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Abstract

Background: There is a great need for further study on the mechanism of HCV infection or its pathopoiesis mechanism. There-
fore, an HCV infection model was used to analyze the mechanisms of transcriptional and post-transcriptional regulation of gene
expression.
Methods: The detections of transcriptome and microRNAs expressions in Huh7.5.1 cells infected with JFH-1 were conducted with
next-generation sequencing. Moreover, bioinformatics data were obtained.
Results: There were 21,827,299, and 42,588,251 reads qualified Illumina read pairs obtained from JFH-1-infected (HCV) and non-
infected (blank) Huh7.5.1 cells, respectively. Moreover, 678 and 1,041 mRNAs data with a length of 101 bp from HCV and blank Huh7.5.1
cells cDNA sequence were generated, respectively. The results of comparative transcriptome sequencing analysis declared 460 differ-
entially expressed mRNAs in HCV-infected cells, including 152 upregulated mRNAs and 308 downregulated mRNAs (HCV vs. blank).
Gene Ontology (GO) and KEGG pathway enrichment analyses indicated the involved pathways, such as MAPK, p53, and PI3K/Akt sig-
naling pathways, as well as oocyte meiosis and pathways in cancer.
Conclusions: Our work confirmed the transcriptome and microRNA data profiling from the cell model of HCV infection with JFH-
1 using next-generation sequencing (NGS). Furthermore, the gene expression and regulation information or signaling pathways
associated with the pathopoiesis mechanism of HCV infection were identified.
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1. Background

Worldwide, more than 184 million people have chronic
HCV infection, which is associated with a high risk of liver
inflammation, fibrosis, cirrhosis, steatosis, and even hep-
atocellular carcinoma (HCC) (1, 2). As known, IFN-a is the
standard therapy for chronic hepatitis C (CHC), but only 50
- 60% of the patients obtain a sustained virologic response
(SVR) (3). Newer HCV-specific therapeutics, namely direct-
acting antivirals (DAA), have brought a new and highly suc-
cessful approach to the treatment of hepatitis C (4). There-
fore, there is a great need for further study on the patho-
genesis mechanism of HCV infection.

The replication and protein expression of HCV can in-
duce differential gene expressions in the host (5, 6). The
breakthrough about HCV was the discovery of JFH1, a strain
that is able to replicate efficiently and produce particles
of HCV in cultured cells (7-9). An in vitro model was used
to analyze the transcriptome characteristics of HCV in-

fection, which identified that the regulated expression of
genes was related to apoptosis and cell cycle (10-13). More-
over, the studies on the proteome revealed that the profuse
confusions were associated with the metabolism of sphin-
gomyelins and phospholipids that play substantial roles
in replication, assembly, and viral secretions (14). These
suggested that there were crucial differences between the
transcriptome and proteome of HCV-infected cells, which
may depend on the stability of proteins and the expression
regulation at the translational level. Actually, the transla-
tional regulation of mRNA has been shown to distinguish
between the amounts of mRNA and their commensurate
proteins (15, 16).

The gene expression regulation of miRNAs is vital in
the differentiation, proliferation, and apoptosis of cells (17-
19). Moreover, miRNAs can regulate a great deal of cru-
cial biological processes (20-22). However, how miRNAs
mediate mRNA expression regulation at the translational
level in hepatoma cells infected with HCV remains unclear.
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Thus, our study analyzed the differences in the transcrip-
tome and miRNAs profiling between HCV-infected and
non-infected cells.

2. Methods

2.1. Cell Line

Huh7.5.1 cell line was purchased from the American
type culture collection (ATCC), which came from the tis-
sues of human hepatoma. The cultured cells with DMEM
and FBS (37°C, 5% CO2) were infected by JFH1 (HCV genotype
2a) (8, 23). After the purified pJFH-1 plasmid was used to
perform RNA synthesis, HCV RNA underwent transfection
to pulse the cells with the electroporation method using a
Gene Pulser IITM apparatus at 260 V and 950 µF. Further-
more, the northern blot analysis and the HCV core protein
quantification were conducted to confirm the expression
and function of JFH-1 in the cells.

2.1. Next-generation Sequencing

The isolated total RNA was assessed with agarose gel
electrophoresis. Degraded RNA and contaminations were
removed, and then the purified RNA was extracted with the
Thermo Scientific KingFisher Pure RNA Tissue Kit. A Bioan-
alyzer 2100 system and a Nano 6000 RNA Assay Kit were
used to assess the integrity of the RNA. The RIN values of all
samples were above eight. Then, the separate Illumina se-
quencing libraries were generated and purified from pool-
ing samples with the TruSeq™ RNA Sample Preparation Kit.
The first and second synthesized strand cDNAs were ligated
to adapter oligonucleotides. Moreover, an AMPure XP sys-
tem was used to purify and quantify the library fragments
and obtain 0 - 100 bp paired-end reads (24).

2.2. Analysis of Bioinformatics Data

2.2.1. Control for Data Quality

The FASTQ clean data were obtained from raw reads,
and then sequences and content duplication levels of GC,
Q20, and Q30 were calculated (24).

2.2.2. Alternative Analysis and Read Alignment with TopHat

The workflow for complete RNA-seq was provided by
Cufflinks and TopHat (25). Its core step was the align-
ment of sequencing data with a reference genome (25).
The economical FM index Bowtie was usually utilized for
alignment ‘engine’; it stored the sequence of the reference
genome and was the extreme data structure (26). The tran-
scripts expressions were accurately quantified by align-
ments, and the gene discovery and transcript assembly
were addressed to analyze the dif¬ferential expression.

2.2.3. Calculation of Expression Levels

A linear statistical model was implemented to evaluate
the assignment abundance by Cuffdiff and Cufflinks. Each
transcript could explain the maximum likelihood of the
observed reads (25).

2.2.4. Transcript Assembly Based on Cufflinks

The individual transcripts were assembled from the
RNA-seq reads with Cufflinks, which reported the tran-
scriptome assembly of data aligned to the genome. More-
over, the expression level was quantified in each transfrag
of the sample with Cufflinks after the assembly phase (27).

2.2.5. Differential Analysis According to Cuffdiff

The numerous output files were reported by Cuffdiff,
and contained differential analysis results. Besides, simple
tabular output files reported the changes in transcript and
gene expression levels, which described the attribution of
gene and transcript expressions and included the com-
mon locations and names in the genome. Moreover, the
differential analysis results about gene expression were
identified by Cuffdiff, which also confirmed differential
regulation through promoter switching and differential
spliced genes (25).

2.2.6. CummeRbund Visualization

The differential regulation expression was assessed
with Cuffdiff at the genome-wide and transcriptional lev-
els. CummeRbund was used to integrate, visualize, and
manage all data that came from Cuffdiff analysis (25).

2.2.7. Processing Time and Memory Requirements

The –mask/-M option was used to exclude genes during
Cufflinks. During differential analysis, these genes were
added to the final transcriptome file by Cuffmerge based
on the available reference transcriptome annotation (25).

2.3. Differential miRNAs Analysis

After miRNAs extraction from the above total RNAs us-
ing the miRNeasy Mini Kit, the next-generation sequencing
(NGS) was conducted with the Illumina HiSeq 2000 plat-
form. Then, miRBase (version 19.0) was matched to the
mature sequences of miRNAs based on the reference se-
quences (28, 29) and the reference library of Bowtie (ver-
sion 0.12.7) (26). Finally, these data were normalized ac-
cording to Reads per Million (RPM) (30).
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2.4. Statistical Analysis

All data are shown as mean± standard deviation (SD).
Statistical analysis was performed using GraphPad Prism
(version 8.0). The differences between the two groups were
analyzed with Student’s t-test. The ANOVA with Kruskal-
Wallis post hoc test was utilized to compare differences be-
tween multiple groups. A P < 0.05 was statistically signifi-
cant.

3. Results

3.1. Differential Expression Analysis of Transcriptome Profiling

The original raw data of transcriptome sequencing
were first obtained (Appendix 1). Then the data preprocess-
ing of quality was performed. There were three steps in
quality pre-processing: 1) The proportional threshold was
50%, and the quality threshold was 20 (error rate = 1%); thus,
the low-quality reads were removed, 2) The N parts of reads
were cut, and 3) The low-quality data at the end of the se-
quences were eliminated. The results after processing are
shown in Appendix 2. Then, the gene mapping for tran-
scriptome data was performed (Appendix 3). The mapped
data of the transcriptome come from the matching genes
are shown in Appendix 4 and Appendix 5, respectively.

Moreover, a random analysis of the read length was
conducted. Each gene sequence was extracted to check the
distribution of read lengths. The random distribution of
read lengths in the transcripts of different samples was
analyzed. The positional relationships of read lengths in
transcripts over each transcript were counted. The areas
were normalized to 0-100. Moreover, the random test of
Kolmogorov-Smirnov test was used to check whether the
position of read lengths was uniformly distributed. The p
value was greater than 0.05, indicating that the data did
not show a significant difference from the uniform distri-
bution (Appendix 6). From the above results, it was demon-
strated that no significant difference existed between each
read length and the uniform distribution; so the unifor-
mity of randomness was very fine, which met the expecta-
tions of data analysis (Figure 1).

Furthermore, the differential gene expressions were
analyzed to take the gene as the unit and count the expres-
sion abundance in different samples. Then, the differen-
tially expressed genes (DEGs) in the two groups were de-
tected. The following information was given separately as
follows: Test_id: gene ID number; Locus: the location of the
gene in the chromosome; A: the expression level of sample
A (FPKM); B: the expression level of sample B (FPKM); logFC:
log multiple ratio; logCPM: the logarithmic sum of the ex-
pressed values; P-value: the t-test significance level; and
FDR: the significance level of the FDR test gave the log odds

ratio. We selected genes with P value < 0.05 and log2 (fold_-
change) > 1 as the screening conditions for conducting A-B
comparative analysis of expression differences. Moreover,
the GO classification analysis was performed. The results
had to meet two criteria: (1) The fold change was more than
two times, which meant logFC > 1 and (2) P < 0.05.

Besides, the Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis of metabolic pathways was conducted.
The upregulation pathways of axon guidance (Appendix
7A), oocyte meiosis (Appendix 7B), regulation of actin cy-
toskeleton (Appendix 7C), and viral myocarditis (Appendix
7D) were identified.

Axon guidance pathways could regulate axon guid-
ance, synaptogenesis, progenitor dynamics, and cell mi-
gration using a variety of mechanisms. Originally found to
control local cytoskeletal rearrangements, axon guidance
pathways might also regulate gene expression to control
these complex developmental processes. In most mam-
mals, oocytes were arrested at the diplotene stage, also
called the germinal vesicle (GV) stage of the first mei-
otic prophase until a surge of gonadotrophin (particularly
luteinizing hormone (LH)) from the pituitary stimulated
the immature oocyte to resume the first meiosis and ovu-
late. Moreover, the actomyosin cytoskeleton generated
force through the association with myosin motors and
anchorage at subcellular structures, such as the plasma
membrane. Key signaling pathways affected actin filament
growth, bundling, branching, crosslinking, and severing.
Besides, viral myocarditis was a rare cardiac disease asso-
ciated with inflammation and injury of the myocardium.
The downstream effects were a product of cooperation be-
tween viral processes and the innate immune response of
host.

Meanwhile, the downregulation of focal adhesion (Ap-
pendix 8A), hepatitis B (Appendix 8B), HTLV-1 infection (Ap-
pendix 8C), MAPK signaling pathway (Appendix 8D), os-
teoclast differentiation (Appendix 8E), p53 signaling path-
way (Appendix 8F), pathways in cancer (Appendix 8G), PI3K-
Akt signaling (Appendix 8H), proteoglycans in cancer (Ap-
pendix 8I), and salmonella infection (Appendix 8J) were ob-
tained.

Focal adhesion kinase (FAK) was a cytoplasmic tyro-
sine kinase that played critical roles in integrin-mediated
signal transductions and also participated in signaling
by other cell surface receptors. Additionally, HBV pro-
teins targeted host proteins, involved in a variety of func-
tions, thus regulating transcription, cellular signaling cas-
cades, proliferation, differentiation, and apoptosis. The
HTLV-1-infected cells presenting in breast milk (T cells,
macrophages, and/or epithelial cells) could transmit the
virus across the oral or gastrointestinal mucosa in sev-
eral ways. The JNK and p38 MAPK signaling pathways
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Figure 1. The distribution of each read length and the uniform distribution. From the above results, we could see that there was no significant difference between the
distribution of each read length and the uniform distribution, so the uniformity of randomness was very good, which met the expectations of data analysis. (A) Blank; (B)
HCV.
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were activated by various types of cellular stress. The
JNK pathway consisted of JNK, a MAP2K such as MKK4
(SEK1) or MKK7, and a MAP3K such as ASK1, TAK1, MEKK1,
or MLK3. In the p38 pathway, p38 was activated by MKK3
or MKK6, and these MAP2Ks were activated by the same
MAP3Ks that function in the JNK pathway. The osteoclasts,
multinucleated cells originating from the hematopoietic
monocyte-macrophage lineage, were responsible for bone
resorption. Osteoclastogenesis was mainly regulated by
signaling pathways activated by RANK and immune re-
ceptors, whose ligands were expressed on the surface of
osteoblasts. Signaling from RANK changed gene expres-
sion patterns through transcription factors like NFATc1 and
characterized the active osteoclast. The P53-mediated cell
signal transduction pathway played an important role in
regulating the normal life activities of cells, and it was
involved in the regulation of 160 genes. In addition, we
knew of many situations where altered signaling pathways
produced dramatic changes in cell survival, cell prolifera-
tion, morphology, angiogenesis, longevity, or other prop-
erties that characterized cancer cells. The PI3K-Akt and
Ras-ERK pathways were just examples of oncogenic signal-
ing pathways. Many of the genes commonly mutated in
cancer encode the components or targets of PI3K-Akt and
Ras-ERK pathways. Many proteoglycans (PGs) in the tu-
mor microenvironment had been shown to be key macro-
molecules that contributed to the biology of various types
of cancer including proliferation, adhesion, angiogenesis,
and metastasis, affecting tumor progress. Salmonella in-
fection usually presented as self-limiting gastroenteritis or
the more severe typhoid fever and bacteremia. The com-
mon disease-causing Salmonella species in humans was a
single species, Salmonella enterica, which had numerous
serovars.

3.2. Differential Expression Analysis of microRNAs Profiling

The original raw data of sequencing microRNAs profil-
ing are shown in Appendix 9. As indicated, Q20 (%) = Q > 20
read/Total read × 100, and Q10 was similar to Q20. Based
on Illumina’s technical documentation, when the quality
value was 10, the error rate was 10%, and when the qual-
ity was 29, the error was 1%. Next, the preprocessing for
the quality of data was performed, and low-quality reads
were removed based on the proportional threshold of 40%
and the quality threshold of 20 (error rate = 1%). The read
sequences contained a large proportion of N parts, t then
these sequences were removed, and the threshold was 4%.
After the joint sequences were removed, the effective se-
quences in length interval were cut out (18 - 35 bp). The
length distribution for clean sequences was assessed. The
results after processing are shown in Appendix 10. A sum-
mary of miRNA data is shown in Figure 2A. The differences

in reads coming from sequencing miRNAs are exhibited
including FASTQ data, clean data, mapped genome data,
mapped sRNA data, the known miRNAs, and novel miR-
NAs between the two groups (HCV vs. blank control). The
length distribution diagram of clean sequences is shown
in Figures 2B and 2C. The differences in length distribu-
tion coming from sequencing miRNAs are exhibited only
for clean sequences (HCV vs. blank control). It could be
seen from the above figure that the effective data retention
rate was high (average 77.70%), and the effective data length
was mainly distributed around 19 - 24 bp, which met the re-
quirements of miRNA subsequent analysis.

Furthermore, the classification annotation of location
comparison was performed for these data. The compari-
son and annotation between all clean reads and the var-
ious types of RNA were summarized. In each comment
information, there might be a read that compares the
two different bodies of comment information at the same
time. In order to make each read have a unique annota-
tion, the RNA was matched according to the priority order
of rRNA > Rfam > Repeat > Known miRNA > Exon > In-
tron, and the reads that had no annotation information
were represented by Un-annotated. Then, the comparison
statistical results of clean reads of each database (statistics
of RNA sequences from individual libraries) were obtained
(Appendix 11).

Furthermore, the known microRNA analysis was con-
ducted. The obtained clean sequences were compared
with the known miRNA by miRBase (version 20.0) to iden-
tify the known miRNA sequence. In this database, the se-
quence of miRNA hairpin precursors had risen to 24,521,
with more than 3,000 new additions. Meanwhile, the ma-
ture miRNAs had risen to 30,424, with more than 5,000
new additions. Among the newly added mature miRNAs,
human mature miRNAs increased to 2,578, mouse ma-
ture miRNAs enhanced to 1,908, and rat miRNAs acceler-
ated to 728. The revised database had systematically re-
vised miRNA sequence annotation and naming rule. The
miR* naming rule has been discontinued and replaced
by -5p and -3p nomenclature. The sequence information
is shown in http://www.mirbase.org/cgi-bin/browse.pl. Be-
sides, the differential expression analysis of microRNA was
conducted with software DEGseq. The results of differen-
tial expression analysis between the two groups (blank vs.
HCV) are presented in the boxplot for known miRNAs (Fig-
ure 3A). The boxplot reflected the overall uniformity of data
distribution between the two groups, so our data were suit-
able for subsequent analysis. The numbers of miRNAs in
the samples were detected and shown with a Venn chart
(Figure 3B). The Venn chart reflected the overlap of the de-
tected miRNA species between the two groups. Moreover,
the known miRNA differential expression map (DEGseq) is
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Figure 2. Summary of miRNA data and the length distribution diagram of clean sequences. A summary of miRNA data is shown in the above figure. The differences in reads
came from sequencing miRNAs are exhibited including Fastq data, clean data, mapped genome data, mapped sRNA data, know miRNAs, and novel miRNAs between the two
groups (HCV vs. blank control). The differences in length distribution came from sequencing miRNAs are exhibited only for clean sequences (HCV vs. blank control). (B) Blank;
(C) HCV.
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shown in Figure 3C. This graph was an MA-Plot graph show-
ing the data distribution, and the relationship between
differential expression and signal value. The X-axis repre-
sented the logarithmic sum of the average number of gene
expression levels under the two conditions. Meanwhile,
the Y-axis represented the differential expression of these
multiple genes; it took log as the base, and the plus and
minus signs demonstrated up and downregulation, which
was generally less than -1 and more than 1. It confirmed that
the different was significant„ and the red dots in the figure
indicated the significant differential expression of the FDR
test.

4. Discussion

The development of sophisticated strategies promotes
the life cycle of viruses, which further causes evasion from
antiviral immune systems, thus inducing diseases. The
HCV-RNA consists of approximately 9,500 - 10,000 bp, in-
cluding 5’ and 3’ non-coding regions (NCR) with 319 - 341 bp
and 27 - 55 bp, respectively, containing several forward and
reverse repeat sequences, which may be related to gene
replication. An open reading frame (ORF) is located imme-
diately downstream of the 5′ non-coding region, in which
the genome sequence is 5′-C-E1-E2-p7-NS2-NS3-NS4-NS5-3′. It
can encode a length of approximately 3,014 amino acids,
and is a polyprotein precursor. The latter can be cleaved
into 10 types of viral proteins by the host cell and the virus’s
own protease, including three structural proteins, namely
nucleocapsid protein with a molecular weight of 19 KD (or
core protein, Core) and two glycoproteins (E1 protein with
a molecular weight of 33 KD and E2 protein with a molec-
ular weight of 72 KD). Besides, p7 encodes a membrane-
intrinsic protein, and its function may be an ion channel.
Non-structural proteins include NS2, NS3, NS4A, NS5A, and
NS5B. Non-structural proteins are very important to the life
cycle of viruses. As known, NS2 and NS3 have protease activ-
ity and participate in the cleavage of viral polyprotein pre-
cursors. In addition, the NS3 protein has helicase activity
and participates in unwinding HCV-RNA molecules to as-
sist in RNA replication, and the function of NS4 is unclear.
Besides, NS5A is a phosphoprotein that can interact with
a variety of host cell proteins and plays an important role
in virus replication. Also, NS5B has RNA-dependent RNA
polymerase activity and participates in HCV genome repli-
cation (31).

However, the pathogenesis of hepatitis C is still not
very clear. When HCV replicates in hepatocytes, it causes
changes in the structure and function of liver cells or inter-
feres with protein synthesis in liver cells, then causing de-
generation and necrosis of liver cells. It indicates that HCV

directly damages the liver and plays a role in pathogene-
sis. However, most scholars believe that cellular immune
pathological reactions might play an important role (32).

As known, HCV is one of the major health concerns
globally, and there is a lack of animal models for executing
efficient HCV replicons and complete life cycle of HCV. The
first discovery of hepatitis C was done by NIH researchers
in the United States 40 years ago, and there are currently
about 200 million people worldwide infected with or car-
rying HCV, including more than 40 million patients in my
country. Hepatitis C can cause terrible consequences such
as cirrhosis and liver cancer, and it also puts tremendous
pressure on the health care systems of countries around
the world. Because HCV is highly variable, it is easy to de-
velop drug resistance. For a long time, many scientists
have been exploring a suitable animal model for in-depth
study of HCV. However, HCV only infects humans and chim-
panzees, so developing an experimental mouse model en-
counters great difficulties in practice. The success of pre-
vious research provided the most advanced materials to
reveal the pathogenic mechanism of hepatitis C, and it
can fundamentally promote hepatitis C research on vac-
cines and drugs for prevention and treatment. The re-
searchers expressed the two receptor molecules for HCV
entry into liver cells, i.e., CD81 and OCLN, by transgenic
technology on mouse liver cells. Hepatitis C virus can
recognize and invade the liver cells of mice and replicate
highly. At the same time, 80% of the infected mice subse-
quently showed typical acute HCV infection and chronic
pathological progress, including fatty liver, liver fibrosis,
and cirrhosis. Researchers in the laboratory have used this
model to observe how HCV escapes the immune system
and how antiviral drugs reduce viral titers (7, 9, 33).

A network of mutual effects interacts between the hep-
atitis C virus and live human cell proteins. The results
of the research will help to better understand the mech-
anism behind the hepatitis C virus causing inflammatory
liver disease and open up new treatment avenues. Viruses
use human cells to reproduce and spread. This process in-
volves cell host factors and virus interactions. Hepatitis C
virus forms a precursor protein, which is processed into 10
viral proteins. Now, scientists have discovered how these
proteins interact with each other. The disclosure of this
interaction network will help to better understand viral
replication and pathogenesis, and pave the way for the de-
sign of new antiviral treatments. The results show how vi-
ral proteins interact with human cells, which provides a
basis for finding new antiviral substances (34-36).

There is thus a great need for further study on the
mechanism of HCV infection or its pathopoiesis. To bet-
ter understand the host aspect for HCV infection, the
transcriptome and miRNA sequencing analyses were con-
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Figure 3. Differential expression analysis of microRNA conducted with DEGseq software. The results of differential expression analysis between the two groups (blank vs.
HCV) are presented in the boxplot for known miRNAs (A). The boxplot reflected the overall uniformity of data distribution between the two groups, so our data were suitable
for subsequent analysis. The numbers of miRNAs between samples were detected and shown with Venn chart (B). The Venn chart reflected the overlap of the detected miRNA
species between the two groups. Moreover, the known miRNA differential expression map (DEGseq) is shown in (C).

ducted in Huh7.5.1 cell model infected with JFH-1 according
to the technology of Illumina deep sequencing. Transcrip-
tome analysis has been widely used in basic scientific re-
search, as well as medical and drug research or develop-
ment. Its technical advantages are mainly five points: (1)
digitized signals, sequences obtained directly by sequenc-
ing, no background noise, no cross-hybridization, and abil-
ity to identify a base difference between sequences; (2)
high throughput, tens of millions generated by one se-
quence, and sequencing detection of 100,000 to 300,000
sequence tags; (3) high repeatability, the correlation be-
tween two independent experiments in the same labora-
tory exceeds 99%, and the correlation between two inde-
pendent experiments in different laboratories is as high as

98%; (4) a wide detection threshold, which spans six orders
of magnitude, making it detect rare transcripts as low as
two copies and accurately quantify hundreds of thousands
of copies of high-expression transcripts; and (5) compati-
bility of analysis, the data format is the same as the chip,
and compatible with chip analysis software (37).

MicroRNA sequencing refers to the collection of all
transcribed microRNA products in a certain species or spe-
cific cell under a certain physiological function state, in-
cluding the limitation of time and space. The microRNA
transcription regulation level is the most current inves-
tigation, and it is also the most important regulation
method of organisms. High-throughput technology for
transcriptome sequencing is a fast and reliable method to
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obtain transcriptome information. MicroRNA transcript
expression analysis and its accurate counting method can
also carry out precise quantitative analysis of genes.

In this work, an HCV-infected cell model was used to
conduct the combination of transcriptome and microRNA
sequencing analyses. We found 21, 827,299, and 42, 588,251
Illumina read pairs from cDNA libraries of JFH-1-infected
(HCV) and non-infected (blank) Huh7.5.1 cells, respectively.
Moreover, 678 and 1,041 mRNAs with a length of 101 bp from
cDNA libraries of HCV and blank Huh7.5.1 cells were gen-
erated, respectively. Comparative transcriptome analysis
confirmed 460 differentially expressed mRNAs in the HCV-
infected cell model, including 152 upregulated and 308
downregulated unigenes in HCV vs. blank, respectively.
The results of GO analysis revealed that the differentially
expressed genes were involved in MAPK, p53, and PI3K/Akt
signaling pathways, oocyte meiosis, and pathways in can-
cer. Our work acquired transcriptome data came from a
cell model of HCV infection with JFH-1 by next-generation
sequencing (NGS) techniques. Therefore, valuable infor-
mation associated with gene expression and regulation or
signaling pathways was obtained in the mechanism and
pathopoiesis of HCV infection.

Besides, the key pathways involved in HCV infection
or the interaction between HCV and host liver cells were
confirmed. Therefore, we thought that they were associ-
ated with the key signaling pathways affecting actin fil-
ament growth, bundling, branching, crosslinking, and
severing. Moreover, the results from analysis confirmed
that focal adhesion kinase (FAK), HTLV-1-infected, JNK, and
p38 MAPK, P53-mediated, proteoglycans, PI3K-Akt and Ras-
ERK cell signal transduction pathways might all play an
important role in the process of HCV infection. The in-
hibitors of integrin-linked kinase (ILK) or FAK restored the
IFN-stimulated response element (ISRE) luciferase activ-
ity and the expression of IFN-stimulated Genes (ISG) pro-
teins. It suggested that β1-integrin-mediated signals af-
fected the IFN signaling and promoted HCV replication.
Therefore, the accumulation of extracellular matrix (ECM)
in liver fibrosis may impair IFN signaling through β1-
integrin-mediated signaling involving ILK and FAK (38). In
addition, the facilitation of HCV replication by Tax pro-
tein may partially account for more severe clinical conse-
quences of HCV-related disease in HCV/HTLV co-infected in-
dividuals (39). Furthermore, cellular responses to oxida-
tive stress in HCV subgenomic replicon-expressing and Ad-
NS5A-transduced cells are regulated by two distinct signal-
ing pathways involving p38 MAPK and JNK via AP-1 that
are linked to increased oxidative stress and therefore to
an increased antioxidant MnSOD response (40). Besides,
the Pro variant of P53 rs1042522 may be used as a genetic
predictor for non-responsiveness, while the A/A variant of

CD95 rs1800682 may be used as a sensitive biomarker for
responsiveness to antiviral therapy of HCV genotype-4a in-
fection (41). Additionally, infection with HCV leads to the
activation of nuclear factor-κB, resulting in increased ex-
pression of SMAD6 and SMAD7. The upregulation of SMAD6
and SMAD7 induces the expression of heparan sulfate pro-
teoglycans (HSPGs), such as syndecan 1 (SDC1), as well as
LDLR, very LDLR, and the scavenger receptor class B mem-
ber 1, which promote HCV entry and propagation, as well
as cellular uptake of cholesterol and lipoprotein (42). Be-
sides, the PI3K-Akt signaling pathway positively regulates
HCV translation through SREBPs (43). The effects of GBV-B
and HCV NS5A on the PI3K and Ras-Erk pathways were con-
firmed in cells harboring subgenomic replicons derived
from the two viruses (44). Furthermore, deep research will
carry out the interaction roles among HCV infection and
mRNA regulation medicated by miRNAs involved in the
pathways of host cells.

4.1. Conclusions

Our work confirmed the transcriptome and microRNA
data profiling from the cell model of HCV infection with
JFH-1 using Next-generation Sequencing (NGS). Further-
more, the gene expression and regulation information
or signaling pathways associated with the pathopoiesis
mechanism of HCV infection were initially identified.
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