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Abstract
Objective: To clarify the expression of HMGB1 and its relationship with clinical features of gastric cancer.

Methods: Multiple databases were systematically searched for relevant studies from 1997 to 2021. We screened case - control studies stating that the
association between HMGB1 protein expression and clinical characteristics in gastric cancer.

Results: In total, eight independent studies with 872 patients were included. Meta – analysis indicated higher odds of HMGB1 being present in gastric tumor
tissues compared to para - tumor controls OR  4.15, 95  CI (3.09, 5.58), P  0.01 . High HMGB1 expression was also associated with poor differentiation rate
OR  0.73, 95  CI (0.54, 0.99), P  0.04 , TNM stages  -  OR 0. 28, 95  CI (0.18, 0.44), P  0.01 , lymphatic metastasis OR  2. 08, 95  CI (1.52, 2.84), P 

0.01  and diffuse type of Lauren classi�cation [OR  0.57, 95  CI (0.38, 0.84), P 0. 01 . However, there was no signi�cant correlation between HMGB1
expression between gender and age.

Conclusion: Our results illustrated that HMGB1 protein was strongly associated with adverse clinicopathological features of gastric cancer. HMGB1 may be a
promising target in the development of gastric cancer.

Introduction
Gastric cancer is the �fth most prevalent malignant tumor in the world, and the prognosis is often poor because gastroscopic examination is not widely
available. Inadequate access to gastroscopy, patients are already in the middle and late stages of the disease when they are seen for signs and symptoms,
and often have a poor prognosis[1]. In recent years, markers and targets related to the diagnosis and treatment of gastric cancer have received a lot of
attention[2]. High mobility group protein B1 (HMGB1) is considered to be a cellular factor form of immunomodulator, which plays a strong role in regulating
autophagic �ux in cellular stress. HMGB1 is a damage-related submodule involved in the development of carcinogenesis and is a potential tumor biomarker[3].
Researchers have found that HMGB1 is overexpressed in gastric malignant tumor tissues[4], but there is a correlation between HMGB1 expression and the
pathological features of gastric cancer, due to the relatively small sample size and the varying quality of the designs. The statistical relationship between the
two studies is unclear due to the relatively small number of samples and the varying quality of the designs. In this study, we collected literature on HMGB1
expression in gastric cancer tissues from 199 to 2021, and we combined the data to investigate the association between HMGB1 expression in tumor tissues
and postoperative pathological data.

Materials And Methods
Literature Review Strategy

By reviewing the literature on the correlation between HMGB1 protein and postoperative pathological data of gastric cancer published in the database from
1997 to 2021. Foreign language databases: PubMed, Embase, Web of science; the search method is ("Stomach Neoplasms" or "Gastric Neoplasms" or "Cancer
Neoplasms" or "Gastric Neoplasms" or "Cancer of Stomach" or "Stomach Cancers" or "Gastric Cancers". " Gastric Cancers ") and ("HMGB1 protein" or "HMG1" or
"FM1 Gene Product" or "Amphoterin" or "HMGB1" or "HMG 1 Protein" or "Heparin Binding Protein p30"). Chinese databases: China Knowledge Base, Wan Fang,
Vipshop, and China Biomedical Literature. Chinese Biomedical Literature Database (CBLD). The Chinese database was searched by ("gastric Gastric cancer" or
"gastric malignant tumor" and ("HMGB1 protein" or "high migration rate"). (HMGB1 protein" or "HMGB1"). The terms "HMGB1 protein" and "HMGB1 protein"
were used in PubMed MeSH, China. Chinese Biomedical Literature Database subject headings and keywords list to select the corresponding search terms.

Inclusion and Exclusion Criteria

Inclusion Criteria

(1) Retrospective studies or case-control studies of HMGB1 and gastric cancer; (2) De�nite diagnosis of gastric cancer with detailed clinical data and
postoperative pathological �ndings, scienti�c study design, and control groups in the study; (3) Data with immunohistochemical stained pathological slides.

Exclusion Criteria

(1) Only cellular or animal experiments were involved; (2) Meeting abstracts and reviews; (3) Studies exploring the expression of HMGB1 outside of gastric
cancer tissues (e.g., serum, plasma); (4) Preoperative radiotherapy and other treatments; (5) Duplication of literature and serious data de�ciencies; (6)
Incomplete or limited data of enrolled cases.

Literature Screening and Data Extraction

The literature was screened by more than two researchers according to the search strategy and inclusion exclusion criteria, and relevant information (�rst
author, time of publication), basic clinical information (sex, age) and pathological information (metastasis of lymph nodes, TNM stage, tumor differentiation,
Lauren typing) were extracted.

Literature Quality Assessment

The Newcastle-Ottawa Scale (NOS), a non-competitive study scale, was used as the evaluation criterion for this study[5]. The NOS consists of eight items
divided into three sections, including study subjects, group comparability, and results of study type (cohort study) or exposure (case-control study). For each
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item, a series of corresponding options are provided. A scoring system is used to provide a semi-quantitative assessment of study quality. The NOS scores
range from 0 to 9.

Statistical Methods

Data consolidation and analysis were performed by RevMan 5.3 and STATA16 software. The heterogeneity between studies is determined by I2 test[6], when P 
≥ 0. 1 and I2 50%, the heterogeneity effect is small, and the �xed-effect model is suitable; When P 0. 1 or I2 ≥ 50%, the heterogeneity effect between studies is
large, and the random-effect model is more accurate. For P < 0.1 or I2 ≥ 50%, the heterogeneity between studies is large, and the random-effect model is more
accurate. Sensitivity analysis with STATA software explores the impact of each study on the �nal statistical results. The funnel plot shows the development
bias. The test level of α = 0.05 was used to determine the bias. The odds ratio (OR) and 95% CI were used for the Morin diagram at a test level of α = 0. 05.

Results
Literature Inclusion and Exclusion Results

Four hundred and nineteen relevant papers were retrieved, and the �nal eight papers were included according to the previously established criteria, of which
two studies were published in English journals and six in Chinese journals (Fig. 1).

Literature Features and Quality Assessment

After reading the whole paper, a quality assessment was performed by NOS. The main reason for the low score of the paper by YUAN HB et al[7] is that the
study by YUANHB et al[7] did not give a detailed description of the origin of the normal group, and it was not possible to distinguish between normal and
paracancerous tissues of the volunteers. It was not possible to distinguish between the normal gastric mucosa and the paracancerous tissues of the patients.
The characteristics and NOS scores of the included literature are shown in Table 1.

Table 1
Basic characteristics and NOS quality score of literature

Author Published

(year)

Tumor

tissues

Adjacent

tissues

Gender Age(years) Lauren
classi�cation

TNM
stage

Grade Lymph node
metastasis

Male Female ≤ 
60

>60 Intestinal Diffuse - - Well-
Moderate

Poor Negative Posit

YUAN
HB[7]

2012 51 30 36 15 - - 43 8 28 23 32 19 40 11

Bao[8] 2010 78 78 55 23 44 34 - - 35 43 38 40 34 44

GUO
YD[9]

2014 240 40 167 73 134 106 80 160 219 21 104 136 111 129

KONG
ZY[10]

2017 52 21 39 13 24 28 - - 10 42 43 9 19 33

LI RL[11] 2015 32 32 20 12 - - - - 23 9 - - 5 27

LIU J[12] 2017 230 230 121 109 127 103 75 115 209 21 102 128 106 124

WU Z[13] 2017 104 104 76 28 44 60 - - - - 34 70 27 77

Suren[14] 2018 85 - 51 34 - - - - 48 37 36 49 30 55

Note: “-” indicates a lack of data.

Meta-Analysis Results

Expression of HMGB1 in Gastric Cancer and Paraneoplastic Tissues

A total of 6 studies[8–13] were performed, 736 cases met the inclusion criteria, and corresponding control groups were established. A total of 505
paraneoplastic gastric mucosal tissues were enrolled and analyzed with RevMan software with acceptable heterogeneity (P = 0.10, I2 = 46%). The results
indicated that HMGB1 was overexpressed in gastric cancer tissues (Fig. 2A).

Relationship between HMGB1 Expression and Gender and Age in Gastric Cancer Tissues

The 6 articles included in the group contained gender information[8–13]. The ratio of male to female cases was 478 / 258. There is no heterogeneity among the
studies (P = 0.14, I2 = 40%). Meta analysis showed: OR = 0.90, 95% CI (0.65, 1.25), Z = 0.62, P = 0.54, it can be considered that the expression of HMGB1 has no
signi�cant difference between male and female gastric cancer patients ( Fig. 2B). There are 5 articles[8–10, 12–13] covering the expression of HMGB1 in gastric
cancer tissues of patients of different ages. There were 373 cases under 60 years old, and 331 cases older than 60 years old. There is no heterogeneity
between the studies (P = 0.41, I2 = 0%), analysis shows: OR = 0.84, 95% CI (0.62, 1.15), Z = 1.09, P = 0.28, it can be considered that the expression of HMGB1
has no difference in gastric cancer patients of different age groups (Fig. 2C).
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Correlation between the Degree of Differentiation of Gastric Cancer Tissues and the Level of HMGB1 Protein Expression

In the included 7 related articles[7–10, 12–14], there are 389 cases of high- and middle-differentiated gastric cancer tissues, and 451 cases of low-differentiated
gastric cancer tissues. The heterogeneity among the research data is small (P = 0.30, I2 = 17%), using �xed effects model analysis: OR = 0.73, 95% CI (0.54,
0.99), Z = 2.03, P = 0.04. It shows that the gastric cancer tissue with high expression of HMGB1 has a lower degree of differentiation (Fig. 2D).

Expression of HMGB1 in Gastric Cancer Tissues with Different TNM Stages

A total of 7 papers[7–12, 14] were included in the analysis, of which 572 patients were in stage Ι-II and 196 in stage III-IV, with little heterogeneity among the data
(P = 0. 12, I2 = 40%). The results of the analysis: OR = 0. 28, 95% CI (0.18, 0.44), Z = 5.39, P < 0.01. It can be concluded that the differences in the expression of
HMGB1 in different TNM stages are statistically signi�cant, and the expression of HMGB1 in stage III-IV tumor tissues is statistically signi�cant. The
expression of HMGB1 was higher in stage III-IV tumors than in stage I-II tumors (Fig. 2E).

Relationship between Lymph Node Metastasis and HMGB1 Expression

Seven articles[7–13] were enrolled in the group, and the ratio of the number of patients with lymph node metastasis to those without metastasis was 445 / 342.
The heterogeneity between the groups is small (P = 0.14, I2 = 38%), the analysis results, OR = 2.08, 95% CI (1.52, 2.84), Z = 4.60, P < 0.01, it can be considered
that HMGB1 is highly expressed in gastric tumor tissue of patients with lymph node metastasis (Fig. 2F).

Expression of HMGB1 in Gastric Cancer Tissues of Different Lauren Classi�cations

A total of 3 studies[7, 9, 12] were included in the analysis, including 198 cases of midgut type, 283 cases of diffuse type, and no mixed cases. RevMan 5.3
software analysis results showed no heterogeneity (P = 0.27, I2 = 23%), Meta analysis results: OR = 0.57, 95% CI (0.38, 0.84), Z = 2.82, P < 0.01, it can be
considered that HMGB1 is highly expressed in gastric cancer tissues classi�ed as diffuse by Lauren, and the difference is statistically signi�cant (Fig. 2G).

Sensitivity Analysis

In order to check the interference of each research on the �nal results, the STATA software was used for parameter mapping (Fig. 3), which showed that the
results are reliable.

Issuance Bias Detection

As shown in Fig. 4 (A-G), it can be seen from the symmetry of the graph that the research included is less likely to be biased in publication.

Discussion
The global incidence of gastric cancer is about 5.7%, and the incidence in China is about 31.21%[15–16], and its mortality rate is about 8.2%, ranking third
among global malignant tumors[1]. Although the diagnosis and treatment of gastric cancer have made rapid progress in recent years, the 5-year survival rate
of advanced gastric cancer is still less than 25%[17]. At present, the survival and prognosis of patients with gastric cancer are still considered to be related to
the staging of tumors, but because patients in the same stage still have obvious prognostic differences[18], we are looking for a broad focus on the occurrence
and development of gastric cancer.

During the development of tumors, activated immune cells release HMGB1 to the outside of the cell, through the late-stage glycosylation end product receptor
(RAGE) and Toll. Related pathways such as receptor-like receptors activate downstream pathways, regulate in�ammatory immune responses, and are related
to tumor proliferation and metastasis, cell metabolism and apoptosis, and autophagy pathways [3, 19]. Studies have shown that HMGB1 protein is involved in
non-small cell lung cancer[20], Glioma[21], colorectal cancer[22], pancreatic cancer[23], liver cancer[24], ovarian tumors[25] and other tumors have a certain degree
of high expression[26–27]. We found that This phenomenon can also be con�rmed in gastric cancer. Meta analysis showed that, compared with the adjacent
tissues, the expression of HMGB1 protein in gastric cancer tissues was up-regulated. Researchers found that the HMGB1 rs1045411 genotype is signi�cantly
correlated with clinical factors such as Lauren typing, differentiation, clinical staging, and auxiliary chemotherapy[28]. This study con�rms that HMGB1 is more
highly expressed than other types of tissues in the Lauren type of diffuse type. In addition, studies have found that HMGB1 promotes cell migration and
participates in tumor cell migration mainly by regulating cell adhesion and modifying the extracellular matrix[3]. HMGB1 can also induce melanophore activity
inhibitory protein by activating the nuclear factor κB pathway, and combine with �bronectin and integrin to promote the invasion and migration of tumor
cells[29–30]. In in vivo experiments, the use of HMGB1/RAGE axis inhibitor can reduce the growth and metastasis ability of tumors[31]. This study proved that
HMGB1 in the tissues of gastric cancer patients with TNM stages -  and with lymph node metastasis also showed characteristics that have been expressed,
which also further proves that HMGB1 is associated with the degree of invasion of gastric cancer.

In addition, the present study found that gastric cancer tissues with high expression of HMGB1 protein were less differentiated. This result was also con�rmed
in other types of tumor studies, such as breast cancer[32], bladder cancer[33], ovarian cancer[34], kidney cancer[35], colorectal cancer[36], where HMGB1 was over-
expressed in the tumor tissues with low differentiation. The HMGB1 was overexpressed in hypofractionated tumor tissues. It has been shown that HMGB1
may cause recurrence of tumor after radiotherapy by activating the TLR2 / YAP / HIF-1α signal pathway and inducing the dedifferentiation of neighboring
CD133-pancreatic cancer cells[37].
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There are some limitations in this study: �rst, the number of included studies and patients is small, and the number of included subgroup analyses for
different clinical pathological factors is insu�cient, which affects the accuracy of the conclusions. The inclusion of this study is limited to the published
literature, and the lack of gray data may lead to the omission of negative results. Secondly, due to the lack of original source data, the current analysis is
based on single factor study without adjustment for different risk factors, which may lead to confounding bias.

Conclusion
In summary, HMGB1 protein is overexpressed in gastric malignant tumor tissues, and the level of HMGB1 expression may correlate with TNM stage, lymph
node metastasis, degree of differentiation, and Lauren typing. We believe that HMGB1 plays an important role in the disease progression and tumor
metastasis of gastric cancer. Due to the limitations of the included literature and sample size, these results and conclusions need to be further veri�ed by more
high-quality, large-sample, multi-center studies.
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Figure 1

Literature screening and �ow chat

Figure 2

Meta - analysis of relationship between HMGB1 expression and clinicopathological features of gastric cancer A HMGB1 expression in gastric cancer and
adjacent tissues B HMGB1 expression in gastric cancer patients of different gender C HMGB1 expression in gastric cancer patients of different age D HMGB1
expression in gastric cancer with different differentiation E HMGB1 expression in gastric cancer with different TNM stages F HMGB1 expression in gastric
cancer with and without lymph node metastasis G HMGB1 expression in gastric cancer with different Lauren classi�cation
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Figure 3

Sensitivity analysis of the relationship between HMGB1 expression and clinical pathological parameters A HMGB1 expression in gastric cancer and adjacent
tissues B HMGB1 expression in gastric cancer patients of different gender C HMGB1 expression in gastric cancer patients of different age D HMGB1
expression in gastric cancer with different differentiation E HMGB1 expression in gastric cancer with different TNM stages F HMGB1 expression in gastric
cancer with and without lymph node metastasis

Figure 4

Funnel plot of the relationship between HMGB1 expression and clinical pathological parameters A HMGB1 expression in gastric cancer and adjacent tissues B
HMGB1 expression in gastric cancer patients of different gender C HMGB1 expression in gastric cancer patients of different age D HMGB1 expression in
gastric cancer with different differentiation E HMGB1 expression in gastric cancer with different TNM stages F HMGB1 expression in gastric cancer with and
without lymph node metastasis G HMGB1 expression in gastric cancer with different Lauren classi�cation


