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Hepatitis B virus (HBV) infection has been reported to be associated with gastric cancer
(GC). Nonetheless, no study has revealed the role of HBV infection in the survival of
patients with GC, and the mutation profiles of HBV-infected patients with GC have never
been documented. Here, we performed an updated meta-analysis and found a
significantly increased risk of GC in HBV-infected individuals (sOR, 1.29; 95% ClI, 1.22-
1.37). Furthermore, we observed that in the Anhui area, the rate of serum HBsAg positivity
(OR, 1.62; 95% ClI, 1.03-2.55) was significantly higher in GC patients than in controls.
Moreover, our results showed that HBV-positive patients had significantly worse disease-
free survival (HR, 1.98; 95% ClI, 1.39-2.82) and overall survival (HR, 1.84; 95% ClI, 1.19-
2.85) than HBV-negative patients. The results of Cox proportional hazards regression
proved that HBV infection was an independent adverse prognostic factor in GC.
Furthermore, by performing targeted-NGS, we found unique mutation profiles in HBV-
infected GC samples, including five frequently mutated protein-coding genes (KMT2B,
KMT2D, SOX1, FGF12, and TUBB2B). Expression and survival analyses of these genes
identified three novel candidate genes that may have potential roles in GC development.
Gene Ontology enrichment analysis showed that the recurrent mutations in HBV-positive
GC samples were related to cell proliferation, cell migration, and transcription. Taking
together, our study proved that HBV infection is an independent prognostic factor in GC
patients. The unique mutation profiles of HBV-infected patients with GC open a new
research direction toward the underling mechanism between HBV infection and GC.
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INTRODUCTION

According to recent data from the International Agency for
Research on Cancer, gastric cancer (GC) is the fifth most
common cancer and the fourth most lethal cancer worldwide
(Sung et al., 2021). In the past decades, the incidence rate, as well
as the mortality rate of GC have increased worldwide, especially
in East Asian countries (Tan et al., 2020). Surgical resection is
recognized as the only potentially curative treatment, resulting in
5-year overall survival (OS) rates of between 10% and 30% in
patients with advanced GC. Established risk factors, including
poor dietary habits, family history of cancers, and infections [e.g.,
Epstein-Barr virus (EBV), Helicobacter pylori (H. pylori), and
human papillomavirus infections], have been suggested to
contribute to the GC development (Yusefi et al., 2018).
Recently, growing interests have focused on the association
between hepatitis B virus (HBV) infection and GC (Tian et al.,
2020; Hong et al., 2020; Yang et al., 2021; Wang et al., 2021).

Several epidemiological studies have found that the risk of GC
was increased by chronic HBV infection. A meta-analysis
including 10 studies identified that the odds ratio (OR) of GC
risk was 1.26 (95% confidence interval [CI], 1.08-1.47) in HBV
carriers (Yang et al., 2021). However, several studies have shown
conflicting results. The data from a case-control study in Iran
failed to revealed the association between HBV infection and GC
(OR, 2.13; 95% CI, 0.24-18.7) (Baghbanian et al., 2019). Another
hospital registry-based case-control in Korea found HBV-
infected individuals had an excess risk of GC but without
statistical significance (OR, 1.03; 95% CI, 0.90-1.17) (An et al,,
2018). Notably, although the association between HBV and GC is
controversial worldwide, published studies involving Chinese
patients, mostly from Southern China, showed a close
connection between chronic HBV infection and GC
development (Wei et al., 2015; Kamiza et al., 2016; Wei et al.,
2017; Lu et al., 2018; Song et al., 2019; Tian et al., 2020; Wang
et al., 2021). However, evidence on HBV infection in patients
with GC from Central China is scarce (Tian et al., 2020). To date,
the impact of HBV infection on the survival of GC patients has
not been reported.

GC is a complex disease, the pathogenesis of which involves
multiple genes and is highly related to variations in exon or
intron groups. In the last two decades, after the introduction of
next-generation sequencing (NGS), many driver genes involved
in GC pathogenesis and several important signaling pathways
have been identified, thus improving the understanding of the
molecular mechanism of GC (Park et al., 2020; Businello et al.,
2021; Gu et al,, 2021; Sundar et al., 2021). For example, Wang
et al. identified that FGFR2 alteration was more frequent in
poorly cohesive GC than in non-poorly cohesive GC, suggesting
that FGFR2 may be a potential therapeutic target for poorly
cohesive GC (Wang et al, 2021). Badr et al. applied a
computational biology approach using public databases and
revealed a robust gene signature, which defines the pathology
of H. pylori-induced GC (Badr et al., 2021). Han et al. found that
H. pylori infection alters the repair of DNA double-strand breaks
via SNHG17 and promotes GC development (Han et al., 2020).
Recently, Abe et al. found that lost ARIDIA expression is a

component of virus-host interactions in the pathogenesis of
EBV-associated GC (Abe et al., 2021). However, no study
investigating HBV as the infectious cause of GC has revealed
the mutation profiles of HBV-infected patients with GC.

Approximately 248 million people worldwide are infected
with HBV (Schweitzer et al., 2015). In China, although the
overall HBV prevalence has declined in the past 20 years (Liu
et al., 2016) owing to universal HBV vaccination programs, the
absolute number of individuals with chronic HBV infection
remains large because of the vast population size. Recently, the
occurrence of GC has been rapidly increasing in most areas of
China, making GC a major health burden. To reveal the
relationship and the mechanism between chronic HBV
infection and GC, we performed a comprehensive study
involving a meta-analysis and a sero-epidemiological analysis
to explore the link between HBV infection and the characteristics
and prognosis of patients with GC. Moreover, to get insights into
the underling mechanism of HBV-infected patients with GC, we
first applied a targeted NGS method to reveal the mutational
landscape and to identify potential therapeutic targets for HBV-
infected patients with GC.

MATERIALS AND METHODS

Literature Search

The MOOSE (Meta-analysis of Observational Studies in
Epidemiology) guidelines were applied in performing the
systematic literature review and analysis (Stroup et al., 2000).
PubMed and EMBASE were searched using the following terms:
“hepatitis B virus”, “hepatitis B”, “hepatitis virus”, or “HBV”
combined with “gastric cancer”, “stomach cancer”, or “GC”. The
end-of-search date was December 1, 2021. The titles and
abstracts of the selected publications were reviewed to
determine if an article was relevant to our study. Furthermore,
we carefully checked the reference list of the article to identify
additional relevant publications.

Inclusion and Exclusion Criteria

Studies were eligible included in the meta-analysis if they met the
following inclusion criteria: (1) focused on the relationship
between HBV infection and GC; (2) defined and classified GC
based on cytology or pathology, according to the World Health
Organization classification system or the most widely used
Working Formulation classification; (3) defined HBV infection
as HBsAg positive or HBV DNA positive; (4) reported risk
estimates [OR or hazard ratio (HR)] with 95% ClIs or provided
data that allow calculating these values; and (5) available in
English. Any disagreements between the two authors on study
inclusion or exclusion were resolved by a third author.

Quality Assessment

We assessed the quality of each individual study using the
Newcastle-Ottawa scale (NOS). After the assessment, studies
were excluded from the analysis if they had low quality (quality
score < 4).
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Data Analysis

The following data from the articles were extracted by two
reviewers: title, first author’s name, year of publication, study
design, country, control types, years of follow-up, total number
and source of included participants, HBV status, GC diagnosis,
matching and adjustments, and outcomes. Any ambiguities from
the two reviewers were decided by the corresponding author.

Patients and Samples

A total of 465 patients with cytologically or pathologically
confirmed GC at the First Affiliated Hospital of the University
of Science and Technology of China (USTC) between January
2014 and September 2021 were included in this study for the
measurement of HBV seromarkers. Blood and tissue samples
were collected before any treatment for the disease. Serum
samples from 930 age-matched controls (patients admitted to
the orthopedics and ear, nose, and throat departments of the
hospital for conditions unrelated to HBV) were randomly
obtained during the same period. In both the GC and control
groups, none of the patients had any other types of primary
cancer. From the GC group, we also identified 142 patients who
underwent surgical resection (RO) to analyze the prognostic
value of HBV infection. Paraffin-embedded tissue or blood
samples from 16 patients with GC were also collected from the
First Affiliated Hospital of USTC. The study was approved by the
institutional ethics review committee of the First Affiliated
Hospital of USTC and conducted according to the principles
of the Declaration of Helsinki. We confirmed that all studies are
conducted in accordance with relevant guidelines/regulations.
The informed consent was waived by the approval of the Ethical
Committee because of the retrospective nature (including the
patients’ information stored in the hospital database and residual
samples from previous clinical diagnoses).

Follow-Up

The follow-up time was calculated from the date of surgery to the
event date or the date of last contact. Follow-up continued until
September 1, 2021. The primary endpoint was OS, which was
calculated from the time of surgery to the time of death of any
cause. The secondary endpoint was disease-free survival (DFS),
which was calculated from the time of surgery to the first
recurrence of the index cancer or to the date of all-cause death.

Serologic Assay for HBV Infection

The expression level of HBsAg, antibodies to HBsAg (anti-HBs),
hepatitis B antigen (HBeAg), HBeAg (anti-HBe), and hepatitis B
core antigen (anti-HBc) in the patients’ serum was tested using
the Cobas e601 (Roche, Inc., Basel, Switzerland). Unfortunately,
the HBV viral loads were not routinely determined.

Targeted Gene Capture and NGS

Genomic DNA was extracted using the FlexiGene DNA kit
(QIAGEN, Hilden, Germany) or GeneRead FFPE DNA kit
(QIAGEN) following the manufacturer’s instructions.
Customized gene capture chip-based NGS including 688
cancer-related genes was performed on the tissue or blood
DNA samples. The detailed experimental procedure has been

previously described (Li et al., 2020). The targeted chip was
custom-designed and produced by BGI (Shenzhen, China). All
regions were captured and sequenced using an MGISEQ-2000
platform (BGI). The sequencing coverage and quality statistics
for each sample are summarized in Table S1. The genomic
alterations, (e.g., copy number alterations, single nucleotide
variants, small insertions and deletions, and mutational
signatures) were analyzed by Shanghai Origingene Bio-pharm
Technology (Shanghai, China).

Bioinformatics Analysis

Mutational signatures were displayed with 96-context
classification. A non-negative matrix factorization (NMF)
approach was applied to estimate the 96-substitution pattern
with 60 known Catalogue of Somatic Mutations in Cancer
(COSMIC, v3.2) cancer signatures (https://cancer.sanger.ac.uk/
signatures) and to infer their exposure contributions. It’s possible
that some of the signatures extracted by NMF are very similar to
signatures that are already known. Thus, to further interpret our
results, a cosine similarity of more than 0.85 with an existing
COSMIC signature was extracted. The detailed experimental
procedure has been described in previous literature
(Alexandrov et al., 2013). In this study, the UCSC Genome
Browser (GRCh37/hgl9) was used to annotating the mutated
genes. Gene Ontology (GO) enrichment analysis of mutated
genes was performed using the web-accessible functional
annotation tool from the DAVID (version 6.8; https://david.
ncifcrf.gov/). The Cancer Genome Atlas (TCGA) database
(http://cancergenome.nih.gov) (Cancer Genome Atlas Research
Network et al., 2013) was applied to analyze the mutated gene
expression and survival data.

Statistical Analysis

The pooled estimates of risk was used to estimate the absolute
likelihood of HBV infection. A higher summary OR (sOR)
corresponded to a high risk of HBV in patients with GC. Because
the overall risk of GC is low, the relative risk in cohort studies
mathematically approximates the OR in case-control studies,
permitting the combination of case-control and cohort studies.
Statistical heterogeneity among studies was calculated by I* and Q
estimates. If I* was > 50%, a random-effects model was used.
Otherwise, a fixed-effects model was used. The data from the
included studies in our study were combined to generate the
summary statistics using a random-effects model. We also
conducted a meta-regression analysis to explore the influence of
other study characteristics including study type, HBV prevalence
area, and geographic region. Besides, a sensitivity analysis was
conducted where one study at a time was omitted from the
pooled estimate to assess whether individual studies substantially
influenced the summary statistic. Begg’s funnel plots and Egger’s (P
< 0.05 was used as an indicator of publication bias) linear regression
test were used to evaluate the publication bias. The details of the
statistical analysis of meta-analysis data have been described in our
previous study (Li et al, 2018). All statistical analyses were
performed using Stata 10.1 software (Stata Corp., College Station,
TX, USA). All P values were two-tailed, and P < 0.05 was considered
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statistically significant. We used the chi-square test or Fisher’s exact
test to analyze the categorical variables that were expressed as
proportions. To compare continuous variables, we used the
Student’s t-test. Survival curve and multivariate analyses were
performed as previously described (Wang et al., 2020). Statistical
analysis was performed using SPSS software (version 22.0; SPSS
Inc., Chicago, IL, USA) or GraphPad Prism (GraphPad Software,
San Diego, CA, USA).

RESULTS

Association of HBV Infection and GC in

the Meta-Analysis

Firstly, an updated meta-analysis to explore the relationship
between HBV and GC was conducted. The flow diagram of
literature search is shown in the Figure S1. Four cohort studies
(Sundquist et al., 2014; Kamiza et al., 2016; Song et al., 2019;
Hong et al., 2020) and eight case-control studies (Wei et al., 2015;
Wei et al., 2017; An et al., 2018; Lu et al., 2018; Baghbanian et al.,
2019; Mahale et al,, 2019; Tian et al., 2020; Wang et al., 2021)
were finally enrolled in this analysis. The main characteristics of
the included studies are summarized in Table S2 and S3.
According to the worldwide prevalence data of chronic HBV
infection (Schweitzer et al., 2015), two studies were performed in
low HBV epidemic regions, two were performed in lower-
intermediate HBV epidemic regions, and eight were performed
in higher-intermediate HBV epidemic regions.

We analyzed all the included studies and found that the sOR
of GC in patients with HBV infection increased significantly
(sOR, 1.29; 95% CI, 1.22-1.37; P < 0.001; Figure 1A). However,
significant heterogeneity (I%) = 59.4%; P = 0.004) existed among
these studies. Thus, according to HBV prevalence area, study
type, and geographic location, we performed a meta-regression
analysis to assess the potential resources of heterogeneity (Table
S$4). HBV prevalence area was found to be a main factor that

affecting the correlation between HBV infection and GC (P =
0.010). Other variables had no significant effects on
the heterogeneity.

Because the HBV prevalence area was found to have a
substantial influence on the correlation between HBV infection
and GC, we first stratified the analysis according to HBV
prevalence areas. As illustrated in Table S5, HBV-infected
patients from higher-intermediate HBV prevalent areas (sOR,
1.36; 95% CI, 1.23-1.52; P < 0.001) were prone to develop GC
than those living in lower-intermediate HBV prevalent areas
(sOR, 1.03; 95% CI, 0.91-1.18; P = 0.514) or low HBV prevalence
areas (sOR, 1.18; 95% CI, 1.03-1.36; P = 0.021). When the
analysis was restricted according to study design, we found
that HBV infection increased the incidence of GC in both
cohort studies (sOR, 1.38; 95% CI, 1.14-1.67; P < 0.001) and
case-control studies (sOR, 1.19; 95% CI, 1.10-1.28; P < 0.001),
indicating that different study types are equally effective in
evaluating the correlation between HBV infection and GC. We
also conducted a subset analysis according to geographic region.
No significant association was found according to region (Asia
vs. non-Asia; sOR, 1.22 vs. 1.18).

The funnel plot analysis of the included articles was shown in
Figure 1B. We observed a good symmetrical distribution in the
overall analysis and in all subset analyses, no substantial
publication bias was showed by neither Begg’s test nor Egger’s
test (Egger’s test, P = 0.065; Begg’s test, P = 0.371). By the
sensitivity analysis, we found none studies significantly affected
the overall results.

HBYV Infection in Patients With GC

As evidence on HBV infection in patients with GC from Central
China is scarce, we first performed an epidemiological study in
Anhui, China, involving 465 patients with GC and 930 age-
matched controls (Table 1). The prevalence of HBsAg was highly
associated with GC in both univariate analysis (OR, 1.91; 95% CI,
1.33-2.76; P = 0.001) and multivariate analysis (OR, 1.62; 95% CI,

A

Study ID OR (95% CI) Weight %

Cohort study :

Sundquist et al, 2014 : 0.89 (0.35, 1.85)
Kamiza et al, 2016 1.42 (1.00, 2.01)
Song etal, 2019 == 1.41 (111, 1.80)

Hong et al,2020 - 1.39 (1.22, 1.58)

Subtotal (I-squared=0.0%, P=0.771) O 1.39 (1.25, 1.54)
Case-control study ‘ E

Wei et al, 2015 —— 1.49 (1.06, 2.10)
Wei et al, 2017 <> 1.24 (1.06, 1.45)
Lu et al, 2018 L 2.80 (1.44, 4.88)
An et al, 2018 £ 1.03 (0.90, 1.17)
Mahale et al, 2019 - 1.19 (1.03, 1.37)
‘Wang et al, 2021 = 1.39 (1.05, 1.85)
Tian et al, 2020 = 1.46 (1.30, 1.65)
Subtotal (I-squared=70.6%, P=0.001) Q 1.26 (1.18, 1.34)
Overall (I-squared=59.4%, P=0.004) [ 1.29 (1.22, 1.37)

0.44

2.50

5.20

18.19

26.33 2

Funnel plot with pseudo 95% confidene limits

2.60
12.39

Log [OR]

T
0.82 0 N .
17.67
Baghbanian et al, 2019 7+ 2.13(0.24,18.70) 0.06
14.95
i 3.79

21.40 -2
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FIGURE 1 | Meta-analysis and summary OR of the association between HBV infection and gastric cancer. (A) Summary OR of the association between HBV
infection and gastric cancer. (B) Funnel plot of the studies included in the meta-analysis of the association between HBV infection and gastric cancer. HBV, hepatitis

B virus; OR, odds ratio; Cl, confidence interval.
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TABLE 1 | Prevalence of HBV infection in gastric cancer patients and controls.

OR (95% CI) P

Gastric cancer (n=465)
Univariate analysis Multivariate analysis
OR (95%Cl) P

NA 0.830 NA NA

Variables Control (n=930)
no. (%) no. (%)

Age 61.42 + 13.12 61.80 + 10.17
Gender

Female 478 (51.40) 129 (27.74)

Male 452 (48.60) 336 (72.26)
HBsAg
Negative 862 (92.69) 404 (86.88)

Positive 68 (7.31) 61 (13.12)
Anti-HBs

Negative 436 (46.88) 213 (45.81)

Positive 496 (53.12) 252 (54.19)
HBeAg

Negative 928 (99.78) 463 (99.57)

Positive 2(0.22) 2(0.43)
Anti-HBe

Negative 727 (63.98) 242 (52.47)

Positive 335 (36.02) 221 (47.53)
Anti-HBc

Negative 489 (52.58) 203 (43.66)

Positive 441 (47.42) 262 (56.34)

1

1

2.75 (2.17-3.50) 0.000 2.64 (2.07-3.36) 0.000
1 1

1.91 (1.33-2.76) 0.001 1.62 (1.03-2.55) 0.039
1 1

1.04(0.83-1.30) 0.719 1.02 (0.77-1.35) 0.909
1 1

1.00 (0.18-5.47) 0.999 0.84 (0.15-4.78) 0.839
1 1

1.46 (1.17-1.83) 0.001 1.23 (0.94-1.61) 0.139
1 1

1.43 (1.14-1.79) 0.002 1.28 (1.00-1.64) 0.047

Cl, confidence interval; OR, odds ratio; Control, patients admitted to the orthopedics and ear, nose and throat departments of the hospital, unrelated to HBV; NA, not available.

Bold values indicate statistically significant difference.

1.03-2.55; P = 0.039; Table 1). Moreover, anti-HBc, a seromarker
for past exposure to HBV, also showed a significant association
with GC in both univariate analysis (OR, 1.43; 95% CI, 1.14-1.79;
P =0.002) and multivariate analysis (OR, 1.28; 95% CI, 1.00-1.64;
P =0.047; Table 1).

To analyze the prognostic value of chronic HBV infection,
seventy-one HBV-positive (HBsAg-positive for current
infection or anti-HBs-, anti-HBc-, and anti-HBe-positive for
previous infection) and 71 HBV-negative (HBsAg-, anti-HBs-
, HBeAg-, anti-HBe-, and anti-HBc-negative) patients with
GC were included. All patients underwent radical resection
(RO) and selective chemotherapy. Univariate and multivariate
logistic regression analyses of clinicopathological association
reveled that patients with GC with HBV infection had a worse
histological grade of GC (P < 0.05, Table 2). Interestingly,
patients with HBV infection have a higher frequency of liver
metastases after surgery (P < 0.05, Table 2) than patients
without HBV infection. In addition, no significant differences
in gender, age, body mass index, smoking, alcohol, and TNM
(tumor, lymph node, and metastasis) stage were found.
Moreover, our results revealed that GC patients with
chronic HBV infection had significantly worse DFS (median:
16.67 vs. 33.00 months; HR, 1.98; 95% CI, 1.39-2.82; P < 0.001;
Figure 2A) and OS (median: 30.85 vs. 56.87 months; HR, 1.84;
95% CI, 1.19-2.85; P < 0.001; Figure 2B) than those without
HBV infection. We found that chronic HBV infection as an
independent poor prognostic factor in GC development by the
Cox proportional hazards regression (Tables 3, 4). Besides,
according to the multivariate survival analysis, we found that
HBV-positive patients with GC had an approximately two
times higher risk of disease progression (HR, 2.19; 95% CI,

1.49-3.21; P < 0.001) and death (HR, 2.24; 95% CI, 1.38-3.65; P
= 0.001) than HBV-negative patients (Table 4).

Genomic Landscape Between HBV-Positive
and HBV-Negative Patients With GC

To study the underling mechanism by which HBV infection may
participate GC progression, the genomic DNAs of seven HBV-
positive and nine HBV-negative GC samples that were randomly
picked from the above cases that underwent targeted-NGS. The
clinical features of the involved patients are summarized in Table S1.
All samples were microsatellite stable. For the seven HBV-positive
GC samples, NGS identified 2446 and 689 somatic mutation sites in
protein-coding and non-protein-coding regions, respectively (Figure
S2A and Table S6). The mutation rate per Mb was 2.41 (range, 0.10-
4.66). For the nine HBV-negative GC samples, a total of 776 and 658
somatic mutation sites in protein-coding and non-protein-coding
regions were identified, respectively (Figure S2A and Table S6). The
mutation rate per Mb was 3.95 (range, 0.10-8.96). The distributions of
genetic variants in protein-coding regions between the two groups are
presented in Figures S2A, B.

Thereafter, the number of single nucleotide variants were
calculated in a matrix of ninty-six possible mutations that
occurred in the tri-nucleotide context in patients with GC.
Interestingly, in the HBV-positive group, the predominant
mutation signature was signature B, with an increased
proportion of C>A (G>T), C>T (G>A), and T>C (A>G)
mutations (Figures S2C, D). Signature B is highly similar to
COSMIC Signature 44, which is associated with defective DNA.
We also found that signature A, which is associated with tobacco
smoking, was the predominant mutation type in the HBV-
negative group (Figures S2C, D).
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TABLE 2 | Univariate and multivariate logistic regression analyses for the associations between serum HBV positive and HBV negative postoperative gastric cancers.

Clinicopathologic features HBV status

Negative (n=71)

Gender

Male 50 53

Female 21 18
Age

<62 41 28

262 30 43
BMI

<18.5 12 17

18.5-24 43 39

>24 16 15
Smoking

Never 67 64

Ever 4 7
Alcohol

Never 67 65

Ever 4 6
Liver metastasis

Positive 8 21

Negative 63 50
TNM

I-1 17 8

[} 54 63
Histological grade

G1-G2 19 9

G3 52 62

Positive (n=71)

Univariate analysis Multivariate analysis

P OR (95% Cl) P OR (95% Cl)

0.573 1.24 (0.59-2.59) 0.749 0.87 (0.37-2.01)
0.03 2.10 (1.07-4.10) 0.074 1.98 (0.94-4.17)
0.430 0.66 (0.24-1.84) 0.510 0.83 (0.47-1.46)
0.350 1.83 (0.51-6.56) 0.854 1.19 (0.19-7.55)
0.510 1.55 (0.42-5.73) 0.901 1.13(0.17-7.52)
0.009 3.31 (1.35-8.09) 0.014 3.36 (1.27-8.88)
0.052 2.48 (0.99-6.19) 0.120 2.21 (0.81-6.02)
0.032 2.53 (1.08-5.92) 0.038 2.70 (1.06-6.93)

Cl, confidence interval; OR, odds ratio; HBV positive, positive for HBsAg or anti-HBs, anti-HBe, and anti-HBc; HBV negative, negative for HBsAg, HBeAg, anti-HBe, anti-HBs, and anti-

HBc; TNM, tumor, lymph node, metastasis; BMI, Body Mass Index.
Bold values indicate statistically significant difference.
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FIGURE 2 | Prognostic value of HBV infection in patients with gastric cancer. (A) HBV-positive patients was associated with poor disease-free survival compared
with HBV-negative patients by Kaplan-Meier curves analysis. (B) HBV-positive patients was associated with poor overall survival compared with HBV-negative
patients by Kaplan-Meier curves analysis. HBV, hepatitis B virus; HBV-positive, positive for HBsAg or anti-HBs, anti-HBe, and anti-HBc; HBV-negative, negative for

The mutational landscape is summarized in Figure 3.
Mutations in PTEN (94%), ZNRF3 (94%), HLA-B (69%),
MUCI6 (69%), MSTIL (69%), SOX4 (69%), ZFHX3 (69%),
FOX1 (56%), PRSS3 (56%), BRD4 (50%), and TUBB2A (50%)
were the most frequent alterations among the 16 patients with
GC (Figure 3A). When comparing the two groups, we found
that the frequencies of mutations in KMT2B, SOX1, and FGFI2
were significantly higher in HBV-positive group than in HBV-
negative group (P = 0.035, Figure S3 and Figure 3B), and the

frequencies of mutations in KMT2D and TUBB2B showed an
increasing mutated tendency in HBV-positive group than in the
HBV-negative (P = 0.315, Figure S3 and Figure 3B), suggesting
that these mutated genes may exert a biological impact on HBV-
infected patients with GC. Recently, several studies had revealed
that KMT2D (Li et al., 2021; Numakura and Uozaki, 2021) and
SOX1 (Yin et al.,, 2020) were implicated in the initiation and
progression of GC, whereas the other three frequently mutated
genes have not been investigated. Thus, the mRNA expression
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TABLE 3 | Univariate and multivariate Cox regression analyses for disease-free survival in patients with gastric cancer.

Clinicopathologic features Total (n=142) Median
(months)

HBV statue

Positive 71 16.67

Negative 7 33.00
Gender

Male 103 19.5

Female 39 26.6
Age

<62 69 22.47

262 73 18.7
TNM

I-11 25 26.7

n-v 17 19.5
Histological grade

G1-G2 28 27.27

G3 114 20.77

0.000

0.299

0.092

0.216

0.059

Univariate analysis Multivariate analysis

P HR (95% CI) P HR (95% CI)
2.13 (1.55-3.21) 0.000 2.19 (1.49-3.21)
1.24 (0.83-1.86) 0.540 1.14 (0.75-1.75)
1.36 (0.95-1.94) 0.350 1.20 (0.82-1.78)
1.34 (0.84-2.14) 0.774 1.07 (0.66-1.77/
1.15 (0.95-1.76) 0.839 0.95 (0.61-1.50)

DFS, disease free survival; Cl, confidence interval; HR, hazard ratios; HBV positive ,positive for HBsAg or anti-HBs, anti-HBe, and anti-HBc; HBV negative, negative for HBsAg, HBeAg,

anti-HBe, anti-HBs, and anti-HBc,; TNM, tumor, lymph node, metastasis.
Bold values indicate statistically significant difference.

TABLE 4 | Univariate and multivariate Cox regression analyses for overall survival in patients with gastric cancers.

Clinicopathologic features Total (n=142) Median (months)

Univariate analysis Multivariate analysis

P HR (95% CI) P HR (95% CI)
HBV statue 0.000 2.35 (1.548-3.73) 0.001 2.24 (1.38-3.65)
Positive 71 30.85
Negative 71 56.87
Gender 0.460 1.21 (0.73-2.00) 0.834 1.06 (0.62-1.83)
Male 103 30.53
Female 39 35.57
Age 0.232 1.31 (0.84-2.04) 0.546 1.17 (0.70-1.94)
<62 69 42.03
262 73 33.90
TNM 0.593 1.16 (0.97-1.99) 0.750 0.91 (0.51-1.62)
I-11 25 43.63
n-v 117 33.07
Histological grade 0.242 1.37 (0.81-2.33) 0.594 1.16 (0.66-2.04)
G1-G2 28 36.57
G3 114 33.07

OS, overall survival; Cl, confidence interval; HR, hazard ratios; HBV positive, positive for HBsAg or anti-HBs, anti-HBe, and anti-HBc; HBV negative, negative for HBsAg, HBeAg, anti-HBe,

anti-HBs, and anti-HBc; TNM, tumor, lymph node, metastasis.
Bold values indicate statistically significant difference.

levels of three frequently mutated genes in GC were analyzed by
using TCGA datasets. Compared with paired non-tumor tissues,
KMT2B was found to be significantly upregulated in GC tissues
(P < 0.05; Figure 3C). The expression levels of FGF12 and
TUBB2B showed an increasing trend in GC tissues than the
paired non-tumor tissues (P > 0. 05, Figure 3C). Besides, patients
with high FGF12 and TUBB2B expression levels had a shorter OS
in the analysis of TCGA dataset (P < 0.05; Figure 3D). These
results indicated that the frequently mutated genes may involve
in GC development. We also performed GO enrichment analysis
of recurrent mutations in the protein-coding genes (mutation
frequency > 2). We found that different HBV status performed
distinct GO terms. GO analysis of the mutated genes in HBV-
positive samples revealed terms related to cell proliferation, cell

migration, and transcription (P < 0.05, Figure 3E). Meanwhile,
the mutated genes identified from HBV-negative GC tissues were
significantly involved in transcription and several signaling
pathways (P < 0.05, Figure 3E).

DISCUSSION

Recently, HBV infection had been shown to be related with many
extrahepatic cancers, and performed as a prognostic factor for the
survival of patients (Li et al, 2020; Wang et al.,, 2021; Li et al,
2021). However, the relationship between HBV infection and GC
significantly differed among different areas. Therefore, to study the
association between HBV and GC, we first conducted an updated

Frontiers in Cellular and Infection Microbiology | www.frontiersin.org

May 2022 | Volume 12 | Article 894836


https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

Lietal

HBV Infection in Gastric Cancer

ruec N a0
s P o 3w
sox+ RN b

< 1500
vt IR = z
e g £ 1o

:

E 500

:

[

0.
HBV (-) HBV (+)

1615 -_—
0 No.ofsamples 15
I
I
]
I
S
[ |
]
| ]
.
I
[
]
]
.
]
| ]
|
| ]
[ ]
[ ]
]
| I ]
]
.
T | ™ Frame_Shift_Ins Nonsense_Mutation
= ® Missense_Mutation  In_Frame_Del
- BENEE = Frame_Shift_Del  ® Splice_Site
HIST1IH2AM | 1] .
- »
HCOR - — In_Frame_Ins ® Multi_Hit
B HBYV positive samples HBV negative samples
HBV (-

ZNRF3 100%

prex R

zrixs [l KMT2B FGF12 TUBB2B

H

8
g

3
8

Relative mRNA level
N
8

2
2
:
& 100
[}
o
E 3
s
s
&

o
HBV (-) HBV (+)

o.
HBV () HBV(+)

FGF12, and TUBB2B in 32 pairs of GC and non-tumor tissues from The Cancer

mutated genes in GC (mutation frequency > 2, P < 0.05). HBV, hepatitis B virus;

oy Y~ D
vucs I s 2
soxs | ) . 2
w = w |
sox! NN s = N
zreo I 3y 33 S
T ° te 3
msTiL [ e i i< £
Tusszs [ -~ g ° B E°
é és &g
% o ]
.y L ) — E I ———
ror12 [ — High KMT2B (n-269) — High FGF12 (n-366)  High TUBB2B (n-269)
o p-0.16 - P~ 0.006 o P=0011
kmr2s [V St St S
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
kmr2 [l L Time (Months) Time (Months) Time (Months)
0 7 14 2
E HBV (-) HBV (+)
Transmembrane RPTK signaling pathway| o Viral process| *
Transcription, DNA-templated pvatse  Transcription from RNA polymerase Il promoter | . Genecount
encCoun
Response to drug ° o Protcin autophosphorylation | ° 123
Regulation of transcription, DNA-templated ° H 100
gul p] . ! -
o Regulation of transcription, DNA-templated- 2s
Positive regulation of transcription °
o o GamsComt Positive regulation of transcription . 50
Phosphatidylinositol-mediated signaling o el
y . . Positive regulation of cell proliferation | e
- 20 .3
Peptidyl-tyrosine phosphorylation Ils . . 3]
P . eptidyl-tyrosine phosphorylation | o5
. 10
Embryonic hindlimb morphogenesis p o Y
Cellular response to DNA damage stimulus . Cell proliferation | .
Canonical Wnt signaling pathway| ~ + Cell migration
B T 2 m )
GeneRatio GeneRatio

FIGURE 3 | Mutational signatures in HBV-positive and HBV-negative samples. (A) Genetic profiles of seven HBV-positive and nine HBV-negative gastric cancer
(GC) samples. (B) Comparison of the most frequently mutated genes between the HBV-positive and HBV-negative GC samples. (C) Expression analysis of KMT28B,

Genome Atlas (TCGA) database. (D) Overall survival based on the expression levels

of KMT2B, FGF12, and TUBB2B in 346 patients with GC from TCGA database by Kaplan-Meier curves analysis; (E) Gene Ontology annotation analysis of frequently

HBV-positive, positive for HBsAg or anti-HBs, anti-HBe, and anti-HBc; HBV-

negative, negative for HBsAg, HBeAg, anti-HBe, anti-HBs, and anti-HBc. **P < 0.001.

meta-analysis in this study, and found that HBV infection leads to
a 1.29-fold increased risk of GC. Furthermore, we performed a
large-scale epidemiological study in Anhui, in the central region of
China. To our knowledge, no study has studied the effect of
chronic HBV infection in patients with GC in Anhui. According to
the cancer registration data in Anhui Province in 2015, the crude

incidence and mortality rates of GC were significantly higher than
the standardized rates in the Chinese population (incidence rate:
43.85/100,000 vs. 30.99/100,000; mortality rate: 31.22/100,000 vs.
21.33/100,000) (Lan et al., 2018). Thus, it is meaningful to study
the pathogenic factors of GC, especially infectious agents such as
HBYV, in Anhui. Consistent with the meta-analysis, we found that
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the positive rate of HBsAg was significantly higher in patients with
GC (OR, 1.62; 95% CI, 1.03-2.55) than in controls living in the
same area.

Previously, a large body of retrospective studies investigated
the prognostic of HBV on the survival of patients with
extrahepatic cancers. Peng et al. reported that advanced non-
small cell lung cancer patients with HBV infection had an
adverse survival (Peng et al., 2015). Our previous study showed
that patients with non-Hodgkin lymphoma with HBV infection
had a significantly poor prognosis (Li et al., 2020). Zou and his
colleges found that HBV infection was a favorable prognostic
factor in the survival of patients with operable esophageal
cancer. Nevertheless, the prognostic value of HBV infection
for the survival after gastrectomy in patients with GC has not
yet been evaluated. In this study, we found that HBV infection
serves as an adverse prognostic factor in operable GC, and the
incidence of liver metastasis after surgery was more frequent in
patients with HBV infection than those without HBV infection.
Moreover, HBV-positive GC patients had poorer DFS and OS
than patients with an HBV-negative status, suggesting that
HBV infection may perform as an adverse biomarker for
predicting survival in GC patients. In the future, a
prospective study is needed to furtherly evaluate the value of
HBYV infection in GC.

To date, little is known about the underlying mechanism of
GC patients with HBV infection. The viral oncogenic hepatitis B
virus X protein (HBx) has been shown to play a key role in the
development of a variety of cancers. In the study by Cui (Cui
et al., 2020), higher expression levels of HBx protein were found
in GC tissues, and HBx-positive gastric epithelial cells
demonstrated a higher nuclear-to-cytoplasmic ratio than HBx-
negative cells, suggesting that chronic infection of HBV in gastric
epithelial cells many induce carcinogenesis by viral oncoprotein
HBx. Besides, increasing evidence showed local inflammation
caused by the long-term chronic HBV infection might facilitate
the cancerous transformation of gastric epithelial cells
(34307172, 31199446). Recently, Song et al. speculated a
critical role of impaired immune system between HBV
infection and GC (31199446). Additionally, the integration of
HBV DNA into the host genome has been considered as one of
the mechanisms contributing to the development of HCC. In our
previous studies, we found that HBV not only integrated in HCC
tissues, but also in non-Hodgkin lymphoma (**) and intrahepatic
cholangiocarcinoma (**). HBV insertion can result in host
genome instability and cis-activation of the adjacent genes.
Thus, we hypothesized that the integration of the viral genome
into the host cellular DNA contribute to the altered expression of
some cellular genes, which can lead to malignant transformation
in gastric epithelial cells. Further investigations are still required.

It is widely accepted that recurrently mutated genes may have
a role in HBV-related hepatocarcinogenesis (Guichard et al,
2012). Thus, to study the potential molecular mechanism of
HBYV infection that may promote the progression of GC, we
comprehensively profiled the genomic features between HBV-
positive and HBV-negative patients with GC. Compared with
HBV-negative patients with GC, we found five frequently

mutated genes (KMT2B, KMT2D, SOX1, FGF12, and TUBB2B)
in HBV-positive patients with GC. KMT2B (lysine
methyltransferase 2B), also known as MLL2 (mixed lineage
leukemia 2), belongs to the family of mammalian histone H3
lysine 4 methyltransferases and is known to be involved in the
development of several cancers (Li et al., 2020; Klonou et al.,
2021). Our previous study revealed that KMT2B was recurrently
targeted by HBV DNA > 100 times in patients with
hepatocellular carcinoma (Li et al., 2020), suggesting that
KMT2B is a novel and critical regulator of hepatocellular
carcinoma proliferation and metastasis (data not shown).
Recently, He et al. found that KMT2B (22%) was one of the
most frequently mutated genes in 262 patients with GC (He et al.,
2021). To date, the effect of KMT2B in GC development has not
been previously documented. In this study, the high frequency of
KMT2B mutation in HBV-positive patients with GC, together
with the finding that high expression level of KM T2B was related
to shorter OS in patients with GC, highlights the need for further
investigations into the biological function of KMT2B in HBV-
related GC. In addition to KMT2B, we also found several other
gene candidates on HBV-related GC for further studies. TUBB2B
and FGFI12 have been suggested to play vital functions in prostate
cancer (Liotti et al., 2021), neuroblastoma (Zafar et al., 2021), and
esophageal squamous cell carcinoma (Bhushan et al, 2017);
however, their roles in HBV-related GC development have
never been documented and merit further investigations.

Our study had several limitations. First, although a large
sample was included, this study was a single-institution
retrospective study, which may be a source of selection bias.
Second, because of the lack of information on H. pylori and
EBV infections in our study, the association between HBV and
GC was not adjusted for these infections. Third, only seven
HBV-positive and nine HBV-negative GC samples were
available for NGS in our study. Therefore, further larger-scale
investigations are needed to determine the exact pattern of
mutations in HBV-related GC. Moreover, we used only the
TCGA database to analyze the potential function of recurrently
mutated genes in GC. Thus, we will use tumor and non-tumor
samples from Chinese patients and performed functional
studies to evaluate the role of HBV infection in GC
development in the future.

In conclusion, the serological and molecular evidence from
our study supporting the notion that HBV infection is
significantly associated with GC and serves as an independent
adverse prognostic factor. The information on HBV-related
mutated genes provides new insights for investigating the
mechanism of HBV-induced GC.
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