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Purpose: In clinical practice, the clinicopathological profiles and outcomes of patients
infected with hepatitis B virus (HBV) are different between genotypes B and C. However,
little is known about the potential mechanism and differences in specific biological pathways
associated with the different genotype. This study aimed to compare the serum protein profile
between patients infected with HBV genotype B and those infected with HBV genotype C.
Patients and Methods: A total of 54 serum samples from patients with chronic HBV
genotype B infection and those with chronic HBV genotype C infection, and healthy controls
were used for the proteomic analysis (n = 18 samples in per group). Serum proteomic profiles
were analyzed using data-independent acquisition (DIA)-based liquid chromatography-mass
spectrometry to identify differentially expressed proteins (up- or downregulation of at least
1.5-fold) between serum samples from HBV patients infected with HBV genotype B and
those infected with genotype C.

Results: We identified 1010 proteins, 53 of which were differentially expressed between the
serum samples of the healthy controls and those of HBV genotype B infected patients, and
59 that were differentially expressed between the samples of the healthy controls and those
of HBV genotype C infected patients. Furthermore, our results indicated that two proteins
identified as being differentially expressed (VWF and C8B) have potential as biomarkers for
distinguishing genotype B infected HBV patients from those infected with genotype C.
Conclusion: The results of our DIA-based quantitative proteomic analysis revealed that
HBV genotypes B and C are associated with different molecular profiles and may provide
fundamental information for further detailed investigations of the molecular mechanism
underlying these differences.

Keywords: serum protein profiles, complement and coagulation cascade, von Willebrand

factor, complement C8 beta chain

Introduction

Hepatitis B virus (HBV) is an enveloped, non-cytopathic, hepatotropic, partially
double-stranded DNA virus belonging to the family genus Orthohepadnavirus
(family: Hepadnaviridae).'” Despite the significant progress in the availability of
safe vaccines and antiviral therapies against HBV, this virus still affects approxi-
mately 257 million people worldwide, resulting in approximately 887,000 deaths
each year.” HBV infection, which is associated with acute and chronic liver failure,
can result in chronic hepatitis or fulminant hepatitis and put patients at high risk of

developing advanced liver fibrosis and cirrhosis, and even hepatocellular carcinoma
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(HCC)."** Many viral-derived factors, that can affect the
disparity in clinical manifestations or disease prognosis
during chronic HBV infection have been identified;
among them, the viral genotype and HBV mutations
ascribing the virus to a certain phenotype have been
reported to the key determinants of viral pathogenesis,
including changes in host immune recognition, enhanced
virulence with increased HBV replication, and the facilita-
tion of cell attachment or penetration.”>’

Ten HBV genotypes (A-J) have been characterized to date
and have been assigned distinct geographical and ethnic dis-
tributions worldwide based on a greater than 8% intergenoty-
pic sequence divergence. Genotypes B and C are dominant in
Asia and the Pacific region, including China.*® Different
genotypes exert varied effects on disease severity, course, the
likelihood of complications, response to treatment, and possi-
bly vaccination.'® ' It has been shown that compared with
patients infected with genotype B, those infected with geno-
type C have a higher prevalence of basal core promoter
A1762T/G1764A  variants tyrosine-
methionine-aspartate-aspartate 1314

and spontaneous
(YMDD)
A study of 332 patients in Hong Kong reported that patients

mutations.

with genotype C had a significantly higher prevalence of
hepatitis B e antigen (HBeAg) (53% vs 69%, P < 0.01) at
presentation and had a lower cumulative rate of HBeAg ser-
oconversion during follow-up than those infected with geno-
type B. Accordingly, patients infected with genotype
C experience delayed HBeAg seroconversion and thus have
a significantly longer duration of high viral load compared
with patients with genotype B.'” In another study of 150
patients with chronic HBV infection in China, the authors
found that patients harboring genotype C had higher levels
of viral replication (6.87 + 0.35 vs 5.03 £+ 0.55 log10 copies/
mL, P < 0.01), alanine transferase (ALT) (500.35 + 81.81 vs
269.51 + 46.62 U/L, P < 0.01), nonspecific CTL (19.72 +
1.07% vs 16.65 £ 2.21%, P < 0.01), but lower levels of HBV-
specific cytotoxic T lymphocytes (CTL) (0.23 +0.03% vs 0.37
+ 0.03%, P < 0.01), Follicular helper T cells (Tth) (3.85 +
2.43% vs 5.91 + 1.84%, percentage of CD4 + T lymphocytes,
P <0.01), and interleukin-21 (IL-21) (15.80 +2.44 vs 43.26 +
19.70 ng/L, P < 0.01)."® Furthermore, some specific viral
mutations, a high HBV viral load and quantitative hepatitis
B surface antigen (HBsAg) levels, which independently may
be associated with more live disease complications and
a higher chance of HCC transition, appear to occur at
a significantly higher frequency in HBV genotype C than
genotype B patien‘ts.”’18 Combined, these suggest that

significant differences in clinical manifestations exist between
patients infected with the two genotypes.

HBYV regulates macromolecular synthesis in the host by
modifying the host transcriptional and translational
machinery and forcing the host to meet the requirements
of the virus during infection.*'>** These requirements
may lead to epigenetic modifications that are associated
with various biological processes during almost every step
of the HBV life cycle, from entry to secretion.'®'®?!
Numerous epidemiological studies suggest that patients
infected with HBV genotype C have a significantly lower
level of T helper 1 (Thl) cytokine producing T cells and
a higher level of Th2 cytokine-producing T cells than
patients with genotype B, which suggests that HBV geno-
type C induces a greater Th2 and lesser Thl response than
genotype B.>>?* In our previous quantitative proteomics
study, we found that proteins that were dysregulated in
HBV genotype B-induced HCC were mainly involved in
biological processes such as response to toxin, RNA spli-
cing, and cellular macromolecular complex assembly,
while the proteins that were dysregulated in genotype
C-induced HCC were primarily associated with organic
acid catabolic process, carboxylic acid catabolic process,
and alcohol biosynthetic process.> These results indicated
that marked differences in molecular pathogenesis exist
between HBV patients with genotype B and those with
genotype C infection. However, the precise molecular
mechanisms associated with these differences remain lar-
gely unknown.

Comparative proteomic approaches coupling data inde-
pendent acquisition (DIA)-based liquid chromatography-
tandem mass spectrometry (LC-MS/MS) are commonly
used to analyze human, animal, and plant host responses
during viral infections.®*” In addition, DIA-based quantita-
tive proteomics can be used to screen and identify key protein
biomarkers for early disease recognition, diagnosis, monitor-
ing, and treatment.”® *° Thus, serum proteomic analysis pro-
vides an overall understanding of the host factors involved in
virus infections and provides insights into signaling pathway
alterations, improving our understanding of the molecular
pathogenesis of HBV infection. However, the application of
quantitative proteomic analysis in the investigation of the
differences in serum protein profiles between HBV genotype
B and genotype C infection has not been reported to date.
Here, to interpret the molecular differences underlying host
resistance to genotypes B and C HBV, we undertook
a comparative DIA-based quantitative proteomics analysis
of the serum protein expression profile between patients
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with HBV genotype B infection and those infected with HBV
genotype C. The results of this study will aid in the under-
standing of the molecular differences between patients
infected with the two HBV genotypes, and might provide
fundamental information for further detailed investigation of

the molecular mechanisms underlying these differences.

Materials and Methods

Patients and Sample Collection

The study population consisted of healthy controls and eli-
gible patients with chronic hepatitis B (CHB) who were
identified as sero positive for HBV infection from
January 2018 to June 2020 at the Department of Infectious
Diseases of the Affiliated Hospital of Jiaxing University in
East China. HBV genotyping of all the samples was per-
formed by real-time fluorescence PCR using a commercially
available HBV genotyping kit (Shanghai Fosun
Pharmaceutical Co., Ltd. Shanghai, China) as recommended
by the manufacturer and as previously described.’** Patients
who were treated with nucleoside analogs or interferons in
the preceding 2 years were excluded from the study. Patients
with concurrent HIV, HAV, HCV, HDV, or other viral infec-
tions were also excluded, as were those presenting with liver
diseases, such as cirrhosis or HCC. Anonymized relevant
clinical information for the patients, including biochemical
data, is presented in Table 1. The study was reviewed and

approved by the Institutional Review Board of The
Affiliated Hospital of Jiaxing University, and all participants
provided written informed consent before enrolment
(Approval Number: LS2019-327).

Serum samples from 18 healthy controls and 36 patients
infected with HBV genotype B or C (n = 18 each genotype)
were divided into three groups: healthy controls (group A,
n = 18), patients infected with HBV genotype B (HBV-B)
(group B, n = 18) and patients infected with HBV genotype
C (HBV-C) (group C, n = 18) according to standard operat-
ing procedures to minimize preanalytical variation. For each
group, every 6 individual samples containing equal volumes
of serum were mixed, and the pooled serum was then
separated into high- and low-abundance protein fractions
on a Human Multiple Affinity Removal System Column
(Agilent Technologies, Santa Clara, CA, USA) according
to the manufacturer’s instructions. Six repeated protein
extracts were obtained per group to minimize the effects of
individual differences among patients (Figure S1).

Sample Preparation

High- and low-abundance proteins were collected into 5-kDa
ultrafiltration tubes (Sartorius, Germany) for the desalination
and concentration of high- and low-abundance components.
The proteins were precipitated with SDT lysis buffer at 95 °C
for 15 min and then centrifuged at 14,000 g for 20 min.
Protein concentrations were determined using a BCA

Table | Baseline Characteristics of Patients Enrolled in This Study

Characteristic Health Controls (n = 18)
Gender (female/male) 9/9

Age (yrs.) 39.17 £ 828
ALT (U/L) 30.78 + 4.68
AST (U/L) 2472 £ 643
ALP (U/L) 99.17 + 2881
GGT (U/L) 40.94 + 10.34
PLT (10° L") 13256 £ 11.52
TB (umol/L) 7.90 £ 0.83
TBA (umol/L) 9.76 £ 14.13
ALB (g/L) 41.36 = 3.21
APRI 047 £ 0.11
PT (s) 12.69 + 0.94
APTT (s) 35.46 + 4.46
FIB (g/L) 2.58 £ 0.38
HBeAg NA

HBYV viral load (log)o) NA

HBV-B Group (n = 18) HBV-C Group (n = 18)
12/6 12/6
44.50 £10.12 39.39 £ 10.80
573.22 + 446.4* 204.44 + 216.29§
337.39 £ 319.01%* 149.72 + 159.75§
101.89 + 38.84 87.56 * 26.94
116.83 + 103.35% 69.22 + 46.07§
150.50 + 42.03 152.39 + 59.24
45.49 + 79.48*% 27.62 * 34.72§
49.81 * 69.47* 44.41 + 70.04
41.56 = 6.10 39.57 £ 10.52
640 = 6.31* 3.53 £5.04§
16.00 + 5.77* 14.31 + 1.58
40.31 = 4.49 38.82 + 4.04
249 + 0.64 2.72 £ 0.62
139.90 + 343.30 436.95 * 527.10§
6.31% 1.62 6.87+ 1.56

Notes: Data are means + SD; P < 0.05 for comparisons between HBV-B and healthy controls*, and between HBV-C and HBV-B§.
Abbreviations: ALT, alanine transferase; AST, aspartate transferase; ALP, alkaline phosphatase; GGT, y-Glutamyl transferase; PLT, platelet; TB, total bilirubin; TBA, total bile
acids; ALB, albumin; APRI, aspartate aminotransferase -to- platelet ratio index; PT, prothrombin time; APTT, activated partial thromboplasting time; FIB, fibrinogen; HBeAg,

hepatitis B e antigen.
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Protein Assay Kit (Bio-Rad, USA) and the resulting super-
natants were stored at —80 °C until use.

Protein digestion was performed using the filter-aided
sample preparation method as previously described.’® In
brief, 100 puL of iodoacetamide (IAA; 100 mM in UA
buffer) was added to the protein samples, followed by
incubation at room temperature in the dark for 30 min.
The proteins were subsequently digested with 4 pg of
trypsin (Promega, USA) in 40 pL of 25 mM NH4HCO;
buffer at 37 °C overnight, desalted using a C18 cartridge
(Sigma, USA), and then vacuum-dried.

DDA- and DIA-Based LC-MS/MS

All fractions for data-dependent acquisition (DDA) library
generation were analyzed using a Q Exactive HF -X mass
spectrometer (Thermo Fisher Scientific, USA) equipped with
an Easy -nLC 1200 chromatography system (Thermo Fisher
Scientific). Peptides (1.5 pg) were first loaded onto an EASY-
Spray C18 Trap Column (Thermo Fisher Scientific) and then
separated on an EASY-Spray C18 LC Analytical Column
(Thermo Fisher Scientific) using a linear gradient of buffer
B (84% acetonitrile and 0.1% formic acid) at a flow rate of
250 nL/min over 120 min. In brief, the full MS scan ranging
from 300 to 1800 m/z, was acquired with a resolution of
60,000 at m/z 200. The automatic gain control (AGC) was set
to 3e6, and the maximum ion injection time (MIT) was set to
25 ms. Each full MS-SIM scan followed 20 ddMS2 scans.
MS2 scans were performed at a resolution of 15,000, an
AGC target of 5e4, an MIT of 250 ms, and normalized
collision energy of 30 eV.

The peptides from each sample were analyzed by LC-
MS/MS in DIA mode. Each DIA cycle contained one full
MS-SIM scan and 30 DIA scans covering a mass range of
350-1800 m/z with a resolution of 120,000 at 200 m/z.
The MIT was set to 50 ms, and the AGC was set to 3e6 in
profile mode. The DIA scans were performed at
a resolution of 15,000 (AGC target: 3e6; MIT: auto; and
normalized collision energy: 30 eV). The run time was 120
min with a linear gradient of buffer B at a flow rate of 250
nL/min. To monitor the MS performance, QC samples
were injected in DIA mode at the beginning of the analysis
and after every six injections throughout the experiment.

MS Spectrometry Data Analysis

DDA library data was searched against the FASTA
sequence database using Spectronaut software (version
14.4.200727.47784; Biognosys, Switzerland) as previously
described.”” The human proteome database in UniProt

(2020/11/22, 9951 sequences) appended with iRT peptide
sequences was used. The searches were run using the
following parameters: enzyme, trypsin; max missed clea-
©);

dynamic modification, oxidation (M) and acetyl (protein

vages, 2; fixed modification, carbamidomethyl
N-term). In addition, all data were reported based on
a 99% confidence level for protein identification (false
discovery rate [FDR] < 0.01) (Figure S2). The analysis
results were then imported to Spectronaut Pulsar
X (version 12.0.20491.4; Biognosys) for the generation
of spectral libraries.

The raw DIA data were further searched against the
abovementioned spectral library using Spectronaut soft-
ware (version 14.4.200727.47784). For the main software
parameters, retention time prediction was set to dynamic
iRT, and interference in MS2 level correction and cross-
run normalization were both enabled. The FDR threshold
at the peptide level was set as 1% to obtain significant
quantitative data. All MS raw data have been deposited to
the ProteomeXchange Consortium via the PRIDE partner

repository with the dataset identifier PXD025968.

Bioinformatics and Statistical Analysis

Significantly differentially expressed proteins were defined
as those displaying a fold change >1.5 or <0.67 with
a paired t-test P-value <0.05. All differentially expressed
proteins were subjected to hierarchical clustering analysis
with Cluster 3.0 (http://bonsai.hgc.jp/~mdehoon/software/

cluster/software.htm) and Java Tree View software (http://
Gene ontology (GO) and
InterPro (IPR) analyses were conducted using the software
program Blast2GO (http://www.blast2 go.com/b2 g home)
based on functional annotations for biological processes,

jtreeview.sourceforge.net).

molecular functions, and cellular components.
The Kyoto Encyclopedia of Genes and Genomes
(KEGG) database (http://geneontology.org/) was used to

annotate the protein family and pathway with the KEGG
Automatic Annotation Server (KAAS, https://www.genom

e.jp/tools/kaas/).

All statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS) 22.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Quantitative data are
expressed as the mean + standard deviation (SD). The sta-
tistical significance of the differences was analyzed using
Student’s #-test for comparisons between two groups and
one-way analysis of variance (ANOVA) for comparisons
among multiple groups. Differences were considered statis-
tically significant if the two-tailed p-value was less than 0.05.

https:
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Validation of the Selected Dysregulated
Proteins by ELISA

To verify the results of the proteomic study, proteins exhibit-
ing significantly different levels in the two groups were
subjected to enzyme-linked immunosorbent assay (ELISA)
and automated biochemical analyses as previously
described.?” All serum samples collected from the three
groups were evaluated using a commercially available
ELISA kit (Abcam, USA) for selected dysregulated proteins
according to the manufacturer’s protocol. ELISA of each
sample was performed in triplicate. Optical density values
were read at 450 nm using a microplate reader (BioTek
ELx800), and concentrations were automatically calculated
based on the standard curve and dilution factors. The inter-

and intra-assay coefficients of variation were less than 5%.

Results
Clinical Characteristics of the Study

Population

A total of 54 serum samples from patients with chronic
HBV genotypes B and C infection and healthy controls
were used for the proteomic analysis, with 18 samples per
group. In each group, according to the genotype of HBYV,
patients were further randomly allocated into three sub-
groups, with 6 individuals in each. No significant differ-
ences were found in age, sex ratio, or alkaline phosphatase
(ALP), total bile acids (TBA), and fibrinogen (FIB) levels
among the three groups. However, compared with the

A B

healthy controls or patients in the HBV-B group, patients
in the HBV-C group had significantly different laboratory
results for ALT, aspartate transferase (AST), y-glutamyl
transferase (GGT), and HBeAg levels, platele (PLT)
counts, and the AST-PLT ratio index (APRI) (Table 1).

Comeparison of the Relative Serum
Proteome Quantification Between
Infection with HBV Genotype B and
Genotype C

Through DIA-based quantitative proteomic analysis, we
identified 1923 uniquely abundant proteins across the
9951 peptides from the human proteome database in
UniProt (Figure 1A and B). Employing the results
obtained using Spectronaut software with the integrated
Andromeda search engine, we quantified 1303, 1206 and
1374 proteins in the three replicates used for DIA-based
quantitative proteomic analysis. A total of 1010 proteins
overlapped among the three groups, accounting for
63.72% of the total quantified proteins (Figure 1C).

Differentially Expressed Proteins
Associated with Genotypes B and

C Infection

To identify differentially expressed proteins, the relative
protein expression values were compared between each
HBV group and the healthy control group. Based on
hierarchical clustering analysis, 53 proteins with a mean

c

Identified Peptides

Identified Protein Groups

8000
16004

6000
12004

4000

Protein Groups

Unique Peptides

2000 4004

HBV-C

0l
[l Healthy controls [l HBV-B

Healthy controls
— \{1303)

93 62

142

HBV-C (1374)

Figure | Identification of serum proteins in HBV patients infected with genotype B and those infected genotype C. (A) The number of identified peptides in 3 repeated
experiments. (B) The number of identified protein groups in 3 repeated experiments. (C)The Venn diagrams show the numbers of identified proteins and the overlaps of

protein identification in the 3 groups.
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expression fold change of >+ 1.5 (log2 = 0.58) were
classified as differentially expressed in the serum of
patients from the HBV-B group compared with that in
the serum of healthy controls (Groups B vs A)
(Figure 2A, Table S1). When the ratio of these 53 proteins
was plotted on a heatmap, 45 and 8 proteins were found to
be upregulated and downregulated, respectively, between
the serum samples of the HBV-C and healthy control
groups; moreover, these two sets of proteins were sepa-
rated into distinct clusters (Figure 2B, Figure S3). The
names of the typically dysregulated proteins are listed in
Table 2 and Figure S4. We then performed GO enrichment
analysis to analyze which biological processes these 53
dysregulated proteins were involved in and found that they
were separated into distinct clusters. The top three most
enriched biological process terms were cellular process
(n = 6), metabolic process (n = 6) and response to stimulus
(n = 5) (Figure 2C and D). These results indicated that the
molecular mechanisms might differ between the HBV-B
and healthy control groups.

Similarly, we undertook a comparative analysis
between the serum samples of the HBV-C and healthy
control groups (Groups C vs A) based on the abovemen-
tioned criteria (Figure 3A, Table S2). As shown in
Figure 3A and B, 59 proteins were classified as differen-
tially expressed (37 upregulated and 22 downregulated)
between the serum of patients in the HBV-C group and
that of healthy controls forming distinct clusters. Under
biological processes, GO enrichment analysis indicated
that the dysregulated proteins were mainly associated
with cellular processes (n = 6), biological regulation (n =
5), and multicellular organismal processes (n = 5)
(Figure 3C and D). For molecular functions, most of the
aberrantly expressed proteins were primarily associated
with binding (n = 9). The 59 differentially expressed
proteins were also classified according to subcellular loca-
lization, and each protein was assigned to at least one
term. Six proteins were annotated as belonging to the
cell part, and the other four main cellular component
terms associated with these proteins were the extracellular
region part (n = 6), organelle (n = 6), cell extracellular
region (n = 6), and organelle part (n = 6). These results
also suggested that biological processes and molecular
functions are indeed extensively differentially regulated
between HBV patients with genotype B infection and
those with genotype C infection, indicating that differen-
tial molecular characteristics are associated with infections
with HBV infection with the two genotypes.

KEGG Pathway Analysis of the

Differentially Expressed Proteins

To further identify pathways differentially regulated by
HBV genotypes B and C infection, we performed KEGG
pathway-based enrichment analysis of the differentially
expressed proteins. The results showed that specific sig-
naling pathways were indeed involved in the molecular
differences in host macromolecular synthesis between
patients with HBV genotypes B and C infection, although
some common signaling pathways were also identified.
KEGG pathway enrichment analysis indicated that the
differentially expressed proteins in the serum of patients
in the HBV-B group were mostly involved in the regula-
tion of complement and coagulation cascades and
Staphylococcus aureus infection, while in the serum of
patients in the HBV-C group primarily participated in the
NF-kB signaling pathway, PI3K-Akt signaling pathway,
focal adhesion, ECM-receptor interaction, cell adhesion,
and complement and coagulation cascades (Figures 4 and
5). Interestingly, although all of the abovementioned sig-
naling pathways were found to be differentially regulated
between patients infected with the different HBV geno-
type, only “complement and coagulation cascades” is asso-
ciated with both genotypes B and C infection. These
results demonstrated that in HBV genotypes B and
C infection, the complement and coagulation cascade sig-
naling pathway may contribute to the modulation of the
host innate immune response against HBV infection by
regulating the identified differentially expressed proteins.

Verification of the Selected Differential
Expression of VWF and C8B

Based on the hierarchical clustering analysis results
(Figure 3) and key modulated signaling pathways
(Figure 5), the von Willebrand factor (VWEF, 1.67-fold)
and complement C8 beta chain (C8B, 2.02-fold) proteins
were differentially expressed in the HBV-C and HBV-B
groups of CHB patients. VWF, is a large multimeric gly-
coprotein that is synthesized predominantly by endothelial
cells (ECs) and is constitutively deposited in the suben-
dothelial extracellular matrix (ECM) and released into the
plasma in the form of unusually large multimers, VWF
predominantly functions in primary hemostasis by mediat-
ing platelet adhesion and aggregation at exposed suben-
dothelial sites in damaged blood vessels.>!*? C8B, one of
the three subunits of complement component 8 (C8), plays
a pivotal role in the formation of the membrane attack
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Figure 2 Bioinformatics analysis of differentially expressed proteins between the serum samples of the healthy controls and those of HBV-genotype B infected patients. (A)
Volcano plot representing the protein abundance changes (groups B vs A). A total of 53 dysregulated proteins with fold change 2+1.5 and p-values < 0.05 were identified. (B)
Hierarchical clustering of the 53 dysregulated proteins (groups B vs A). (C) GO analysis of 53 dysregulated proteins (groups B vs A). The abscissa represents enriched GO
function classifications, which were divided into three major categories: biological process (BP), molecular function (MF) and cellular component (CC). (D) KOG analysis of

53 dysregulated proteins (groups B vs A).

complex (MAC) and cell perforation, and mediates the
binding of C8 to C5b-7.>* Therefore, these factors might
be biomarkers of interest for distinguishing genotypes B
and C HBV-infected patients.

The changes in VWF and C8B expression were further
verified at the protein level by ELISA using independent sets of
108 serum samples (36 from healthy controls, 36 from patients
in the HBV-B group, and 36 from patients in the HBV-C

group), and each sample was detected independently without
pooling. Figure 6 shows the ELISA results for VWF and C8B
expression in serum samples from individual healthy controls
and patients in the HBV-B and HBV-C groups. Compared with
serum samples from patients in the HBV-B group, both VWF
and C8B were significantly up-regulated (2.01 -fold and 2.10 -
fold, respectively, n= 36 patients, P <0.01 for both proteins) in
serum samples from patients in the HBV-C group.
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Table 2 List of the Typically Differentially Expressed Proteins Between the Serum Samples from HBV Patients Infected with Genotype

B and Those Infected Genotype C

Protein Protein Description Gene Name Fold Change Fold Change Fold Change
Accession HBV-B/Healthy HBV-B/Healthy HBV-B/Healthy
Controls Controls Controls
AOAIBICYCS Vitamin D binding protein Gc 0.24 1.8l 7.50
(Fragment)
AOAIBOGTC3 Alpha-ketoglutarate-dependent FTO 0.21 0.91 428
dioxygenase FTO
P05546 Heparin cofactor 2 SERPIND | 0.34 0.80 235
P48740 Mannan-binding lectin serine MASPI 0.34 0.76 2.25
protease |
B7Z550 Complement component 8, beta csB 0.55 1.12 2.02
polypeptide, isoform CRA_b
P35527 Keratin, type | cytoskeletal 9 KRT9 11.41 19.77 1.73
P04275 von Willebrand factor VWEF 2.52 4.21 1.67
A3KPE2 Apolipoprotein C-lll, isoform APOC3 0.55 0.71 1.29
CRA_a
P15814 Immunoglobulin lambda-like IGLLI 2.45 1.90 0.77
polypeptide |
K7ER74 APOC4-APOC?2 readthrough APOC4-APOC2 0.59 0.45 0.76
(NMD candidate)
AOAQC4DH63 T cell receptor gamma joining TRGJP 2.95 2.04 0.69
P (Fragment)
P19320 Vascular cell adhesion protein | VCAMI 17.63 741 0.42
AOAIW2PQBI | Fc of IgG low affinity llla receptor FCGR3A 774 2.27 0.29
isoform |
A2VCK8 Thymosin beta 4, X-linked TMSB4X 1.44 0.41 0.28
AOAOAOMRI3 Guanine nucleotide-binding GNAS 0.21 0.05 0.25
protein G(s) subunit alpha
isoforms short
Q65ZC9 Single-chain Fv (Fragment) scFv 13.90 271 0.19
Q5CZ9%4 Uncharacterized protein DKFZp781M0386 3.85 0.58 0.15
DKFZp781M0386
AO0A0G2JS06 Immunoglobulin lambda variable IGLV5-39 4.65 0.47 0.10
5-39

In summary, we identified differences in the expres-
sion of VWF and C8B between CHB patients infected
with genotype B and those infected with genotype C,
consistent with the results obtained with the DIA-based
quantitative proteomic analysis (Figure 3 and Table S2).

The findings suggest that these two proteins may serve
as biomarkers for distinguishing genotype B and from
genotype C HBV-infected patients; however, the asso-
ciated underlying molecular mechanisms require further
investigation.
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Figure 3 Bioinformatics analysis of differentially expressed proteins between the serum samples of the healthy controls and those of HBV-genotype C infected patients. (A)
Volcano plot representing the protein abundance changes (groups C vs A). A total of 59 dysregulated proteins with fold change 2%1.5 and p-values < 0.05 were identified.
(B) Hierarchical clustering of the 66 dysregulated proteins (groups C vs A). (C) GO analysis of 59 dysregulated proteins (groups C vs A). The abscissa represents enriched
GO function classifications, which were divided into three major categories: biological process (BP), molecular function (MF) and cellular component (CC). (D) KOG analysis

of 59 dysregulated proteins (groups C vs A).

Discussion
Although the incidence of chronic HBV infection is gra-

dually decreasing, it remains a major public health pro-
blem worldwide because of its widespread distribution and
associated liver-related morbidity.'* HBV genotypes may
be responsible for differences in the natural history of
chronic HBV infection, and therefore play an important
role in the clinical and virologic characteristics of

infection, disease progression and response to antiviral
therapy.”**”> Patients with HBV genotype C infection
account for a significant proportion of severe liver disease
cases. Moreover, previous studies have confirmed that
genotype C represents a risk factor for perinatal infection
and is associated with an increased risk of serious compli-
cations, including cirrhosis and the development of HCC,
compared with genotype B.”'®!'7 While much of the

Infection and Drug Resistance 2021:14

4709

https:
Dove:


https://www.dovepress.com
https://www.dovepress.com

Chen et al

Dove

KEGG TopMapStat

Complement and coagulation cascades

Staphylococcus aureus infection

PPAR signaling pathway

Estrogen signaling pathway

Cholesterol metabolism

Primary immunodeficiency

15

05 5 20
eins

0.0 10
The number of Prot

B

KEGG TopMapStat

NF-kappa B signaling pathway

PI3K-Akt signaling pathway

Focal adhesion

ECM-receptor interaction

Cell adhesion molecules

Complement and coagulation cascades

Platelet activation

TNF signaling pathway

Leukocyte transendothelial migration

Estrogen signaling pathway

AGE-RAGE signaling pathway
in diabetic complications

African trypanosomiasis

Malaria

Staphylococcus aureus infection

Human papillomavirus infection

Fluid shear stress and atherosclerosis

0.50 0.75 1.00

The number of Proteins

0.25

0.00

Figure 4 KEGG annotation of the dysregulated proteins from groups of healthy control individuals and HBV-B (A) and groups of healthy control individuals and HBV-C (B).

existing literature has focused on the disparities between
HBYV patients with genotype B infection and those with
genotype C infection, little is known about the potential
mechanisms and the differences in specific biological path-
ways associated with the different genotypes. To the best
of our knowledge, the serum proteomic data presented in
this study represent the first to report of the identification
of biomarkers that can be used to distinguish between
HBV genotypes B and C infection. This study is also the
first to describe the differences between HBV genotype-B
and genotype-C-infected patients at the proteome level.
These results not only confirm those of earlier studies,
namely, that the HBV genotype correlates with its clinical
manifestation and that infection with HBV genotype C can
lead to more severe hepatitis when compared with geno-
type B, but also provide new information regarding the
molecular differences between infection with HBV geno-
types B and C. These novel findings are likely to facilitate
further detailed investigation relating to HBV genotype-
specific pathology.

In the present study, using a DIA-MS-based quantita-
tive proteomic approach, we performed a comparative
analysis of the whole serum proteome of samples to obtain
insights into the differential pathophysiology of HBV
infection between patients with genotype B and those
with genotype C. We quantified a total of 1923 proteins
at an FDR of <1%, which is relatively high when com-
pared with other studies that have taken serum proteomics
analyses.’®*” Among the identified proteins, 63.72% were
shared among all three groups, which strongly supported
the stability of the work flow and the reliability of the
research conclusions. Significant differences among the
healthy control, HBV-B and HBV-C groups at the mole-
cular level were identified through the comprehensive
analysis of the differentially expressed proteins involved
in signaling pathways. Based on the identification criteria
for dysregulated proteins (fold change >+ 1.5, P < 0.05),
53 differentially expressed proteins between the HBV-B
and healthy control groups and 59 between the HBV-C and
healthy control groups were identified in the serum
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Figure 5 Key signaling pathways involved in the serum samples from HBV patients infected with genotype B and those infected genotype C. ECM-receptor interaction (A)
and complement and coagulation cascades (B) obtained from KEGG pathway-based enrichment analysis of dysregulated proteins.
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samples. Although all the signaling pathways associated
with the abovementioned dysregulated proteins are key
players in the course of infection with genotypes B and
C, only the complement and coagulation cascade signaling
pathway was found to be extensively involved in both
comparison groups (healthy control vs HBV-B groups,
healthy control vs HBV-C groups) of CHB patients. This
finding demonstrated that in patients infected with HBV
genotypes B and C, the complement and coagulation cas-
cade signaling pathway may contribute to the modulation
of clinical features and progression of hepatitis B disease
during the infectious process.

The complement and coagulation cascades, which func-
tion as major proteolytic cascades in blood serum, are consist
of a large number of soluble plasma proteins and receptors.*®
The complement and coagulation cascades are reported to be
key mediators of host innate immunity and adaptive immune
system responses against pathogens including HBV infection.
These cascades be mediated through three distinct target
recognition pathways, namely, the classical pathway (CP),
which is activated via antigen-antibody complexes or by
C-reactive protein, the lectin pathway (LP) triggered via any
permissive surfaces and the alternative pathway (AP), which
involves direct activation of C3 and then C5.>®*° In the context
of viral infections, activated complement and coagulation
cascades are not merely processes reactive to inflammation
and immunity, but are also critical determinants of viral dis-
semination, the magnitude of pathogenesis, and liver disease
pathogenesis.**** Our data support that the clinical manifes-
tation of HBV infection with genotypes B and C are strongly
dependent on the degree of complement and coagulation
cascade signaling pathway activation or inhibition, which
explains the involvement of this signaling pathway in both

groups.

VWF expression was significantly up-regulated in the
serum samples of patients in the HBV-C group compared
with that in the samples from healthy controls and patients
in the HBV-B group. VWF is synthesized in ECs of blood
vessels for normal hemostatic function and is stored in
platelet a-granules as unusually large multimers that are
secreted in response to thrombogenic stimuli.*'** The size
of the VWF multimers suggests that they perform an
important pathophysiological function in complement and
coagulation cascade activation, that is, smaller VWF mul-
timers enhance the cleavage of C3b, whereas large and
ultra-large VWF (ULVWF) multimers do not affect C3b
cleavage, instead facilitating default complement
activation.*> Moreover, C3b binds to ULVWF multimeric
strings secreted by and anchored to the surfaces of stimu-
lated ECs to promote AP C3 convertase (C3bBb) and C5
convertase (C3bBb3b) activation.***> Meanwhile, it has
also been reported that VWF is associated with liver
fibrosis progression in chronic hepatitis and is inversely
correlated with albumin levels, prothrombin time, and
platelet count through angiogenesis and apoptosis, which
is crucial for HCC development.*'-*® Consistent with these
functions, dyregulated VWF expression in the complement
and coagulation cascades can influence susceptibility to
complement-mediated liver fibrosis and HCC in patients
with HBV. The results of this study indicated that the
upregulation of VWF expression may increase AP-
associated transcriptional activation via the formation of
C3 and C5 convertases in the serum of patients with HBV-
genotype C compared with that in the serum of patients
with HBV-genotype B and healthy controls. Activated AP
may play a role in promoting liver fibrosis through the
assembly and activation of C3bBb and C3bBb3b because
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AP activation is required for the upregulation of many
proteins, such as VWF.

The expression of C8B was also significantly upregu-
lated in the serum of patients from the HBV-C group com-
pared with that the serum of patients in the HBV-B group.
C8B is the main component of the MAC and serves as an
important innate immune effector that forms cytotoxic
pores on the surface of bacteria and enveloped viruses
3347 Recent studies
exploring the roles of C8B in patients with HBV related
HCC revealed that high levels of C8B contributed to favor-

able overall survival and recurrence-free survival, even

following complement activation.

after adjusting for clinicopathological characteristics such
as tumor node metastasis staging, Barcelona Clinic liver
cancer staging, sex, and fibrinogen beta chain (FGB)
expression.*® The complement and coagulation cascade
signaling pathway performs a vital effector function in the
innate immune system by providing an efficient means for
targeting and eliminating infected cells and invading micro-
organisms. Accordingly, the KEGG pathway analysis
results showed that many proteins associated with those
functions, including C8B, were dysregulated in our study.
In addition, consistent with these collective findings, our
observations indicated that the upregulation of C8B and
other soluble regulators of the complement and coagulation
cascades pathway, including VWF, may enhance the activa-
tion of the complement and coagulation cascade signaling
pathway in serum samples from genotype C HBV-infected
patients relative to that in serum samples from patients
infected with HBV genotype B. This suggests that the
expression levels of VWF and C8B might be potential
biomarkers for distinguishing genotypes B and
C infection. These serum biomarkers may aid in the diag-
nosis of infection with HBV-genotype C, which may be of
benefit to disease prevention and control. However, the
mechanisms underlying how VWF and C8B regulate the
complement and coagulation cascades during the disease
course remain uncertain.

Overall, we profiled serum proteins from healthy controls
and patients with HBV genotypes B and C and identified two
potential biomarkers and possible therapeutic targets for the
treatment of genotypes B and C HBV infection-related dis-
ease. However, this study had several limitations. The present
study consisted of a relatively small sample size of patients
with HBV genotypes B and C. Additionally, DIA-based MS
analysis was performed on relatively few serum samples, and

only the differential protein expression was outlined. It is

necessary to investigate the functions of the key dysregulated
proteins through studies involving large sample sizes.

Conclusion

Here, we applied DIA-based MS analysis to assess the
differences in the serum proteome profiles among healthy
controls, HBV patients with genotype B, and those with
genotype C. As expected, our results clearly demonstrated
that HBV genotypes B and C infection are associated with
differential protein profiles and signaling pathway. To ver-
ify these results, the differences in the expression levels of
VWEF and C8B in samples from patients with genotypes B
and C infection were investigated by ELISA. Taken
together, although the analysis of quantitative proteomic
analysis remains mostly descriptive, the results of the
present study provide insight into molecular differences
among individuals infected with HBV genotypes B and
C and suggest the potential application of the dysregulated
proteins associated with complement and coagulation cas-
cades signaling pathway such as VWF and C8B proteins
as biomarkers for distinguishing individuals infected with
HBYV genotype B from those infected with genotype C.
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