Wang et al. Virology Journal (2025) 22:73 Vi ro|ogy Journal
https://doi.org/10.1186/512985-025-02690-1

. . . @
Integrative analysis of serum proteomics D
and transcriptomics in hepatitis C
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Abstract

Object Hepatitis Cis a contagious disease caused by infection with the hepatitis C virus (HCV) through blood
and mother-to-child routes. This study intends to characterize the serum molecular features of hepatitis C using
proteomics and transcriptomics.

Methods Ctrl (normal population), HCV (population with previous HCV infection), and chronic HCV (patients with
persistent HCV infection) groups were set up, and the expression profiles of the proteomes and transcriptomes of
serum samples were identified using TMT and RNA-seq. Bioinformatics was applied to perform enrichment analysis
and PPI network construction of differentially expressed proteins/genes (DEPs/DEGs). RT-gPCR and western blot
verified the expression differences of DEPs/DEGs.

Results Compared to the Ctrl group, the HCV group had 356 DEPs in serum; compared to the HCV group, the chronic
HCV group had 381 DEPs in serum. DEPs are predominantly immunoglobulins and exosomal proteins that regulate
carbon dioxide transport, initiation of transcription, immune responses, and bacterial and viral infections. HSPA4,
HSPD1, COPS5, PSMD2 and TCP1 are key HCV-associated proteins in DEPs. The HCV group had 684 DEGs compared

to the Ctrl group, and the chronic HCV group had 350 DEGs compared to the HCV group. DEGs primarily encode the
extracellular matrix and regulate wound healing, cellular communication, oxidative stress, cell adhesion, viral infection,
and immunity. KIF11, CENPE, TTK, CDC20 and ASPM are HCV-related hub genes in DEGs. Combined analyses revealed
interactions between DEPs and DEGs, especially EIF4A3, MNAT1, and UBE2D1. Moreover, the expression patterns of
EIF4A3, EIF2B1, MNAT1, SNRNP70, and UBE2D1 in DEPs/DEGs from Ctrl, HCV, and chronic HCV groups were consistent
with the sequencing results.

Conclusion EIF4A3, EIF2B1, MNAT1, SNRNP70, and UBE2D1 are involved in the process of HCV infection and
pathogenesis, and they may be potential biomarkers for the treatment of patients with hepatitis C.
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Introduction
Hepatitis C is an infectious liver damage disease caused
by hepatitis ¢ virus (HCV) infection and is one of the
major causative factors of chronic severe liver disease.
According to the World Health Organization, more than
325 million people worldwide are infected with different
types of hepatitis viruses, with more than 50 million peo-
ple chronically infected with HCV, and growing by 1 mil-
lion new cases each year [1]. About 16% of patients with
hepatitis C progress to cirrhosis after 20-30 years, and
once cirrhosis occurs, about 1.4-4.9% progress to hepato-
cellular carcinoma (HCC) [2, 3]. The standard approach
for HCV infection is polyethylene glycol-interferon o
combined with ribavirin, which is effective in 70-80%
of patients with HCV genotypes 2/3 and in 45-60% of
patients with genotypes 1/4 [4—6]. However, this thera-
peutic strategy can cause a variety of adverse effects,
including flu-like symptoms, blood cell changes, depres-
sion and autoimmune disorders [6—8]. Although, there
are novel direct-acting antiviral agents (DAAs) that are
more effective and have fewer side effects. This approach
may lead to the development and recurrence of HCC [9—
11]. Therefore, there is still a need for continued research
into the mechanisms of HCV infection and pathogenesis.
Transcriptomics is a genome-wide measure of mRNA
expression levels based on DNA microarray technology
[12]. Proteomics is a method for tracking and compar-
ing genome-wide gene expression at the protein level
[13]. Transcriptomics and proteomics provide system-
atic assays and analyses at the mRNA and protein levels
to reveal the molecular mechanisms of complex biologi-
cal pathways and regulatory networks. The molecu-
lar mechanisms of HCV infection and pathogenesis
have been revealed by transcriptomics and proteomics.
Sabrina et al. [14] found that antibodies and T cells act
synergistically in clearing HCV reinfection, and Valeria
et al. [15] revealed molecular features associated with
HCV-induced hepatocellular carcinoma through tran-
scriptomics. Transcriptomics revealed that miR-122 pro-
motes RNA replication by targeting two loci in the HCV
genome [16]. In the HCV-related clinical trial, the miR-
122 inhibitor Miravirsen is an effective therapeutic strat-
egy with no long-term safety concerns [17, 18]. Moreover,
proteomics revealed that the interaction of nucleoporin
Nup98 with capsid proteins is required for HCV mor-
phogenesis [19], and that AFP, UGT1, and HCV NS4B
are novel molecular chaperones for HCV envelop protein
E2 [20]. The proteomic discovery of the interaction of
the viral protein NS5A with host proteins laid the foun-
dation for the development of NS5A inhibitors, which
have been successfully used in the treatment of DAAs
[21, 22]. Notably, transcriptomics or proteomics data
alone provide only partial information on transcription
or translation. The combined analysis of transcriptomics
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and proteomics allows for a more comprehensive and
in-depth understanding of the entire life activities of an
organism [23, 24].

In conclusion, the present study intends to comprehen-
sively analyze and compare the serum molecular profiles
of normal population, population with previous HCV
infection and patients with persistent HCV hepatitis C
infection through transcriptomics and proteomics. The
aim is to provide molecular mechanisms and potential
biomarkers related to HCV infection and pathogenesis
for the treatment of hepatitis C.

Materials and methods

Clinical samples

Serum samples for this study were collected from the
First People’s Hospital of Yunnan Province. The Ethics
Committee of the First People’s Hospital of Yunnan Prov-
ince and the subjects approved this study (Approval No.
2020KYS112), and the subjects signed an informed con-
sent form. The groups of serum samples were set up as
Ctrl, HCV and chronic HCV, with 4 cases in each group.
The Ctrl group was phenotyped as HCV Ab™ and HCV
RNA-, indicating the absence of HCV infection. The
HCV group was defined as HCV Ab* and HCV RNA",
indicating a past infection without current viral pres-
ence. The chronic HCV group is characterized by HCV
Ab* and HCV RNAY, signifying a persistent infection.
Patients with hepatitis C were diagnosed in accordance
with Guidelines for the prevention and treatment of hep-
atitis C (2019 version) [25] and the prevention and treat-
ment of hepatitis C (2022 version) in China [26]. Patients
with hepatitis C meet the criteria of HCV infection for
more than 6 months and liver histopathology consistent
with chronic hepatitis. Patients with a history of previous
thyroid disease, comorbidities with other viral hepatitis
and other chronic liver diseases (Cirrhosis, HCC, Alco-
holic liver disease, and Fatty liver disease), those present-
ing with periods of hepatic decompensation, and those
who were pregnant and breastfeeding were excluded.

Proteomics analysis

Proteome expression profiles of serum samples from
Ctrl, HCV and chronic HCV groups identified using
TMT. TMT was performed with OEBioTech (Shanghai,
China; DZLM2023110240). Total protein extraction,
concentration determination and SDS-PAGE electro-
phoretic analysis of serum samples from each group were
accomplished by iTS kit (Omicsolution, China; P.O.
00027), BCA kit (Thermo Scientific, USA; 23225) and
Tanon 1600 gel image analysis system (Tanon, China).
Proteolysis, peptide labeling and desalting of protein
samples were performed by 1 pg/uL sequencing-grade
trypsin (Coowins, China; HLS TRY001C), TMT (Thermo
Scientific, USA; 90406), and desalting columns (Waters,
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USA; WAT023590) with methanol and TFA. Proteomics
analysis of all samples was done by Q-Exactive mass
spectrometer (Thermo, USA) and Nanospray Flex source
(Thermo, USA). Briefly, protein samples were loaded and
separated by C18 column and EASY-nLCTM 1200 sys-
tem (Thermo, USA). Mobile phases A and B consisted of
0.1% FA in water and 0.1% FA in CAN. Flow rates and
run times were 300 nL/min and 75 min. The scanning
range, mass resolution and AGC target value of the mass
spectra were 300 ~ 1600 m/z, 70,000 and 1 x 10°. The res-
olution, AGC target value and max injection time of the
obtained MS/MS spectra were 17,500, 2 x 10°, and 80 ms.
Q-E dynamic exclusion and run mode are 30 s and posi-
tive mode. The spectra of each run were retrieved and
quantitatively analyzed using Spectronaut Pulsar 18.4
(Biognosys, Switzerland) software based on the uniprot-
Homo sapiens-9606-2023.2.1.fasta database. Differen-
tial expression analysis and enrichment analysis were
done by DESeq2 V. 1.22.2 [27] and the hypergeometric
distribution algorithm and gene set enrichment analysis
(GSEA) [28] based on GO [29] and KEGG [30] databases.

Transcriptomics analysis

RNA-seq was used to identify transcriptome expression
profiles of serum samples from Ctrl, HCV and chronic
HCV groups, and performed by OEBioTech (Shanghai,
China; DZ0OE2023110197). Total RNA extraction, con-
centration determination, integrity assessment and tran-
scriptome library construction for each group of serum
samples were accomplished by TRIzol kit (Thermo Scien-
tific, USA), NanoDrop 2000 spectrophotometer (Thermo
Scientific, USA), Agilent 2100 Bioanalyzer (Agilent, USA)
and VAHTS Universal V5 RNA-seq Library Prep kit
(Vazyme, China). The sequencing platform was Illumina
Novaseq™ 6000, generating 150 bp double-ended reads
(PE150). RNA quality control, quality control of sequenc-
ing data, reference genome comparison, quantitative
analysis, differential expression analysis and enrichment
analysis were performed by RseQC V.4.0.0 [31], fastp
V.0.20.1 [32], hisat2 V.2.1.0 [33], HTSeq-count V.0.11.2
[34], DESeq2 V.1.22.2 [27], and the hypergeometric
distribution algorithm and gene set enrichment analy-
sis (GSEA) [28] based on the GO [29] and KEGG [30].
A total of 87.1 G raw bases were obtained from all the
samples, ranging from 6.04 G to 7.64 G. After the quality
control of raw bases, a total of 80.34 G clean bases were
obtained for all samples, ranging from 5.59 G to 7.03 G.
The mean of Q20 is 93.58% with a range of 93.39-93.79%.
The mean of GC content for all samples was 49.99% with
a range of 47.88-52.28%.

RT-qPCR assay
Total RNA was extracted from serum using TRIzol kit
(Sangon, China; B511311-0500), and the optical density
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value of total RNA at 260 nm was measured using a
TGem Plus full-wavelength spectrophotometer (Tian-
Gen, Germany; OSE-260-02) for concentration detection.
Total RNA was taken to perform reverse transcription
and PCR amplification using OneStep RT-PCR Kit (Qia-
Gen, Germany; 210215). Thermal cycling conditions
were reverse transcription at 50 °C for 30 min, initial
PCR activation step at 95 °C for 15 min, and 30 cycles of
denaturation with 1 min at 94 °C, annealing with 1 min
at 55 °C and extension with 1 min at 72 °C. The internal
reference for EIF4A3, EIF2B1, MNAT1, SNRNP70 and
UBE2D1 was GAPDH and the expression of target genes
was calculated using the 2724¢T method [35]. Primers for
EIF4A3 are GGAGATGACCAACAAGTTC (F) and TT
GATGCCTTCCAGAGTC (R); primers for EIF2B1 are
AATACTCCGATTACTCCAA (F) and ATATTGTCGC
TCCATCTT (R); primers for MNAT1 are GAAGTGGA
ACGACAGGAA (F) and GTGAATAGGTGCCAGTGA
(R); primers for SNRNP70 were ATTATGACACAACA
GAATCCAA (F) and TGACCGCTTACTGTAGAC (R);
primers for UBE2D1 were CGATATTCTGAGGTCACA
(F) and GGTCATCTGGGATTAGGAT (R); primers for
GAPDH are TTGCCCTCAACGACCACTTT (F) and T
GGTCCAGGGGTCTTACTCC (R).

Western blot assay

Total serum proteins were extracted using RIPA pro-
tein lysate (Proteintech, USA; PR20035) and the optical
density values of total serum proteins at 280 nm were
determined using a TGem Plus full-wavelength spec-
trophotometer (TianGen, Germany; OSE-260-02) for
concentration detection. After 12% SDS-PAGE elec-
trophoresis, the membrane was transferred to a PVDF
membrane using a Trans-Blot (Bio-Rad, USA; 1703850).
After blocking, PVDF membranes were supplemented
with anti-EIF4A3 (Abcam, USA; ab180573; 1:2000),
anti-EIF2B1 (Abcam, USA; ab181186; 1:10000), anti-
MNAT1 (Proteintech, USA; 11719-1-AP; 1. 50000), anti-
SNRNP70 (Abcam, USA; ab83306; 1:1000), anti-UBE2D1
(Abcam, USA; ab176561; 1: 50000), anti-p-actin (ZSGB-
Bio, China; TA-09; 1:4000), Goat Anti Mouse IgG-HRP
(Abmart, China; M21001L; 1:4000), and Goat Anti Rab-
bit IgG-HRP (Abmart, China; M21002L; 1:4000) to incu-
bate. PVDF membranes were exposed and images were
collected in a GelDoc XR + Gel Imaging System (Bio-Rad,
USA; 1708195), and gray-scale values were quantified
using Image Lab software (Bio-Rad, USA; 1708195).

Statistical analysis

For proteomics, data were screened for differentially
expressed proteins (DEPs) using apply combined with
the sweep function to implement median normaliza-
tion and log2 transformation, and using DESeq2 V.1.22.2
[27] to perform negative binomial distribution tests.
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For transcriptomics, the data were used to normalize
the counts of genes and differential expression analysis
using the DESeq2 R package to screen for differentially
expressed genes (DEGs). DEPs and DEGs conformed
to|log,FC|>1 and P<0.05. For expression verifica-
tion, data from RT-qPCR and western blot assays were
repeated four times and statistically analyzed using
GraphPad Prism software (GraphPad, USA). One-way
ANOVA with Tukey’s multiple comparisons test was
used for differential analysis of data. P<0.05 represents a
statistically significant difference.

Results

Identification of deps in the serum of patients with HCV

In serum proteomics, a total of 17,811 peptides and 2,084
proteins were identified in 12 samples (Fig. 1A), and
1,655, 1,496, and 1,544 proteins were present in chronic
HCV, HCV, and Ctrl samples, respectively (Fig. 1B).
After normalization of the protein expression profiles,
the median value of protein expression abundance for all
samples was essentially at one level and the data for each
sample was relatively centralized (Fig. 1C). PCA analysis
revealed that the protein profiles of chronic HCV, HCV
and Ctrl group were unsupervised aggregation within
groups and discrete between groups (Fig. 1D). This sug-
gests that the protein profiles of the three groups dif-
fered considerably in overall. Differential expression
analysis revealed that compared to the Ctrl group, the
HCV group had 356 DEPs in serum, including 220 sig-
nificantly down-regulated and 136 significantly up-reg-
ulated DEPs; compared to the HCV group, the chronic
HCV group had 133 significantly down-regulated and
248 significantly up-regulated DEPs in serum, for a total
of 381 DEPs (Fig. 1E and Supplementary file S1). More-
over, the protein profiles of samples from the same group
exhibited clustering and those between different groups
were discrete, and the DEPs of samples from different
groups had unique expression profiles (Fig. 1F). This fur-
ther validates the results of PCA. Venn demonstrated the
presence of 597 concatenating DEPs and 140 intersect-
ing DEPs in HCV-vs-Ctrl and chronic HCV-vs-HCV
(Fig. 1G).

Enrichment analysis of deps in the serum of patients with
HCV

In this study, we identified the possible biological func-
tions and related molecular mechanisms regulated by
DEPs using enrichment analysis. As shown in Fig. 2A and
C, DEPs in HCV-vs-Ctrl are mainly immunoglobulins,
exosomal proteins, and cellular matrix proteins, which
may regulate carbon dioxide transport, initiation of tran-
scription, immune response, organic acid metabolism,
platelet activation, bacterial and viral infection, and glu-
tathione metabolism (Supplementary file S2). In addition,
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DEPs in chronic HCV-vs-HCV DEPs are mainly cyto-
skeletal, exosomal and cytosolic matrix proteins that may
regulate cytoskeleton, cytoplasmic translation, muscle
contraction, cell adhesion, bacterial and viral infections,
glucose metabolism, platelet activation, extracellular
matrix (ECM), and endocytosis (Fig. 2B and D; Supple-
mentary file S2).

Further, this study identified the role of DEPs in the
regulation of GO term and KEGG pathway using GSEA.
As indicated in Fig. 3A-3B, DEPs in HCV-vs-Ctrl facili-
tate “regulation of inflammatory response’, “response to
endoplasmic reticulum stress’, “sphingolipid signaling
pathway’, and “adherens signaling pathway’, and inhib-
ited “peptide cross-linking’, “cholesterol metabolic pro-
cess, “NF-kappa B signaling pathway” and “intestinal
immune network for IgA production” (Supplementary
file S3). DEPs in chronic HCV-vs-HCV contribute to
“positive regulation of GTPase activity’, “transmembrane
transporter binding’, “hypertrophic cardiomyopathy” and
“fluid shear stress and cardiovascular disease’, and sup-
pressed “cytosolic small ribosomal subunit’, “translational
initiation, mRNA surveillance pathway” and “Ribosome”
(Fig. 3A-3B; Supplementary file S3).

PPI network of deps in the serum of patients with HCV

In this study, key proteins of DEPs were analyzed by
String database and Cytoscape software. The PPI network
of DEPs in HCV-vs-Ctrl has 328 nodes and 5,598 rela-
tionship pairs (Supplementary file S4). The PPI network
of the DEPs with Degree TOP25 is shown in Fig. 4A, and
the PPI network contains 250 relationship pairs. HSPA4,
HSPD1, COPS5, PSMD2 and TCP1 are Degree TOP5
in this PPI network, and they were significantly under-
expressed in the serum of the HCV group (Fig. 4A). In
chronic HCV-vs-HCYV, the PPI network associated with
DEPs contains 364 nodes and 7,413 edges (Supplemen-
tary file S4). In addition, the PPI network of the DEPs
with Degree TOP25 contains 222 edges (Fig. 4B). In
this PPI network, ACTB, PSMD14, YWHAZ, CCT2
and ACTR3 were Degree TOP5, and ACTB, YWHAZ,
CCT2 and ACTR3 were hyper-expressed in the serum
of the chronic HCV group, and PSMD14 was vice versa
(Fig. 4B). This study further identified the key sub-net-
works of the PPI network using the MCODE algorithm.
In the HCV-vs-Con, the clustering scores of the top 3
subnetworks were 9.33, 5, and 3.5, and the number of
nodes were 10, 5, and 5, respectively (Fig. 4C). These hub
DEPs primarily regulate mRNA metabolic processes, oxi-
dative stress, oxygen transport, and virus-associated dis-
eases (Supplementary Fig. SIA and Supplementary file
S9). In the chronic HCV-vs-HCV, the clustering scores of
the top 3 sub-networks were 13.875, 6, and 5.6, with the
number of nodes being 17, 6, and 6, respectively (Fig. 4D).
These hub DEPs primarily modulate translation, Cajal
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bodies, cytoskeleton, and bacterial and viral infection
(Supplementary Fig. S1B and Supplementary file S9).

Identification of DEGs in the serum of patients with HCV

This study identified the transcriptome expression pro-
files of serum samples from the chronic HCV, HCV, and
Ctrl groups, and characterized the DEGs. As indicated
in Fig. 5A, the median values of FPKM data of serum
samples from chronic HCV, HCV and Ctrl groups were
essentially the same and symmetrical after normaliza-
tion of sequencing data. The transcriptome expression
profiles of the HCV and Ctrl groups had large distances,

and chronic HCV was closer to the HCV and Ctrl groups
(Fig. 5B). DESeq2 package analysis demonstrated that
compared to the Ctrl group, the HCV group had 684
DEGs, including 238 significantly down-regulated and
446 significantly up-regulated DEGs (Fig. 5C and Supple-
mentary file S5); compared to the HCV group, there were
202 significantly down-regulated and 148 significantly
up-regulated DEGs in the chronic HCV group, totaling
350 DEGs (Fig. 5F and Supplementary file S5). Heatmaps
displayed that DEGs from different groups had different
expression patterns and clustered within groups and dis-
crete between groups (Fig. 5D and G). In HCV-vs-Ctrl,
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Fig. 3 Gene set enrichment analysis (GSEA) of HCV-associated DEPs. A: GSEA for GO enrichment analysis results in HCV-vs-Ctrl (top) and chronic HCV-vs-
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DEGs with|log,FC| TOP5 were USP9Y, ZFY, RPS4Y1, Enrichment analysis of DEGs in the serum of patients with
KDM5D, and UTY, and them were significantly over- HCV
expressed in the serum of the HCV group (Fig. 5E). In  In HCV-vs-Ctrl, DEGs primarily encode ECM and
chronic HCV-vs-HCV, LOC105377884, LOC105377885, hemoglobin, which regulate wound healing, cellular com-
LOC107985235, GRIK4, and C4BPA were the DEGs munication, blood coagulation, carbon dioxide and oxy-
with|log2FC| TOP5, and GRIK4 was significantly hyper-  gen transport, organic acid metabolism, oxidative stress,
expressed in the serum of the chronic HCV group, and  cellular adhesion, ECM and receptor interactions, viral
the others were vice versa (Fig. 5H). Notably, the number infection, and immunity, in association with the Hippo,
of intersecting and concatenating DEGs in HCV-vs-Ctrl ~ Apelin, cAMP and PI3K-Akt pathways (Fig. 6A and C;
and chronic HCV-vs-HCV were 122 and 912, respec-  Supplementary file S6). In chronic HCV-vs-HCV, DEGs
tively (Fig. 5I). mainly encode AP-2 adaptor and ECM, which regulate
cell cycle, amino acid metabolism, complement sys-
tem, nitrogen metabolism, cell adhesion, cytoskeleton,
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immunity, cytokine interactions, hematopoiesis, and
nucleotide metabolism, and the Rapl and PI3K-Akt
pathways (Fig. 6B and D; Supplementary file S6). GSEA
results revealed that, in HCV-vs-Ctrl, DEGs favored
“fibrinolysis’, “long-chain fatty-acyl-CoA biosynthetic
process’, “nicotine addiction” and “staphylococcus aureus
infection, and inhibited “small ribosomal subunit’, “RNA
export from nucleus’, “other glycan degradation” and
“Arginine biosynthesis” (Fig. 7A-7B; Supplementary file
S7). In chronic HCV-vs-HCV, DEGs facilitate “L-gluta-
mate transmembrane transport’, “response to vitamin A’
“starch and sucrose metabolism” and “RNA polymerase’,
and inhibited the “regulation of postsynaptic membrane
potential’, “positive regulation of dendritic spine mor-
phogenesis “ “vasopressin-regulated water reabsorption”
and “one carbon pool by folate” (Fig. 7A-7B; Supplemen-
tary file S7).

PPI network of DEGs in the serum of patients with HCV
In HCV-vs-Ctrl, the DEGs-associated PPI network has
455 genes and 5,386 interaction pairs (Supplementary

file S8). In chronic HCV-vs-HCV, the DEGs associated
PPI network has 228 nodes and 1,168 edges (Supple-
mentary file S8). The PPI network of DEGs with inter-
action TOP30 in HCV-vs-Ctrl is shown in Fig. 8A. The
network contains 25 nodes and the Degree TOP5 are
KIF11, CENPE, TTK, CDC20 and ASPM, which are all
significantly over-expressed in the serum of the HCV
group (Fig. 8A). In chronic HCV-vs-HCV, the PPI net-
work of DEGs with interaction TOP30 contained 38
genes (Fig. 7B). Notably, the Degree TOP5 in this net-
work were C3, ORM2, PTGFR, IGF1, and C4B (Fig. 8B).
ORM?2, PTGFR, and IGF1 were significantly expressed
in the serum of the chronic HCV group, and the reverse
was true for C3 and C4B (Fig. 8B). MCODE analysis
revealed that, in the HCV-vs-Con, the clustering scores
of the top 3 ranked sub-networks were 13.429, 9.778, and
4.5, with the number of nodes being 17, 10, and 5, respec-
tively (Fig. 8C). These hub DEGs primarily regulate the
cell cycle, fibrinolysis, cytoskeleton, and bacterial and
viral infection, as well as the Rap1, HIF-1, EGFR, and p53
pathways (Supplementary Fig. S2A and Supplementary
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file S10). In the chronic HCV-vs-HCV, the top 2 sub-
networks have clustering scores of 3.333 and 3, and the
number of nodes of 4 and 3, respectively (Fig. 8D). These
hub DEGs primarily modulate immune response, com-
plement system, extracellular matrix, and bacterial and
viral infections, as well as PI3BK-Akt pathway (Supple-
mentary Fig. S2B and Supplementary file S10).

Combined analysis of proteomics and transcriptomics of
serum from patients with HCV

In this study, the interactions between HCV-associated
DEPs and DEGs were identified using OmicsNet and
InnateDB database. The data analyzed were intersec-
tions in HCV-vs-Ctrl and chronic HCV-vs-HCV with

140 DEPs and 122 DEGs. As shown in Fig. 9A, the Omic-
sNet analysis obtained a total of 11 networks. The larg-
est network contains 11 nodes and 10 relation pairs with
10 DEPs and 1 DEGs, and EIF4A3 is the node with the
largest degree (Fig. 8A). The second largest network
contains 10 nodes and 9 relation pairs with 5 DEPs and
5 DEGs, and MNAT1 and UBE2D1 are the nodes with
the largest degree (Fig. 8A). In addition, FRK interacts
with CSK and KHDRBS1, FHIT with ETFB and ALDH2,
and SIK1 with PRKACA (Fig. 8A). In this study, EIF4A3,
EIF2B1, MNAT1, SNRNP70 and UBE2D1 were selected
for validation in serum samples. Compared to the Ctrl
group, the expression of EIF4A3, EIF2B1, SNRNP70
and UBE2D1 mRNA was significantly increased and
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the expression of MNAT1 was significantly decreased
in the HCV group (Fig. 9B). Compared with the HCV
group, the expression of EIF4A3, EIF2B1, SNRNP70
and UBE2D1 mRNA was significantly decreased and
the expression of MNAT1 was significantly increased
in the chronic HCV group (Fig. 9B). Moreover, protein
expression of EIF4A3, EIF2B1, MNAT1, SNRNP70, and
UBE2D1 showed a similar pattern (Fig. 9C). This result
is consistent with the sequencing results (Supplementary
file S1 and Supplementary file S5).

Discussion

In this study, we analyzed and compared the serum
molecular profiles of normal population (Ctrl group),
population with previous HCV infection (HCV group),
and patients with persistent HCV infection (chronic
HCV group) using a combination of transcriptomics
and proteomics. Compared to the Ctrl group, the HCV
group had 356 DEPs and 684 DEGs in serum; compared
to the HCV group, the chronic HCV group had 381 DEPs
and 350 DEGs in serum. In enrichment analyses, DEPs/
DEGs predominantly regulated cellular communication,
wound healing, oxidative stress, cell adhesion, viral infec-
tion, and immunity, and were associated with the Rapl,
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Hippo, cAMP, and PI3K-Akt pathways. Notably, these
pathways have been demonstrated to regulate HCV-asso-
ciated disease processes and liver injury phenotypes [36—
38]. Moreover, HSPA4, HSPD1, COPS5, PSMD2, TCP1,
KIF11, CENPE, TTK, CDC20, and ASPM are key hubs
in DEPs/DEGs. Interestingly, some key hubs have been
identified to regulate HCV infection and pathogenesis.
HSPA4, a member of the heat shock protein fam-
ily A (Hsp70), plays a crucial role in maintaining the
cell cycle, protein homeostasis and response to envi-
ronmental stresses [39]. Notably, Hsp70 promotes viral

replication, assembly, and release by interacting with key
factors (NS5A, lipid droplet-associated proteins, HCV
core proteins) at various stages of the HCV life cycle and
is an important host factor in HCV infection [40]. Cur-
rently, an inhibitor of Hsp70 (VER-155008) is undergo-
ing preclinical trials and it has been demonstrated that
VER-155,008 can effectively inhibit HCV assembly [41].
HSPA4 expression was increased in serum of patients
with HCV-associated cirrhosis, early HCC, and advanced
HCC in a stepwise manner, and the level of HSPA4 could
distinguish HCV-associated cirrhosis from HCC [42].
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Interestingly, the present study found that the expres-
sion of HSPA4 in the serum of the chronic HCV group
was significantly higher than that of the HCV group.
The function of HSPA4 in the HCV lifecycle is currently

unknown.
that HSPA4 is most likely the biomarker that exacer-
bates HCV pathogenicity. COPS5 is an important com-
ponent of the COP9 complex, and plays a key role in the

Combined with previous studies, we believe
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regulation of protein degradation, signaling and gene
expression, among other processes [43, 44]. Previous
studies have demonstrated that COPS5 is significantly
positively associated with HCV infection and is over-
expressed in HCC, which facilitates the progression of
HCV-associated HCC in both cellular and animal stud-
ies [45]. Interestingly, we found that COPS5 was lowly
expressed in the serum of a population with previous
HCYV infection. Therefore, we hypothesized that knock-
down of COPS5 might be beneficial for HCV elimina-
tion and alleviation of HCV-induced liver injury disease.
It was demonstrated that HCV core protein induced
spontaneous HCC through c-Jun/AP-1 signaling [46].
Moreover, COPS5 enhances the activity of the AP-1
transcription factor by interacting with c-Jun, thereby
affecting gene expression [44, 47]. Therefore, we believe
that HCV may exacerbate liver injury disease through
COPS5/c-Jun/AP-1. Blockade of this signaling may be
the key to eliminate the effects of HCV. TCP1 is an essen-
tial component of the CCT complex and plays a key role
in the proper folding and assembly of nascent proteins,
cytoskeleton assembly, and cell division [48, 49]. TCP1
was confirmed to be essential for HCV replication, which
is associated with interactions between viral NS5B pro-
teins [50]. Notably, TCP1 was upregulated in the serum
of patients in the chronic HCV group. These previous
studies have highlighted the reliability of the present
findings, and the findings of this study provide unlimited
possibilities for future mechanistic studies of HCV infec-
tion and identification of therapeutic targets.

Notably, the combined analysis of proteomics and tran-
scriptomics revealed interactions between POU5F1 and
MNAT]1, RNF126, UBE2D1 and UFL1, ETFB, FHIT and
ALDH2, and SIK1 and PRKACA. The findings refine the
HCV-associated molecular regulatory network and make
up for the shortcomings of single proteomics/transcrip-
tomics. The mechanisms underlying these relationships
in HCV infection and pathogenesis have not been eluci-
dated. However, based on the known functions of these
DEPs/DEGs, it is possible to speculate on their role in
HCYV infection and pathogenesis. The POU5F1 protein,
also known as OCT-4, is a key transcription factor that
plays an important role in maintaining the self-renewal
and differentiation potential of pluripotent stem cells
[51, 52]. HCV core proteins can promote hepatic fibrosis
[53] and the cell cycle in HCC by upregulating POU5F1
expression [54]. Notably, we found that POU5SF1 was
highly expressed in HCV serum and interacted with
MNAT1. Interestingly, MNAT1 stabilizes the cell cycle
protein H-CDK7 complex, which facilitates the cell cycle
[55], and the present study confirmed that MNAT1 is
highly expressed in HCV serum. Combined with these
studies, we hypothesized that HCV core protein-induced
HCC cell cycle is mediated by the interaction between

Page 14 of 16

POUS5F1 and MNAT1. In addition, we found that there
was an interaction between RNF126 and MNAT1, and
that RNF126 was lowly expressed in HCV serum. As
one of the E3 ubiquitin-protein ligases, low expression of
RNF126 might also contribute to the increased expres-
sion of MNAT1.

However, there are still more questions to be addressed
in this study. The main limitation of this study is the small
sample size (n=4), which will have an impact on the sta-
tistical power and representativeness of the findings.
Small sample size may limit the general applicability of
the findings and may have resulted in some potential bio-
logical differences not being effectively detected. Addi-
tionally, small sample sizes increase the likelihood that
results will be affected by inter-individual. This study is
a preliminary exploratory work and the conclusions need
to be validated in a large sample cohort. Future studies
should incorporate larger sample sizes to minimize bias
and provide a more comprehensive understanding of the
molecular mechanisms of HCV. Although, this study ver-
ified the differential expression of some DEPs/DEGs in
clinical samples. Their mechanisms in HCV infection and
pathogenesis still need to be validated using in vivo and
in vitro experiments. In conclusion, this study is the first
to combine proteomics and transcriptomics to identify
molecular features of serum from patients with hepatitis
C, and to reveal possible molecular mechanisms of HCV
infection and pathogenesis. The findings will provide a
reference and potential biomarker for hepatitis C treat-
ment and contribute to HCV-related basic research.
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