without SNV or CNV 0.079 1.1 (0.61-1.9) 0.07 0.79
Abbreviations: HR = hazard ratio.

Table 4. Association between key regulatory molecules and m5C-related gene single nucleotide vari-
ants (SNV) and copy number variants (CNV) in hepatocellular carcinoma

Without SNV or CNV With SNV or CNV X2 P
TP53 Wild type 38 183 7.22 0.007

n=327 Altered 6 100
CYP1A1 Wild type 325 0 - -

n=327 Altered 0 2
NQO1 Wild type 326 0 - -

n=327 Altered 0 1
ALDH2 Wild type 326 0 - -

n=327 Altered 0 1
EPHX1 Wild type 43 278 0.138 0.711

n=327 Altered 1 5

Figure 2. Analysis of m5C regulatory gene expression with copy number variants (CNV) and single nucleotide vari-
ants (SNV). A-I. Comparison of expression levels of different m5C regulatory genes in different SNV and CNV; results 
show that different SNV and CNV were significantly associated with nine genes (NSUN2, NSUN3, NSUN4, NSUN5, 
NSUN6, NSUN7, DNMT3A, TET2, and ALYREF). J, K. SNV and CNV were not significantly associated with two genes 
(DNMT1 and DNMT3B).
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Figure 3. Analysis of m5C regulatory gene expression by hepatocellular (HCC) TNM stages. A-F. Comparison of ex-
pression levels of m5C regulatory genes in patients with different TNM stages of HCC. The expression levels of six 
genes (DNMT3A, NSUN4, NSUN5, DNMT1, TET2, and ALYREF) were overexpressed significantly among patients 
with high TNM stages. G-K. The expression levels of five genes (NSUN2, NSUN3, NSUN6, NSUN7, and NSUN3B) 
were not different across TNM stages.

high stage HCC tissues (Figure 3A-F). In con-
trast, no difference was observed in five “writ-
er” genes (NSUN2, NSUN3, NSUN6, NSUN7, 
and NSUN3B) (Figure 3F-J). Taken together, 
most m5C-related gene expression was up-reg-
ulated, suggesting the possibility of an impor-
tant relationship between the expression of 
m5C-related genes and HCC stage.

Relationship between expression of m5C-relat-
ed genes and HCC prognosis

Our analysis also revealed a significant associ-
ation between HCC TNM stage and patient 
prognosis (Figure 4A and 4B). Thus, we used 
CNV and SNV as the research object to analyze 
the relationship between m5C regulatory genes 
and patient survival in HCC. No obvious differ-
ences were observed between CNV or SNV of 
the m5C regulatory genes and patient survival 
(Figure 4C and 4D). Considering the positive 
correlation between the expression of some 
m5C regulatory genes and CNV, we performed a 
univariate Cox regression analysis to explore 

the relationship between different m5C regula-
tory gene expression levels and patient progno-
sis. Our results show that the expression level 
of eight genes (NSUN4, ALYREF, DNMT3A, 
DNMT1, DNMT3B, NSUN5, NSUN2, and 
NSUN3) correlated significantly with patient 
prognosis (P<0.05) (Table 5). Moreover, the 
expression level of six of the eight genes 
(NSUN4, ALYREF, DNMT3A, NSUN5, NSUN2, 
and NSUN3) correlated significantly with their 
CNV changes. We also found that gene expres-
sion information from 13 m5C regulatory genes 
can be used to assess patient risk (Figure 4E) 
and that the area under the curve (AUC) for 1, 
3, and 5 years is greater than 0.7 (Figure 4F) 
with multi-factor Cox regression analysis. 
Furthermore, we adopted LASSO analysis to 
predict the potential survival predictor. As 
showed in Table 6, only NSUN4 and ALYREF 
were valid survival predictors in the regression 
analysis. These results indicate that the expres-
sion of m5C regulatory genes can serve as a 
prognostic marker for HCC.
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and ALYREF expression was 
linked with worse overall sur-
vival (OS). Univariate Cox 
regression analysis revealed 
that the AUC (1, 3, and 5 
years) of the two m5C regula-
tory genes was greater than 
0.6 (P<0.001) (Figure 5C). 
Additionally, a cluster analy-
sis based on NSUN4 and 
ALYREF expression and risk 
values of patients suggest- 
ed a predisposition of the  
two regulators to different 
cohorts of at-risk patients 
(Figure 5D). The expression 
of NSUN4 and ALYREF were 
also associated with the TNM 
stage (Figure 5E). We used 

Figure 4. Relationship between m5C regulatory genes and prognosis prediction in hepatocellular carcinoma (HCC). 
A. Kaplan-Meier analysis shows that survival time was longer in patients with low TNM stages compared to patients 
with high TNM stages. B. The heat map shows different expression levels of m5C regulatory genes at different TNM 
stages. C, D. Kaplan-Meier curves of SNV or CNV and prognosis in patients with HCC. E. Kaplan-Meier curves of risk 
score and prognosis of patients with HCC; there were no difference in patients with SNV or CNV. F. The results of 
the receiver operating characteristic (ROC) curve of prognosis based on m5C regulatory genes at 1-year, 3-year, and 
5-year survival were over 0.7.

Survival and functional enrichment analyses 
of NSUN4 and ALYREF in HCC

Considering the results above, we investigated 
the correlation of NSUN4 and ALYREF expres-
sion with HCC patient prognosis. As shown in 
Figure 5A and 5B, the up-regulation of NSUN4 

GSEA to predict the functional role of NSUN4 
and ALYREF in HCC progression. As shown in 
Figure 5F and 5G, the high expression of 
NSUN4 was remarkably associated with meth-
ylation and methylation processes. Meanwhile, 
the high expression of ALYREF was found to be 
related to cell cycle regulation and mitosis 

Table 5. Results of Cox regression analysis to explore the effect of 
m5C-related gene expression in the prognosis of patients with hepa-
tocellular carcinoma (HCC)

beta HR (95% CI for HR) Wald test P CNV sig
NSUN4 0.17 1.2 (1.1-1.3) 25 4.90E-07 yes
ALYREF 0.006 1 (1-1) 19 1.00E-05 yes
DNMT3A 0.069 1.1 (1-1.1) 18 2.70E-05 yes
DNMT1 0.024 1 (1-1) 16 5.70E-05 no
DNMT3B 0.077 1.1 (1-1.1) 11 0.0011 no
NSUN5 0.018 1 (1-1) 9.6 0.002 yes
NSUN2 0.022 1 (1-1) 7.7 0.0056 yes
NSUN3 0.18 1.2 (1-1.4) 6.5 0.011 yes
TET2 0.098 1.1 (0.93-1.3) 1.3 0.25 yes
NSUN7 0.045 1 (0.93-1.2) 0.57 0.45 yes
NSUN6 -0.0037 1 (0.97-1) 0.11 0.74 yes
Abbreviations: HR = hazard ratio; CNV = copy number variant.
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Figure 5. Role of ALYREF and NSUN4 expression in hepatocellular carcinoma (HCC) prognosis. A. Kaplan-Meier 
curves of differential ALYREF expression and prognosis in patients with HCC; patients with high ALYREF expres-
sion had poorer overall survival (OS). B. Kaplan-Meier curves of differential NSUN4 expression and prognosis in 
patients with HCC; patients with high NSUN4 expression had poorer OS. C. Kaplan-Meier curves of risk score and 
prognosis of patients with HCC; high-risk patients had poorer OS. D. Receiver operating characteristic (ROC) curves 
of a prognostic signature based on ALYREF and NSUN4 expression for 1 year, 3 year, and 5 year survival. E. ALYREF 
and NSUN4 expression at different TNM stages. F, G. High NSUN4 expression was associated with methylation and 
demethylation. H, I. High ALYREF expression was associated with cell cycle, mitotic reactome and cellular nitrogen 
compound catabolic processes.

Table 6. Least absolute shrinkage and selection operator (LASSO) analysis of m5C-related genes in 
hepatocellular carcinoma
duplicates genes CNV expression sig functions Survival sig Stage sig
959 NSUN4 *** Writers yes **
955 ALYREF *** reader yes **
653 NSUN5 * Writers yes **
353 DNMT3A *** Writers yes *
298 DNMT1 No Writers yes *
121 TET2 *** eraser no **
119 NSUN7 No Writers no No
109 DNMT3B No Writers yes No
86 NSUN6 *** Writers no No
57 NSUN2 *** Writers yes No
27 NSUN3 ** Writers no No
Abbreviations: CNV = copy number variant; *P<0.05; **P<0.001; ***P<0.001.
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(Figure 5H and 5I). These findings suggest that 
m5C-related genes play essential roles in criti-
cal biological processes of HCC.

Discussion

In this study, we analyzed the roles of m5C-
related regulators in HCC and explored the rela-
tionship between the gene expression of m5C 
regulators and HCC prognosis. Analyses of the 
TCGA databases revealed that mutation of m5C 
regulatory genes is linked to patient prognosis 
in HCC. These findings provide clues for the epi-
genetic understanding of m5C in HCC.

A growing body of evidence shows that m5C 
methylation involves a variety of cellular pro-
cesses. m5C regulator genes play key roles in 
cell proliferation, developmental defects, and 
cell death [31, 32]. Although there have been 
many reports describing the importance of m5C 
methylation in many pathological processes, 
little is known about the relationship between 
m5C-related genes and HCC. We observed that 
NSUN4 and ALYREF may be involved in regulat-
ing the methylation process and DNA recombi-
nation in HCC. Our results are consistent with 
Shinoda et al., who reported that m5C modifica-
tions play critical roles in mitochondrial protein 
synthesis and produce respiratory chain com-
plexes in mitochondrial tRNAs. Studies have 
also demonstrated that NSUN2 could introduce 
m5C into cytoplasmic tRNAs and mRNAs [33]. 
Additionally, Van Haute et al. found that NSUN2 
was essential for m5C generation at positions 
48, 49, and 50 of several mammalian mito-
chondrial tRNAs [34]. These published reports 
support our findings that NSUN4 and ALYREF 
may play essential roles in critical biological 
processes of HCC.

Our results also show that high expression of 
DNMT3A, NSUN4, NSUN5, DNMT1, TET2, and 
ALYREF are related to higher HCC stages, sug-
gesting a robust relationship between the 
expression of m5C-related genes and clinical 
TNM stages in HCC. Furthermore, a recent 
study demonstrated the involvement of m5C in 
the development of human urothelial carcino-
ma of the bladder (UCB). Chen et al. found that 
NSUN2 and YBX1 could target the m5C methyl-
ation site in the HDGF 3’-untranslated region 
and drive UCB pathogenesis. Moreover, up-reg-
ulated NUSN2, YBX1, and HDGF expression 
predicted poorer survival rate in patients with 

UCB. In the present study, we found that high 
levels of NSUN4 and ALYREF expression were 
associated with poorer outcomes in patients 
with HCC. In conclusion, these findings suggest 
that m5C regulator genes may be novel bio-
markers for diagnosis and predictors of 
prognosis.

To further define the molecular mechanisms of 
HCC progression and develop novel strategies 
for prognosis prediction, we performed a Cox 
regression analysis to identify the independent 
prognostic factors in HCC. Our results show 
that the expression of eight genes correlated 
significantly with patient prognosis, with the 
expression of six genes linked to significant 
changes in CNV. Univariate Cox regression and 
LASSO analyses showed that the expression of 
NSUN4 and ALYREF were independent prog-
nostic factors in HCC. Taken together, the 
expression of m5C regulatory genes can serve 
as prognostic markers for HCC, and SNV and 
CNV of m5C-related genes may affect key regu-
latory molecules to mediate HCC progression.

Conclusion

Our results demonstrate that the role of m5C-
related regulators in HCC are dysregulated and 
associated with patient survival. NSUN4 and 
ALYREF may be tumor oncogenes in HCC and 
may be useful as novel prototype therapeutic 
agents and potential biomarkers in patients 
with HCC.
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