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Background: Chromobox (CBX) family proteins are a class of transcriptional repressors involved in
epigenetic regulation and developmental processes of various tumors, including gastric cancer. However, the
function and prognosis of different CBXs in gastric cancer remain unknown.

Methods: This study addresses this issue by synthesizing several mainstream databases (Oncomine,
GEPIA2, cBioportal, and Kaplan-Meier plotter, among others) that currently contain many tumor samples
and provide very reliable analysis results, investigating the role of CBXs in the prognosis of gastric cancer.
Results: The mRNA of CBX1/2/3/4/5/8 was highly expressed in gastric cancer, the mRNA of CBX7
was lowly expressed in gastric cancer, and the mRNA expression of CBX6 was not significantly different in
CRC. Besides, high and low CBXs mRNA expression correlated with cancer stage, node metastasis status,
H. pylori infection status, and tumor grade in CRC patients. We found that high mRNA expression of
CBX4/5/6/7/8 was significantly associated with worse overall survival (OS), progression-free survival (FP),
and post-progression survival (PPS) in a large number of CRC patients. High mRINA expression of CBX3
was significantly associated with better OS and FP. We also found that none of the eight CBXs family genes
had a mutation rate of less than 5% in gastric cancer, and the highest mutation rate was in CBX3 (14%).
Conclusions: These results suggest that CBX3/4/5/6/7/8 could be a prognostic biomarker in gastric

cancer patients.
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Introduction structure of CBXs family proteins, they can be divided into
two groups: the HP1 group (CBX1/3/5) and the PC group
(CBX2/4/6/7/8). The functions of different CBXs family

proteins are associated with different chromatin regions

The CBXs family is a class of genes that can encode
transcription factors (TFs) that regulate the development

and progression of various cancers by inhibiting cell and show non-overlap in mammalian embryonic stem

differentiation and self-renewal of cancer stem cells (1).
To date, eight CBXs (CBX1-8) family proteins have been
identified in the human genome. They are all involved
in the regulation of heterochromatin, gene expression,
and developmental processes. According to the molecular
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cells (2-4). Current studies have reported that CBXs are
dysregulated in a variety of tumors, including gastric cancer (5),
lung cancer (6), cervical cancer (7), liver cancer (8,9), breast
cancer (10,11), pancreatic cancer (12), esophageal squamous cell
carcinoma (13) and high grade serous ovarian carcinoma (14)
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and so on.

Gastric cancer is the fourth most common cancer and the
second leading cause of cancer death worldwide. Despite
significant advances in understanding epidemiology,
pathology, molecular mechanisms, and treatment options
and strategies, the burden is still substantial, and surgical
resection is still the most effective means of treating
gastric cancer. Continued research into the molecular
mechanisms of gastric cancer is urgently needed to develop
more effective and unique treatments (15). Although
some members of the CBXs family have been identified to
function in a variety of tumors, including gastric cancer,
to our knowledge, bioinformatics analysis has not been
applied to explore the role of CBXs in gastric cancer. New
biomarkers as prognostic indicators are needed in this field
to enhance prognosis and individualize treatment effectively.
A comprehensive study of different CBXs family members
in gastric cancer will help reveal the molecular mechanisms
of GC development and may reveal new prognostic and
therapeutic targets.

In this study, we analyzed the expression and mutation of
different CBXs family members and their association with
clinical parameters in gastric cancer patients to determine
the expression patterns, potential functions, and different
prognostic values of CBXs in gastric cancer. We also
analyzed the predicted functions and pathways of CBXs
mutations and the genes with which they have co-expression
relationships.

We present the following article in accordance with the
Materials Design Analysis Reporting (MDAR) reporting
checklist (available at http://dx.doi.org/10.21037/jgo-20-
208).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
did not involve animal or human experiments and did not
require ethical approval or patient consent.

Oncomine analysis

Oncomine datasets (https://www.oncomine.org/) were used
to analyze the transcription levels of CBXs in different
cancers. Student’s 7-test was used to compare the differences
in transcript levels. The critical values of P value and fold
change are defined as 0.01 and 2.
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GEPIA?2 database

GEPIA2 (http://gepia2.cancer-pku.cn/) is a web server
containing RNA sequencing expression data of 9,736 tumors
and 8,587 normal samples from the TCGA and GTEx
projects, all of which were analyzed by standard processing
pipelines (16). The RNA-Seq datasets were mainly
based on the UCSC Xena project (http://xena.ucsc.edu).
We sequentially analyzed the expression differences of each
gene of the CBXs family between gastric cancer and healthy
gastric tissues. Statistical analysis is based on the limma (17)
package of R software. Wilcox test is used to calculate the P
value. Only when |Log2FCI >1 and P<0.01, the difference
in the expression of the target gene in tumor and healthy
tissue has significant statistical differences.

Association of CBXs family proteins with clinicopathological
features

UALCAN (http://ualcan.path.uab.edu/) is a comprehensive
interactive web server for analyzing cancer OMICS data.
UALCAN provides easy access to public cancer OMICS
data (TCGA and METS500) and allows users to identify
biomarkers or perform computer verification of potential
genes of interest. This study analyzed the mRNA expression
of eight CBXs family members in gastric cancer and their
relationship with clinicopathological parameters. Similarly,
the Student t-test was used to verify expression differences.
P<0.01 indicates that the difference is statistically
significant. Due to the lack of typical clinical information
in UALCAN, we downloaded transcriptome data (381
tumor samples and 32 matched paracancerous tissues) and
corresponding clinical information for gastric cancer from
the TCGA database. After deleting some samples with
incomplete clinical information, we analyzed the remaining
349 tumor samples and clinical information for statistical
associations between CBX family proteins and various
clinicopathological characteristics. The study was conducted
using the survival (https://cran.r-project.org/web/packages/
survival/index.html) package of R software, univariate
and multivariate Cox analysis was performed separately to
construct the proportional hazards model. P<0.05 indicates
a statistically significant difference in results.

Human Protein Atlas

The Human Protein Atlas (https://www.proteinatlas.org/)
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is an online tool that contains transcriptome profiling data
and immunohistochemistry profiling data for more than
8,000 patients and 17 major cancer types, allowing users to
directly profile the protein expression patterns of specific
genes in specified tumors (18). In this study, we obtained
immunohistochemical images in this tool to directly compare
the protein expression of different CBXs family members in
human healthy and gastric cancer tissues and analyze the CBXs
family protein expression patterns in depth.

The Kaplan-Meier plotter

The Kaplan Meier plotter (http://kmplot.com/analysis/) is
an online tool, capable of assessing the impact of 54K genes
on survival in 21 cancer types. This database contains many
gastric cancer samples (n=1,440) and can analyze the effect
of each gene of the CBXs family on the survival time of
gastric cancer patients. By dividing the median expression
values of CXBs family genes in gastric cancer patients
into two groups (high vs. low expression), the results were
presented by plotting survival curves and simultaneously
analyzing hazard ratio (HR) with 95% confidence intervals
(CIs) and log-rank P value. The JetSet Best Probe Set of
CBXSs was performed on to Obtain Kaplan-Meier plots. The
Kaplan-Meier method was used to analyze the relationship
between target gene expression and patient survival, and the
significance index P value was calculated using the log-rank
test. P<0.05 indicated significant statistical significance.
The tool automatically treats genes as risk factors and other
pathological indicators and calculates HR values for high
expression of target genes based on COX regression.

The Cancer Genome Atlas Data and cBioPortal

The Cancer Genome Atlas (https://www.cancer.gov/tcga),
a landmark cancer genome project, matched sequencing
data to pathological data for normal samples covering 33
cancer types. The cBioPortal (https://www.cbioportal.org/)
database includes all data in TCGA and is continuously
updated (19,20). We used the Stomach Adenocarcinoma
(TCGA, PanCancer Atlas) dataset (21) to analyze the
mutation information of CBXs family genes in gastric
cancer and corrected each gene of CBXs family to analyze
the correlation between each gene. We used the corrplot
(https://cran.r-project.org/web/packages/corrplot/index.
html) package to analyze the association between the eight
gene expressions, and the difference significance index was
calculated using the Spearman’s correlation test. P<0.05
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indicates a statistically significant difference between the
two gene expressions.

GO and KEGG pathway analyses

DAVID (https://david.nciferf.gov/) (22,23), a compelling
database capable of functional enrichment and pathway
annotation for a range of genes, we analyzed the Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways of these genes by annotating
the genes in the resulting CBXs family co-expression
network in STRING. The functions and underlying
molecular mechanisms of the CBXs family in gastric cancer
were further analyzed. Due to the output of the limited
pathway in the DAVID database, we also introduced
Reactome (https://reactome.org/) databases. The Reactome
is open-source, open access, manual management, and peer-
reviewed access database that references more than 100
different online bioinformatics resources (including NCBI
Gene, Ensembl, and UniProt databases, UCSC Genome
Browser, ChEBI small molecule database, and PubMed
Literature databases, etc.). Researchers can use this tool to
uncover reliable pathways from genomic (24). We analyzed
the possible molecular mechanisms involved in the role of
CXBs in gastric cancer accordingly.

Results

Transcriptional levels of CBXs in patients with gastric
cancer

We identified eight CBXs expressed in different diseases
and gastric cancer in the Oncomine and GEPIA2 databases.
In the Oncomine database, we found that CBXs family
members are highly expressed in various tumors (Figure I)
and that there are multiple CBXs with higher transcript
levels in gastric cancer (Table I). Regarding CBX1, we
found high expression in the Cho gastric statistics dataset
(FC =2.415, P=4.52E-06) and also in the Derrico gastric
statistics dataset (FC =2.116, P=2.21E-13). Regarding
CBX2, high mRNA expression levels were also found
in the Cho Gastric Statistics (FC =2.290, P=6.01¢-9)
and Derrico Gastric Statistics (FC =4.485, P=1.70e-09)
datasets, respectively. In addition, we also found high
CBX3 expression in the DeRrico Gastric Statistics dataset
(FC =3.014, P=6.64E-14). In the Derrico Gastric Statistics
dataset, differential expression contrast between Diffuse
Gastric Adenocarcinoma and Normal samples revealed that
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Disease Summary for Chromobox family

CBX1 CBX2 CBX3 CBX4 CBX5 CBX6 CBX7 CBX8
Cancer Cancer Cancer Cancer Cancer Cancer || Cancer Cancer
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Figure 1 The transcription levels of CBXs in 20 different types of cancers (Oncomine). Difference of transcriptional expression was

compared by Students’ 7-test. The cut-off of parameters: P<0.01; fold change: 1.5; gene rank: 10%.

CBX4 was more highly expressed in tumors (FC =2.466,
P=2.45E-05). Moreover, differential expression between
Gastric Mixed Adenocarcinoma and Normal samples
revealed that CBX4 was more highly expressed in tumors
(FC =3.314, P=2.29E-6). However, no differential expression
information of CBX5-8 in gastric cancer was found in
Oncomine dataset. Subsequently, we further measured
the transcript levels of eight CBXs family members in
the GEPIA2 (RNA-Seq and clinical Data of 31 cancer
types based on the TCGA database) database (Figure 2).
Compared with normal samples, the mRNA expression of
CBX1/2/3/4/5/8 was significantly up-regulated in gastric
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cancer tissues (P<0.05), the mRNA expression of CBX7
was significantly downregulated in gastric cancer tissues
(P<0.05), and no expression difference was found for CBX6.

Relationship to clinicopathological parameters

After determining the expression of each CBXs member in
gastric cancer, the relationship between mRNA expression
of different CBXs family members and clinicopathological
parameters of gastric cancer patients such as cancer stage,
node metastasis status, H. pylori infection status, and tumor
grade was then analyzed in the UALCAN database (TCGA
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Table 1 The significant changes of CBX expression between different types of gastric cancer and normal gastric tissues (Oncomine Database)

;t:;i;nobox Type of gastric cancer versus normal tissue  Fold change P value t-test Source and/or reference
CBX1 Gastric adenocarcinoma vs. normal 2.415 4.52E-06 6.913 Cho gastric statistics
Gastric intestinal type adenocarcinoma vs. normal  2.116 2.21E-13 10.157 DErrico gastric statistics
CBX2 Diffuse gastric adenocarcinoma vs. normal 2.290 6.01E-9 6.862 Cho gastric statistics
Gastric intestinal type adenocarcinoma vs. normal  4.485 1.70E-09 7.310 DErrico gastric statistics
CBX3 Gastric intestinal type adenocarcinoma vs. normal 3.014 6.64E-14 9.795 DErrico gastric statistics
CBX4 Diffuse gastric adenocarcinoma vs. normal 2.466 2.45E-05 4.862 DErrico gastric statistics
Gastric mixed adenocarcinoma vs. normal 3.314 2.29E-6 6.444 DErrico gastric statistics

Cho Gastric Statistics: http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE13861; DErrico Gastric Statistics: http://www.ncbi.nim.

nih.gov/geo/query/acc.cgi?acc=GSE13911; CBX5-8: not available.

data processed by unified standards) (Figures 3,4). We found
a specific correlation between the mRINA expression of
the 8 CBXs family members and each clinicopathological
parameter of gastric cancer. Statistically, most of the mRNA
expression of CBX1-6 tended to be higher in more advanced
tumors. However, the mRNA expression of CBX7/8 showed
a decreasing trend with increasing tumor stage, with the
difference that CBX7 was down-regulated in tumors, whereas
CBXS8 was up-regulated. However, no significant trend was
found regarding the relationship between mRNA expression
of CBXSs family members and node metastasis status.
Regarding the relationship between mRINA expression
of CBXs family members and H. pylori infection status,
we statistically found that CBX2 had higher mRNA
expression in the presence of H. pylori infection in tumor
samples. However, the mRNA expression of CBX1/3/8
was higher in the absence of H. pylori infection, and the
mRNA expression of CBX4/5/6/7 was not associated with
the presence of H. pylori infection. In the statistics of the
association between tumor grade and CBXs family mRINA
expression was found to have an upward trend roughly with
grade stage, the mRNA expression of CBX1/2/5/6/7 was
the highest in grade III, while the mRNA expression of
CBX3/4/8 was the highest in grade II. In conclusion, the
above statistical analysis indicated that mRNA expression
of 8 CBXs family members was significantly correlated with
clinicopathological parameters in gastric cancer patients.

Proportional risk models for CBX family proteins and

clinicopathological factors

We extracted transcriptomic and clinical data from 349
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gastric cancer patients containing complete pathological
parameters. Based on the expression of CBXs family
proteins and tumor patients’ age, sex, TNM stage,
cancer stage, and other variables, followed by single- and
multifactor Cox analysis (Figure SI). The results of the
single-factor Cox analysis indicated patient age, tumor T
and N grade, tumor stage, and CBX1/2/3/4/5/8 were all
independent high-risk factors for survival of gastric cancer
patients. In the multifactorial Cox that comprehensively
analyzed the association between these factors and the
prognosis of gastric cancer patients, we found that the
patients' age was still high-risk. However, the results for
other pathological parameters and CBXs family proteins
were not statistically different (P>0.05).

Protein expression of CBXs family members

We explored the protein expression patterns of CBXs in the
Human Protein Atlas (Figure 5) and found that CBX2/3/4/5
protein expression was higher in tumor tissues, but CBX7
protein expression was significantly higher in healthy
gastric tissues. Meanwhile, we found that CBX1/6/8 protein
was not significantly differentially expressed between
gastric cancer tissues and healthy gastric tissues. Except for
CBX1/8, these results are approximately the same trend as
CBXs family mRNA expression.

Prognostic value of the CBXs family

We analyzed the relationship between the mRNA
expression of CBXs family and the survival time of gastric
cancer patients in the Kaplan-Meier plotter to determine
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Figure 2 The mRNA expression of CBXs in gastric cancer (GEPIA2). The mRNA transcript levels of eight CBXs family genes in gastric

cancer and normal gastric tissues (A: scatter plot; B: box plot). *, P<0.05.

the prognostic value of each CBXs. The result showed
that most members of the CBXs family were significantly
correlated with the prognosis of patients with gastric
cancer (Figure 6). Kaplan-Meier curve and log-rank test
analysis showed higher CBX4/5/6/7/8 mRNA expression

© Journal of Gastrointestinal Oncology. All rights reserved.

and poor OS, FP, and PPS was significantly correlated
(P<0.05). However, higher CBX3 mRNA expression was
significantly associated with better OS, FP, and PPS. There
was no significant correlation between CBX2 mRNA
expression and survival in patients with gastric cancer. High
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Figure 3 Association of CBX1-4 transcript levels with clinical pathology. Relationship between mRNA expression levels of CBX1-4 and

cancer stage, node metastasis status, H. pylori infection status and tumor grade (*, P<0.05; **, P<0.01, ***, P<0.001).

CBX1 mRNA expression was significantly associated with
worse FP and better PPS, but not with OS. It shows that
CBX3/4/5/6/7/8 is significantly related to the prognosis of
gastric cancer patients and can be used as a useful biomarker

to predict gastric cancer patients’ survival rate.

CBXs gene mutations and co-expressed genes of the CBX
famity
We analyzed the mutation of CBXs gene in gastric cancer

patients in the cBioPortal online tool and observed
that CBXs gene was mutated in 160 patients from 407
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Figure 4 Association of CBX5-8 transcript levels with clinical pathology. Relationship between mRNA expression levels of CBX5-8 and

cancer stage, node metastasis status, H. pylori infection status and tumor grade (*, P<0.05; **, P<0.01, ***, P<0.001).

gastric cancer patients with a mutation rate of 39%
(Figure 74,B). We also calculated the correlation among
CBXs by analyzing their mRNA expression, and Pearson’s
correction was included. The results are shown in Figure 7C,
where several genes with the most significant positive
correlations are present: CBX2 with CBX4 and CBXS;

CBX4 with CBX8; CBX6 with CBX7. We constructed the
interaction network of these eight CBXs family proteins and
the genes with which they have co-expression relationships
in STRING (Figure 7D,E). The functions of CBXs and
their co-expressed genes and the molecular mechanisms by
which CBXs regulate tumor were subsequently predicted
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Figure 5 Immunohistochemical images of CBXs family in Human Protein Atlas. To predict the protein expression pattern of CBXs family,

8 CBXs family members in gastric cancer and normal gastric tissue typical protein expression in immunohistochemical map. The legend for

each image is 200 pm.

in DAVIDG6.8 (Figure §). Gene ontology (GO) includes
biological process (BP), cellular component (CC), and
molecular function (MF). By annotating, we found that
CBXs and their co-expressed genes are mainly enriched

in negative regulation of transcription, DNA-templated,
chromatin organization; polycomb group (PcG) protein
complex, PRCI complex; histone binding, chromatin
binding and so on. The KEGG pathways involved in these
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genes were subsequently analyzed. Furthermore, because
few pathways were involved, and most of them did not have
related CBXs family genes, we simultaneously analyzed
the pathways involved in regulating tumors by CBXs in
Reactome. The results are shown in Table 2. We found that
these genes were mainly enriched in signaling pathways of
stem cells, viral carcinogenesis, regulation of PTEN gene
transcription, and oxidative stress-induced senescence and

© Journal of Gastrointestinal Oncology. All rights reserved.

associated with the function of CBXs mutations in gastric

cancer.

Discussion

It has been shown that members of the CBXs family play
a role in a variety of tumors, including gastric cancer,
but the differential roles of this family in gastric cancer

7 Gastrointest Oncol 2020;11(5):932-951 | http://dx.doi.org/10.21037/jgo-20-208
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Table 2 The functions of CBXs and genes significantly associated with CBX alterations were predicted by the analysis of pathway in regulating

gastric cancer

Category Term

Count P value/false discovery Genes

rate
KEGG_Pathway  Systemic lupus erythematosus 5 P=1.61E-05 HIST4H4, HIST1H4A, HIST1HA4E,
H3F3A, HIST1H4F
Signaling pathways regulating pluripotency of 5 P=1.91E-05 BMI1, PCGF5, PCGF2, PCGF6, PCGF1
stem cells
Alcoholism 5 P=4.83E-05 HIST4H4, HIST1H4A, HIST1HA4E,
H3F3A, HIST1H4F
Viral carcinogenesis 4 P=0.001918327 HIST4H4, HIST1H4A, HIST1H4E,
HIST1H4F
Reactome_ RUNX1 interacts with co-factors whose precise 4 False discovery rate CBX2, CBX4, CBX6, CBX8
Pathway effect on RUNXT targets is not known =2.90E-08
SUMOylation of chromatin organization proteins 4 False discovery rate CBX2, CBX4, CBX5, CBX8
=6.00E-08
Regulation of PTEN gene transcription 4 False discovery rate CBX2, CBX4, CBX6, CBX8
=6.98E-08
Oxidative Stress Induced Senescence 4 False discovery rate CBX2, CBX4, CBX6, CBX8
=2.83E-07
SUMOylation of DNA methylation proteins 3 False discovery rate CBX2, CBX4, CBX8
=2.83E-07
SUMOylation of transcription cofactors 3 False discovery rate CBX2, CBX4, CBX8
=1.83E-06
SUMOylation of RNA binding proteins 3 False discovery rate CBX2, CBX4, CBX8
=1.83E-06
Generic Transcription Pathway 6 False discovery rate CBX2, CBX3, CBX4, CBX5, CBX6,
=2.07E-06 CBX8
SUMOylation of DNA damage response and 3 False discovery rate CBX2, CBX4, CBX8
repair proteins =5.11E-06
Transcriptional Regulation by E2F6 2 False discovery rate CBX3, CBX5
=0.00012

remain elucidated. PcG proteins are a class of epigenetic
regulators that play a crucial role in stem cell recognition,
differentiation, and disease. They always play a role
in Polycomb inhibitory complexes (including PRC1
and PRC2) and exert their functions in regulating cell
proliferation, aging, and tumorigenesis through normal
growth-regulating pathways (25). The CBXs family proteins
are the normative component of PRCI, responsible for
targeting PRC1 to chromatin (26). After the regulatory
relationship between the CBXs family proteins and some
interacting proteins is clarified, its role in gastric cancer
can be analyzed through normal pathways. According

© Journal of Gastrointestinal Oncology. All rights reserved.

to our understanding, this study is the first time to use
bioinformatics to analyze the mRNA expression, mutation,
and prognostic value of CBXs family in gastric cancer
patients (OS, FP, PPS). We hoped that our findings would
help broaden the existing knowledge on gastric cancer,
improve or propose new treatment designs, and improve
the accuracy of prognosis of gastric cancer patients.
Chromobox 1 (CBX1) belongs to the heterochromatin
protein 1 (HP1) family, also known as HP1f. Yang
et al. found CBX1 was significantly up-regulated in HCC
tissues and cell lines and was significantly associated with
larger tumor volumes, distant metastases, poor tumor

7 Gastrointest Oncol 2020;11(5):932-951 | http://dx.doi.org/10.21037/jgo-20-208



Journal of Gastrointestinal Oncology, Vol 11, No 5 October 2020

differentiation, and tumor vessel infiltration through the
standardized cell and tissue experiments. Mechanistically,
it was found that the over-expressed CBX1 interacts with
HMGA2? to trigger the Wnt/pB-Catenin signaling pathway
and enhance liver cancer cell proliferation and migration (27).
The high mobility group protein A2 (HMGA2) is an
architectural transcription factor that plays a role in the
development of a variety of tumors. Zha et a/. found that the
protein and mRNA levels of HMGA2 were up-regulated
in gastric cancer cells and tissues by immunohistochemistry
and cytology. That overexpression of HMGA2 could
enhance the oncogenicity of cell lines of gastric epithelial
origin, and enhance migration and invasion iz vitro and
in vivo. They studied molecular biological changes in gastric
cancer cells and changes in HMGA2 target genes after
HMGA? overexpression and knockdown. The results show
that HMGA2 could not only translocate B-catenin through
TWISTTI but also protect B-catenin from phosphorylation
and degradation by inhibiting the transcription of AXINI,
thereby activating the Wnt/B-catenin pathway and causing
EMT (Epithelial-Mesenchymal Transition) to improve
the progression of gastric cancer (28). Other studies have
shown that in pancreatic cancer, the WNT pathway
has a significant role in promoting an aggressive tumor
phenotype (29).

CBXI is also up-regulated in Prostate cancer tissues, and
higher CBX1 expression can enhance androgen receptor
pathway activity, thereby regulating prostate cancer
growth (30). In patients with thyroid tumors, the results
vary, with CBX1 downregulated in thyroid cancer tissue
and potentially enhancing the malignant and metastatic
potential of thyroid cancer. It may be related to the
inhibitory effect of miRNAs that are highly expressed in
thyroid cancer (miR-205, etc.) (31). Also, CBX1 expression
increases in breast cancer and is associated with poor
prognosis in breast cancer patient (32). At present, there is
no report on the role of CBX1 in various tumors, including
gastric cancer. Our study found that CBX1 was up-regulated
in gastric cancer, and its expression was correlated with
clinical parameters such as cancer stage and tumor grade.
We also found that CBX1 has regulatory relationships with
H3F3A, PCGF6, PHC3, YAF2, and PHCI protein, which
may provide directions for future studies on the function
and molecular mechanisms of CBX1 in gastric cancer. We
also found that the high expression of CBX1 was associated
with worse FP and better PPS in gastric cancer patients.
The results demonstrated that CBX1 might be a potential
molecular marker of gastric cancer, and its specific function

© Journal of Gastrointestinal Oncology. All rights reserved.
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and deeper mechanism in gastric cancer need further study.

Clermont ez al. found high CBX2 mRNA expression in
breast, lung, colorectal, prostate, brain, and hematopoietic
tumors associated with metastasis and worse OS in breast
cancer (33). Besides, it has been shown that CBX2 is
highly expressed in high grade serous ovarian carcinoma
(HGSOC). Meanwhile, up-regulated CBX2 promotes
HGSOC by inducing a stem-like transcriptional profile
and suppressing imbalance, which is associated with worse
survival time (14). No studies have reported the role of
CBX2 in gastric cancer. In this study, we found that CBX2
was significantly highly expressed in gastric cancer. We also
found that the expression of CBX2 was correlated with the
presence of H. pylori infection and cancer grade. Therefore,
CBX2 can be a potential molecular marker of gastric cancer,
which can be a more in-depth study of gastric cancer to
define the function of CBX in gastric cancer.

CBX3 is highly expressed in gliomas. In glioma patients,
up-regulated CBX3 is indicative of worse relapse-free
survival (RFS) and OS (34). Other studies have shown
that CBX3 is highly expressed in osteosarcoma, which is
associated with worse disease-free survival (DFS) and OS
in patients with osteosarcoma, large tumor volumes, and
high distant metastasis rates, and high clinical staging (35).
Chen et al. found that CBX3 overexpression in pancreatic
adenocarcinoma (PAAD) tissues induced PAAD cells to
proliferate in vitro, anchor-free growth, migration, and
invasion, which were related to poor OS and DFS in PAAD
patients (12). Some studies show that CBX3 plays a role in
the Tongue Squamous Cell Carcinoma (36) and vascular
smooth muscle cells and Vascular Smooth Muscle Cell
(37,38). No studies have yet demonstrated the role played
by CBX3 in gastric cancer. In our study, CBX3 was highly
expressed in gastric cancer. Furthermore, CBX3 expression
was higher in higher tumor stages and tumor tissues with
H. pylori invasion. The OS, FP, and PPS regarding
prognosis were better in gastric cancer patients with high
CBX3 expression. It is suggested that CBX3 may be a
potential biomarker for gastric cancer, and maybe an
excellent prognostic marker for gastric cancer patients, and
guide clinical treatment.

The role of CBX4 in a variety of cancers has been
thoroughly studied. Hu ez /. found that CBX4 is highly
expressed in lung cancer and can significantly promote the
proliferation and migration of cancer cells by regulating
the expression of BMI-1 (6). CBX4 can be up-regulated
by HIF-1a signaling activation in osteosarcoma. The high
expression of CBX4 is related to the late clinical-stage,
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946

high malignancy, and low tumor necrosis rate, and it plays
a pro-cancer role in osteosarcoma (39). CBX4 increases
angiogenesis and metastasis of hepatocellular carcinoma
(HCC) through its SUMOylating effect on hypoxia-
inducible factor-la. It was also associated with histological
grade, tumor size, pathological differentiation, lymph
node metastasis, microvessel density, distant metastasis, and
hematogenous metastasis of HCC. High expression of CBX4
predicted shorter OS and RFS in HCC patients (40-42). The
highly expressed CBX4 also plays a cancer-promoting role in
breast cancer by promoting breast cancer through miR-137-
mediated Notchl signaling and can contribute to the poor
prognosis of breast cancer patients (43).

Similarly, specific studies on the role of CBX4 in gastric
cancer are still lacking, so our study is instructive for
developing the role of CBX4 in gastric cancer. In our study,
CBX4 was highly expressed in gastric cancer. Higher CBX4
expression in gastric cancer patients predicted worse OS,
FP, and PPS. These results indicate that CBX4 might be
an independent prognostic factor for gastric cancer. So new
therapies for gastric cancer can be developed and directed
in the future.

CBXS5, also named heterochromatic protein loa (HP1a),
is closely related to CBX1 (HP1B) and CBX3 (HP1y)
and is involved in gene silencing, genome stability and
chromosome segregation (44). Previous studies have shown
that CBXS5 is highly expressed in gastric cancer, can promote
the proliferation, migration, and invasion of gastric cancer
cells in vitro, and can be inhibited by highly expressed
microRNA-758-3p (45). CBXS is highly expressed in
glioma cells, which is conducive to cell proliferation and
survival (46). CBX5 expression is reduced only in metastatic
carcinomas and poorly differentiated thyroid carcinomas
and contributes to tumorigenesis. In lung cancer patients,
CBXS5 mRNA expression was significantly increased in
tumor samples and metastatic lesions associated with poorer
OS. The knockdown of CBX5 significantly inhibited
the migration of CD133" cancer stem-like cells (T'SLCs)
in vitro and the tumorigenic engraftment, tumor growth
rate, and propensity for lung metastasis caused by lung
CD133" TSLCs in vivo (47). In breast cancer cells,
the expression of HPla protein is down-regulated. It
is an inhibitor of invasive breast cancer cell migration
and invasion. CBX5 is mainly down-regulated at the
transcription level, and E2F transcription factors can
regulate CBXS5 transcription. Other studies have shown
that decreased expression of YY1 in breast cancer cells may
help breast cancer cells acquire an aggressive phenotype by
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increasing cell migration and decreasing CBXS5 expression
(48,49). Our study also demonstrated that CBXS5 is up-
regulated in gastric cancer. High CBX5 expression in gastric
cancer patients predicted worse OS, FP, and PPS. These
results suggest that CBXS might be a prognostic marker for
gastric cancer patients. It is worthwhile to further study the
specific mechanism of CBXS in gastric cancer to improve
the understanding of gastric cancer and develop new
therapeutic means.

The role of CBX6 in a variety of tumors has been
initially identified. CBX6 was found to be down-regulated
in glioblastoma multiforme (GBM) cells and glioma
tissues. The induced over-expression of CBX6 inhibited
the proliferation of glioblastoma cells (50). Other studies
have shown that CBX6 is up-regulated in both HCC cells
and tissues. The role of CBX6 in HCC is mediated by
S100A9/NF-kB/MAPK pathway. Up-regulation of CBX6
in liver cancer is associated with the promotion of iz vitro
and in vivo growth of cancer cells and poor prognosis
(51,52). There is no clear evidence that shows that CBX6
is significantly down-regulated in breast cancer. Over-
expression of CBX6 inhibits breast cancer cells' ability to
proliferate and metastasize and can inhibit the growth of
breast cancer (10). Up to now, no study has reported the
role of CBX6 in gastric cancer. According to our study,
CBX6 was not differentially expressed in gastric cancer
tissue and healthy gastric tissue. However, gastric cancer
patients with high CBX6 expression showed worse OS,
FP, and PPS compared to gastric cancer patients with low
CBX6 expression according to the results in Kaplan-Meier
Plotter. These results indicate that CBX6 can be a potential
prognostic marker in gastric cancer.

In the functional summary of CBX7 by Pallante ez 4/., we
can learn that CBX7 is down-regulated in various human
malignancies, such as carcinoma of the bladder, thyroid,
colorectal, breast, pancreas, lung carcinoma and glioma.
Moreover, a decreased expression of CBX7 was significantly
associated with higher invasiveness and poorer prognosis of
tumors. For specific mechanisms, multiple miRINAs (including
miR-9, miR-421, miR-181b, miR-182, and miR-183)
and proteins (HMGA1 and MYC) are directly or indirectly
involved in the repression of CBX7 expression. CBX7
can also be highly expressed in prostate cancer, ovarian
cancer, and lymphoma, with oncogenic effects. In ovarian
cancer patients, we found that patients with CBX7 over-
expression had reduced OS and PFS rates (53,54). Li
et al. found that CBX7 was up-regulated in cervical cancer,
and high expression of CBX7 could inhibit p65, induce
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E-cadherin expression, inhibit cell proliferation, induce
apoptosis, inhibit cell migration and invasion. They also
found that the knockdown of CBX7 promoted the growth
and migration as well as invasion of cervical cancer cells by
molecular means, which showed that CBX7 is a potential
tumor suppressor for cervical cancer (7). Other studies have
shown that CBX7 expression is significantly lower in HCC
tissues than in adjacent non-tumor tissues. It is associated
with cirrhosis. Down-regulation of CBX7 in HCC patients
predicts poor prognosis (55). Other relevant mechanisms of
CBX7 carcinogenesis may interact with CBX7 with histone-
modifying enzymes such as HDAC2 and PRMT1 to enhance
E-cadherin expression. Disruption of this balance may induce
impaired E-cadherin expression, increase cell migration, and
lead to EMT; leading to cancer progression (56).

Nguyen et «l. found that in hepatocellular carcinoma,
CBX family proteins, particularly CBX7, are associated
with KRAS-dependent oncogenic driving mechanisms (57).
In gastric cancer, Ni et /. confirmed that CBX7 was
highly expressed in gastric cancer cells by standardized cell
experiments and that highly expressed CBX7 enhanced
gastric cancer cell proliferation and colony-forming ability,
also enhanced cell migration and invasion, resulting
in reduced sensitivity to gastric cancer cellularization.
Immunohistochemical experiments on 95 gastric cancer
tissues showed that CBX7 was highly expressed in 40 gastric
cancer tissues and positively correlated with regional lymph
node metastasis and TNM stage. Besides, CBX7 expression
was positively correlated with the expression of the stem
cell markers OCT-4 and CD133, indicating that it could
positively regulate the gastric cancer stem cell phenotype.
In a study of the molecular mechanisms of CBX7 regulation
of gastric cancer, show that CBX7 promotes cancer stem
cell properties of gastric cancer cells by downregulating
pl6INK4a/ARF. CBX7 overexpression promoted AKT and
ERK activation, whereas CBX7 depletion downregulated
the levels of p-AKT and p-ERK in gastric cancer cells,
and CBX7 regulated the stem cell properties of gastric
cancer cells by activating the expression of miR-21 through
activation of the AKT-NF-«B pathway (5).

CBX7 can also modulate the stem cell-like properties
of gastric cancer cells in an immunodeficiency model,
and immunodeficiency is significantly associated with a
high incidence of gastrointestinal manifestations and an
increased risk of gastric cancer and lymphoma (including
genetics, immune disorders, and pyloric screw Chronic
infection of bacteria) (58). These studies provide a decent
idea for studying the role and molecular mechanism of
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other proteins of the CBXs in gastric cancer. By combining
our findings, we can carry out available research. Sorafenib
is an oral kinase inhibitor found to have promising
applications in several specific clinical scenarios (liver
and gastric cancer) (59,60), which could be instructive for
future targeted therapy of related tumors. CBX7 mRNA
expression was downregulated in gastric cancer in our study,
which is contrary to the existing conclusion. Nevertheless,
immunohistochemical plots showed that CBX7 protein
expression was significantly elevated in tumor tissues,
consistent with the current study. We found that relatively
high CBX7 expression in gastric cancer patients means
worse OS, FP, and PPS, suggesting that CBX7 is also a poor
prognostic indicator of gastric cancer. CBX7 is strongly
linked to PHC family proteins and PCGF family proteins,
and the mechanism by which CBX?7 is linked to these
proteins can be investigated in gastric cancer to guide future
therapy.

CBX8 can regulate cell differentiation, senescence,
and cell cycle progression in many cancers. It has been
shown to play different roles in a variety of tumors. CBX8
is highly expressed in HCC and interacts with YBX1 to
regulate the cell cycle. Overexpression of CBX8 promotes
HCC cell growth. At the same time, it is associated with
poor prognosis of HCC patients. The related molecular
mechanism may be since CBX8 promotes the proliferation
of HCC cells through YBX1-mediated cell cycle processes.
In a study on the role of CBX8 in HCC by Tang et al.,
they found that up-regulation of CBX8 in HCC patients
and could enhance cancer stem-like and metastatic ability.
High CBX8 expression in HCC tissues predicted a lower
survival rate of HCC patients. Further research indicates
that these functions of CBX8 are mainly exerted by
H3K27me3’s control of the transcriptional expression of
bone morphogenetic protein 4 (BMP4) and regulation
of Smads and mitogen-activated protein kinase (MAPK)
signaling pathways. It has also been shown that CBX8
exhibits oncogenic activity by activating the Akt/B-catenin
signaling pathway in HCC (9,61,62).

CBXB8 is also up-regulated in bladder cancer tissues
and is associated with progression to T, N, and M stages.
Promote the proliferation of cancer cells by inhibiting
the p53 pathway. Simultaneously, it also leads to a poor
prognosis for patients with muscular-invasive bladder
cancer (63). CBX8 is over-expressed in both CRC tissues
and cell lines and promotes CRC proliferation by inhibiting
p53, but interestingly low-expression CBX8 is associated
with poor DFS and OS of CRC patients (64,65). After
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MO6A methylation-induced upregulation, CBX8 interacts
with KMT2B and Pol II to promote LGRS expression,
which helps increase the dryness of cancer and reduces
the sensitivity of CRC to chemotherapy. CBX8 interacts
with KMT2B and Pol II and promotes the expression of
LGRS in an atypical manner in colon cancer after induction
of upregulation by m6A methylation, leading to increase
cancer stemness and reduce chemosensitivity in colon
cancer (66). In addition to the diseases mentioned above,
CBXS8 also plays a crucial role in esophageal squamous
cell carcinoma (ESCC) (67), lymphoma (68), breast
cancer (69,70), esophageal cancer (71), and other diseases.
So far, there is no precise study shows the exact role of
CBXS8 in gastric cancer. Our study showed that CBX8
was over-expressed in gastric cancer and correlated with
clinicopathological parameters such as tumor grade and
whether there was H. pylori infection. Besides, we analyzed
the relationship between gastric cancer patients' survival
time and the expression of CBX8. The high expression of
CBX8 in gastric cancer represents worse OS, FP, and PPS.
These results indicate that CBX8 can serve as a potential
molecular marker and a prognostic and therapeutic target
for gastric cancer.

Conclusions

In this study, we systematically analyzed the expression
and prognostic value of CBXs in gastric cancer, opening
broad prospects for the potential of CBXs as diagnostic and
prognostic markers of gastric cancer. We also found that
CBXs genes can associate with each other by regulating
one or more genes (some H4 Histone Family proteins,
PCGF1/2/4/5/6 of the Polycomb Group Ring Finger
family, or PHC1/2/3 of the Polycomb group of gene
family) to function together in tumors. It may provide a
reliable molecular basis for future comprehensive studies
on the function and molecular mechanisms of the CBXs
family in gastric cancer. However, our study also has some
known limitations. For instance, our large number of
samples were derived from online databases. Furthermore,
a larger sample size is needed to validate our results. Some
members of the CBXs family proteins as potential markers
and prognostic indicators of gastric cancer have not been
validated experimentally nor in-depth mechanistic studies.
Nevertheless, we endeavored to provide reliable
results. Our results indicated increased expression of
CBX1/2/3/4/5/8 might profoundly affect the prognosis
of gastric cancer patients. The high expression of
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CBX4/5/6/7/8 in gastric cancer patients is a potential
indicator of poor prognosis in gastric cancer patients. High
mRNA expression of CBX3 may be a beneficial prognostic
factor in gastric cancer patients. Genetic alterations in CBXs
are associated with poor prognosis in gastric cancer patients.
In conclusion, we have shown that CBX3/4/5/6/7/8 can be
used as a prognostic biomarker in gastric cancer patients.
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Supplemen

A
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Figure S1 Proportional risk models for CBX family proteins and clinicopathological factors. Univariate and multivariate Cox analyses were
performed on 349 gastric cancer tumor samples in TCGA. Univariate analysis (A) showed age, T, N, tumor stage, and CBX1/2/3/4/5/8 was
an independent high-risk factor for patients with gastric cancer. Multivariate analysis (B,C,D,E,F,G,H,I) showed age as an independent high-
risk factor for gastric cancer patients, but the remaining risk factors were not statistically different (P>0.05).



