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Abstract

Enzalutamide (Enz) is commonly utilized as the initial treatment strategy for advanced prostate cancer (PCa). How-
ever, a notable subset of patients may experience resistance to Enz, resulting in reduced effectiveness. Utilizing Gene
Expression Omnibus (GEO) databases, we identified CBX2 as a crucial factor in mediating resistance to Enz, primarily
due to its inhibitory effect on the P53 signaling pathway. Silencing of CBX2 using small interfering RNA (siRNA) led

to elevated levels of P53 expression in LNCaP cells. This indicates that CBX2 may have a critical effect on PCa Enz resist-
ance and could serve as a promising therapeutic target for individuals with Enz resistance.
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Introduction

Prostate cancer (PCa) is recognized as the fifth most
prevalent malignant neoplasm globally and the predomi-
nant non-cutaneous malignancy diagnosed in men, with
an annual incidence exceeding 190,000 cases [1]. While
localized PCa can be effectively managed through sur-
gical intervention or radiotherapy, metastatic PCa is
characterized by a poorer prognosis [2]. Androgen dep-
rivation therapy (ADT) has been established as the con-
ventional treatment modality for metastatic PCa [3] but
about 20-30% of patients will develop castration-resist-
ant prostate cancer (CRPC) [4]. Despite new treatments,
CRPC remains incurable, so understanding its molecular
drivers is crucial for developing new therapies. The dys-
regulation of epigenetic regulators in cancers frequently
results in aberrant expression patterns that contribute to
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malignant transformation [5]. Increasing evidence sup-
ports the significant involvement of epigenetics in the
development and advancement of PCa through various
mechanisms, such as DNA methylation, the interplay
between DNA methylation and histone modification, and
the regulation of non-coding RNAs [6-9]. Recent find-
ings indicate that epigenetic perturbations orchestrated
by the polycomb group (PcG) family of transcriptional
repressors are crucial in the progression of PCa [10-13].
PcG proteins form two discrete complexes known as
Polycomb repressive complex 1 (PRC1) and Polycomb
repressive complex 2 (PRC2) [14, 15]. Within PRC1, CBX
proteins from the CBX family serve as essential regula-
tory factors in epigenetic modification processes [16].
The human genome contains eight distinct CBX proteins
(CBX1-8), each characterized by a unique N-terminal
chromodomain corresponding to the Chromobox they
encode at their N-terminus. PRC2 triggers transcrip-
tional silencing by methylating H3K27 to H3K27me3
through EZH2 [17]. PRC1 complexes, including canoni-
cal and non-canonical types, contain CBX proteins
(CBX2, 4, 6, 7, 8) that recognize H3K27me3 and recruit
PRCI1 to chromatin [18]. CBX proteins play a crucial role
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in promoting transcriptional inhibition by recruiting
PRC1 [19]. Studies have shown that CBX2 expression is
linked to various tumors and is essential for male uro-
genital system development in individuals with XY kar-
yotype [20]. Therefore, CBX2 may be a novel therapeutic
target for advanced PCa.

Recent advancements in bioinformatic analysis have
enhanced our understanding of tumor molecular mech-
anisms, with the choice of analysis algorithm playing
a significant role. This study utilized Weighted Gene
Co-expression Network Analysis (WGCNA) to identify
gene modules and hub genes associated with disease,
bypassing the need for differential expression gene (DEG)
analysis [21, 22]. In the present investigation, CBX2 was
identified as a pivotal gene implicated in the develop-
ment of resistance to Enz in PCa [23-27]. Elevated levels
of CBX2 have been correlated with unfavorable prognos-
tic outcomes in individuals affected by this disease. Our
findings demonstrate that the overexpression of CBX2
hinders the P53 signaling cascade, thereby playing a role
in the resistance to Enz in PCa. Consequently, CBX2
emerges as a promising candidate for therapeutic inter-
vention in Enz-resistant patients.

Materials and methods

GEO data preprocessing and DEGs identification

The data utilized in this study were obtained from the
GEO database, with specific information regarding the
chosen dataset provided in Supplemental Table 1. Dif-
ferential gene expression analysis was conducted to
identify genes that differed between patients exhibiting
sensitivity and resistance to cisplatin. Genes were classi-
fied as differentially expressed if they exhibited a log, fold
change (FC) greater than 1.3 and a p-value less than 0.05
in the GSE44905 [28] dataset, a log, FC greater than 1.5
and a p-value less than 0.05 in the GSE104935 [29] data-
set, and a log, FC greater than 4 and a p-value less than
0.05 in the GSE51872 [30] dataset. Additional informa-
tion can be found in the supplementary materials and
methods section.

WGCNA

Utilizing the WGCNA package in the R software, com-
mon modules were clustered within atherosclerosis data-
sets employing a cut-off threshold of 0.25. Identification
of modules exhibiting co-expression patterns with phe-
notypes was conducted, with supplementary details pro-
vided in the materials and methods section.

Single-cell RNA sequencing (scRNA-seq) analysis
GSE215943 [31] validated hub gene expression, excluding
genes with fewer than 200 detected genes. Details are in
the supplementary materials.
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Cell culture and reagents

LNCaP cells were procured from the Cell Bank of
Culture at the Chinese Academy of Sciences and cul-
tured under standard conditions of 5% CO2 and 37 °C
in RPMI-1640 medium. Cell transfection procedures
adhered to established protocols, employing siRNAs
obtained from TSINGKE (Shanghai, China) with spe-
cific sequences outlined in Supplemental Table 2. Enza-
lutamide was purchased from Selleck (51250, Shanghai,
China). Further details can be found in the supplemen-
tary materials and methods section.

Western blotting

Cell lysis was performed using RIPA buffer supple-
mented with phosphatase and protease inhibitors, fol-
lowed by protein separation via electrophoresis and
subsequent transfer onto PVDF membranes. A compre-
hensive list of primary antibodies utilized in the study,
along with their respective dilutions and sources from
vendors, can be found in Supplemental Table 3. Further
details can be accessed in the supplementary materials
and methods section.

Colony formation assay

Cells were seeded at a density of 1x 10* cells per well in
6-cm dishes and subsequently incubated in either 1640
medium alone or medium supplemented with 10 uM
enzalutamide for a duration of 14 days. Following the
incubation period, the cells were fixed with 4% para-
formaldehyde and stained with a 1% crystal violet solu-
tion for 20 min. Colony formation was quantified using
Image] software.

Statistics

A two-tailed independent Student’s f-test was con-
ducted to evaluate statistical significance, with sig-
nificance levels set at p<0.05, and non-significance
denoted by n.s.

Results

Identification of key Enz-resistant genes in PCa based

on RNA-seq data

To identify potential target genes linked to resistance
to Enz in prostate cancer, a search was carried out in
the GEO database to identify genes resistant to Enz
for further comprehensive analysis. A comparison of
gene expression levels was conducted between LNCaP
cells treated with Enz and the control group from the
GSE44905 dataset, resulting in the identification of 954
upregulated DEGs and 728 downregulated DEGs that
met the criteria of log,FC>1.3 and p<0.05 (Fig. 1A).
The study conducted a comparative analysis of gene



Wen et al. European Journal of Medical Research (2024) 29:430 Page 3 of 12
A GSE44905 B GSE104935 C GSE51872

Fiinz) B i . f olCioRs3) . :
g ° g °
: :

S 4 o 4 S

| 3 3 .

0 E 0 o :

-0.37800.378
Log,(fold change)

-0.378 0 0.378
Log,(fold change)

Enza
Vehicle

G GO enrichment H

si. o388

,“=ii,=5§
i i L ° £ #

~logt0(pvalue)
0

-s

KEGG enrichment

PSS YT

~log10(pvalue)
2

Fig. 1 Enzresistance-related genes identification. A Volcano plots of the DEGs in GSE44905. Red dots indicate upregulated genes; blue dots
indicate downregulated genes. B Volcano plots of the DEGs in GSE104935. Red dots indicate upregulated genes; blue dots indicate downregulated
genes. CVolcano plots of the DEGs in GSE51872. Red dots indicate upregulated genes; blue dots indicate downregulated genes. D Heatmap
showing DEGs in different samples in GSE44905. E Heatmap showing DEGs in different samples in GSE104935. F Heatmap showing DEGs

in different samples in GSE51872. G Circular enrichment of GO pathways among GSE44905 DEGs. H Circular enrichment of GO pathways

among GSE104935 DEGs. I Circular enrichment of GO pathways among GSE51872 DEGs. J Circular enrichment of KEGG pathways among GSE44905
DEGs. K Circular enrichment of KEGG pathways among GSE104935 DEGs. L Circular enrichment of KEGG pathways among GSE51872 DEGs

expression levels in Enz-resistant LNCaP cells and
Control LNCaP cells using data from the GSE104935
dataset, identifying 1121 upregulated and 859 down-
regulated DEGs meeting the criteria of log, FC greater
than 1.5 and p-value less than 0.05 (Fig. 1B). Further-
more, a comparative analysis was conducted on VCaP
cells treated with Enz and the control group from the
GSE51872 dataset, identifying a total of 962 upregu-
lated and 771 downregulated DEGs that met the speci-
fied criteria of a log, FC greater than 4 and a p-value

less than 0.01 (Fig. 1C). The heatmaps visually repre-
sented the clustering of these DEGs (Fig. 1D-F).

To clarify the biological characteristics linked to the
emergence of Enz resistance, distinct analyses were con-
ducted on the overexpressed DEGs in the cohorts treated
with Enz and those displaying resistance to Enz, employ-
ing GO and KEGG pathway analysis. The predominant
GO terms related to the reaction to Enz are depicted in
Fig. 1G-1. DEGs in LNCaP and VCaP cells subjected
to Enz treatment (GSE44905, GSE51872), as well as
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in Enz-resistant LNCaP cells (GSE104925), exhibited
enrichment in pathways linked to cellular homeostasis,
mitotic DNA replication, lipid oxidation, and regulation
of apoptotic signaling pathways, suggesting a potential
role in regulating drug resistance in PCa. Additionally,
the primary KEGG terms associated with Enz response
are depicted in Fig. 1J-L. The DEGs were mainly asso-
ciated with key signaling pathways like PI3K-Akt,
NF-kappa B, and P53, consistent with GO enrichment
analysis. This emphasizes the importance of studying
molecular mechanisms to improve understanding and
treatment of Enz-resistant PCa.

Enz-resistant gene co-expression networks determined
by WGCNA
DEGs were primarily focused on the most significantly
regulated genes, potentially neglecting others. This
study utilized WGCNA to construct gene co-expression
modules to investigate key gene modules and poten-
tial mechanisms associated with Enz resistance. Hier-
archical clustering was employed to create color-coded
modules for the cluster dendrogram, with heatmaps
presented in Fig. 2A (GSE44905), Fig. 2B (GSE104935),
and Fig. 2C (GSE51872). The blue module exhibited the
strongest positive correlation with the Enz response
trait in GSE44905 (corresponding correlation, CC=0.92,
p=4e—04), as depicted in Fig. 2D. Additionally, the
magenta module demonstrated a significant positive
correlation with the Enz resistance trait in GSE104935
(CC=0.87, p=0.001), while another green module
exhibited the strongest positive correlation with the Enz
response trait in GSE51872 (CC=0.98, p=4e—06), as
depicted in Fig. 2E, F.

To elucidate the crucial genes involved in the develop-
ment of resistance to Enz, an effort was made to identify

(See figure on next page.)
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shared hub genes among DEGs and hub genes derived
from WGCNA modules. This investigation resulted in
the identification of 79 genes in GSE44905, 42 genes in
GSE104935, and 91 genes in GSE51872. Subsequently,
an enrichment analysis was conducted on the com-
mon hub genes identified from the three GEO datasets
using Metascape (https://metascape.org/). The primary
Metascape terms identified in GSE44905 included the
regulation of the G protein-coupled receptor signaling
pathway and positive regulation of the MAPK cascade.
Furthermore, the principal GO enrichment outcomes of
GSE104935 comprised the immune response-regulating
signaling pathway and lysosomal transport. Addition-
ally, the top terms of GSE51872 identified through GO
analysis included response to steroid hormone, PID HIF1
TFPATHWAY, and regulation of chemokine production.

Expression and prognosis of hub genes in PCa

To inform clinical decision-making and stratify Enz-
resistant conditions, it is essential that the information
obtained from Enz-resistant samples remains consist-
ent. Consequently, a comparative analysis was performed
on hub genes identified in three GEO datasets, revealing
that CBX2, DCAF6, FAM117B, and TMEM 141 were con-
sistently identified across all three datasets (Fig. 3A). The
mRNA expression levels of these four candidate genes
in TCGA dataset are depicted in Fig. 3B. Consequently,
CBX2 demonstrates elevated expression levels in PCa
samples and is notably associated with the prognostic
outcomes of PCa patients as indicated by Kaplan—Meier
survival analysis (Fig. 3C). Moreover, among the four
genes identified through Venn diagram analysis, CBX2
displays statistically significant differences between the
control and Enz-treated LNCaP groups (Fig. 3D-E),
as well as between the control and Enz-resistant VCaP

Fig. 2 WGCNA reveals Enz-resistant gene co-expression networks. A WGCNA analysis of Enz response samples in GSE44905. The dendrogram
represented the clusters of differentially expressed genes based on different metrics. Each branch represented one gene, and each color

below the branches represented one co-expression module. B WGCNA analysis of Enz resistance samples in GSE104935. The dendrogram
represented the clusters of differentially expressed genes based on different metrics. Each branch represented one gene, and each color

below the branches represented one co-expression module. C WGCNA analysis of Enz resistance samples in GSE51872. The dendrogram
represented the clusters of differentially expressed genes based on different metrics. Each branch represented one gene, and each color

below the branches represented one co-expression module. D The heatmap showed the correlation between gene modules and Enz response.
The correlation coefficient in each cube represented the correlation between gene modules and traits, which decreased from red to blue. E The
heatmap showed the correlation between gene modules and Enz resistance. The correlation coefficient in each cube represented the correlation
between gene modules and traits, which decreased from red to blue. F The heatmap showed the correlation between gene modules and Enz
resistance. The correlation coefficient in each cube represented the correlation between gene modules and traits, which decreased from red

to blue. G The common hub genes shared between DEGs and WGCNA derived from GSE44905 were visualized in a Venn diagram. H The common
hub genes shared between DEGs and WGCNA derived from GSE104935 were visualized in a Venn diagram. I The common hub genes shared
between DEGs and WGCNA derived from GSE51872 were visualized in a Venn diagram. J The top enriched GO pathways among common

hub genes from the GSE44905. The horizontal axis represented the p-value of GO terms on Metascape. K The top enriched GO pathways

among common hub genes from the GSE104935. The horizontal axis represented the p-value of GO terms on Metascape. L The top enriched GO
pathways among common hub genes from the GSE51872. The horizontal axis represented the p-value of GO terms on Metascape
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groups (Fig. 3F). Taken together, these findings suggest
that CBX2 may serve as a promising biomarker for Enz
resistance in PCa.

CBX2-related downstream signaling pathways
identification

After establishing CBX2’s involvement in Enz resistance
in PCa, our objective was to investigate the molecu-
lar mechanisms underlying CBX2’s pro-resistance role
in PCa through gene expression analysis of scRNA-seq
data from a variety of PCa samples. Subsequently, gene
expression profiles were extracted from two Enz-treated
samples and one control sample within the GSE215943
dataset. Following appropriate sequencing depth adjust-
ment, gene count detection, and data normalization
steps, a subset of 2000 genes showing significant vari-
ability was chosen for subsequent analysis. Subsequently,
after the application of quality control filters, a total of
31,312 cells were analyzed, each containing a median of
24,371 genes per cell.

The dimensionality reduction procedure was executed
utilizing the "RunPCA" function, leading to the discern-
ment of 12 clusters at a resolution of 0.5 (Fig. 4A, B).
Next, an evaluation of the distribution of these cellu-
lar clusters across the two sample types was conducted
and depicted (Fig. 4C). The heatmap exhibited the top 5
genes displaying notable variability within each cluster
(Fig. 4D). Following this, a comprehensive analysis of the
visualization outputs generated by CellChat was under-
taken for various analytical objectives. The hierarchy
plot and circle plot employed distinct color schemes to
depict distinct cell groups, whereas the bubble plot uti-
lized color intensity to indicate the relative likelihood of
communication (Fig. 4E, F). The results suggest that clus-
ters 7 and 10 primarily functioned as sources, clusters 3,
5, and 6 as recipients, and clusters 0, 1, 2, 4, 8, 9, and 11
as both sources and recipients. Additionally, an investiga-
tion of the interactions among the nine clusters entailed
examining interactions in which each cluster served as
both a target and a source. The bidirectional interactions
between outgoing and incoming signaling within these
clusters involved pathways such as NOTCH, WNT, and
IGF (Fig. 4G).

Prior studies have demonstrated a strong association
between CBX2 and the Notch signaling pathway in kid-
ney renal papillary cell carcinoma [32]. To investigate

(See figure on next page.)

Page 6 of 12

the role of CBX2 in the development of Enz resistance
in PCa, our study examined the Notch signaling pathway
in cluster communications. Our findings indicate that
clusters 0 and 6 serve as primary sources, while the other
clusters act as main receivers. Additionally, the distribu-
tion and expression patterns of hub genes CBX2, DCAF6,
FAM117B, and TM3M1141 are depicted in Fig. 41, .
Furthermore, to emphasize the predominant signal-
ing pathway activated within each cluster, GSVA was
conducted across the 12 clusters. The results indicated
that in clusters 0 and 1, there is an upregulation of the
HALLMARK_INTERFERON_ALPHA_RESPONSE.
Besides, there is an upregulation of the HALLMARK_
ANDROGEN_RESPONSE in cluster 2, and an upregula-
tion of the HALLMARK_PANCREAS_BETA_CELLS in
cluster 3, among others (Fig. 5A). Subsequently, the cells
were categorized into CBX2" and CBX2~ groups for the
purpose of analyzing gene expression disparities. GO
enrichment analysis revealed enrichment in cell survival
pathways such as the cell cycle process, DNA metabolic
process, and mitotic cell cycle. KEGG enrichment analy-
sis revealed the involvement of the P53 signaling path-
way, Cell cycle, and Apoptosis (Fig. 5B, C). Additionally,
GSEA demonstrated the essential role of CBX2 activity in
promoting prostate cancer (PCa) cell survival by upregu-
lating the cell cycle signaling in CBX2" cells. Moreover,
the inhibition of the P53 signaling pathway was associ-
ated with CBX2~ cells, indicating that the upregulation of
CBX2 suppresses the P53 signaling pathway, thereby con-
tributing to enzalutamide resistance in PCa (Fig. 5D, E).

In vitro experiments validated the role of CBX2
in Enz-response
To validate the hypothesis that Enz response can activate
CBX2 and enhance prostate cancer cell survival through
modulation of the P53 signaling pathway, resulting in Enz
resistance, an in vitro model of PCa was established using
LNCaP cells. The expression levels of CBX2 and P53
were assessed following treatment of LNCaP cells with
Enz at a concentration of 10 uM for a specified duration.
Western blot analysis confirmed that stimulation with
Enz led to downregulation of the P53 signaling pathway
in LNCaP cells (Supplement Fig. A, B).

Our functional analysis indicated that the acquisition
of Enz resistance is linked to alterations in the P53 signal-
ing pathways. Collectively, the findings from our colony

Fig. 3 Expression and prognosis of hub genes. A The common hub genes shared among three GSE datasets were visualized in a Venn diagram.
B The expression of four selected genes in the TCGA database, PCa (red) and normal (gray). C Kaplan—-Meier curves, respectively, for disease-free
survival (DFS), and of PCa patients with high versus low expression of four selected genes in TCGA. D Estimation of hub gene expression

in GSE44905. E Estimation of hub gene expression in GSE104935. F Estimation of hub gene expression in GSE51872. *p < 0.05
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formation assay suggest that resistance stemming from
CBX2 activation could potentially be mitigated through
a combination of CBX2 knockdown and Enz treatment
(Supplement Fig. 1C, D). Consequently, we posit that
the CBX2-related pathway may contribute to the devel-
opment of Enz resistance. Our collective in vitro experi-
mental results indicate that the inhibition of CBX2 may
lead to the reactivation of the P53 pathway and suppres-
sion of resistance to Enz in prostate cancer. This under-
scores the therapeutic potential of targeting CBX2 in the
treatment of advanced prostate cancer.

Discussion

A significant clinical obstacle exists in the identification
of patients at risk for developing lethal resistance and dis-
seminated PCa, as well as distinguishing those who will
not progress to metastatic disease [33]. Despite extensive
sequencing initiatives, only a limited number of genetic
mutations are consistently observed in PCa, indicating
a potential role for epigenetic modifications in disease
progression [34]. Targeting epigenetic vulnerabilities to
reverse chromatin alterations linked to androgen recep-
tor signaling inhibitor resistance may enhance treat-
ment sensitivity [35]. The integration of this strategy with
endocrine therapy has the potential to induce lethality
in PCa cells. Besides, additional factors like comorbidity
or the specific drug used to start the ADT can influence
the prognosis of prostate cancer patients. Previous stud-
ies have reported that whether hormonal therapy, espe-
cially in advanced prostate cancer, acts as a protective
factor or a risk factor during COVID-19 could be useful
[36]. Moreover, androgen-receptor-axis-targeted (ARAT)
agents improve overall survival in metastatic CSPC and
discourage their combined use with docetaxel in this set-
ting [37]. In addition, tumor microenvironment (TME)
has been claimed as one of the most important factors of
prostate cancer progression since the androgen signals
were reported to mutually interplay and enhance inflam-
mation and tumorigenic activation [38], and the peripro-
static adipose tissue promotes prostate cancer resistance

(See figure on next page.)
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to docetaxel by paracrine IGF-1 upregulation of TUBB2B
beta-tubulin isoform [39]. This study presents evidence
of the upregulation of CBX2 in Enz-resistant PCa and
its association with unfavorable clinical outcomes. Addi-
tionally, our findings reveal that depletion of CBX2 leads
to cell death in PCa cells in vitro, accompanied by the
reactivation of the P53 pathway, thereby inhibiting PCa
progression. Taken together, these results suggest that
CBX2 may serve as a potential therapeutic target in
advanced PCa.

This study investigated the role of CBX2 in mediating
resistance to Enz in the treatment of PCa. Various bio-
informatics approaches were employed to analyze gene
expression profiles of samples displaying resistance to
Enz. Initial analysis of the GSE44905 dataset identified
954 upregulated DEGs and 728 downregulated DEGs
in Enz-treated LNCaP cells. Similarly, the GSE104935
dataset revealed 1121 upregulated and 859 downregu-
lated DEGs in Enz-resistant LNCaP cells, while the
GSE51872 dataset showed 962 upregulated and 771
downregulated DEGs in Enz-treated VCaP cells. Fur-
thermore, the WGCNA is widely recognized as a more
effective method for identifying internal functional
modules among important genes in comparison to DEG
analysis [40—-42]. However, there is a gap in the literature
regarding the utilization of WGCNA in investigating Enz
resistance in PCa [43]. In the examination of three GEO
datasets, several key gene modules were identified as
significant contributors to the response to Enz. By con-
ducting a thorough analysis of both DEGs and WGCNA,
the crucial gene CBX2 was pinpointed and subsequently
validated through scRNA-seq analysis and in vitro exper-
iments. The inhibition of CBX2 has been shown to reac-
tivate the P53 pathway in prostate cancer cells, providing
insight into the mechanisms involved in enzalutamide
resistance in prostate cancer.

Previous research has demonstrated that CBX2 can
influence chromatin accessibility through the MAPK
pathway in acute myeloid leukemia [44]. Additionally,
earlier studies have indicated that p38 MAPK plays

Fig. 4 ScRNA-seq data validated the selected hub genes. A The UMAP was utilized to partition cells into 12 distinct clusters, with each cluster
being represented by a unique color that corresponded to its numbered phenotype. B The UMAP was used to partition cells according to different
sample types. C The distribution of cell proportions across distinct groups is depicted on a graph, where the vertical axis denotes the proportion
of each cell cluster. D The heatmap presents the expression of the top 5 DEGs (rows) in each cell cluster (column). E Cell-cell communication
signaling network among the 9 clusters analyzed with CellChat. The right panel showed that cell clusters were located based on the count of their
significant incoming (Y-axis) or outgoing (X-axis) signaling pattern. F Number of interactions in 12 cell clusters. The width of the lines indicates

the number of pairs. Different colors represent different signal sources. G Heatmap of the CellChat signaling in each cluster. The left panel shows
the outgoing signaling patterns (expression weight value of signaling molecules) and the right panel shows the incoming signaling patterns
(expression weight value of signaling receptors). A gradient of white to dark green indicates a low to high expression weight value in the heatmap.
H The inferred NOTCH2 signaling pathway network. I Feature plots showing the distribution of CBX2, DCAF6, FAM117B, and TMEM141in 12 cell
clusters. J Violin plots showing the distribution of indicated genes in various cell clusters
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Fig. 5 In vitro experiments validated the role of CBX2 in Enz-response. A Heatmap showing different pathways enriched in the 12 cell clusters
by GSVA. Each column represents different groups or subpopulations of cells, and each row represents a pathway. The redder the color,

the higher the score, and the bluer the color, the lower the score. B The top enriched GO pathways among DEGs of CBX2* and CBX2™ cells were
identified and presented in a graphical representation. C The top enriched KEGG pathways among DEGs of CBX2* and CBX2™ cells were identified
and presented in a graphical representation. D The P53 signaling pathway was identified and presented in a graphical representation by GSEA. E
The cell cycle pathway was identified and presented in a graphical representation by GSEA

a role in promoting metastasis and invasion, and that
p38 activity is essential for maintaining colorectal can-
cer cell metabolism [45]. Hence, it is posited that the
removal of CBX2 may impact cancer cell proliferation
by modulating the MAPK signaling pathway. Further-
more, recent research has demonstrated that CBX2
is notably overexpressed among various models of
metastatic and castration-resistant PCa, underscoring
the essential function of the PcG family of epigenetic
regulators in PCa cell survival and metastasis [46].
Our results suggest that the CBX2-related mechanism
could play a crucial role in the emergence of resistance
to Enzalutamide. To delve deeper into this correlation,
we utilized siRNA to suppress the expression of the
CBX2 gene in Enz-treated LNCaP cells and assessed its
impact on the activation of the P53 pathway.

Despite the rigorous analyses and extensive experi-
mental validation conducted in our study, it is impor-
tant to acknowledge certain limitations. Specifically,
the intricate nature of tissues and living organisms may
result in cellular-level analyses not always offering a
comprehensive representation of the organism. Addi-
tionally, additional in vitro and in vivo studies are nec-
essary to verify the reciprocal impact of CBX2 on Enz

resistance. It is important to highlight that the absence
of RNA-seq data from Enz-resistant patient tissues
poses a constraint in this research.

Conclusion

This research employed integrated bioinformatics anal-
ysis to investigate the potential mechanisms associated
with resistance to Enz, revealing the hub gene CBX2
as a potential pivotal regulatory factor. Subsequent
in vitro experiments conducted on LNCaP cells treated
with Enz confirmed the significance of CBX2, particu-
larly in the context of the CBX2/P53 axis. These results
provide novel insights into the mechanisms underlying
resistance to Enz.
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