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Background: Chromobox 3 (CBX3) is a member of the chromobox family proteins, which 
plays a critical role in tumor progression, but the exact function of CBX3 in gastric cancer 
remains unknown. The current research mainly investigates the underlying mechanisms and 
clinical value of CBX3 in gastric cancer.
Methods: Gene expression cohorts from The Cancer Genome Atlas (TCGA) and Gene 
Expression Omnibus (GEO) were analyzed to assess the effect of CBX3 in gastric cancer. 
CBX3 expression was further determined by immunohistochemistry (IHC). The function of 
CBX3 on proliferation, migration and the cell cycle was explored via colony-forming, cell 
cycle and transwell assays, respectively. Moreover, RNA sequencing (RNA-seq) in AGS 
cells and two cohorts was utilized to explore the specific mechanism of CBX3.
Results: CBX3 expression was upregulated in human gastric cancer tissues and the expres-
sion level was closely associated with adverse signs. Knockdown of CBX3 in gastric cancer 
cells significantly inhibited the malignant phenotype. In addition, RNA-seq analysis revealed 
that CBX3 regulates genes related to the cell cycle, mismatch repair and immune-related 
pathways. Furthermore, the expression of CBX3 was significantly and inversely related to 
the abundance of tumor-infiltrating lymphocytes (TILs), PDCD1 and PDCD1LG2 expression 
and immunotherapy responses. Moreover, CBX3 influences the effectiveness of chemother-
apy, thereby impacting the prognosis of gastric cancer patients.
Conclusion: CBX3 contributes to gastric cancer progression and is associated with che-
motherapy and immunotherapy response. CBX3 may serve as a new diagnostic biomarker 
and potential target for immunotherapy and chemotherapy in gastric cancer.
Keywords: chromobox 3, gastric cancer, tumorigenesis, survival, chemotherapy, 
immunotherapy

Introduction
Gastric cancer (GC) has become the fifth most prevalent and the third most deadly 
carcinoma due to its high malignancy.1 Although surgical resection is the radical 
treatment for GC, many patients with advanced disease are not eligible for curative 
surgical treatment and develop recurrence and metastasis. Therefore, it is urgent to 
explore the potential pathogenic mechanism and provide new strategies for GC 
therapy.

Heterochromatin protein 1 (HP1) is a major component of heterochromatin and 
consists of three orthologs: CBX1, CBX3 and CBX5. CBX3 can recognize and 
bind to histone H3 lysine 9 (H3K9) to recruit many functional cofactors,2,3 with 
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cellular functions that include the DNA damage 
response,4,5 transcriptional regulation,6 telomere function7 

and cell differentiation.8 CBX3 is widely overexpressed in 
several types of tumors, including colorectal cancer, breast 
cancer, hepatocellular carcinoma, tongue cancer and lung 
carcinoma. However, the function of CBX3 in GC has not 
yet been verified. Therefore, we designed this study to 
elucidate the function of CBX3 in GC as well as its 
molecular mechanism.

Methods
Genomic Data Sources
Transcriptome sequencing data and somatic mutation data 
for 375 GC patients were downloaded from the TCGA 
data portal (portal.gdc.cancer.gov/) as the cohort TCGA- 
STAD. Clinicopathological data for TCGA-STAD cohort 
were downloaded from Xena (xena.ucsc.edu/). A total of 
209 stomach tissue transcriptome sequencing data as 
a normal group were downloaded from the GTEx portal 
(www.gtexportal.org). Multiple GC datasets (GSE14210, 
GSE15459, GSE22377, GSE 29,272, GSE51105) contain-
ing transcriptome sequencing and the clinicopathological 
datasets for 638 GC patients were downloaded from GEO 
(www.ncbi.nlm.nih.gov/geo/). The GEO-GC cohort was 
used for verification. The tissue transcriptome sequencing 
dataset GSE2669 and the single-cell transcriptome sequen-
cing dataset GSE134520 were used to analyze genetic 
changes from gastritis to GC. Single-cell gene expression 
data were normalized, scaled and clustered using the 
R package “Seurat”, see previous research for detailed 
methods.9 Multiple PD-1 immunotherapy transcriptome 
sequencing datasets (GSE13157, GSE79691, GSE67501, 
GSE99070) were downloaded from Gene Expression 
Omnibus. Batch effects were corrected using the 
“ComBat” algorithm of the R package “sva”. Patients 
were divided into a high CBX3 expression group and 
a low CBX3 expression group based on quartile values.

Mutational Analysis
The TISIDB database integrates the relationships between 
expression of CBX3 and immune subtypes and molecular 
subtypes in GC (cis.hku.hk/TISIDB/index.php).10 The 
R package “maftools” was applied to analyze genes fre-
quently mutated in the cohort TCGA-STAD. The patients 
in this cohort were also divided into a high CBX3 expres-
sion group and a low CBX3 expression group based on 
CBX3 mRNA expression quartile values. The TMB of 

each TCGA-STAD cohort patient was calculated accord-
ing to the number of nonsynonymous somatic cell varia-
tions per megabase as previously described.11 The tumor 
neoantigens were calculated by NetMHCpan,12 and high- 
affinity peptides were defined as all possible 9–10mer 
mutant peptides with a rank score ≤0.5% and strong bind-
ing, as previously described.13

Cell Culture
Human GC cells (AGS, NCI-N87) and HEK293T cells 
were purchased from the Chinese Academy of Sciences 
(CAS). NCI-N87 cells were cultured in RPMI 1640 
(Gibco) with 10% fetal bovine serum (FBS), 1% 
Glutamax and 1% sodium pyruvate (100μm). AGS cells 
were cultured in F12K (Gibco) with 1% Sodium hydrogen 
carbonate and 10% FBS. HEK 293T cells were cultured in 
DMEM (Gibco) supplemented with 10% FBS. All cells 
were incubated in a humidified environment containing 
5% carbon dioxide.

Immunohistochemistry (IHC)
IHC was performed on tissue microarrays of GC 
(Outdo Biotech Co., Shanghai) following a previous 
study.14 We used anti-CBX3 (Abcam) as the primary 
antibody. Immunoreactivity was determined by 
a semiquantitative method according to the staining 
intensity of cancer cells and the positively stained 
proportion. The scoring criteria for proportion of posi-
tively-staining tumor cells were as follows: 0, none; 1, 
10%; 2, 11–50%; 3, 51–80%; and 4, >80%. The scor-
ing criteria for the staining intensity: 0, no staining; 1, 
weak; 2, moderate; and 3, strong. We obtained the 
semiquantitative immune score by multiplying the 
positive cell score by the staining intensity score ran-
ging from 0 to 12. This study was approved by the 
Ethical Review Board of the First Affiliated Hospital of 
Xiamen University.

Plasmid Construction and Transfection
Two pairs of shRNA oligonucleotides targeting CBX3 
were designed and cloned into the Eco RI/Age I sites in 
the pLKO.1-puro lentiviral vector. The recombinant plas-
mid was cotransfected together with pMD2.G/psPAX2 
into HEK293T cells. pLKO.1-scramble shRNA was used 
as the control. Lentiviral particles were harvested from 
HEK293T and infected AGS and NCI-N87 cells followed 
by hygromycin screening. The shRNA sequences used in 
our study were as follows: sh-CBX3-1 F:5ʹ- 
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CCGGCGACGTGTAGTGAATGGGAAACTCGAGTTT-
CCCATTCACTACACGTCGTTTTTG-3′ and R: 5′-AA 
TTCAAAAACGACGTGTAGTGAATGGGAAACTCGA-
GTTTCCCATTCACTACACGTCG-3′; sh-CBX3-2 F: 5′- 
CCGGGCGTTTCTTAACTCTCAGAAACTCGAGTT 
TCTGAGAGTTAAGAAACGCTTTTTG-3ʹ and R: 5ʹ- 
AATTCAAAAAGCGTTTCTTAACTCTCAGAAACTC-
GAGTTTCTGAGAGTTAAGAAACGC-3ʹ.

Western Blotting
All proteins were separated by SDS-PAGE, transferred to 
polyvinylidene difluoride membranes, and blocked with 
3% bovine serum albumin (BSA) for 2 hours at room 
temperature. Primary antibodies (Abcam) were diluted 
with 3% BSA, applied at a 1:1000 dilution to the mem-
branes and incubated at 4°C overnight, the appropriate 
secondary antibodies (Cell Signaling Technology) were 
incubated for 1 hour at room temperature. Protein expres-
sion was detected using the enhanced chemiluminescent 
HRP substrate (Cell Signaling Technology) and imaged 
with a Chemiluminescence Imaging System (Bio-Rad 
Laboratories).

Real-Time Quantitative
RT-PCR was performed using a Reverse Transcriptase 
M-MLV kit (Takara) in accordance with the manufac-
turer’s protocol, and a LightCycler 480 RT-PCR system 
(Roche) with Power SYBR Green PCR Master Mix 
(Takara). Expression of CBX3 was calculated by the Ct 
value, which was determined by comparison with β-actin. 
All experiments were repeated in triplicate, and the values 
obtained were averaged. The primers used in our study 
were as follows: forward primer: 5ʹ-gagatgctgctgacaaacca 
-3ʹ, reverse primer: 5ʹ-accaagtctgcctcatctga-3ʹ.

Colony Forming Assay
Cells (200) were seeded in 6-well plates, fixed 14 days 
later with 3.7% paraformaldehyde for 5 min, and stained 
with 0.1% crystal violet for 15 min.

Transwell Assay
Transwell chambers were placed into 24-well plates. The 
cell density was adjusted to 1×105 cells/mL, and 200μL of 
cell suspension in serum-free medium was added to the 
upper well. About 600μL of medium containing 10% FBS 
was added to the lower chamber and incubated at 37°C for 
48 h. The cells on the lower surface of the membrane were 
washed twice with PBS, and the remaining cells on the 

upper surface of the membrane were wiped off with a wet 
cotton swab. The cells were immobilized with 4% paraf-
ormaldehyde for 30 min, stained with 0.5% crystal violet 
for 15 min, photographed and counted under a microscope.

Cell Cycle Assay
Cells were harvested by trypsin and washed two times 
with PBS, fixed at −20°C in 75% ethanol for 12 hours 
and stained in 0.5 mL propidium iodide using a cell cycle 
analysis kit (Beyotime) following the manufacturer’s pro-
tocols. The cell cycle distribution was assessed by flow 
cytometry (BD FACS Canto II). The results were analyzed 
using Flowjo 7.6 software.

RNA Sequencing (RNA-Seq) Analysis
Total RNA was extracted from AGS cells stably trans-
fected with PLKO.1-puro-sh-CBX3 or sh-scramble. 
RNA-seq was carried out using the Illumina HiSeq 
X Ten platform. RNA sequences were mapped to the 
human genome GRCh37/hg19 using STAR.15 

Differentially expressed genes (DEGs) were identified 
by edgeR based on the logFC > 0.5 and P-value < 
0.05. To interpret the biological functions of the 
DEGs, Gene Ontology (GO) was performed using 
DAVID v6.8 (david.ncifcrf.gov/home.jsp).16 Gene set 
enrichment analysis (GSEA) of the cohorts TCGA- 
STAD and GEO-GC were divided into high and low 
CBX3 expression groups and analyzed using GSEA 
Desktop v3.0 software.

Analysis of Immunotherapy Influencing 
Factors and Immunotherapy Response
TIMER was used to explore the influence of CBX3 
expression in each tumor-infiltrating immune cell in GC 
(B cell, CD4+ T cells, CD8+ T cells, neutrophils, macro-
phages, and dendritic cells) (timer.cistrome.org/).17 The 
tumor mutational burden (TMB) and neoantigen were 
analyzed with TCGA-STAD profile data. Spearman ana-
lysis was employed to evaluate the relationship of CBX3 
with immune checkpoint genes. Multiple GEO datasets 
(GSE13157, GSE79691, GSE67501, GSE99070) for dif-
ferent cancers were applied to estimate the role of CBX3 
in anti-PD-1 therapy. ImmunCellAI was utilized to predict 
the response to immune checkpoint blockade (ICB) ther-
apy using the cohorts TCGA-STAD and GEO-GC 
(bioinfo.life.hust.edu.cn/web/ImmuCellAI/).18
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Chemotherapeutic Survival Analysis and 
Response Prediction
Overall survival (OS) analysis was performed for 344 
patients who were followed-up for more than 30 days in 
the cohort TCGA-STAD. The R package “TCGAbiolinks” 
was applied to download chemotherapeutic information. 
The chemotherapeutic response prediction used the 
R package “pRRophetic” to estimate the half-maximal 
inhibitory concentration (IC50) of each STAD patient on 
the Genomics of Drug Sensitivity in Cancer (GDSC) web-
site, with tissues type set to “digestive system” and the 
dataset parameter set to “cqp2016”. Survival differences 
for patients treated with 5-fluorouracil (5-FU)-based che-
motherapy were validated in the GSE14210 dataset.

Statistical Analysis
Student’s t-test and one-way ANOVA were used for inter-
group comparisons of continuous variables. All continuous 
variables are presented as the mean ± SEM. The Chi- 
square test and Fisher’s exact test were employed for 
comparisons of quantitative variables. Spearman correla-
tion tests were applied to compare the correlation between 
sample factors. Survival analysis involved Log rank tests 
and Kaplan–Meier curves. P-values < 0.05 were consid-
ered statistically significant. The statistical analysis was 
performed using SPSS 23.0.

Results
CBX3 is Upregulated in Human Gastric 
Cancer Tissues
The difference in mRNA expression of CBX3 in GC and 
normal tissues was investigated in the cohort TCGA-STAD. 
CBX3 expression was higher in human GC tissues than in 
paired normal tissue and GTEx normal stomach tissue 
(Figure 1A and B). According to ROC curve analysis, 
CBX3 was a good predictor of GC (Figure 1C and D). 
Additionally, the expression level of CBX3 increased con-
tinuously from chronic gastritis to intestinal metaplasia, and 
to early GC (Figure 1E). CBX3 expression in stem cells was 
significantly higher than that of other cells in single-cell 
sequencing data, and CBX3 expression was significantly 
increased from precancerous lesions to early gastric cancer 
(Figure 1F, Figure S1). Immunohistochemistry of GC tissues 
and paracancerous tissues showed that CBX3 protein expres-
sion was significantly elevated in tumor tissues (Figure 1G 
and H).

Correlation of CBX3 Expression with 
Clinicopathological Parameters
Based on the cohort TCGA-STAD cohort, we analyzed the 
correlation of CBX3 expression with clinicopathological 
characteristics in gastric cancer. The high expression of 
CBX3 is closely related to the T stages (Figure 1I). There 
was no difference in the expression of CBX3 between 
different pathologic N stages and M stages (Table S1). 
The mRNA expression level of CBX3 in patients with 
antrum or distal gastric carcinoma was markedly higher 
than that in patients with gastroesophageal junction carci-
noma (Figure 1J), and CBX3 expression was significantly 
higher in MSI-H GC patients than the level of MSS 
patients (Figure 1K). Moreover, CBX3 expression was 
associated with the number of positive lymph nodes 
(Figure 1L).

CBX3 Indicates High-Frequency Somatic 
Mutation
As somatic mutations have been shown to be involved in 
the development of cancer, we analyzed somatic mutation 
in GC using TCGA-STAD to investigate the difference in 
somatic mutation between high and low CBX3 groups. We 
observed significant differences in CBX3 expression in 
different molecular subtypes of GC, whereby CBX3 
expression was lower in genome-stable subtype than in 
the other subtypes (Figure 2A). In addition, the average 
number of variants in the CBX3 high group was greater 
than that in the CBX3 low group (Figure 2B and C). 
Common mutations were shown in the waterfall plot and 
stratified by CBX3 expression level (Figure 2D and E). 
Somatic mutation profiles revealed that the tumor suppres-
sor gene TP53 was more frequently mutated in the high 
CBX3 expression group (Figure 2F).

CBX3 Promotes the Progression of 
Human Gastric Cancer Cells
To investigate the correlation between CBX3 and malig-
nant phenotype of GC, CBX3 expression was reduced in 
NCI-N87 and AGS cells by using shRNA constructs. The 
expression levels of CBX3 mRNA and protein in both cell 
lines of the CBX3 shRNA group (sh-CBX3) were mark-
edly lower than those in the control group (sh-NC) (Figure 
3A and B). Furthermore, cloning formation assays demon-
strated that silencing CBX3 expression inhibited the pro-
liferation capacity of GC cells (Figure 3C), and transwell 
assays indicated reduced invasion ability in GC cells when 
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CBX3 was knocked down (Figure 3D). Therefore, we 
assessed cell cycle transition in the CBX3-knockdown 
GC cell line AGS and found that knocking down CBX3 
resulted in cell cycle arrest at G1 phase (Figure 3E).

CBX3 Promotes Tumor Progression via 
Multiple Signaling Pathways
To explore the molecular mechanism by which CBX3 
directly promotes the malignant GC type, TCGA-STAD and 
GEO-GC cohorts were used for GSEA, and the results con-
firmed that CBX3-regulated genes to be associated with the 
cell cycle, DNA replication, mismatch repair and nucleotide 
metabolism-related pathways (Figure 4A and B). We further 
performed RNA-seq to investigate transcription level altera-
tions after CBX3 silencing. The results show that the level of 

multiple genes was impacted by CBX3 expression, with 52 
genes being upregulated and 81 genes downregulated in AGS 
cells. According to enrichment analysis of DEGs in the AGS 
cell line, CBX3 regulates a subset of genes highly enriched in 
the cell cycle, cell proliferation and interferon (IFN) signaling 
pathway (Figure 4C and D, Table S2). Further analysis of 
TCGA cohort and AGS RNA-seq showed that CBX3 expres-
sion was significantly correlated with genes related to cell 
cycle transition and DNA replication (Figure S2).

Regulation of Immune Molecules by 
CBX3
As previously mentioned, CBX3 represses genes signifi-
cantly related to the IFN signaling pathway and IFNs are 
critical cytokines that regulate both innate and adaptive 

Figure 1 The relationship between CBX3 expression and clinicopathological data. (A and B) Differential expression of CBX3 in normal stomach and gastric cancer tissues. 
(C and D) Evaluation of the sensitivity and specificity of gastric cancer diagnosis by ROC curves. (E) Expression of CBX3 in normal gastric tissues, precancerous lesions and 
gastric cancer tissues in the GSE26690 dataset. (F) Changes of CBX3 expression in various cells in single-cell sequencing GSE134520 dataset. (G) Immunohistochemical 
staining for CBX3 in gastric cancer tissues (n=30). (H) Semiquantitative immunity score in gastric cancer tissues and paracancerous tissues. (I–L) The association of CBX3 
expression levels with T stage, tumor location, microsatellite instability and positive lymph nodes in the cohort TCGA-STAD. P value designations: ns: P≥ 0.05, *P < 0.05, 
****P < 0.0001.
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Figure 2 Association between CBX3 and mutation alterations in the cohort TCGA-STAD (A) Distribution of CBX3 expression across molecular subtypes. (B and C) The 
average number of variants in the high and low CBX3 groups. (D and E) Common mutation information illustrated in the somatic mutation spectrum. (F) Significantly 
differentially expressed mutant genes in the high and low CBX3 groups. P value designations: **P < 0.01, ***P < 0.001. 
Abbreviations: CIN, chromosomal instability; EBV, Epstein–Barr virus; GS, genome stable; HM-SNV, hypermutated single nucleotide variants; HM-Indel, hypermutated 
insertion deletion.
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immunity. Previous studies have confirmed that both IFN- 
γ and type I interferon have roles in anticancer immunity 
and immunotherapeutic effects, and we analyzed the 
potential biological roles of CBX3 in tumor immunity. In 
GC, the abundance of B cells, CD8+ cells, CD4+ cells, 
macrophages, neutrophils and dendritic cells correlated 
negatively with CBX3 expression (Figure 5A). Next, we 
found that the neoantigen count and TMB correlated sig-
nificantly and positively with CBX3 expression (Figure 
5B). CBX3 expression was also closely related to immune 

checkpoint genes, including PDCD1, PDCD1LG2, CD274 
and CTLA4 (Figure 5C), and the proportion of MSI-H in 
the CBX3 high expression group (22.9%) was significantly 
increased compared with that in the low expression group 
(12.4%) (Figure 5D).

Because CBX3 affects the immune microenvironment, 
TMB, microsatellite instability and other factors related to 
the efficacy of immunotherapy, we further investigated the 
relationship between the response to immune checkpoint 
blockade (ICB) therapy response and CBX3 expression. 

Figure 3 CBX3 promoted GC cell progression. (A) CBX3 protein expression was detected following CBX3 knockdown in AGS and NCI-N87 cells. (B) CBX3 mRNA 
expression was detected following CBX3 knockdown in AGS and NCI-N87 cells. (C) GC cell proliferation was detected by cloning formation assays in the CBX3 
knockdown group compared with the control group. (D) Transwell assays were performed to detect the effect of CBX3 knockdown on GC cell migration. (E) Flow 
cytometry assays were performed to analyze the cell cycle in sh-CBX3 GC cells. Values at different stages of the cell cycle. P value designations: *P < 0.05, **P < 0.01, 
***P<0.001.
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Additionally, we analyzed data for patients of the four 
anti-PD-1 immunotherapy GEO datasets who exhibited 
high expression of CBX3 and a significant therapeutic 
response to anti-PD-1 immunotherapy (Figure 5E). 
Moreover, we predicted the immunotherapy response in 
the cohorts TCGA-STAD and GEO-GC cohort by 
ImmuCellAI, and the results showed that CBX3 expres-
sion in responder group was significantly less than that in 
nonresponder group (Figure 5F and G).

CBX3 Contributes to the Sensitively of 
Gastric Cancer to Chemotherapy
To investigate the relationship between CBX3 expression 
and chemotherapy response, survival analysis was performed 

to examine survival differences between patients treated with 
and without chemotherapy. Although CBX3 can promote the 
malignant phenotype of GC cells, there was no survival 
advantage in the low CBX3 expression group (Figure 6A– 
C). In contrast, a survival advantage for the high CBX3 group 
compared with the low CBX3 group was observed in those 
who underwent chemotherapy, especially stage III patients 
(Figure 6D–F). However, in patients not treated with che-
motherapy, there was a significant survival benefit in the low 
CBX3 group compared with the high CBX3 group (Figure 
6G–I). We also predicted the sensitive to chemotherapies in 
high and low CBX3 groups by evaluating RNA-seq data of 
the cohorts TCGA-STAD and GEO-GC and observed that 
the estimated IC50 for 5-fluorouracil (5-FU) chemotherapy 

Figure 4 (A and B) GSEA analysis of samples in the high and low CBX3 groups in the cohorts TCGA-STAD and GEO-GC. (C and D) GO analysis of differentially 
expressed genes in CBX3-knockdown AGS cells versus the control group.
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was significantly different between the two groups, with high 
CBX3 expression increasing sensitivity to 5-FU chemother-
apy (Figure 7A–D). Furthermore, among patients treated 
with 5-FU, the high CBX3 group lived longer than the low 
CBX3 group (Figure 7E and F).

Discussion
To date, eight members of the CBX family have been 
identified in the human genome. The CBX family can be 
divided into the HP1 group and the Polycomb group 
according to molecular structure. The structure of HP1 

Figure 5 Immunotherapeutic response related-factor analysis in the cohort TCGA. (A) Spearman correlation of CBX3 with the abundance of TILs in gastric cancer 
(TIMER). (B) Relationships between CBX3 expression and neoantigen and TMB. (C) Spearman correlation between PDCD1, PDCD1LG2, CD274, CTLA4 and CBX3 
expression in gastric cancer. (D) Distribution of MSI status in high and low CBX3 groups. (E) The expression difference of CBX3 between the anti-PD-1 immunotherapy 
response and progression groups in the GEO combine dataset (n=43). (F and G) Differences in CBX3 expression between the immune checkpoint blockade response and 
nonresponse groups in TCGA-STAD and GEO-GC cohorts. P value designations: *P < 0.05, **P < 0.01, ****P<0.0001. 
Abbreviations: TILs, tumor-infiltrating lymphocytes; TMB, tumor mutational burden; MSI, microsatellite instability.
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consists of two characteristically conserved regions, an 
N-terminal chromodomain (CD) and a C-terminal chromo 
shadow domain (CSD), connected by a relatively uncon-
served hinge region.19,20 The CD domain of the HP1 

protein specifically recognizes h3k9 me2/3, dimer hydro-
phobic surface is formed between CSD domains to recruit 
specific proteins, and the hinge domain bind to nucleic 
acids.21,22 CBX3-encoded HP1γ is a paralog of HP1, 

Figure 6 Overall survival analysis stratified by chemotherapy and TNM stage in the cohort TCGA-STAD. (A–C) Survival curve of 5-year OS in all stage, stage II and stage III 
patients. (D–F) Survival curve of 5-year OS in the chemotherapy group. (G–I) Survival curve of 5-year OS in the without chemotherapy group.

Figure 7 CBX3 decreased chemotherapy resistance of gastric cancer in cohort TCGA-STAD and GEO-GC cohorts. Prediction of 5-fluorouracil (5-FU) (A and C) and 
cisplatin (B and D) in the high, medium and low CBX3 expression groups. Kaplan–Meier curves for overall survival in TCGA-STAD cohort and GSE14210 patients treated 
with 5-FU-based chemotherapy (E and F). P value designations: ns: P≥ 0.05, ****P < 0.0001.
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which is widely known to be associated with 
euchromatin.23,24 CBX3 participates in several molecular 
processes, including silencing of gene expression,25,26 

DNA damage repair,4,27 and centromere cohesion 
protection.28,29

Previous studies have reported that aberrant expression 
of CBX3 is closely related to the prognosis of various 
cancers. Further experiments also confirm that CBX3 inhi-
bition suppresses the progression of various cancer cell 
lines. However, there are few related studies in the field of 
GC to date. In our study, the proliferation and migration of 
the GC cell lines AGS and NCI-N87 were significantly 
reduced by inhibition of CBX3. Additionally, most of the 
existing studies emphasize the cell cycle regulation 
mediated by CBX3. For example, overexpression of 
CBX3 can modulate cell proliferation ability by promoting 
G1/S cell cycle transformation in tongue cancer,30 

osteosarcoma31 and colon cancer.32 Knocking down 
CBX3 can arrest cell cycle in the G2/M cell cycle transi-
tion, thereby suppressing the proliferation of cancer cells 
in pancreatic adenocarcinoma33 and glioblastoma.34 

Similarly, our results show that CBX3 inhibition affects 
cell cycle transformation not only in G1/S phase but also 
in G2/M phase.

Radical surgery and adjuvant chemotherapy are the 
main treatments for advanced GC. As early as 2009, 
Takanashi et al found that CBX3 might serve as 
a therapeutic target for a variety of tumors.35 In our 
research, patients with high expression of CBX3 had 
a better prognosis in the chemotherapy group, which was 
contrary to that in the non-chemotherapy group. These 
results indicate that CBX3 is a potential chemotherapy 
target and therapeutic efficacy predictor.

Immune checkpoint blockade using monoclonal anti-
bodies has shown a long-lasting clinical response in GC,36 

and previous studies have confirmed that both IFN-γ and 
type I interferon participate in anticancer immunity and 
immunotherapeutic effect.37 The results of our RNA-seq 
enrichment analysis showed enrichment of IFN-γ- and 
IFN-α/β-related pathways after CBX3 knockdown. Sun 
et al suggested that Cbx3/HP1γ deficiency can enhance 
the antitumor function of CD8+ effector T cells by increas-
ing Prf1, Gzmb and IFN-γ expression in solid tumors.38 

PD-1 inhibitors have already become the most popular 
immunotherapy method. The response rate depends on 
programmed cell death protein 1 ligands (PDCD1LG) 
expression, besides, it is also influenced by MSI status, 
TILs and TMB.39–44 Previous research has confirmed that 

TIL status can be a predictive biomarker for the prognosis 
of GC.45 In our research, although a higher proportion of 
MSI, patients with high CBX3 expression had a higher 
proportion of MSI, as well as TMB and neoantigen, was 
observed for patients with high CBX3 expression, expres-
sion of CBX3 correlated significantly and negatively cor-
related with PDCD1 and PDCD1LG2 expression and 
TILs. In four studies, the CBX3 expression level of the 
anti-PD-1 responder group was significantly lower than 
that of the nonresponder group. Therefore, we hypothe-
sized that CBX3 can inhibit the efficacy of PD-1 inhibitors 
by reducing TILs and expression of immune-related genes 
in GC tissues.

Several studies have shown that CBX3 participates in 
the maintenance of genomic stability and DNA damage 
repair.4,5,46 In the analysis of GC subtypes, a high expres-
sion level of CBX3 was found in chromosomal-instability 
and high-mutation subtypes, but a low expression level in 
genome-stable subtypes. This result was further confirmed 
using TCGA-STAD somatic mutation data, and consistent 
results were obtained.

Chronic atrophic gastritis and intestinal metaplasia 
require rigorous examination as precancerous lesions. 
Bilgic et al reported that CBX3 was overexpressed in 
GC and atrophic gastritis (AG) groups compared with 
normal tissues, with the fold change levels of CBX3 in 
the GC group being well above those in the AG group.47 

According to our research, during the dynamic process 
from chronic inflammation to tumorigenesis, the expres-
sion level of CBX3 showed an increasing tendency in 
stomach biopsies. At the same time, through the analysis 
of a single-cell network constructed by Shao Li et al,9 we 
found that CBX3 expression in stem cells was higher than 
that in other cells and increased significantly with the 
progression of premalignant lesions. The transition from 
chronic inflammation to cancer is a complex and lengthy 
process that involves multiple-scale changes in DNA 
damage responses, gene mutations, cell cycle regulation, 
inflammation and immune responses.48 In this study, 
CBX3 was observed to influences the levels of the 
above factors and may be considered a promising marker 
for GC screening in populations at high-risk population 
of GC.

There are some limitations in this study. The exact 
mechanisms of CBX3-regulated TIL infiltration require 
further in vivo and in vitro experiments to confirm. Data 
on the anti-PD-1 response were obtained from public data-
bases for several cancer types, and further immunotherapy 
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data for GC need to be collected to verify the role of CBX3. 
Despite these limitations, the results of this study provide 
a new potential target for predicting immunotherapy effects 
in GC. Hence, CBX3 may be a predictor of the efficacy of 
PD-1 inhibitors and a potential target of immunotherapy.

In conclusion, expression of CBX3 was upregulated in 
GC tissues. Furthermore, CBX3 correlated significantly 
with the malignant phenotype and down-regulated CBX3 
significantly inhibited the tumorigenesis of GC cells. With 
further exploration, CBX3 expression was correlated with 
the efficacy-related factors of immunotherapy. This is the 
first study to demonstrate that CBX3 promotes tumor 
progression and influences pharmacotherapy response. 
These findings provide a new perspective for the GC 
progression and pharmacotherapy.
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