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Introduction: Breast cancer (BC) has become the malignant tumor with the highest incidence
worldwide. As a critical components of epigenetic regulation complexes, chromobox (CBX)
family members inhibit the transcription of target genes through chromatin modification, leading
to the progression of various human diseases and cancers. So far, little is known about the role of
different CBX members in BC, especially their association with immune cells.

Methods: We conducted the analysis of differential expression of CBXs using Oncomine
and GEPIA, prognostic value of CBXs using GEPIA and Kaplan-Meier, genetic interaction
of CBXs using cBioPortal and GeneMANIA, and immune cell infiltration of CBXs in BC
patients using TIMER.

Results: The CBX2/3/4/8 expression levels were increased significantly, while the CBX6/7
expression levels were decreased. We found that CBX3 was significantly correlated with clinico-
pathological staging and short DFS in BC patients. High CBX3/5 expression was correlated with
short OS in BC patients, while high expression of CBX4 was correlated with long OS in BC
patients. In addition, the functions of CBXs family members mainly focus on methylated histone
residue binding and chromatin organization. The CBXs expressions were closely related to the
infiltration level of a variety of immune cells, including CD4/8+ T cells, B cells, neutrophils,
macrophages and dendritic cells in BC cancers. The correlation between CBXs and immune cell
infiltration was more common in Luminal BC than in Basal and Her-2 type.

Conclusion: This study may provide a new understanding for selection of molecular typing,
therapeutic and prognostic biomarkers of CBX family in BC.

Keywords: comprehensive analysis, chromobox family members, breast cancer, prognosis,

genetic interaction, immune infiltration

Introduction
CBX family members, typical components of polycomb repressive complexes 1
(PRC1), regulate heterochromatin,' gene expression,” and developmental programs,
which involved in stem cell maintenance, cell differentiation, cell cycle regulation,
cell aging, X chromosome inactivation, gene imprinting, occurrence and develop-
ment of cancer. Up to now, the imbalance of CBXs is related to the occurrence,
development, and recurrence of tumor by blocking differentiation of tumor stem
cells and promoting their self-renewal in many cancers,’ such as BC,* pancreatic
adenocarcinoma,’ osteosarcoma,® glioma7 and colon cancer.®

To date, eight CBX protein family in human genome have been identified, with
conserved structure that contains a single N-terminal chromodomain. CBX proteins
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are further split into two groups based on molecular struc-
ture: HP1 group (includes CBX1/3/5) and Pc group
(includes CBX2/4/6/7/8).° Previous studies have found
aberrant expressions and their prognostic values in some
members of CBXs family. High expression of CBX4 was
related to tumor size, pathological differentiation and poor
survival, while the down-regulation of CBX7 was corre-
lated with shorter OS in hepatocellular carcinoma (HCC)
patients.'® High CBX3 expression was correlated with
tumor size, vascular invasion, tumor recurrence, and poor
survival in HCC patients. Moreover, CBX3 and other
(CBX1/5) are
upstream miR-30a and target downstream genes (such as
p21, CDK6, and CD44) to inhibit cell cycle and apoptosis,
thereby promoting the growth, development, and invasion

CBX family members regulated by

of liver cancer.!! However, the roles of different CBX
members in the tumorigenesis and development of BC
remain largely unknown and elusive.

In this study, our purpose was to determine the func-
tional significance of CBX family members in BC by
a variety of large databases. We analyzed different expres-
sion profiles, clinicopathological characteristics, prognos-
tic values (including OS and DFS), CBXs gene alteration
and interaction. We further explored the association
between CBXs expression and immune cell infiltration.
Our findings indicate that CBX may have complex and
unique functions in the progression of BC.

Materials and Methods

Oncomine Database

Oncomine is a data platform that provides powerful genome
expression analysis.'? It is used to analyze the mRNA level
expression of CBX family members in BC and compare
with normal breast tissue. In our study, the significance
threshold was set as p < 0.01, a fold change >2 between

cancer and normal tissues, and gene rank > top 10%.

GEPIA

GEPIA is a new analytical tool based on TCGA and GTEx
data,"® which can provide RNA expression data of thou-
sands of tumors and normal tissue samples. In our study,
GEPIA was used to analyze the expression of CBXs
members and pathological staging in BC patients, and to
determine the relationship between the expression and
prognosis of BC. Student’s ¢ test was utilized for statistical

difference analysis of expression or pathological stage.

Kaplan Meier curve was used to draw survival map. p <
0.05 was considered statistically significant.

The Kaplan-Meier Plotter

The Kaplan-Meier Plotter is a tool that uses GEO, EGA and
TCGA data to analyze the association between gene expres-
sion and prognosis of tumor patients, and finally draw survival
maps.'* In this study, we evaluated the correlation between
CBXs mRNA expression and clinical endings of BC. All
results (the best cut-off value, log-rank P value, HR, and
95% Cls) are automatically analyzed and presented by the
website. p < 0.05 was considered statistically significant.

cBioPortal

cBioPortal is a platform based on TCGA database, which
provides multi-dimensional and visual interactive explora-
tion of genomics.'> We used it to obtain the information of
genetic alterations and distribution of CBXs.

GeneMANIA

GeneMANIA is a database used to generate hypotheses
about gene function, analyze gene lists and determine gene
priorities for functional analysis.'® It can be used to dis-
cover the interaction between two or more genes and the
interaction between proteins, including protein-protein,
protein-DNA, and genetic interaction, pathways, and
genes physiological and biochemical translation, gene
and protein expression, protein domain and phenotype
screening. The gene interaction networks were identified
using the GeneMANIA web server.

STRING

STRING is a database searching for protein-protein
interactions,'” which includes the direct physical interaction
between proteins and the indirect functional correlation
between proteins. We used the unique computing method
of STRING to obtain the different expression and interaction
analysis of CBX through PPI network analysis.

TIMER

TIMER is a database of immune invasion, which uses RNA-
seq expression profile to detect the infiltration of immune
cells in tumor tissues.'® It provides the infiltration of six
kinds of immune cells (CD4+ T cells, CD8+ T cells, B cells,
neutrophils, macrophages and dendritic cells). We used
TIMER to generate scatter plots to visualize the correlation
between CBXs expression and BC immune infiltration.
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Results
Differences in mMRNA Expression of CBX

Members in BC Patients

In order to study the expression differences of CBX
members in BC patients, we used Oncomine data plat-
form to analyze their transcription level expression
(Figure 1). The data analysis results showed that the
mRNA expression of CBX2/3/4/8 in BC tissues was
increased significantly, while the mRNA expression of
CBX6/7 was decreased than that in normal tissues. In
detail, compared with normal tissues, the mRNA levels
of CBX2/3/4/8 were overexpressed in BC tissues, with
a fold change of 9.378 (p = 1.25E-15), 2.328 (p = 5.73E-
04), 2.253 (p = 1.62E-14) and 2.048 (p = 1.10E-16),
respectively. (Supplementary Table 1).

To further verify the expression differences of CBX
family members, we used GEPIA data platform to com-
pare mRNA expression of CBXs in BC and normal tis-
sues. Our results showed that the expression levels of
CBX3/4 in BC tissues were higher than those in normal
tissues, while the expression level of CBX7 was lower
than that in normal breast tissues (Figure 2). Together,
these results were similar to those of Oncomine.

Then we evaluated the association between the differential
expression of CBXs and the clinicopathological staging of BC
patients. CBX2 group was highly correlated, followed by
CBX1 group also has a high correlation, while the remaining
six groups were not significantly different (Figure 3). All these
suggest that CBX2, together with CBX1, may play an impor-
tant role in the occurrence and development of BC.

Cancer Cancer Cancer Cancer Cancer Cancer Cancer Cancer
vs. vs. vS. vS. VvS. vS. vS. vs.
Normal Normal Normal Normal Normal Normal Normal Normal
Analysis Type by Cancer
CBX1 | CBX2 | CBX3 | CBX4 | CBX5 CBX6é6 | CBX7 | CBX8

Bladder Cancer
Brain and CNS Cancer

Breast Cancer

Cervical Cancer
Colorectal Cancer
Esophageal Cancer
Gastric Cancer

Head and Neck Cancer
Kidney Cancer

Leukemia

Liver Cancer
Lung Cancer
Lymphoma
Melanoma
Myeloma

Other Cancer
Ovarian Cancer
Pancreatic Cancer
Prostate Cancer

Sarcoma

Significant Unique Analyses

Total Unique Analyses

Figure | The mRNA expression of CBX family proteins in different cancers in Oncomine. Red indicates increased expression and blue indicates decreased expression.
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Figure 2 The mRNA expression of CBX family proteins in BC in GEPIA. Red indicates increased expression and green indicates decreased expression.

Prognostic Evaluation of CBXs mRNA

Expression in BC Patients
To assess the value of differential expression of CBXs
in BC development, we used GEPIA to analyze the corre-
lation between different CBXs and clinical outcomes. The
curves of OS and DFS are shown in Figure 4. We found
the high level of CBX2 mRNA expression in BC patients
was significantly correlated with OS (p = 0.049), and the
high level of CBX4 mRNA expression in BC patients was
significantly correlated with DFS (p = 0.027). In addition,
the remaining CBX members do not appear to have
a significant impact on DFS or OS.

Furthermore, we conducted the analysis of prognostic
value of CBXs in BC patients using Kaplan-Meier plotter.
As shown in the subgroup analysis in Figure 5, the high

expression of CBX3 (HR = 1.27, p = 0.012) and CBX5
(HR=1.3, p=0.0067) mRNA in BC patients was significantly
correlated with short OS. However, the high expression of
CBX4 (HR =0.81, p=0.024), CBX6 (HR = 0.77, p = 0.0064)
and CBX7 (HR = 0.57, p = 8.5¢-09) were significantly asso-
ciated with long OS.

Analysis of CBXs Gene Alteration and

Interaction in BC Patients

We used cBioPortal online website to analyze genetic altera-
tions of CBXs in BC patients. In general, two or more changes
were detected in BC of different groups. Gene amplification
caused by various causes was more common in BC samples
(Figure 6A). Among the 5656 cases of BC patients, 370 CBXs
have altered, accounting for 7% (Figure 6B). Furthermore, in
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Figure 3 Correlation between CBXs expression and clinicopathological staging of BC in GEPIA. (A-H). Correlation between CBX| (A), CBX2 (B), CBX3 (C), CBX4 (D),
CBXS5 (E), CBX6 (F), CBX7 (G), CBX8 (H) and clinicopathological staging of BC determined by GEPIA. CBX2 was highly correlated, followed by CBXI also has a high

correlation, while the remaining six groups were not significantly different.

all BC samples, the incidence of CBX1/2/3/4/5/6/7/8 altera-
tions were 2.8%, 5%, 2.3%, 5%, 0.6%, 0.4%, 0.5% and 6%,
respectively.

In addition, we conducted PPI network analysis on
differentially expressed CBX to explore their potential
interactions using STRING. As shown in Figure 6C,
a plurality of nodes and edges are obtained in the PPI
network. CBXs, together with PHC1, PHC3, RINGI,
RNF2 and BMII, are involved in regulating the develop-
ment of embryos, pluripotent stem cells and tumors
through  various  signaling  pathways.  Further
GeneMANIA analysis showed that the functions of
CBXs and their related molecules (such as CDY],
CDY1B, CDYL, CDY2B, CDYL2, CDY2A, SUV39H1
and SUV39H2) mainly focused on methylated histone
residue binding, histone binding, chromatin, nuclear chro-
matin heterochromatin, PRC1 complex and nuclear chro-
mosome (Figure 6D).

Correlation Between Immune Cell
Infiltration and CBXs in BC Patients

The level of immune cell infiltration is considered to be closely
related to the proliferation and progression of cancer cells.
Thus, we further explored the association between CBXs
expression and immune cell infiltration using TIMER

(Figure 7 and Supplemental Figure S1). The CBX1 expression
was related to the infiltration of CD4/8+ T cells, macrophages
and neutrophils in BC. In detail, the expression of CBX1 was
related to CD8+ T cells and neutrophils in Luminal type. Only
neutrophil infiltration was related to the expression of CBX1

in Basal type, while no correlation was seen in the Her-2 type.
The infiltration of all six host cells was closely correlated with
the expression of CBX2, but not in Her-2 type. In Luminal
type, the expression of CBX2 was associated with the infiltra-
tion of CD8+ T cells, dendritic cells and neutrophils. The
expression of CBX2 was correlated with the infiltration of
B cells and CD8&+ T cells in Basal type. The CBX3 expression
was positively correlated with B cell, CD8+ T cells and
neutrophils in BC, while it was related to the infiltration of
CD8+ T cells and neutrophils in Luminal type. No immuno-
cyte infiltration was obviously related to CBX3 expression in
Basal type and Her-2 type. CBX4 was negatively correlated
with the infiltration of other immune cells except CD4+ T cells
in BC, and it was also negatively correlated with the infiltra-
tion of CD8+ T cells, macrophages and dendritic cells in
Luminal type. Similar to CBX3, CBX4 was not significantly
associated with any immune cell infiltration in Basal and Her-
2 subtypes. CBX5 expression was positively correlated with
all six immunocytes in BC, which was also true in the Luminal
type. Only CD8+ T cells was associated with CBXS5 expres-
sion in the Basal type, while no relevance was found in Her-2
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Figure 4 Prognostic evaluation of CBXs mRNA expression in BC patients (GEPIA). (B). High level of CBX2 mRNA expression in BC patients was significantly correlated
with OS. (D). High level of CBX4 mRNA expression in BC patients was significantly correlated with DFS. CBXI (A), CBX3 (C), CBX5 (E), CBX6 (F), CBX7 (G) and CBX8

(H) mRNA expression in BC patients were not associated with OS or DFS.

type. For both Luminal and BC, except for B cells, the infil-
tration of other immune cells was positively correlated with
the CBX6 expression. The infiltration of CD4+ T cells, den-
dritic cells and neutrophils was positively correlated with
CBX6 expression in Basal type, but there was no correlation
in HER-2 type. With regard to CBX7, B cells, CD4/8+ T cells
and macrophages had a statistical correlation in BC, while the
infiltration of CD4+ T cells, B cells, dendritic cells and neu-
trophils have a positive correlation with CBX7 in Basal type.
Only the CD4+ cells infiltration was positively correlated with
the expression of CBX7 in the other two subtypes. For CBXS,
it was negatively correlated with the infiltration of B cells in

Her-2 type, the infiltration of macrophages and CD8+ T cells
in Luminal type, the infiltration of CD+8 T cells, macrophages
and neutrophils in BC. Obviously, the correlation between
CBXs and immune cell infiltration was more common in
Luminal BC than in Basal and Her-2 type.

Discussion

BC is a complex disease due to the accumulation of
different epigenetic changes and gene mutations,'® which
considered to be one of the important hallmarks of
tumors.”® In BC, the alterations of oncogene and tumor
suppressor gene expression levels are mainly controlled by
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Figure 5 Prognostic evaluation of CBXs mRNA expression in BC patients (Kaplan-Meier plotter). High expression of CBX3/5 mRNA was significantly correlated with short
OS, and high expression of CBX4/6 and CBX7 were significantly associated with long OS in BC patients.

epigenetic mechanisms, especially histone modification
and DNA methylation.”' CBX family members, a critical
components of epigenetic regulation complexes, inhibit
the transcription of target genes through chromatin mod-
ification, leading to the progression of various human
diseases and cancers. CBXs have been shown to play
critical roles in colorectal cancer’? and HCC.2* However,
the roles of different CBX members in the tumorigenesis
and development of BC need to be clarified. We compre-
hensively analyzed CBXs in BC from the aspects of
expression, gene alteration, prognostic value and immune
cell infiltration.

CBX3, a member of the CBX family proteins, is proved
to be involved in human tumorigenesis and patient prognosis,
but the exact function of CBX3 in tumor is not clear. CBX3 is
proven to promote tumor proliferation and predict poor sur-
vival in HCC."" Similarly, CBX3 was overexpressed in ton-
gue squamous cell carcinoma (TSCC), which play a key role
in tongue tumorigenesis by regulating GS/S phase via p21
pathway,>* was an independent prognostic factor in TSCC
patients.”” In colorectal adenocarcinoma (COAD), CBX3
was validated as a target for miR-375, and its overexpression
could promote the malignant behaviors of COAD cells by
IncRNA-SNHG17/miR-375/CBX3 axis.”® Similar to the
results of the TCGA data, CBX3 was detected to be elevated

in non-small cell lung cancer (NSCLC). Interestingly, there
was a highly significant association between the expression
of CBX3 and EGFR mutations in NSCLC patients.”’
Inhibition of EGFR signal did not change the expression
level of CBX3 in NSCLC cell, suggesting that the expression
of CBX3 may be independent of EGFR downstream signals.
Overexpression of CBX3 in gastric cancer (GC) cells sig-
nificantly promoted its malignant phenotype and participated
in the regulation of genes related to cell cycle, mismatch
repair and immune related pathways. The CBX3 expression
was negatively associated with the abundance of tumor infil-
trating lymphocytes and the response to immunotherapy.*®
So far, there is little literature on the role of CBX3 in BC. Our
findings suggest that CBX3 contributes to BC progression
and is expected to serve as a potential prognostic biomarker
and therapeutic target in BC.

The increased expression of CBX5 in GC tissue means
its carcinogenic effect. It is considered to promote the
proliferation, metastasis and infiltration of GC cells, and
can be regulated by microRNA-758-3p,?? which also indi-
cates that CBXS5 may become a therapeutic target. In
addition, CBXS5 can also promote tumor proliferation and
metastasis through LOXL1-AS1/miR-589-5p pathway in
renal cell carcinoma.*® In glioblastoma, CBX5 can activate
and enhance DNA damage repair pathway, promote DNA
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Figure 6 Gene alteration and interaction of CBXs in BC patients. (A, B) Gene alteration and expression of CBXs in BC patients (cBioPortal). (C, D) Analysis of protein-

protein interaction of CBXs (STRING and GeneMANIA).
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temozolomide,

repair DNA damage induced by

eventually lead to chemotherapy resis-

repair,
31
tance and reduce the effect of chemotherapy.*” Similar to
our results, CBX5 was found to be associated with triple-
negative breast cancer (TNBC). CBXS silencing can inhi-
bit cell proliferation and metastasis, while overexpression
promotes the proliferation and metastasis of TNBC cells,
and can be regulated by miR-2335-5p/IncRNA SNHGI11
signaling pathway.®> These results together indicate that
CBX5 plays a carcinogenic role in many cancers
including BC.

We also conducted the analysis of gene alteration and
interaction of the CBXs in BC patients. In addition, pre-
dicted functions and pathways of the mutations analysis
demonstrated CBXs, together with PHC1, PHC3, RINGI,
RNF2 and BMII, are involved in regulating the develop-
ment of embryos, pluripotent stem cells and tumors through
various signaling pathways. Further GeneMANIA analysis
showed that the functions of CBXs family and their related
molecules mainly focused on methylated histone residue
binding, histone binding, chromatin, nuclear chromatin het-
erochromatin, nuclear chromosome and PRC1 complex.
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Figure 7 Correlation between immune cell infiltration and CBXs in BC patients
and Luminal BC determined by TIMER.

These together prove that the CBX family is involved in the
development and progress of BC.

It is now clear that, in addition to cancer cells, the tumor
microenvironment also contains a series of immune cells,”®
which help cancer cells escape immune supervision through
a series of mechanisms, and eventually lead to tumor. Tumor
associated immune cells may have anti-tumor or tumor-
promoting functions. The tumor-antagonizing immune
cells mainly consist of CD4/8+ T cells, natural killer cells,
macrophages and neutrophils. Our research demonstrated
that differentially expressed CBXs might be significantly
associated with infiltration of immune cell types, and there
are differences in the correlation between CBXs and
immune cells in different BC types, indicating CBXs may
be a biomarker for molecular typing of BC. This study may
provide more information for CBXs to become a therapeutic
molecular target and biomarker.

Conclusion

In general, we comprehensively analyzed the expression
difference, prognostic value and association with immune
cell infiltration of CBX family members in BC. The
CBX2/3/4/8 expression levels were increased significantly,
while the CBX6/7 expression levels were decreased in BC
tissues. We found that CBX3 was significantly correlated
with clinicopathological staging and short DFS in BC
patients. High mRNA expression of CBX3/5 was corre-
lated with short OS in BC patients. While high mRNA
expression of CBX4 was correlated with long OS in BC
patients. In addition, the functions of differentially
expressed CBXs mainly focus on methylated histone resi-
due binding and chromatin organization. The differentially
expression of CBXs were closely related to the infiltration
level of a variety of immune cells, including CD4+ T cells,
CD8+ T cells, B cells, neutrophils, macrophages and den-
dritic cells in BC cancers. The correlation between CBXs
and immune cell infiltration was more common in
Luminal BC than in Basal and Her-2 type. This study
may provide a new understanding for selection of mole-
cular typing, therapeutic and prognostic biomarkers of
CBX family in BC.
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