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Abstract

Objective: To evaluate the clinical value of high mobility group box-1 (HMGB1) expression

levels in patients with gastric cancer.

Methods: Articles published from January 2000 to August 2022 were searched using PubMed,

Google Scholar and Science Direct, Springer, Wiley and NIH to evaluate the clinicopathological

significance of HMGB1 expression in gastric cancer.

Results: A total of 156 publications were selected, of which six studies, comprising 846 patients,

met the criteria for inclusion in this study. Forest plots of clinicopathological characteristics

indicated that HMGB1 expression was not associated with age (odds ratio (OR)¼ 1.07, 95%

confidence interval (CI): 0.89–1.28), sex (OR¼ 0.90, 95% CI: 0.81–1.00), TNM (OR¼ 1.39,

95% CI: 0.82–2.37), N stage (OR¼ 1.42, 95% CI: 0.97–2.07), or tumor differentiation

(OR¼ 0.96, 95% CI: 0.71–1.29), but was highly correlated with pT stage (OR¼ 1.56, 95% CI:

1.17–2.07). Funnel plots showed no significant publication bias in the included studies in terms of

age, sex, TNM, pT stage, N stage, or tumor differentiation.

Conclusion: HMGB1 expression was significantly correlated with tumor pT stage, but not with

age, sex, TNM stage, tumor N stage, tumor differentiation, or lymphatic metastasis in patients

with GC.
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Introduction

Gastric cancer (GC) is one of the most
common malignant cancers, accounting
for 8% of newly diagnosed cancers and
10% of cancer deaths each year world-
wide.1 Its early diagnosis and treatment
are generally beneficial in terms of patient
prognosis; however, most cases of GC are
diagnosed at an advanced stage,2 highlight-
ing the need for new diagnostic and prog-
nostic biomarkers.

High mobility group box-1 (HMGB1)
protein belongs to the HMG family of pro-
teins, with two 80-amino acid DNA-
binding domains (A-box and B-box) and
an acidic carboxyl tail.3 HMGB1 is an
inflammation-related protein that plays an
important role in many diseases.4 Cytosolic
HMGB1 was shown to attenuate tissue
injury in inflammatory bowel disease and
other complex inflammatory disorders
through regulating cell autophagy and apo-
ptosis.5 In addition, extracellular HMGB1
was involved in NLRP3 inflammasome
activity and regulated interleukin-
1b-associated sterile inflammation induced
by multi-walled carbon nanotubes.6

Moreover, HMGB1 is a proinflammatory
cytokine that may contribute to many
inflammatory diseases, and which has also
been reported to play paradoxical roles in
promoting both cell survival and cell death
by regulating multiple signaling pathways
during tumor development.7 Recent studies
have also identified a role for HMGB1 in
cancers, including GC. Zhao et al.8 found
that co-expression of the receptor for
advanced glycation end products and
HMGB1 was correlated with disease pro-
gression and a poor prognosis in patients
with prostate cancer, while another study9

found that HMGB1 inhibited the anti-
cancer activity of sunitinib by regulating
TP53 autophagic degradation. Moreover,
HMGB1-knockdown in bladder cancer
was associated with a better response to

radiotherapy and decreased autophagy.10

Song et al. also showed that HMGB1-

knockdown suppressed cell proliferation

and invasion and sensitized cells to apopto-

sis induced by oxaliplatin in MGC-803 gas-

tric cancer cells.11 However, despite these

studies, the clinical significance of

HMGB1 in GC is still unclear and

controversial.
In the present study, we conducted a

meta-analysis to investigate the correlation

between HMGB1 expression and progres-

sion of GC. We examined the correlations

between HMGB1 expression and clinico-

pathological characteristics including

tumor pT stage, age, sex, TNM stage,

lymph node metastasis, and degree of

tumor differentiation, to provide deeper

insights into the clinical value of assessing

HMGB1 expression in patients with GC.

Materials and Methods

Publication search strategy

We searched the PubMed, Google Scholar,

Science Direct, Springer, Wiley, and NIH

databases on 7 August 2020 for related

studies published from January 2000 to

August 2020 on. The following keywords

were used: (high mobility group box 1 or

HMGB1) and (gastric cancer or gastric car-

cinoma). The search was restricted to

English language studies in humans. We

also searched the reference lists of related

publications as well as review articles to

identify potentially relevant research. We

first checked the abstracts and titles of the

publications, followed by the full texts of

the remaining articles, to confirm if they

met the selection criteria. This study fol-

lowed the Preferred Reporting Items for

Systematic Review and Meta-Analysis

(PRISMA) guidelines. The study did not

register with PROSPERO, but this will be

completed in future studies.
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Inclusion and exclusion criteria

The inclusion criteria for the studies were as
follows: (1) patients in the studies diag-
nosed with GC by pathological examina-
tion; (2) adequate data to calculate odds
ratios (ORs); (3) correlation between
HMGB1 expression level and prognosis,
clinicopathological features, or patient
characteristics analyzed; (4) displaying out-
comes in the form of hazard ratios (HRs)
with 95% confidence intervals (CI); and (5)
full-text of the study available. The exclu-
sion criteria were: (1) reviews, letters, and
comments; (2) animal experiments, cancer
cell studies, and other laboratory research;
(3) articles in language other than English;
(4) duplicated articles or data; and (5) insuf-
ficient data or information to obtain HRs.

Data extraction

The included studies were first evaluated by
two independent investigators using the
Newcastle–Ottawa Scale. Studies with a
score �7 were considered high quality.
The following data were extracted from
the full text: name of first author, publica-
tion year, study period, country of patients,
detection method, total number of cases,
number of patients with high HMGB1
and low HMGB1, age, sex, TNM stage,
tumor differentiation, pT stage, and nodal
status.

Statistical analysis

HRs and corresponding 95% CIs were
obtained by statistical analysis using Stata
15.0 software (Stata Corporation, College
Station, TX, USA). Correlations between
HMGB1 expression and clinicopathologi-
cal features were analyzed. Significant
heterogeneity was defined as a Q statistic
P value <0.10 or I2 value >50%. A fixed-
effects model was used if there was no
heterogeneity among the included studies;
otherwise, a random-effects model was

used. Publication bias was evaluated by
funnel plots and Egger’s test. A P value
<0.05 was considered statistically
significant.

Results

Search results and study characteristics

A total of 156 publications were initially
identified. Of these, 35 were excluded due
to duplication, and 34 were excluded for
not being in English or because the full
text was not available. Of the remaining
87 articles, 81 full-text articles were exclud-
ed because of a lack of sufficient data, not
reporting GC, and missing sensitivity, spe-
cificity, accuracy, or correlation values. Six
articles including 846 patients were
therefore finally included for data extrac-
tion.12–17 All the included studies analyzed
the clinicopathological value of HMGB1 in
GC. The detailed search strategy is shown
in Figure 1.

The six included references were pub-
lished from 2010 to 2020 (Table 1). The
total number of patients with GC was 846
(range 40–414). Five studies were per-
formed in China and one in Egypt.
HMGB1 was detected by immunohisto-
chemical staining in four studies and by
enzyme-linked immunosorbent assay in
one study. Five studies reported the age dis-
tribution, sex, TNM, pT stage, and lymph
node metastasis, and one study reported the
tumor grade.

Correlations between HMGB1 expression
and clinicopathological characteristics

We analyzed the correlations between
HMGB1 expression and clinicopathologi-
cal characteristics in GC patients.
HMGB1 expression was not significantly
associated with age (OR¼ 1.07, 95%
CI: 0.89–1.28, I2¼ 25.8%; Figure 2),
sex (OR¼ 0.90, 95% CI: 0.81–1.00,
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I2¼ 0.00%; Figure 3), TNM (OR¼ 1.39,

95% CI: 0.82–2.37, P< 0.001, I2¼ 79.6%;

Figure 4), N stage (OR¼ 1.42, 95% CI:

0.97–2.07, P¼ 0.012, I2¼ 68.9%; Figure 5),

or histologic grade (OR¼ 0.96, 95% CI:

0.71–1.29, P¼ 0.022, I2¼ 68.8%; Figure 6).

However, expression level of HMGB1 was

highly correlated with pT stage (OR¼ 1.56,

95% CI: 1.17–2.07, I2¼ 0.0%; Figure 7).

Publication bias

We subsequently analyzed publication bias

of the included articles for all the clinico-

pathological characteristics, using funnel

plots and Egger’s test. Funnel plots

suggested that there was no significant pub-

lication bias in the meta-analysis in terms of

age, sex, TNM, pT stage, N stage, or tumor

differentiation (Figures 8–13).

Discussion

Despite surgical and medical developments,

the prognosis of GC, especially metastatic

GC, remains poor.18 A better understand-

ing of the molecular mechanisms underly-

ing GC is therefore necessary. The newly

identified inflammation-related factor

HMGB1 has recently been shown to play

important roles in many diseases, including

cancer development19; however, its role in

Figure 1. Flow chart of selection of publications for inclusion in the study.
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GC is still unclear. In the present
study, we conducted a meta-analysis
to investigate the correlations between
HMGB1 expression and clinical outcomes

and prognosis in GC patients, based on six
recent references. We demonstrated that
HMGB1 was associated with depth of inva-
sion in GC.

Figure 2. Forest plot evaluating association of HMGB1 expression with age.
RR, relative risk; CI, confidence interval.

Figure 3. Forest plot evaluating association of HMGB1 expression with sex.
RR, relative risk; CI, confidence interval.
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The role of HMGB1 in GC has been
reported in several studies, both in vitro
and in vivo. The release of HMGB1 medi-
ated by autophagy promoted survival of

GC cells in vitro.20 Overexpression of extra-
cellular HMGB1 promoted epithelial–
mesenchymal transition and increased
cell migration/invasion, while HMGB1

Figure 4. Forest plot evaluating association of HMGB1 expression with TNM.
RR, relative risk; CI, confidence interval.

Figure 5. Forest plot evaluating association of HMGB1 expression with N stage.
RR, relative risk; CI, confidence interval.
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knockdown significantly inhibited tumor
growth.21 Another in vitro and in vivo
study also revealed that HMGB1 knock-
down suppressed cell growth and invasion

in GC via the nuclear factor-jB pathway.15

In addition to the studies included in the
current meta-analysis, Ghweil et al. demon-
strated that higher serum levels of both

Figure 6. Forest plot evaluating association of HMGB1 expression with histologic grade.
RR, relative risk; CI, confidence interval.

Figure 7. Forest plot evaluating association of HMGB1 expression with pT stage.
RR, relative risk; CI, confidence interval.

8 Journal of International Medical Research



Figure 8. Funnel plot of studies used in the analysis of age.
se, standard error; RR, relative risk; OR, odds ratio.

Figure 9. Funnel plot of studies used in the analysis of sex.
se, standard error; RR, relative risk; OR, odds ratio.
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Figure 10. Funnel plot of studies used in the analysis of TNM.
se, standard error; RR, relative risk; OR, odds ratio.

Figure 11. Funnel plot of studies used in the analysis of N stage.
se, standard error; RR, relative risk; OR, odds ratio.
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Figure 12. Funnel plot of studies used in the analysis of histologic grade.
se, standard error; RR, relative risk; OR, odds ratio.

Figure 13. Funnel plot of studies used in the analysis of pT stage.
se, standard error; RR, relative risk; OR, odds ratio.
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serum amyloid A and HMGB1 reflected
advanced tumor stage and higher tumor
grade.17 He et al.16 also showed that
HMGB1 expression was closely associated
with TNM stage, pT stage, nodal status,
tumor size, metastasis status, and poor
prognosis in patients with GC. Moreover,
rs1045411 in HMGB1 was associated with
clinical outcomes in GC patients in
China.22 However, several studies have
found apparently conflicting results.
Zhang et al.14 found no association between
HMGB1 expression and clinicopathologic
features, including TNM stage, metastatic
lymph nodes, and overall survival in
patients with GC, while another study12

found that overexpression of HMGB1 was
positively associated with cancer-free sur-
vival in GC, suggesting that HMGB1 over-
expression might be a marker of good
prognosis. A meta-analysis was therefore
required to clarify the role of HMGB1 in
GC. The current meta-analysis demonstrat-
ed that HMGB1 expression was correlated
with pT stage, but not with age, sex, TNM
stage, N stage, tumor differentiation, or
lymphatic metastasis.

In addition to GC, HMGB1 has also
been associated with other cancers.
Tumor-derived HMGB1 promoted the sup-
pressive function of regulatory T cells in
patients with head and neck cancer.23

HMGB1 was also considered to act as a
novel tumor suppressor in pancreatic
cancer.24 Lee et al.25 found that serum
levels of HMGB1 were increased in a
subset of colorectal carcinomas, suggesting
that it might act as a supportive diagnostic
marker for colorectal carcinomas. A previ-
ous meta-analysis26 showed that overex-
pression of HMGB1 was significantly
associated with poorer overall and
progression-free survival in patients with
various types of cancer, including pancreat-
ic cancer, hepatocellular carcinoma, naso-
pharyngeal carcinoma, colorectal cancer,
head and neck cancer, and cervical

carcinoma. Another meta-analysis27 found
that HMGB1 expression was associated
with TNM stages III–IV, and upregulated
HMGB1 was also correlated with disease
progression and the risk of disease progres-
sion in patients with non-small-cell lung
cancer. However, there has been no previ-
ous meta-analysis of the role of HMGB1 in
GC. The current meta-analysis thus con-
firmed an important role for HMGB1 in
GC patients, and indicated that its expres-
sion might be correlated with tumor pT
stage.

The present study also had some limita-
tions. Notably, the number of references
included in the meta-analysis was limited.
Further clinical research is therefore
needed to confirm the results.

In conclusion, we conducted a meta-
analysis to investigate the role of HMGB1
in GC. HMGB1 expression was significant-
ly correlated with tumor pT stage but not
with age, sex, TNM stage, lymph node
metastasis, or degree of tumor differentia-
tion. This study might further our under-
standing of the association between
HMGB1 expression and GC progression.
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