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Abstract: Recent studies have indicated that several circular RNAs (circRNAs) can affect the occurrence and devel-
opment of hepatocellular carcinoma (HCC). Post-transcriptional methylation modifications, including 5-methylcyto-
sine (m5C) modification, are closely related to the tumorigenesis of cancers. However, the map of m5C modification 
of circRNA in HCC remains to be investigated. In this study, we performed MeRIP-seq to identify m5C sites on cir-
cRNA of human HCC tissues and paired adjacent non-tumor tissues. Further, we analyzed the relationship between 
m5C and HCC. Moreover, we performed a bioinformatics analysis to predict the function of specific methylated 
transcripts. We found that there was a significant difference in m5C between HCC tissues and paired non-tumor tis-
sues, suggesting potential critical roles of m5C of circRNA in HCC development. In addition, the Gene Ontology (GO) 
analysis results indicated that the unique distribution pattern of circRNA m5C in HCC was associated with specific 
metabolism-associated pathways. In conclusion, our findings suggest a possible association between HCC and m5C 
of circRNA. Additionally, our results provide new insights into a novel function of m5C RNA methylation of circRNA 
in HCC progression.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most widespread cancers with extremely poor 
prognosis. As the second common cause of 
tumor-related death worldwide, the disease 
contributes to nearly 662,000 deaths per year, 
most of which occur in sub-Saharan Africa  
and Asia [1-3]. Despite marked improvements 
in the treatment of HCC, incidence and mortal-
ity are still high, primarily due to the late diag-
nosis, early metastasis and high recurrence 
rates [4-6]. It is therefore imperative to acquire 
an in-depth understanding of the molecular 
mechanism and to identify new prognostic bio-
markers and therapeutic targets that will allow 
for the development of improved HCC treat-
ment strategies.

Circular RNAs (circRNAs), a class of non-coding 
RNAs (ncRNAs), was originally thought to be  

the result of the erroneously alternative splic- 
ing [7-9], but recent studies have been demon-
strated that circRNAs play critical roles in can-
cers, including HCC [10-13]. CircRNAs can ser- 
ve as circulating biomarkers for cancer diagno-
sis [10, 14], and ongoing studies have revealed 
that circRNAs can regulate gene expression  
to promote or inhibit cancer at transcriptional, 
post-transcriptional, and translational levels 
[15, 16]. Interestingly, a recent study shows 
that a part of circRNA that was originally thou- 
ght to be untranslatable can be translated af- 
ter RNA methylation [17, 18]. However, the RNA 
methylation level, including circRNA methyla-
tion, has not been previously reported.

Increasing evidence has demonstrated that  
epigenetic dysregulation contributes to the ini-
tiation and progression of cancers, and post-
transcriptional modification of RNA has receiv- 
ed considerable critical attention in recent 
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years [19]. N6-methyladenosine (m6A), the 
most prevalent internal mRNA modification, 
has been well researched in HCC and con-
cerned studies revealed the molecular mech- 
anism in tumors, including HCC [20, 21]. Ano- 
ther post-transcriptional RNA modification, 
known as 5-methylcytosine (m5C), has been 
identified in stable and highly abundant tRNAs, 
rRNAs, and mRNAs [22-24]. Studies have sh- 
own that m5C modification is important for the 
stability of tRNA and plays a crucial role in the 
translation and structure of rRNA, which is 
dynamic, conservative, and tissue specific in 
mammals [25-29]. As a well-known modifica-
tion with new epigenetic functions, m5C modifi-
cation was proven to play essential roles in 
bladder cancer progression [30]. However, the 
distribution and the function of m5C modifica-
tion in circRNA of HCC are largely unclear.

In the present study, we performed a global 
analysis of m5C of circRNA in human HCC and 
paired adjacent non-tumor tissues. The results 
showed some significant differences in the 
degree and location of methylation in samples 
of HCC tissues compared to adjacent tissu- 
es. Specifically, the degree of methylation was 
observed to be higher in HCC tissues than that 
in adjacent tissues, and these differentially 
methylated genes are widely derived from all 
chromosomes. Our findings suggest a possible 
association between HCC and m5C of circRNA.

Materials and methods

Sample material

Each pair of HCC and corresponding adjacent 
tissues was obtained from the same HCC 
patient. Further, these tissues were quickly fro-

zen in liquid nitrogen for further preparation of 
RNA.

RNA preparation

Initially, we selected six biological replicates 
each in the HCC and adjacent tissues. Next, 
total RNA was extracted using TRIzol reagent 
(Invitrogen Corporation, CA, USA) as recom-
mended by the manufacturer, followed by 
reducing ribosomal RNA content in total RNA 
with Ribo-Zero rRNA Removal Kit (Illumina, Inc., 
CA, USA). We then used NanoDrop ND-1000 
(Thermo Fisher Scientific, Waltham, MA, USA) 
to measure the RNA concentration of each 
sample and used OD260/OD280 as the purity 
index. If the OD260/OD280 range was from  
1.8 to 2.1, the RNA purity was qualified, and the 
QC Results were marked as a “Pass” (Table 1).

RNA MeRIP-seq library construction & se-
quencing

RNA MeRIP-seq was performed based on  
published experimental methods with some 
modifications [31]. Briefly, total RNA was lysed 
into 100 BP fragments and m5C RNA im- 
munoprecipitation (IP) was performed with the 
GenSeqTM m5C RNA IP Kit (GenSeq Inc, China) 
according the manufacturer’s instructions.

Reading the mapping of sequencing and call-
ing m5C

After sequencing, imaging analysis, base rec-
ognition, and quality control of the RNA by 
Illumina HiSeq 4000 Sequencer, the paired-
end reads were harvested. The reads were per-
formed with Q30. Next, we used cutadapt soft-

Table 1. RNA quantification and quality assurance by NanoDrop ND-1000
Patient ID Sample type OD260/280 Ratio Conc. (ng/μl) Volume (μl) Quantity (μg) QC result
1 paired non-tumor 1.84 729.53 137.7 100.46 Pass
2 paired non-tumor 1.83 738.21 137.7 101.65 Pass
3 paired non-tumor 1.82 690.97 137.7 95.15 Pass
4 paired non-tumor 1.84 614.80 137.7 84.66 Pass
5 paired non-tumor 1.91 835.22 137.7 115.01 Pass
6 paired non-tumor 1.86 778.78 137.7 107.24 Pass
1 HCC 1.82 749.03 58.7 43.97 Pass
2 HCC 1.89 699.77 58.7 41.08 Pass
3 HCC 1.82 746.16 58.7 43.80 Pass
4 HCC 1.93 910.16 58.7 53.43 Pass
5 HCC 1.84 563.81 58.6 33.04 Pass
6 HCC 1.82 723.30 58.7 42.46 Pass
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ware (v1.9.3) for trimming of the 3’ adaptors, 
low-quality reads removal, and obtaining high-
quality clean reads. Next, clean reads of input 
libraries were aligned to reference genome 
(GRCh38.gencode. v32) by STAR software [32]. 
CircRNAs were identified by DCC software us- 
ing the STAR alignment results [33]. After that, 
clean reads of all libraries were aligned to the 
reference genome by Hisat2 software (v2.0.4) 
[34] followed by identifying methylated peaks 
on RNAs with MACS software [35]. Differenti- 
ally methylated sites were identified by Diff- 
Reps software [36]. We have defined methyla-
tion sites with a foldchange > 2 (P ≤ 0.00001) 
as up-regulated in a particular sample. Peaks 
identified by both software and any overlap 
with exons of circRNA were identified and se- 
lected by in-house constructed scripts, which 
were further annotated accordingly (Figure 1).

Statistics of the distribution characteristics of 
m5C peaks

We combined the m5C peaks identified in the 
six samples in the HCC group as the total m5C 
peaks of HCC, and the m5C peaks in adjacent 
tissue were treated in the same way, the com-

mon peaks of the two groups were identified 
using bed tools. The sequences of the vertices 
of the methylation peaks in the two groups (50 
bp on each side of the vertices) were scanned 
using dreme software to find reliable motif 
sequence [37]. The E value is the enrichment p 
value times the number of candidate motifs 
tested. The smaller the E value of the motif, the 
higher the credibility of the motif. Then, accord-
ing to the published method, we calculated the 
area where the m5C peak in the two groups 
was located and plotted it as a pie chart [38]. 
Heatmap.2 software package was used to per-
form clustering based on the log logfold enrich-
ment (FE) value of each gene in twelve sam-
ples. The color represents the size of the logFE 
value. The closer the color in the figure is to  
red, the larger the logFE value. Subsequently, 
we used the histogram to show the enrichment 
degree of methylation on circRNA in the corre-
sponding position of 24 chromosomes in the 
genome using circos software. The height of 
the histogram represents the size of the FE 
value.

Joint analysis of transcriptomics and methy-
lome

STAR software (v2.5.1b) was used to map high-
quality reads to the genome (human gencode 
v32), then DCC software (v0.4.4) was used to 
detect and identify circular RNA. Subsequently, 
we annotated the identified circular RNA using 
the circBase database [39] and Circ2Traits 
[40], followed by data standardization and dif-
ferential expression circRNA screening using 
edgeR software (v3.16.5) to obtain logCPM. We 
draw a scatter plot of the differential expres-
sion of methylated genes based on the average 
logCPM of the two groups.

GO and pathway enrichment analysis

Gene Ontology (GO) contains three parts: mo- 
lecular functions, biological processes, and cel-
lular components. We performed GO analysis 
(http://www.geneontology.org) to annotate and 
speculate on the likely role of these differen-
tially methylated genes. GO terms with p value 
< 0.05 were considered statistically significant. 
Further, we have shown the most important 
items in the results.

Moreover, we performed KEGG pathway analy-
sis, which is a process of mapping molecu- 
lar data sets in genomics, transcriptomics, pro-

Figure 1. Graphical description of MeRIP-seq. RNA 
samples from cells were extracted and fragmented. 
One part was used as input for whole transcriptome 
sequencing, and the other part was co-immunopre-
cipitated with corresponding antibodies. Reverse 
transcription of the extracted RNA was performed to 
obtain cDNA libraries.
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teomics, and metabolomics onto the KEGG 
pathway to explain the biological functions of 
these molecules (https://david.ncifcrf.gov/). Di- 
fferentially methylated circRNAs were used to 
perform KEGG to annotate and speculate path-
ways in which they may be involved. P value < 
0.05 was considered as the threshold for sig-
nificant enrichment. We have also listed path-
ways with methylated genes that were either 
up-regulated or down-regulated in HCC.

Results

General features of m5C methylation in hu-
man hepatocellular carcinoma and adjacent 
tissues

After 3’ adaptor-trimming and low-quality read 
removal by cutadapt software (v1.9.3), we 
found 6447 methylation clean reads in HCC  
tissues and 2840 methylation clean reads in 

adjacent tissues. Up to 2869 annotated ge- 
nes (HCC tissues) and 1767 annotated genes 
(adjacent tissues) were mapped, respectively. 
We found that 4072 of the 6447 methylation 
sites only appeared in HCC tissues, while 465 
of the 2840 methylation sites only appeared in 
adjacent tissues (Figure 2A and 2B). Moreover, 
the data suggested that the number of up-
methylated transcript sites per gene (HCC tis-
sues: 3.3 sites/gene, adjacent tissues: 3.72 
sites/gene) was markedly higher than the meth-
ylated transcript sites that are present in the 
both samples (1.4 sites/gene). 

Statistical analysis of the number of peaks on 
each circRNA

To determine the number of m5C peaks on 
each circRNA, we performed a statistical an- 
alysis of the methylation peaks and the co- 
rresponding circRNA (Figure 2C). The results 

Figure 2. Overview of circRNA m5C in hepatocellular carcinoma (HCC) and adjacent tissues. A. Venn diagram of m5C 
peaks in HCC and adjacent tissues. B. Venn diagram of m5C genes in HCC and adjacent tissues. C. The number of 
methylation peaks in HCC and adjacent tissues on each circular RNA. It can be found that most circular RNAs have 
only one methylation peak. D, E. Pie chart of the source of methylated circRNA in HCC and adjacent non-tumor tis-
sues. F. Visualization of m5C at the chromosome level in HCC and adjacent tissues.
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showed that most of the circRNAs with methyl-
ation sites in HCC tissues had only one me- 
thylation peak (51.7%), and this ratio was high-
er in adjacent tissues (68.4%). The difference 
between the two groups was statistically sig- 
nificant (P < 0.0001). At the same time, the 
number of circRNAs with two or more methyla-
tion peaks on one circRNA was higher in HCC 
tissues than that in adjacent tissues (P < 
0.0001).

Analysis of sources of circRNA methylation in 
HCC and adjacent tissues

Further, we summarized the source data of 
methylated circRNA and plotted the pie chart 
(Figure 2D and 2E). The results showed that 
most of the circRNAs were derived from exonic 
regions, followed by sense overlapping regions. 
Specifically, compared with adjacent tissues, 
HCC tissues had fewer methylated circRNAs 
derived from exons, and more methylated cir-
cRNAs from the sense overlapping regions. 

Additionally, there were fewer circRNAs deriv- 
ed from exons in HCC tissues, which may lead 
to decline of the number of circRNAs that can 
perform silencing and affect cell function.

Additionally, we used circos software to an- 
alyze the distribution of circRNA methylation 
sites on the chromosomes (Figure 2F). The 
results showed that the distribution of the 
methylation sites of circRNA on each chromo-
some was different between the two groups, 
with the X chromosome being the most evident. 
In addition, compared with the autosomes, the 
sex chromosomes in both groups were less 
methylated.

Motif analysis of methylation sites

Dreme software was used to scan the sequen- 
ce of methylated peaks (50 bp on each side of 
the apex) of each group of samples to find 
meaningful motif sequences. The results are 
as shown in Figure 3A and 3B. Among the 

Figure 3. Characterization of methylation peaks and joint analysis of methylation and transcriptome. A. Motif se-
quence of m5C in hepatocellular carcinoma (HCC) group. B. Motif sequence of m5C in adjacent tissues group, which 
is consistent with the sequence in the HCC group. C. Cluster analysis of methylation in HCC and adjacent tissues. D. 
Scatter plot of relationship between gene expression level and methylation level, the Y-axis and X-axis represent the 
expression levels of genes in HCC and paired non-tumor, red dots represent genes with high methylation level, blue 
dots represent low methylation horizontal genes, while gray represents no significant difference.
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motifs measured in the HCC tissues, AHUACA 
(H = U/A/C) was observed to be the most com-
mon and reliable, that is, the most likely con-
served methylation site motif (E-value = 5.7e-
268). In the adjacent tissues, the most con-
served motif was also the AHUACA (E value = 
6.7e-080), same as the most reliable motif in 
HCC.

Cluster analysis of differential methylation 
peaks

In addition, we performed a methylation heat-
map analysis and cluster analysis of the total 
data (Figure 3C). The results of the cluster anal-
ysis showed that the difference in methylation 
degree can be used to distinguish the HCC 
group from the adjacent tissue group, that is, 
there were noticeable differences between the 
groups and relatively consistent within group. 
And these differences may be closely related  
to the occurrence and development of HCC. 
Overall, the frequency of methylation in the 
HCC group was much higher than that in the 

methylated circRNAs in HCC and adjacent tis-
sues, we performed GO analysis on the data 
obtained by sequencing. For the biological pro-
cesses (BP) category, we found that the genes 
with up-methylated m5C sites in HCC tissues 
were mainly related to cellular metabolic pro-
cess, phosphorus metabolic process, and ph- 
osphate-containing compound metabolic pro- 
cess while the genes with down-methylated 
m5C were mainly related to cellular metabolic 
process, organelle organization, and cellular 
catabolic process. For the molecular functions 
(MF) category, the genes with up-methylated 
m5C were mainly related to catalytic activity, 
adenyl ribonucleotide binding, and ATP binding 
while the genes with down-methylated m5C are 
mainly related to catalytic activity, small conju-
gating protein-specific protease activity, and 
protein binding. For the cellular components 
(CC), methylation sites up-regulated in HCC tis-
sues were mainly enriched in intracellular part, 
intracellular organelle, same as methylation 
sites upregulated in adjacent cancer tissue. 
The 10 most prominent categories are shown 
in the figures (Figure 4A-F).

Table 2. Top ten up-methylated peaks
chrom txStart txEnd GeneName Foldchange
chr1 28463441 28463760 PHACTR4 171.3
chr1 179347921 179348500 SOAT1 171.2
chr6 32530601 32531080 HLA-DRB1 152
chr6 161039761 161040200 MAP3K4 149.4
chr15 43156641 43157100 TMEM62 144
chrX 77642201 77642660 ATRX 138.3
chr11 103303721 103304120 DYNC2H1 115.3
chr11 103281921 103282300 DYNC2H1 86
chr20 8744401 8744780 PLCB1 81.7
chr15 42294621 42294980 AC012651.1 79.1

Table 3. Top ten down-methylated peaks
chrom txStart txEnd GeneName Foldchange
chr1 39354221 39354600 MACF1 128.5
chr18 24296101 24296700 OSBPL1A 118.8
chr16 11730161 11730560 TXNDC11 113.4
chr11 20398841 20399300 PRMT3 103.7
chr16 53871821 53872140 FTO 99
chr1 35347701 35348200 SNORA62 95.7
chr1 13719601 13720020 PRDM2 95
chr11 88309421 88309760 CTSC 93.9
chr1 97517581 97517900 DPYD 89.9
chrX 63666941 63667280 ARHGEF9 89.7

adjacent tissues. Specifically, a total of 
2085 methylation sites were detected 
as up-regulated in HCC, while 813 meth-
ylation sites were up-regulated in adja-
cent tissues. We have listed the 20 cir-
cRNAs with the largest FC in Tables 2 
and 3.

Effect of methylation on transcriptional 
expression

To investigate the effect of methyla- 
tion on transcriptional expression, we 
combined analysis of transcriptome  
and methylation (Figure 3D). The differ-
ence in the transcription level of hyper-
methylated genes have been shown on 
Tables 4 and 5. The results show that 
whether in HCC or adjacent non-tumor 
tissues, hypermethylated genes tend to 
have lower transcriptional expression. 
Unfortunately, this trend is less notice-
able due to the relatively small number 
of circRNAs and the relatively low fre-
quency of methylation, so this hypothe-
sis requires further validation.

GO analysis

To uncover the biological processes and 
molecular functions of differentially 
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Table 4. Differences in transcription levels of hypermethylated genes in HCC

Chrom txStart txEnd Foldchange of  
methylation degree Gene name Catalog logFC of transcription 

level
chr22 50392301 50392680 2.377727615 PPP6R2 exonic 2.993041522
chr12 18283241 18283620 4.178057554 PIK3C2G sense overlapping -3.285974927
chr13 99239741 99240140 3.469856459 UBAC2 exonic 3.331288361
chr12 18291141 18291720 3.284140969 PIK3C2G sense overlapping -3.285974927
chr19 46928421 46929020 2.087808603 ARHGAP35 sense overlapping 5.560500054
chr15 101366581 101367020 2.409874608 PCSK6 exonic -3.667858726
chr19 46924641 46925060 7.826530612 ARHGAP35 sense overlapping 5.560500054
chr1 59375381 59376280 3.686405338 FGGY exonic -2.659245921
chr10 95408001 95408580 2.082657517 SORBS1 exonic -3.381399644
chr10 95381881 95382260 4.489566613 SORBS1 exonic -3.381399644
chr1 59368641 59369520 2.024181757 FGGY exonic -2.659245921
chr17 2394181 2394760 3.462382445 MNT exonic 3.472039848
chr12 18287001 18287580 4.431796802 PIK3C2G sense overlapping -3.285974927
chr10 95401421 95401860 3.092629482 SORBS1 exonic -3.381399644
chr12 22656741 22657100 5.483965015 ETNK1 exonic 3.553337593
chr19 40857141 40857720 6.734767025 CYP2A7 sense overlapping -3.274932432
chr19 40851581 40852420 2.41031653 CYP2A7 sense overlapping -3.274932432

Table 5. Differences in transcription levels of hypermethylated genes in adjacent tissues

Chrom txStart txEnd Foldchange of 
methylation degree Gene name Catalog logFC transcription 

level
chr19 40853241 40853820 7.616352201 CYP2A7 sense overlapping -3.274932432
chr1 59369381 59369880 2.810578662 FGGY exonic -2.659245921
chr14 88434281 88435160 2.993351064 SPATA7 exonic -4.094387086
chr6 116701881 116702440 2.510126582 KPNA5 exonic 3.609326004
chr10 95409361 95409700 3.820253165 SORBS1 exonic -3.381399644
chr19 40866861 40867480 2.089793642 CYP2A7 sense overlapping -3.274932432
chr18 13010681 13011320 2.085308057 CEP192 exonic 3.962828068
chr14 88435361 88436520 3.397698210 SPATA7 exonic -4.094387086
chr1 23053981 23054400 4.125000000 KDM1A exonic 3.278760795
chr1 219215281 219216640 2.846099789 LYPLAL1 sense overlapping 3.666802455

Methylated circRNAs in different groups par-
ticipate in different pathways

Kyoto Encyclopedia of Genes and Genomes 
(KEGG) analysis was performed to identify pa- 
thways in which differentially methylated genes 
may be involved (Figure 5A and 5B). Analysis 
results showed that for genes with up-methyla-
tion in HCC tissues, they were mainly involved 
in ubiquitin-mediated proteolysis, endocytosis, 
and adherens junction. For genes with down-
methylated m5C, they were mainly involved in 
endocytosis and protein processing in endo-
plasmic reticulum.

Discussion

As an important post-transcriptional modifica-
tion, methylation has become a research hot- 
spot in recent years. As a more comprehensive 
type of methylation, m6A, has been proven to 
play a critical role in many cancer-related path-
ways. Yongsheng Li et al, confirmed that m6A 
plays a vital role in 33 different types of can- 
cer, including HCC [21, 41]. As another type of 
methylation, m5C has also been shown to play 
key roles in cell functions, such as regulating 
RNA nucleation [29] and intergenerational tr- 
ansmission of acquired phenotypes [42], while 
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also promoting the proliferation of bladder can-
cer by stabilizing mRNAs [30]. A recent article 
has proved that the mRNA of HCC tissue has 
significantly more m5c sites than that of adja-
cent tissues, and its hypermethylated mRNA is 
related to the abnormality of N-glycan biosyn-
thesis [31]. However, m5C has a very extensive 
role in cells, and its distribution of circRNA in 
HCC tissues and its role in the pathogenesis of 
HCC have not been studied yet.

In this study, we sequenced the m5c methyla-
tion of circRNA in HCC and adjacent tissues 
using MeRIP-seq and compared them to iden-
tify differences between the two groups. We 
identified thousands of methylation peaks in 

circRNA and found significant differences in the 
number and distribution of methylation peaks 
between the two samples. Our results indicate 
that the frequency of methylation and the 
genes of methylation in HCC are far more than 
those in the adjacent tissues, which proves 
that there is a definite link between m5C and 
HCC. Analysis at the whole chromosome level 
showed that circRNAs derived from various 
chromosomes in HCC and adjacent tissues  
are significantly different, especially the X  
chromosome, indicating that m5C in HCC tis-
sues is widely changed and may involve many 
pathways to influence the phenotype of HCC. 
Meanwhile, motif analysis showed that the 
sequences near the methylation sites in the 

Figure 4. Gene ontology analyses of HCC and adjacent tissues. A-C. Biological processes (BP), cell component (CC), 
and molecular functions (MF) in HCC group, respectively. D-F. Biological processes, cell component, and molecular 
functions in adjacent tissues group, respectively. We have listed the 10 most significant terms in each figure.

Figure 5. Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis of differentially methylated genes in hepa-
tocellular carcinoma and adjacent tissues. A. Pathway analysis of differentially methylated genes in HCC group. B. 
Pathway analysis of differentially methylated genes in adjacent tissues group. We list the 10 most significant terms 
on each figure.
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two groups were consistent and relatively con-
served, suggesting that there is a difference in 
the number of methylated writers rather than 
the types, which requires further rigorous 
experimentation to allow validation.

A previous study showed that circYAP can bind 
to its parent mRNA and inhibit YAP production, 
and YAP is an important protein in the process 
of tumorigenesis and development and is  
widely present in liver cancer and breast can-
cer [43]. Our results show that methylated cir-
cRNAs derived from exons are less abundant in 
HCC tissues. We therefore propose that the 
reduction of exon-derived circRNAs caused by 
methylation leads to a loss of inhibition of cer-
tain key proteins and promotes tumor develop-
ment. In addition, we found that the degree of 
methylation in HCC tissues is positively corre-
lated with the degree of corresponding gene 
expression, however, this trend is less notice-
able and more samples are needed for further 
validation.

There is already a lot of evidence that m5C is 
involved in many cellular functions, such as 
regulating RNA nucleus [29], affecting cell  
differentiation [44], regulating stem cell func-
tion, and stress [45] etc. Through further bioin-
formatics analysis, GO terms of differentially 
methylated genes and KEGG pathways in the 
two groups were determined. The up-regulated 
methylated genes in HCC tissues were identi-
fied to be involved in various aspects of cell 
function, such as energy and protein metabo-
lism and endocytosis, which indicates that the 
cellular functions affected by methylation are 
extensive, and the mechanism involved needs 
to be extensively studied. These results sug-
gest that there is a need for more research to 
facilitate a detailed understanding of the m5C.

Conclusion

In summary, our study reveals for the first time 
the differences in m5C between HCC tissues 
and adjacent tissues, both in quantity and dis-
tribution. We conducted an in-depth bioinfor-
matics analysis to show the distribution and 
possible functions of m5C in HCC. However, the 
functions of m5C in cells are extensive, and 
presently we do not know enough about, so 
more experiments are needed to determine the 
role and mechanism of m5C, which will eventu-
ally provide new treatment targets for HCC.
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