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Abstract

is yet unknown.

of ccRCC, was significantly associated with immunity.

Background A chromobox homologue 3 (CBX3) is elevated in various cancers and significantly contributes
to the promotion of malignant behavior; despite this, its exact involvement in clear cell renal cell carcinoma (ccRCC)

Methods The Cancer Genome Atlas database served to evaluate CBX3 production and its connection to survival

in patients with ccRCC. Our team evaluated the effects of knockdown of CBX3 levels in ccRCC cell populations using
in vitro together with in vivo models. CBX3, proteins related to death, and epithelial-to-mesenchymal transition (EMT)-
related proteins were measured in ccRCC cells using western blotting and immunohistochemical assays. Through

the analysis of Kyoto Encyclopedia of Genes and Genomes (KEGG) and GeneOntology (GO) and Gene Set Enrichment
Analysis (GSEA), the biological processes and signal pathways related to CBX3 expression were identified. Immune-
related activity reduced by CBX3 was assessed using various online tools.

Results Both genomic and protein expression showed that CBX3 was upregulated in ccRCC. Further functional anal-
yses revealed that CBX3 played a crucial role in enhancing cell growth, migration, and EMT in vitro along with in vivo.
Moreover, the study results provided distinct mechanistic evidence that CBX3 exerts its pathological functions

in ccRCC by activating the PI3K/AKT pathway. Finally, immunoassays revealed that CBX3, a possible biomarker

Conclusions Our results suggest that the overexpression of CBX3 promotes ccRCC advancement through PI3K/AKT
activation and even immunological dysregulation, making it a potentially viable and beneficial therapeutic target.
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Introduction

Kidney cancer is considered one of the leading ten causes
of cancer-associated deaths, and clear cell renal cell carci-
noma (ccRCC) is the most common subtype [1, 2].Owing
to the insidious and asymptomatic nature of early-stage
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RCC, many patients already exhibit metastasis at diag-
nosis [3]. In the advanced stages, traditional modalities,
such as surgery, chemotherapy, and radiotherapy, are
ineffective for ccRCC [4, 5]. Therefore, early detection,
diagnosis, and treatment are key to improving the future
prospects of individuals with ccRCC. As a result, there is
a pressing need to develop superior targets for diagnosis
and treatment of ccRCC.

CBX3, a chromobox homologue 3, is also known as
heterochromatin-associated protein 1 y (HPly) and
is a highly conserved non-histone chromosomal pro-
tein. As a major component of heterochromatin, its
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chromatin domain can bind to methylated histone H3K9,
thereby recruiting various cofactors or target proteins to
participate in the negative regulation of transcription by
binding to DNA [4, 5]. CBX3 controls biological func-
tions such as DNA repair, gene silencing, and cell division
and differentiation [7, 8]. Recent studies have shown that
CBX3 overexpression promotes tumorigenesis and pro-
gression in numerous malignancies, especially hepatocel-
lular carcinoma, glioblastoma, and colon cancer [9-12].
CBX3 could potentially serve as a predictive biomarker
for ccRCC [9-12], and its significant association with the
infiltration level of immune cells are apparent; however,
the precise molecular mechanisms by which CBX3 accel-
erates the development of ccRCC remain elusive.

The PI3K/AKT pathway’s association with tumor pro-
gression is well documented. Several studies have high-
lighted the overactivation of the PI3K/AKT [14], which is
linked to poorer clinical outcomes in patients with RCC
[15]. Additionally, the potential for CBX3 to influence
prostate cancer growth by modulating the PI3K/AKT
pathway has been suggested [16]; however, the signifi-
cance of the interplay of CBX3 with the PI3K/AKT path-
way in ccRCC is unclear.

The tumor microenvironment (TME) is a dynami-
cally complex multicellular environment that influ-
ences tumor development [17]. According to previous
reports, changes in the immune cell ratio in the TME of
RCCs can impact both patient prognosis and therapeutic
efficacy. The tumor genome may also affect the TME to
present variable patterns in ccRCC [18]. Numerous stud-
ies have demonstrated the connection between CBX3
and immune infiltrating cells, immunosurveillance sites,
immune components, and stromal cells in ¢ccRCC [13,
19]; nevertheless, the function of CBX3 in ccRCC immu-
nization remains poorly understood.

Therefore, we aimed to investigate the function of
CBX3 in ccRCC by examining CBX3 expression, con-
ducting survival analysis and functional in vitro and
in vivo assays, investigating the relationship between
CBX3 and potential underlying mechanisms, and con-
ducting comprehensive immunoassays and potential
drug analysis. This study contributes to the growing pool
of evidence highlighting the significance of CBX3 as a
predictive biomarker and therapeutic focus for ccRCC.

Materials and methods

Data acquisition and preprocessing

RNA sequence expression profiles, phenotype infor-
mation, and survival information in the Genomic
Data Commons Cancer Genome Atlas Kidney Clear
Cell Carcinoma (TCGA-KIRC) dataset were accessed
using the University of California Santa Cruz Xena
Browser (https://xenabrowser.net). The dataset was then
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processed and 606 samples were obtained, including 534
KIRC and 72 normal samples.

Analysis of CBX3 expression levels and prognosis in KIRC
Differences in the expressabilty of CBX3 in KIRC and
matched normal tissues were first investigated. To iden-
tify characteristics of CBX3 in renal cancer cell lines,
the mRNA expression matrix of renal cancer cell lines
was obtained from the Cancer Cell Line Encyclopedia
(CCLE) dataset (https://portals.broadinstitute.org/ccle).
Next, the relationship between CBX3 expression levels
and the prognosis of KIRC patient was evaluated and
visualized by the Kaplan—Meier curve. All patients were
grouped into different pathological stages including
T1, T2, T3, T4, NO, N1, NX, M0, M1, MX,T1+ T2 and
T3+ T4. These groups were further subdivided based on
high- and low-expression levels of CBX3. Subsequently,
hazard ratios and 95% confidence intervals (95% CI) were
calculated, and a log-rank test was conducted.

Cell cultivation

The kidney cancer cell lines (ACHN, 786-O, OS-RC-
2, and 769-P) as well as the HK-2 cell line were obtained
from the American Type Culture Collection (ATCC,
Manassas, VA, United States). These cell populations
were cultivated in RPMI-1640 medium (Gibco, Carlsbad,
USA) with the addition of 10% fetal bovine serum (Gibco,
Carlsbad, USA), 100 mg/mL streptomycin sulphate, and
100 pL/mL penicillin (Gibco, Carlsbad, USA).

Cell transfection

The 769-P and ACHN cell lines were seeded overnight in
6-well plates as well as transfected with shRNA (Hanbio
Biotechnology Co., Ltd, Shanghai, China) at 60% Lipo-
fectamine 3000 (Invitrogen CA, USA) following the man-
ufacturer’s instructions. After 48 h of subincubation, the
cells were harvested and applied to further experiments.

Cellular proliferation assays

Cells were seeded overnight at 1x10° cells/well in
96-well plates, and 10 pL of Cell Count Kit-8 solution
(Beyotime Biotechnology, Jiangsu, China) was applied to
each well and incubated for 2 h at 37 °C. Cell survival was
assessed at the end of each time point (0, 24, 48, 72 h). At
540 nm after incubation, absorbance was measured.

Colony formation assays

Cells were cultured at 37 °C for 14 d at a total of 600 cells/
well in a 6-well plate. Cell fixation was performed using
4% paraformaldehyde and staining with crystal violet
(0.5%). Colonies were then counted and photographed.
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Wound healing assays

Cell migration was assessed by seeding 5x 10° cells/well
in a 24-well plate, which was cultured at 37 ‘C until the
cell density reached 80% confluence. An artificial wound
was created using a sterile pipette tip of 10 pL, and the
cells were then cultivated in serum-free medium. An
inverted microscope (Olympus Corp. TKY, JAPAN) was
used to capture images at 0 and 24 h to assess the extent
of cell migration.

Cell invasion assay

An invasion assay was carried out using a pair of modi-
fied chamber plates with a pore size of 8 um. Matrigel
(BD Biosciences, NJ, USA) coated inserts (8 pm pore
size, Corning, NY, USA) were seeded with 769-P and
ACHN at 5x10* cells/well in a serum-free culture
medium in the up-committed chamber. Non-invaded
cells were gently scraped off the tip of the Matrigel after
24 h of incubation at 37 °C using a cotton-tipped brush.
At the bottom of the Matrigel, invaded cells were fixed in
methanol, stained with crystal violet, and counted.

Xenograft murine model and immunohistochemical assays
For the xenograft tumor growth assay, nude mice (Hunan
SJA Laboratory Animal Co., Ltd.) were divided into two
randomised groups of six mice each and 3 x 10° cells sta-
bly transfected with CBX3 knockdown (CBX3-KD) or
vector in 0.1 mL volume were injected subcutaneously to
establish the ccRCC xenotransplantation model. Tumor
growth was monitored and measured in volume using
calipers (shorter diameter?xlonger diameter/2) every
second day. At the end of three weeks, the mice were
euthanised, and the tumors were removed for weight
measurement. Tumor sections were stained for E-cad-
herin (ECAD), vimentin (VIM), and CBX3 using 4%
paraformaldehyde mixture and paraffin-embedded mate-
rial, following the supplier’s guidelines. A Zeiss micro-
scope (Oberkochen, Germany) was used for imaging. The
whole experiment was carried out at the Shantou Univer-
sity Medical College Animal Experimental Centre, having
obtained ethical approval from the Shantou University
Medical College Ethics Committee (SYXK2017-0079).

Differentially expressed genes and functional enrichment
analysis

Subjects were stratified based on their CBX3 expres-
sion levels using the median cut-off value. Pooled sam-
ples were divided into groups with high- and low- CBX3
expression levels. Using the criteria of |log2FC| >0 and
an adjusted p-value (padj) of<0.05, DEGs were screened.
The potential biological functions and mechanisms of
action of CBX3 were also explored. Kyoto Encyclopedia
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of Genes and Genomes (KEGG) and GeneOntology
(GO) enrichment results were considered significant
at P<0.05. Screening criteria for Gene Set Enrichment
Analysis (GSEA) required a normalized enrichment
score |NES| > 1, padj<0.25 and p-value <0.05. The GSEA
of GO and KEGG were performed individually on the
sequenced gene set.

Correlation analysis of the relationship between CBX3

and PI3K/AKT pathway-enriched genes

The association of CBX3 with PI3K/AKT pathway-
enriched genes was also analyzed. Genes associated with
CBX3 were determined using a correlation coefficient
cut-off of |0.4| and p-value < 0.05.

Western blotting assay

Protein from the cell lines was completely isolated using
a whole-cell protein extraction kit (Beyotime Biotech-
nology, Jiangsu, China) for westernblotting analysis.
Protein samples were resolved on 10% sodium dode-
¢yl polyacrylamide gels (SDS-PAGE) and the protein
complexes were transferred to polyvinylidene fluoride
blocking membranes (Millipore, USA) with a block-
ing buffer (Beyotime Biotechnology, Jiangsu, China) for
1 h at 20 ‘C. In the presence of primary antibodies, the
membranes were then incubated overnight at 4 °C. After
membrane washing, incubation with the following sec-
ondary antibody (Proteintech, China) was performed at
20 °C for 1 h. The protein bands were seen by enhanced
chemiluminescence (Bio-Rad, Hercules, CA, USA). Pro-
teintech (Jiangsu, China) provided primary antibodies
against CBX3, Bax, Bcl-2, VIM, NCAD, GAPDH, and
E-cadherin (ECAD). Cleaved polymerase (ADP-ribose)
(PARP), AKT, PI3K, and phosphorylated (p)-AKT anti-
bodies were obtained from Cell Signalling Technology
(Danvers, MA, USA).

Exploration of the relationship between CBX3

and immunity in KIRC

The immune scores of the Stepl-Step7 cancer immu-
nity cycle from the tracking of the tumor immunophe-
notype (TIP) [20] were employed for all samples to
assess the degree of the immune response and compa-
rethe KIRC tumor and normal samples. The same pro-
cedure was applied to samples with high or low CBX3
expression. We also observed that the cancer immunity
steps were correlated with survival outcomes in patients
KIRC. Furthermore, the correlation between the accu-
mulation of 24 immunocyte types and the level of CBX3
expression was investigated using the online tool ‘Immu-
CellAI" [20]. We collected KIRC immunological sub-
type data from the Tumor Immune System Interaction
Database (http://cis.hku.hk/TISIDB/) [22] to examine


http://cis.hku.hk/TISIDB/

Chen et al. Journal of Translational Medicine (2023) 21:600

their relationship with prognosis. The CancerSEA [23]
database was used to illustrate the relationship between
CBX3 expression and renal cancer function.

Analysis of potential chemotherapy drugs

To predict CBX3 sensitivity to immune checkpoint
inhibitors (ICIs), the correlation of CBX3 with immune
checkpoints was analyzed using TCGA-KIRC datasets.
To further determine the relationship between CBX3
levels and drug susceptibility, data, including the z-score
of NCI-60 medication activity and information on the
expression of genes in cancer cell lines, were obtained
from the CellMiner database [23].

Statistical analysis of data

Each experiment was conducted with a minimum of
three replicates. The resulting data are presented as
the mean + standard deviation. The statistical studies
were performed using the SPSS program (v17.0; SPSS
Inc., USA). Any statistically significant findings related
to the experiments were evaluated using the Student’s
t-test. The R software (v 4.2.2) was used for data visu-
alisation and statistical analyses. Relationships between
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continuous variables were examined using Pearson’s/
Spearman’s correlation analyses. For continuous varia-
bles, two or three treatment groups were compared using
Kruskal-Wallis and Wilcoxon rank-sum tests, respec-
tively. P-values <0.05 or padj<0.05 were deemed statisti-
cally significant.

Results

CBX3 expression levels increased in the KIRC and ccRCC
cell lines

To thoroughly analyze the presence of CBX3 in KIRC
samples, we initially studied the changes in CBX3 expres-
sion levels between KIRC and matched normal tis-
sues and found that expression of CBX3 was markedly
increased in tumoral tissues (Fig. 1A). We also collected
and analyzed gene expression data from 33 kidney cancer
cell lines and observed that CBX3 was expressed simi-
larly across all cell lines (Fig. 1C). In addition, a western
blotting assay was conducted to assess CBX3 expres-
sion levels in ccRCC cell populations and the normal
kidney cell line HK-2. The cell lines 769-P and ACHN,
which expressed the highest level of CBX3 (Fig. 1D),
were selected for subsequent analyses. We looked at the
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correlation between CBX3 transcription and clinical
outcomes based on the pathologic stages T of tumors in
order to comprehend the function of CBX3 in the devel-
opment of KIRC (Fig. 1B). Prognostic results related to
CBX3 in other pathological stages are shown in Addi-
tional file 2: Fig. S2. The findings demonstrated a substan-
tial relationship between CBX3 overexpression and poor
overall survival (OS), particularly in individuals with T3
and T4 illness. These results imply that CBX3 partici-
pated in the carcinogenesis and development of KIRC.

Knockdown of CBX3 expression inhibited proliferation

and induced apoptosis of renal cancer cells

CCK-8 and plate colony formation assays were employed
to analyze the involvement of CBX3 in ccRCC cell expan-
sion, in order to assess the impact of CBX3-KD on ccRCC
cells multiplying. CBX3-KD group exhibited inhibited
cell viability and reduced the quantity and size of colonies
compared to the control group (Fig. 2B, C). Furthermore,
western blotting examination revealed that the amount of
cleaved PARP, an apoptosis marker, increased considera-
bly in the CBX3-KD group compared to the controls. The
expression of Bcl-2, an anti-apoptotic factor, reduced,
whereas that of Bax, a pro-apoptotic factor, increased
(Fig. 2D). These findings suggest that CBX3 plays a cru-
cial role in RCC cell proliferation and apoptosis.

Knockdown of CBX3 expression inhibited emigration,
invasion, and epithelial-to-mesenchymal transition

of renal malignancy cells

To validate the effect of CBX3-KD on the migration of
renal cancer cells, we performed wound healing assays.
The results indicated reduced wound closure in ccRCC
cells in the CBX3-KD group compared to those in the
control group (Fig. 3A). In the transwell cell invasion
assays, the results showed that CBX3-KD dramatically
decreased the invasive ability of ccRCC cells (Fig. 3B).
EMT is an important pathway that promotes renal carci-
noma migration and metastasis. To better understand the
effects of CBX-KD on RCC cells, we analyzed the gen-
eration of EMT process-associated molecules (ECAD,
VIM, and NCAD). The results showed that CBX3-KD
dramatically increased the levels of NCAD protein while
decreasing the production of ECAD and VIM proteins in
ACHN and 769-P cells (Fig. 3C). These data suggest that
CBX3 expression altered ccRCC EMT, thus influencing
the migration and invasive capacities of tumor cells.

CBX3 knockdown inhibited tumor progression in vivo

A 769-P xenograft model was created to study the
involvement of CBX3 in ccRCC in vivo. The volume
of the tumor was measured every 3 d and mice were
euthanized 4 weeks after inoculation to determine tumor
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weight. Compared to the control group, the CBX3-KD
group exhibited suppressed tumor progression, as evi-
denced by considerably reduced tumor size and weights
(Fig. 4A—-C). Furthermore, the immunohistochemistry
test revealed that the CBX3-KD group exhibited lower
expression levels of CBX3 and the EMT-related genes
(ECAD, and VIM) (Fig. 4D). Notably, these results were
also confirmed in the previous in vitro assay.

CBX3 activated the signaling pathway mediated by PI3K/
AKT in ccRCC

The genes co-expressed with CBX3 and their associ-
ated enrichment functionswere investigated to identify
the underlying mechanisms by which CBX3 promotes
ccRCC development. In total, 17,279 DEGs were identi-
fied in both the low- and high- CBX3 expression groups
in accordance with the screening conditionsThe level
of expression and distribution of these DEGs, includ-
ing 11,484 upregulated DEGs and 5795 downregulated
DEGs in KIRC, are shown in a volcano plot (Additional
file 1: Fig. S1A). A radar plot (Additional file 1: Fig.
S1B) was developed to highlight the top 15 upregulated
DEGs and the top 15 downregulated DEGs.

To explore the mechanisms by which CBX3 regu-
lates migration and invasion, 500 upregulated and
downregulated genes and all DEGs underwent pro-
gressive KEGG enrichment analysis. Interestingly,
upregulated DEGs were consistently enriched in the
‘PIBK/AKT signaling pathway, ‘Viral protein interac-
tion with cytokine and cytokine receptor, and ‘HIF-1
signaling pathway, regardless of the increment in gene
count (Fig. 5A). To further investigate the probable
molecular pathways underlying the impact of CBX3,
we performed a GSEA-based KEGG analysis. Thirteen
important KEGG pathways, comprising both stimu-
lated and inhibited processes, were identified (Fig. 5B).
The activated pathways mainly included the above-
mentioned pathways, whereas the suppressed path-
ways mainly comprised the AMPK and mTOR signaling
pathways. GSEA outcomes further validated the results
of the KEGG functional enrichment analyses, accentu-
ating a strong correlation between CBX3 and the PI3K/
AKT signaling pathways. To better elucidate this link,
we conducted a correlation study, analysing the rela-
tionship between between CBX3 activity and genes
in the PI3K/AKT signaling pathway (Fig. 5C, D). Of
these, YWHAG, YWHAZ, RAC1, OSMR, MET, IL7,
IFNAR?2, and GNB4 were highly associated with CBX3
expression.

Additionally, western blotting analysis was performed
on RCC cells to evaluate components of the PI3K/
AKT pathway. Our data showed that CBX3-KD expres-
sion lowered the amounts of phosphorylated (active)
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forms of AKT and PI3K in ACHN and 769-P cells, but
increased PTEN expression (Fig. 5E, F). These results
also confirmed our bioinformatics analysis, establishing
the role of CBX3 in activating the PI3K/AKT pathway
in ccRCC. These findings imply that CBX3 takes part in
the activation of the PI3K/AKT pathway in ccRCC.

CBX3 influenced immunity in KIRC

To determine the biological characteristics of
CBX3, a functional enrichment analysis of GO was per-
formed. The GO analysis findings (Fig. 6A) revealed that
the elevated genes were predominantly connected with
immune-related terms such as ‘immune receptor activity’
in molecular function, ‘T cell receptor complex’ in cel-
lular component and ‘lymphocyte-mediated immunity’
in biological process. However, the analysis of down-
regulated genes revealed that these genes were linked to
transmembrane carrier activity and acid catabolic pro-
cesses, such as ‘active ion transmembrane transporter

activity’ and ‘fatty acid catabolic process’ (Fig. 6B). We
performed a GSEA-based GO analysis to further inves-
tigate the probable molecular processes affected by
CBX3. Figure 6C shows the top five significantly enriched
GO terms according to |NES| for both upregulated
and downregulated genes. The top five terms upregu-
lated were mostly related to the immunological activity
of B cells, such as ‘immunoglobulin mediated immune
response’ and ‘B Cell-mediated Immunity. However, the
top five downregulated genes were concentrated in the
cellular elements of the apical and associated acid cata-
bolic processes. The results of the GO functional enrich-
ment analysis and GSEA agreed, suggesting that CBX3
positively controls immunological function and nega-
tively controls acid catabolic processes in KIRC.

Immunity disorders caused by CBX3 in KIRC
The GO enrichment results, which indicated that CBX3
was strongly associated with immunity, encouraged us to
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further investigate the role of CBX3 in the immunologi-
cal system in KIRC. Immunity cycle analysis (Fig. 7A, B)
showed that several processes, including step-1 (release
of cancer cell antigens), step-3 (priming and activation),
step-4 (recruiting CD8' T cells, T cells, Th1 cells, Th2
cells, Th17 cells, Th22 cells, B cells, Tregs, NK cells,
dendritic cells (DCs), neutrophils, macrophages and
myeloid-derived suppressor cells), step-6 (recognition
of cancer cells), and step-7 (killing of cancer cells), were
significantly more active in the KIRC group with high
CBX3 expression. In contrast, KIRC and high expression
of CBX3 were linked to reduced step-5 activity (infiltra-
tion of immune cells into malignancies). Next, we pro-
ceeded with prognostic predictions centred on immune
steps to further investigate the prognostic relevance of
various immune-responsive processes in KIRC. Fig-
ure 7C-F shows a link between an activated immune
process that recruits DCs, macrophages, neutrophils,
and B cells and a lower OS. And the poor prognosis of
KIRC was associated with an elevated active level of the

process of detecting cancer cells by T cells (Fig. 7G). We
also examined the potential involvement of CBX3 in the
invasion of immune cells. Figure 7H shows that CBX3
expression had a significantly positive relationship with
macrophages, memory B cells, and plasmacytoid den-
dritic cells (pDCs) in KIRC, whereas CBX3 expression
was negatively associated with neutrophil infiltration.
The change in the proportion of immune-infiltrating cells
associated with CBX3 in KIRC is shown in Additional
file 5: Fig. S5. Finally, we explored how the immunologi-
cal subtypes of KIRC were affected by CBX3 expression.
CBX3 expression varied among immune subtypes and
that the prognosis of KIRC patients also varied based
on immune subtypes (Fig. 71, J). Furthermore, angio-
genesis and stemness were positively correlated with
CBX3 expression in kidney cancer (Fig. 7K-M). In sum-
mary, the above findings indicate that CBX3 potentially
promoted cancer development by affecting immunity in
KIRC.
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Exploration of drugs that potentially inhibit KIRC
development

To provide KIRC patients with more effective treat-
ment options, we investigated potential chemo-
therapeutic drugs that inhibit the CBX3-regulated
tumorigenic process. LAG3, CD274, CTLA4, TIGIT,

PDCD1, HAVCR?2, SIGLEC15, and PDCD1LG2 were
selected as immune checkpoints. All genes, except for
SIGLEC15, were more abundant in the CBX3 high-
expression group and had a positive association with
CBX3 expression (Fig. 8A, B). These findings suggested
that KIRC patients with high expression of CBX3
would respond well to ICIs. Thirty-two significantly
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associated drugs were obtained from the CellMiner
database. CBX3 expression was negatively related to
INK-128, LY-3023414, everolimus, BPTES, PQR-620,
6-bromoindirubin-3”-acetoxime, and dasatinib but
was positively related to the remaining genes (Fig. 8C).
In summary, patients with high-CBX3 expression may
respond favourably to treatment with some ICls, along
with the 25 drugs positively related to CBX3.

Discussion

Recently, targeted drug and immune checkpoint inhibi-
tor therapies have become very important for metastatic
ccRCC; however, patients still develop drug resistance
after several months [25, 26]. Therefore, it is necessary
to identify the key genes associated with ccRCC to deter-
mine potential treatment targets.

Growing evidence indicates that CBX3 is crucial for
the incidence, progression, and prognosis of numerous
kinds of cancers, including ccRCC. Previous research has
linked elevated CBX3 expression to poor outcomes in
lung, gastric, and ovarian malignancies [27-29]; however,
a study has also shown that CBX3 expression can have a
tumor-suppressive effect in malignant glioma [30]. These
studies suggest that CBX3 functions as a promotor and
suppressor in particular cancer types. However, research
on the link between CBX3 and c¢cRCC is minimal. Pre-
vious research has demonstrated that CBX3 is an onco-
gene associated with poor outcomes in ccRCC; however,
the function and potential mechanism of CBX3 remain
unclear [31]. Therefore, we investigated the role of CBX3
in ccRCC.

Initially, we discovered that CBX3 was substantially
expressed in renal carcinoma, concerning a dismal prog-
nosis—especially in high-grade (T3+T4) ccRCC; these
findings agreed with those of earlier research [31]. The
analysis of the CCLE datasets revealed that CBX3 was
substantially expressed in kidney cancer cell lines. The
western blotting confirmed that CBX3 was significantly
upregulated in ccRCC cells. These results indicate that an
increase in CBX3 expression can result in tumorigenic-
ity in ccRCC, thus supporting the view that CBX3 may
function as a potential oncogene, which can encourage
the development and metastasis of ccRCC. To verify

(See figure on next page.)
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our hypothesis, we investigated the effects of CBX3-KD.
CBX3-KD decreased ccRCC cell growth, migration, and
invasion in vitro, complemented by reduced ccRCC cell
tumorigenicity in vivo. Additionally, western blotting
showed that CBX3-KD rendered cells more susceptible
to apoptosis.

Mechanisms underlying EMT have gained importance
in explaining the invasive progression and metastasis of
ccRCC. A defining feature of EMT is the degradation of
ECAD, which reinforces the instability of adherent con-
nections, the increase in the mesenchymal signature
NCAD, and an upsurge in the protein density of VIM.
Our bioinformatics analysis revealed that CBX3 was
significantly correlated with ECAD, NCAD, and VIM
expression, and western blotting studies displayed
that the suppression of CBX3 expression dramatically
decreased the expression of ECAD, NCAD, and VIM in
769-P and ACHN cell lines. Taken together, our findings
imply that CBX3 bolsters the metastasis of ccRCC cells,
which may be correlated with the process of EMT.

To clarify the mechanism underlying CBX3 effects in
ccRCC, we performed a bioinformatic analysis of CBX3
based on the TCGA dataset. Our data indicated that
CBX3 and its associated genes (upregulated or down-
regulated) were involved in several pathways, including
the PI3K/AKT signaling pathway. The PI3K/AKT path-
way has been implicated in tumor cell metastasis and
invasion, and regulates EMT in various tumors, includ-
ing ccRCC. This pathway activates VIM transcription by
upregulating PI3K (phosphatidylinositol kinase) to phos-
phorylate and activate Akt [32, 33]. In the present study,
CBX3-KD decreased PI3K and p-AKT expression but
increased PTEN expression (a PI3K/AKT pathway sup-
pressor). Thus, we further investigated the relationship
between PI3K-related genes and CBX3 (Additional file 6:
Fig. S6). We found that PIK3R6, which encodes the regu-
latory subunit of the PI3K gamma complex [34], was sig-
nificantly upregulated in the high-CBX3 expression KIRC
group, regardless of metastasis status, and was more
pertinent to CBX3 in the metastasis samples (Additional
file 7: Fig. S7A1, A2, B1, B2). Along with CBX3, PIK3R6
was associated with poorer prognosis in KIRC (Addi-
tional file 7: Fig. S7C), which agrees with the findings of

Fig. 7 The effects of CBX3 on immunity in KIRC. A The differences in the activity levels of the seven steps in the cancer immunity cycle

between the normal and tumor groups. B The differences in the activity levels of the seven steps in the cancer immunity cycle between high
and low CBX3 expression groups. Prognostic predictive power of the cancer immunity steps, including step 4 for recruitment of dendritic cells (C)
and macrophages (D), neutrophils (E) and B cells (F), and step 6 for recognition of cancer cells by T cells (G). H The correlation between the level
of 24 infiltrating immune cells and CBX3 expression. | Relationship between CBX3 and immune subtypes in KIRC. J Effects of immune subtypes
on survival of KIRC patients. K-M The association between CBX3 expression and kidney cancer function in EXPO064 and EXP0065. C1: wound
healing (n=7); C2: IFN-gamma dominant (n=20); C3: inflammatory (n=445); C4: lymphocyte depleted (n=27); C5:immunologically quiet (n=3);
C6: TGF-B dominant (n=13). Significance levels*p < 0.05; **p <0.01; ***p <0.001
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a previous study [35]. These observations suggest that PI3K/AKT pathway in ccRCC, it is essential to evaluate
the PI3K/AKT pathway underlies the functional role of  the mechanisms of action of CBX3 to assess its potential
CBX3. As CBX3 may act as an upstream regulator of the  as a drug target.
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The incidence and course of KIRC, a highly immuno-
genic malignant neoplasm, are closely correlated with
TME [36, 37]. According to the results of our GO analy-
sis, most immune-related elements were the target of
upregulated DEGs, indicating that CBX3 is likely impli-
cated in immunomodulatory disorders in patients with
KIRC. Our analysis (based on different phases of the
immune responses and the relation between immune cell
infiltration and CBX3) also suggested that the recruit-
ment of immune cells (i.e., macrophages, pDCs, and B
cells) by CBX3 is critical for the development of KIRC.
Several pro-inflammatory and pro-angiogenic substances
secreted by tumor-associated macrophages, a mixed M1/
M2 phenotype that predicts poor prognosis in KIRC
[38, 39], promote neovascularization [40, 41], tumor cell
hyperplasia [40, 41], and immunosuppression [44]. There
is also evidence that pDCs, a subclass of DCs, exhibit a
diminished response to TLR7/9 activation and generate
less IFN when exposed to the TME [45]. Furthermore,
pDCs produce IL-10, which facilitates tumor immune
escape by reducing the T-cell response and induc-
ing regulatory T-cell hyperplasia [45] Recent research

has revealed that the presence of increased mature and
memory B cell populations in the TME is associated with
better clinical outcomes [49-51]. In contrast, there is a
negative correlation between B-cell infiltration and OS
in KIRC [52]. Saiyang et al. [53] investigated tumor-edu-
cated B cells (TEBs) in KIRC and found that more TEBs
were recruited in tumor tissues, which activated IL-1 to
increase KIRC’s capacity for invasion and metastasis by
triggering the PI3K/AKT pathway. This observation is
consistent with our findings that CBX3 and PI3K/AKT
are closely related. Considering these results, it is plausi-
ble to speculate that CBX3 can promote the development
of KIRC by recruiting macrophages, pDCs, and B cells
during specific phases of immunological derangement.

A correlation between CBX3 expression and the
immunological subtypes in KIRC was initially demon-
strated in our study. We aimed to elucidate the mech-
anisms underlying CBX3’s influence on immunity in
KIRC through comprehensive analyses of our results
and insights from existing literature. The highest level
of CBX3 expression was observed in the C1 subtype
(wound healing), and patients with this subtype had
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the poorest prognoses. A previous study [54] demon-
strated that the C1 subtype promotes angiogenesis and
cell proliferation. A positive correlation between CBX3
and angiogenesis and stemness in KIRC was discovered
through the cancerSEA database. It was universally
known that the PI3K pathway can promote angiogen-
esis and tumor cell proliferation, consistent with the
results of our immunosubtype analysis. Patients with
subtype C3 (inflammatory), the primary subtype in
normal kidney tissues had the best prognoses[54].
Reduced CBX3 expression was observed in the C3 sub-
type, indicating that CBX3 may be crucial in reversing
the normal immune response of the kidney. Interest-
ingly, CD40 amplification and gene mutation drivers,
such as TP53, PIK3CA, and PTEN, were particularly
prevalent in the C1 and C2 (IFN-gamma dominant)
subtypes [54]. CD40, a costimulatory receptor in B cells
and a member of the TNF receptor family, influences
the fate of B cells [55]. Previous studies have shown that
CD40 signaling can stimulate B cell expansion and dif-
ferentiation and regulate the development of various
memory B cell subtypes [56-58]. Furthermore, aber-
rations in these driver genes have been widely demon-
strated to cause hyperactivation of the PI3K signaling
pathway. This pathway plays pivotal role in the growth
and activation of B-lymphocytes, and the proliferation
of cancerous B cells [58]. Moreover, memory B cells
activate PI3K signaling [53], consistent with our GSEA-
GO results, which found that CBX3 was highly linked
to the B cell immune response. Furthermore, a previ-
ous study established an association between tumor
stemness and CBX3 levels, and its overexpression was
associated with higher mutational loads in pancreatic
adenocarcinoma, lung adenocarcinoma, hepatocellular
carcinoma, and endometrial cancer [53]. The cancer-
SEA database investigation revealed a positive correla-
tion between CBX3 expression and tumor stemness in
kidney cancer. Therefore, it is plausible to suggest that
CBX3 initiates gene modifications that activate the
PI3K signaling pathway, leading to immunological dis-
orders and tumor growth in KIRC. More importantly,
CBX3 may amplify the effects of vascularization and
cell proliferation (induced by the PI3K signaling path-
way) by regulating immunity.

Our findings on the effects of CBX3 on the TME dem-
onstrate how crucial the PI3K pathway and CBX3 are in
mediating immunological disorders in KIRC. Thus, we
used immunoassays to study PIK3R6, the PI3K-related
gene with the strongest correlation with CBX3. In the
CBX3-high expression group, increased in PIK3R6
expression levels were associated with score increases
(EstimateScore,  StromalScore, ImmuneScore) and
decreases in tumor purity (Additional file 7: Fig. S7D).

Page 14 of 17

Increased in CBX3 expression levels alone were not
associated with changes in these scores, according to a
previous study [60] and the results of the present study
(Additional file 4: Fig. S4). Thus, CBX3 may trigger immu-
nological disorders by stimulating the PI3K pathway.
Additionally, PIK3R6 resembles CBX3 and is more closely
associated with the presence of B cells and macrophages
than CBX3 (Additional file 7: Fig. S7E). Deficits in
the PI3K gamma complex have been linked to migratory
abnormalities in DCs [34]. These findings further suggest
that CBX3 can influence tumor immune dysfunction and
development by enhancing PIK3R6 expression to activate
the PI3K pathway.

Based on the immunological investigations in this
study, CBX3 appears promising as an immunotherapeu-
tic target for KIRC. We explored potential drug interven-
tions targeting CBX-3 to identify viable treatment options
for KIRC and strategies to circumvent drug resistance.
First, according to an analysis of the relationship between
CBX3 and immunological checkpoints, KIRC individuals
with high expression of CBX3 may be more susceptible to
ICIs. Second, evaluation of the possible impact of CBX3
on the response to anticancer treatment revealed that
cyclin-dependent kinase (CDK) inhibitors dominated
the list of agents that were positively related to CBX3
expression. Several studies [61, 62] have shown that vari-
ous tumor markers may alter the G2/M phase, affecting
the regulation of the KIRC cell cycle. This suggests that
CBX3 affects cell cycle stages, such as the G2/M phase,
of KIRC. Sensitivity to PI3K or mTOR inhibitors, such
as LY-3023414, PQR-620, INK-128, and everolimus, was
inversely correlated with CBX3 expression, indicating
that patients exhibiting high expression of CBX3 may
be resistant to these medications. These drugs alter the
PI3K-mTOR pathway, promoting differential responses
of the pathway to particular therapeutic agents [63, 64].
These results suggest that ICIs and CDK inhibitors that
prevent CBX3 -mediated tumorigenesis could serve as
potential molecularly targeted therapeutics and that
medications that specifically target CBX3 could serve
as a strategy to surmount resistance to PI3K/mTOR
inhibitors.

While our tests and biometric analyses, as detailed
above, provide substantial insights into nearly all of the
effects of CBX3 on the PI3K pathway and immunological
microenvironment in KIRC, the data generated from our
research, although significant, might not encompass the
entirety of the effects. Moreover, the biometrical analysis,
while informative, lacks direct experimental validation
and is instead reliant on several algorithms. Therefore,
further research is required to demonstrate the validity of
the proposed mechanism.
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Conclusions

In summary, our research reaffirms the adverse progno-
sis associated with significant CBX3 expression in indi-
viduals with ccRCC. Additionally, we demonstrated that
CBX3-KD suppressed the migration, invasion, EMT pro-
cess, and survival of ccRCC cells through the PI3K/AKT
pathway. Furthermore, we identified an interdependent
relationship among CBX3, tumor immune disorders, and
the PI3K pathway. Therefore, our results underscore the
potential of CBX3 as a new biomarker for the noninva-
sive survival and diagnosis of ccRCC and offers a prom-
ising therapeutic target for the treatment of affected
individuals.
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Additional file 1: Figure S1. Panoramic pictures of differentially
expressed genes (DEGs). A Volcano plot of DEGs shows down-regulated
DEGs in blue, up-regulated DEGs in red, and non-significant genes in grey
(padj<0.05, |log2FC|> 0). B Radar chart of the expression information

for the top 15 upgrade and downgrade DEGs. The outermost numbers
represent the log2FC value of each gene. The size of red and blue circles
severally represent the log2FC value for up-regulated DEGs and down-
regulated DEGs, and the higher the log2FC value, the bigger the circle. The
red numbers and the blue numbers respectly forming a circle represent
the expression value of each gene in High-CBX3 group and Low-CBX3
group. The connection of CBX3 and EMT-related genes such as VIM, CDH1
and CDH?2 were performed. VIM (C) and CDH2 (E) were positively linked to
CBX3 while CDH1 (D) was negatively associated with CBX3.

Additional file 2: Figure S2. Survival analysis of the different pathologi-
cal stages: High CBX3 expression was linked to worse prognosis of T3 (C),
NO (E), NX (G) and MO (H) (P <0.05). CBX3 did not play a significant role in
patient’s prognosis of the different pathological stages including T1 (A), T2
(B), T4 (D), N1 (F), M1 (I), MX (J), TT +T2 (K).

Additional file 3: Figure S3. Correlation between CBX3 and signifi-
cantly enriched genes in PI3K-Akt signaling pathway. CBX3 expression is
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positively correlated with A YWHAG (Pearson =0.54), B CCNE2 (Pear-
son=0.46), C CDK2 (Pearson=0.41), D OSMR (Pearson=041), E GNB4
(Pearson=0.40), F MET (Pearson=0.43), G IFNAR2 (Pearson=045), H

IL7 (Pearson=0.49), | YWHAZ (Pearson=0.44), J RACT (Pearson=0.44),

K RPSEKB1 (Pearson=0.46) and L RHEB (Pearson =0.44). However, CBX3
expression is negatively correlated with M GNG7 (Pearson=-0.49) and K
ERBB2 (Pearson=— 047).

Additional file 4: Figure S4. Differences in the immune microenviron-
ment scores between CBX3-high and CBX3-low groups. There was no
significant difference in ESTIMATEScore (A), StromalScore (B), ImmuneS-
core (C) between the high and low CBX 3 expression groups.

Additional file 5: Figure S5. The correlation analysis between Immune
cell infiltration and CBX3 expression. The bar plots showed the relative
proportion of KIRC-infiltrating immune cells in groups with high CBX3
expression (A) and low CBX3 expression (B).

Additional file 6: Figure S6. The correlation analysis between PI3K-
related genes and CBX3 expression with and without metastasis in ccRCC.

Additional file 7: Figure S7. The correlation analysis and the effects of
PIK3R6 on immunity in KIRC. A, B The correlation analysis between PIK3R6
and CBX3 expression with and without metastasis in ccRCC. C The overall
survival curve of PIK3R6 in ccRCC on the basis of the TCGA dataset. D
PIK3R6 expression were associated with increases in score (EstimateS-
core, StromalScore, ImmuneScore) and decreases in tumor purity. E The
correlation between the level of 24 infiltrating immune cells and PIK3R6
expression. *p < 0.05 is statistically significant.

Acknowledgements
The authors sincerely thank all participants in the study.

Author contributions

JC designed the research and wrote the first draft of the manuscript; JC, YL
and SZ implemented the experiments and explained the data together. QC
and ST performed the statistical analysis. JC and XZ edited manuscript. All
authors have read and agreed to the published version of the manuscript.

Funding

The National Natural Science Foundation of China (82002068 and 82272281);
Natural Science Foundation of Guangdong Province (2021A1515010949);
Medical Scientific Research Foundation of Guangdong Province (A2022192
and B2023166); Shantou Science and Technology project (200624095260243
and 220811205271404) supported this research.

Availability of data and materials

The original contributions presented in the study are included in the article/
Supplementary Material. Further inquiries can be directed to the correspond-
ing authors.

Declarations

Ethics approval and consent to participate
The animal study was approved by the Ethics Committee of Shantou Univer-
sity Medical College.

Consent for publication
Not applicable.

Competing interests

The authors have no competing interests to disclose.

Received: 18 June 2023 Accepted: 27 August 2023
Published online: 06 September 2023


https://doi.org/10.1186/s12967-023-04478-9
https://doi.org/10.1186/s12967-023-04478-9

Chen et al. Journal of Translational Medicine

(2023) 21:600

References

1.

2.

20.

21.

22.

23.

24.

25.

26.

Capitanio U, Bensalah K, Bex A, et al. Epidemiology of renal cell carci-
noma. Eur Urol. 2019;75(1):74-84.

Perazella MA, Dreicer R, Rosner MH. Renal cell carcinoma for the neph-
rologist. Kidney Int. 2018;94(3):471-83.

Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015. CA
Cancer J Clin. 2016;66(2):115-32.

Kotecha RR, Motzer RJ, Voss MH. Towards individualized ther-

apy for metastatic renal cell carcinoma. Nat Rev Clin Oncol.
2019;16(10):621-33.

Pang C, Guan Y, Li H, et al. Urologic cancer in China. Jpn J Clin Oncol.
2016;46(6):497-501.

Keenen MM, Brown D, Brennan LD, et al. HP1 proteins compact DNA
into mechanically and positionally stable phase separated domains. Elife.
2021;10: e64563.

Rachez C, Legendre R, Costallat M, et al. HP1y binding pre-mRNA intronic
repeats modulates RNA splicing decisions. EMBO Rep. 2021;22(9): €52320.
Zaidan NZ, Sridharan R. HP1y regulates H3K36 methylation and pluripo-
tency in embryonic stem cells. Nucleic Acids Res. 2020;48(22):12660-74.
Zhong X, Kan A, Zhang W, et al. CBX3/HP1y promotes tumor prolifera-
tion and predicts poor survival in hepatocellular carcinoma. Aging.
2019;11(15):5483-97.

. Wang S, Liu F, WangY, et al. Integrated analysis of 34 microarray

datasets reveals CBX3 as a diagnostic and prognostic biomarker in
glioblastoma. J Transl Med. 2019;17(1):179.

. Zhong X, NiJ, Jia Z, et al. CBX3 is associated with metastasis and

glutathione/glycosphingolipid metabolism in colon adenocarcinoma.
J Gastrointest Oncol. 2022;13(1):246-55.

. LiQ PanY, Cao Z et al. Comprehensive analysis of prognostic value

and immune infiltration of chromobox family members in colorectal
cancer. Front Oncol. 2020;10:582667.

. ZhuY,Pu Z, Li Z et al. Comprehensive analysis of the expression and

prognosis value of chromobox family members in clear cell renal cell
carcinoma. Front Oncol. 2021;11:700528.

. Guo H, German P, Bai S, et al. The PI3K/AKT pathway and renal cell

carcinoma. J Genetics Genom. 2015;42(7):343-53.

. AliL, Raza AA, Zaheer AB, et al. In vitro analysis of PI3K pathway activa-

tion genes for exploring novel biomarkers and therapeutic targets in
clear cell renal carcinoma. Am J Transl Res. 2023;15(7):4851-72.

. Liu K, Zhang S, Gong Y, et al. PSMC4 promotes prostate carcinoma

progression by regulating the CBX3-EGFR-PI3K-AKT-mTOR pathway. J
Cell Mol Med. 2023,27(16):2437-47.

. Bejarano L, Jordao MJC, Joyce JA. Therapeutic targeting of the tumor

microenvironment. Cancer Discov. 2011;11(4):933-59.

. Lin E, Liu X, Liu'Y, et al. Roles of the dynamic tumor immune microen-

vironment in the individualized treatment of advanced clear cell renal
cell carcinoma. Front Immunol. 2021;12:653358.

. Niu H, Chen P, Fan L, et al. Comprehensive pan-cancer analysis on CBX3

as a prognostic and immunological biomarker. BMC Med Genom.
2022;15(1):29.

Xu L, Deng C, Pang B, et al. TIP: A Web Server for Resolving Tumor
Immunophenotype Profiling. Cancer Res. 2018;78(23):6575-80.

Miao YR, Zhang Q, Lei Q, et al. ImmuCellAl: a unique method for com-
prehensive T-cell subsets abundance prediction and its application in
cancer immunotherapy. Adv Sci. 2020;7(7):1902880.

Ru B, Wong CN, Tong Y, et al. TISIDB: an integrated repository

portal for tumor-immune system interactions. Bioinformatics.
2019;35(20):4200-2.

Yuan H, Yan M, Zhang G, et al. CancerSEA: a cancer single-cell state
atlas. Nucleic Acids Res. 2019;47:D900-8.

Reinhold WC, Sunshine M, Liu H, et al. Cell Miner: a web-based suite
of genomic and pharmacologic tools to explore transcript and drug
patterns in the NCI-60 cell line set. Cancer Res. 2012;72(14):3499-511.
Rathmell WK, Rumble RB, Van Veldhuizen PJ, et al. Management of
metastatic clear cell renal cell carcinoma: ASCO guideline. J Clin Oncol.
2022;40(25):2957-95.

Reustle A, Di Marco M, Meyerhoff C, et al. Integrative -omics and
HLA-ligandomics analysis to identify novel drug targets for ccRCC
immunotherapy. Genome Med. 2020;12(1):32.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Page 16 of 17

Hu K, Yao L, Xu Z, et al. Prognostic value and therapeutic poten-

tial of CBX family members in ovarian cancer. Front Cell Dev Biol.
2022;10:832354.

ZhangYJ, Zhao LY, He X, et al. CBXs-related prognostic gene signature
correlates with immune microenvironment in gastric cancer. Aging.
2022;14(15):6227-54.

Jin X, Zhang B, Zhang H, et al. Smoking-associated upregulation of
CBX3 suppresses ARHGAP24 expression to activate Rac1 signaling

and promote tumor progression in lung adenocarcinoma. Oncogene.
2022;41(4):538-49.

Cai H, YuY, Ni X, et al. LncRNA LINC00998 inhibits the malignant glioma
phenotype via the CBX3-mediated c-Met/Akt/mTOR axis. Cell Death Dis.
2020;11(12):1032.

Grimaldi AM, Affinito O, Salvatore M, et al. CBX family members in two
major subtypes of renal cell carcinoma: a comparative bioinformatic
analysis. Diagnostics (Basel, Switzerland). 2022;12(10):2452.

Peng Y, Wang Y, Zhou C, et al. PI3K/Akt/mTOR pathway and its role in can-
cer therapeutics: are we making headway? Front Oncol. 2022;12:819128.
Gonzalez-Del-Alba A, Arranz JA, Puente J, et al. Recent advances in geni-
tourinary tumors: a review focused on biology and systemic treatment.
Crit Rev Oncol Hematol. 2017;113:171-90.

Lanahan SM, Wymann MP, Lucas CL. The role of PI3Ky in the immune
system: new insights and translational implications. Nat Rev Immunol.
2022;22(11):687-700.

LiK, ZhuY, Cheng J, et al. A novel lipid metabolism gene signature for
clear cell renal cell carcinoma using integrated bioinformatics analysis.
Front Cell Dev Biol. 2023;11:1078759.

Wang Y, Yin C, Geng L, et al. Immune infiltration landscape in clear cell
renal cell carcinoma implications. Front Oncol. 2020;10:491621.

Chevrier S, Levine JH, Zanotelli VRT, et al. An immune atlas of clear cell
renal cell carcinoma. Cell. 2017;169(4):736-49.

Kovaleva OV, Samoilova DV, Shitova MS, et al. Tumor associated
macrophages in kidney cancer. Anal Cell Pathol (Amsterdam).
2016;2016:9307549.

Davidsson S, Fiorentino M, Giunchi F, et al. Infiltration of M2 macrophages
and regulatory T cells plays a role in recurrence of renal cell carcinoma.
Eur Urol Open Sci. 2020,20:62-71.

Toge H, Inagaki T, Kojimoto Y, et al. Angiogenesis in renal cell carcinoma:
the role of tumor-associated macrophages. Int J Urol. 2009;16(10):801-7.
Li C, Liu B, Dai Z, et al. Knockdown of VEGF receptor-1 (VEGFR-1) impairs
macrophage infiltration, angiogenesis and growth of clear cell renal cell
carcinoma (CRCC). Cancer Biol Ther. 2011;12(10):872-80.

lkemoto S, Yoshida N, Narita K; et al. Role of tumor-associated mac-
rophages in renal cell carcinoma. Oncol Rep. 2003;10(6):1843-9.

Ma C, KomoharaY, Ohnishi K, et al. Infiltration of tumor-associated mac-
rophages is involved in CD44 expression in clear cell renal cell carcinoma.
Cancer Sci. 2016;107(5):700-7.

Daurkin |, Eruslanov E, Stoffs T, et al. Tumor-associated macrophages
mediate immunosuppression in the renal cancer microenviron-

ment by activating the 15-lipoxygenase-2 pathway. Cancer Res.
2011;71(20):6400-9.

Mitchell D, Chintala S, Dey M. Plasmacytoid dendritic cell in immunity
and cancer. J Neuroimmunol. 2018;322:63-73.

Aspord C, Leccia MT, Charles J, et al. Plasmacytoid dendritic cells support
melanoma progression by promoting Th2 and regulatory immunity
through OX40L and ICOSL. Cancer Immunol Res. 2013;1(6):402-15.
Candolfi M, King GD, Yagiz K, et al. Plasmacytoid dendritic cells in the
tumor microenvironment: immune targets for glioma therapeutics.
Neoplasia (New York NY). 2012;14(8):757-70.

Joffre O, Nolte MA, Sporri R, et al. Inflammatory signals in dendritic

cell activation and the induction of adaptive immunity. Immunol Rev.
2009;227(1):234-47.

Hu Q Hong Y, Qi P, et al. Atlas of breast cancer infiltrated B-lymphocytes
revealed by paired single-cell RNA-sequencing and antigen receptor
profiling. Nat Commun. 2021;12(1):2186.

Lechner A, SchloBer HA, Thelen M, et al. Tumor-associated B cells and
humoral immune response in head and neck squamous cell carcinoma.
Oncoimmunology. 2019;8(3):1535293.

Wouters MCA, Nelson BH. Prognostic significance of tumor-infil-

trating b cells and plasma cells in human cancer. Clin Cancer Res.
2018;24(24):6125-35.



Chen et al. Journal of Translational Medicine

52.

53.

54.

55.

56.

57.

58.

59.

60.

(2023) 21:600

Iglesia MD, Parker JS, Hoadley KA, et al. Genomic analysis of immune cell
infiltrates across 11 tumor types. J Natl Cancer Inst. 2016;108(11):.djw144.
Li S, Huang C, Hu G, et al. Tumor-educated B cells promote renal cancer

metastasis via inducing the IL-1B/HIF-2a/Notch1 signals. Cell Death Dis.

2020;11(3):163.

Thorsson V, Gibbs DL, Brown SD, et al. The immune landscape of cancer.

Immunity. 2018;48(4):812-30.

Banchereau J, Bazan F, Blanchard D, et al. The CD40 antigen and its ligand.

Ann Rev Immunol. 1994;12:881-922.
Vijayashankar DP, Vaidya T. CD40 signaling-mediated delay in terminal dif-

ferentiation of B cells enables alternate fate choices during early divisions.

Mol Immunol. 2022;144:1-15.

Basu S, Kaw S, D'Souza L, et al. Constitutive CD40 signaling calibrates
differentiation outcomes in responding B cells via multiple molecular
pathways. J Immunol (Baltimore, Md 1950). 2016;197(3):761-70.

Pauls SD, Lafarge ST, Landego |, et al. The phosphoinositide 3-kinase sign-
aling pathway in normal and malignant B cells: activation mechanisms,
regulation and impact on cellular functions. Front Immunol. 2012;3:224.
Czerwinska P, Mackiewicz AA. Mining transcriptomic data to uncover the
association between CBX family members and cancer stemness. Int J Mol
Sci. 2022;23(21):13083.

Xu H, Jiang C, Chen D, et al. Analysis of pan-cancer revealed the immu-
nological and prognostic potential of CBX3 in human tumors. Front Med.
2022,9:869994.

61. Pan XW, Chen L, Hong Y, et al. EIF3D silencing suppresses renal cell carci-
noma tumorigenesis via inducing G2/M arrest through downregulation
of Cyclin B1/CDK1 signaling. Int J Oncol. 2016;48(6):2580-90.

62. RenY, Zhang SW, Xie ZH, et al. Cantharidin induces G2/M arrest and trig-
gers apoptosis in renal cell carcinoma. Mol Med Rep. 2016;14(6):5614-8.

63. Weigelt B, Downward J. Genomic determinants of PI3K pathway inhibitor
response in cancer. Front Oncol. 2012;2:109.

64. Makhov P, Joshi S, Ghatalia P, et al. Resistance to systemic therapies in
clear cell renal cell carcinoma: mechanisms and management strategies.
Mol Cancer Therap. 2018;17(7):1355-64.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 17 of 17

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	CBX3 promotes clear cell renal carcinoma through PI3KAKT activation and aberrant immunity
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Data acquisition and preprocessing
	Analysis of CBX3 expression levels and prognosis in KIRC
	Cell cultivation
	Cell transfection
	Cellular proliferation assays
	Colony formation assays
	Wound healing assays
	Cell invasion assay
	Xenograft murine model and immunohistochemical assays
	Differentially expressed genes and functional enrichment analysis
	Correlation analysis of the relationship between CBX3 and PI3KAKT pathway-enriched genes
	Western blotting assay
	Exploration of the relationship between CBX3 and immunity in KIRC
	Analysis of potential chemotherapy drugs
	Statistical analysis of data

	Results
	CBX3 expression levels increased in the KIRC and ccRCC cell lines
	Knockdown of CBX3 expression inhibited proliferation and induced apoptosis of renal cancer cells
	Knockdown of CBX3 expression inhibited emigration, invasion, and epithelial-to-mesenchymal transition of renal malignancy cells
	CBX3 knockdown inhibited tumor progression in vivo
	CBX3 activated the signaling pathway mediated by PI3KAKT in ccRCC​
	CBX3 influenced immunity in KIRC
	Immunity disorders caused by CBX3 in KIRC
	Exploration of drugs that potentially inhibit KIRC development

	Discussion
	Conclusions
	Anchor 35
	Acknowledgements
	References


