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Abstract. The role and underlying mechanism of cytoplasmic 
polyadenylation element binding protein 3 (CPEB3) in clear 
cell renal cell carcinoma [ccRCC progression remain poorly 
characterized. The present study was designed to evaluate the 
role of CPEB3 in ccRCC and its clinical associations. The 
overall response rate of first-line therapies (ICIs combined 
with VEGFR-TKIs or ICI combination) for ccRCC] is 42.0-
59.3%, so a number of patients with ccRCC do not benefit from 
these therapies. To avoid immunosurveillance and immune 
killing, tumor cells decrease immunogenicity and recruit 
immunosuppressive cells such as regulatory T cells (Tregs). 
Tregs inhibit the development of anti-tumor immunity, thereby 
hindering immune surveillance of cancer and preventing 
effective anti-tumor immune response in tumor-bearing hosts. 
The present study analyzed clinical specimens from patients 
ccRCC and then examined the role of CPEB3 in ccRCC via 
bioinformatics analysis. CPEB3 expression was significantly 
reduced in ccRCC compared with normal tissue and low 
CPEB3 expression was associated with poor overall survival. 
Moreover, CPEB3 expression was an independent predictor 
of survival. CPEB3 expression was positively associated with 
immune biomarkers [CD274, programmed cell death 1 ligand 
2, Hepatitis a virus cellular receptor 2, Chemokine (C-X-C 
motif) ligand (CXCL)9, CXCL10, Inducible T cell costimula-
tory, CD40, CD80 and CD38] that improve the outcome of 
anti-tumor immune responses. CPEB3 expression in ccRCC 
also affected the status of 24 types of infiltrating immune 
cell, of which Tregs were the most significantly negatively 
correlated cell type. CPEB3 may serve as a prognostic 

biomarker in ccRCC and its mechanism may be related to the 
regulation of Tregs.

Introduction

The incidence of renal cell carcinoma (RCC) has increased in 
past decades: RCC accounts for 2-3% of adult malignancies 
worldwide and is the 14th most common type of solid cancer, 
with 431,288 new cases reported in 2020 (1). The dominant 
subtype is clear cell (cc)RCC (2). Immune checkpoint inhibi-
tors (ICIs) that target programmed death receptor-1 (PD-1) 
on T cells have been widely used to treat advanced renal 
cancer (3-11). Tyrosine kinase inhibitors of vascular endothe-
lial growth factors combined with ICIs have been approved as 
first- and subsequent-line therapies for advanced ccRCC (3-8). 
ICI combination (9) is recommended as first- and subsequent-
line therapy for advanced ccRCC and ICI monotherapy (10) 
has been recommended as subsequent-line therapy by The 
National Comprehensive Cancer Network. In addition, ICIs 
have been investigated as adjuvant therapy options for ccRCC 
with positive results (11). The overall response rate of first-line 
therapies is 42.0-59.3% (5,7-9). Although the overall response 
rate is higher than that of traditional options, such as chemo-
therapy or radiotherapy, numerous patients do not benefit from 
these therapies. Therefore, screening of the targeted population 
and detection of ICI resistance is key.

The tumor microenvironment (TME) is associated with 
poor prognosis in patients with numerous types of cancer 
[renal cell carcinoma (12), non-small cell lung cancer (13), 
Liver Cancer (14), and so on]. TME involves the recruitment 
of immunosuppressive cells, such as regulatory T (Treg) 
and myeloid-derived suppressor cells and tumor-associated 
macrophages (15-18). Multiple mechanisms of Treg-mediated 
immunosuppression have been described, including cell 
contact-dependent and humoral factor-mediated mechanisms, 
that involve a range of molecules, such as cell surface molecules 
[programmed death (PD)-1, Programmed death-ligand 1(PD-
L1), Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), 
CD25, T cell immunoreceptor with Ig and ITIM domains 
(TIGIT), CD39 and CD73], cytokines (IL-2, IL-10, TGF-β 
and IL-35) and secreted or intracellular molecules (granzyme, 
cyclic AMP and Indoleamine 2,3-dioxygenase)] (19).
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Tregs are a highly immunosuppressive subset of CD4+ 
T cells that are distinguished from other immune cells by 
expression of forkhead box protein 3 (FoxP3) transcription 
factor. Tregs maintain immune homeostasis by controlling 
immune responses and are associated with several diseases, 
including autoimmune diseases and cancer (20-23). Tumors 
are infiltrated by multiple Tregs, which account for 10-50% 
of CD4+ T cells in tumors and 2-5% of CD4+ T cells in the 
peripheral blood of those without cancer (24-26).

Cytoplasmic polyadenylation element binding protein 3 
(CPEB3), a member of the CPEB family (27), has a tumor-
suppressive effect in numerous types of cancers, such as gastric 
cancer (28) and esophageal squamous cell carcinoma (29). 
Particularly in colorectal cancer, CPEB3 is involved in cross-
talk between colorectal cancer cells and tumor-associated 
macrophages by targeting IL-6 receptor/STAT3 signaling (30). 
However, the exact role and underlying mechanism of CPEB3 
in ccRCC progression remain poorly characterized. The 
present study examined the expression of CPEB3 in ccRCC 
tissue to provide insights into the inhibition of Treg infiltration 
in TME.

Materials and methods

Clinical specimens. ccRCC tissue microarrays (TMAs; 
HKidE180Su03) were obtained from Shanghai Xinchao 
Biological Technology Co. Ltd. HKidE180Su03 contains 
90 pairs of ccRCC and matched paracancerous tissue that 
were used for immunohistochemistry (IHC) analysis. Outdo 
BioTech also provided the detailed clinicopathological charac-
teristics of cohorts. The Clinical Research Ethics Committee 
of Outdo BioTech granted ethical approval for the study of the 
TMAs (Shanghai, China; approval no. SHYJS-CP-1707003).

IHC. IHC staining was performed on TAMs to detect protein 
expression levels of CPEB3. In brief, tissue samples were 
fixed in 4% paraformaldehyde for 8  h at room tempera-
ture, then embedded in paraffin and sliced into 3-µm thick 
sections. Sections were deparaffinized with xylene at room 
temperature for 30 min and rehydrated using a descending 
ethanol series Sections were heated in a water bath at 95˚C 
with Dako Target Retrieval Solution (Code S1699; Agilent 
Technologies, Inc.) for 20 min. Sections were then treated 
with 3% hydrogen peroxide in methanol to quench the 
endogenous peroxidase activity, followed by incubation with 
normal goat serum (10%; Beijing Biosynthesis Biotechnology 
Co., Ltd.) for 10  min at room temperature to block the 
nonspecific binding. Sections were incubated with rabbit 
polyclonal CPEB3 antibody (1:100; cat. no. ab10883; Abcam) 
for overnight at 4˚C, followed by application of a secondary 
antibody [1:1,000; Peroxidase AffiniPure Goat Anti-Rabbit 
IgG (H+L); cat. no. 111-035-003; Jackson ImmunoResearch 
Laboratories, Inc.] for 40 min at 37˚C. DAB) was used as 
the chromogenic substrate and the sections were counter-
stained with hematoxylin for 1 min at 20˚C. Positive controls 
were performed in each experiment. negative controls were 
performed in the same condition without primary antibodies. 
Full slide images were reviewed and evaluated by two 
pathologists under a light microscope (Aperio XT; Leica 
biosystems; magnification, x40).

Immunostaining intensity ranged from weak to strong as 
follows: 0, no staining; 1 (weak staining), 2 (low to moderate 
staining), 3 (moderate staining) or 4, strong staining). The final 
score was calculated as proportion of CPEB3-positive cells 
multiplied by staining intensity. Tumors were divided in high‑ 
or low-expression groups based on a final score ≥300 or <300, 
respectively. Each sample was independently assessed by two 
experienced pathologists, with a third pathologist making the 
final decision in case of disagreement.

Data collection and processing. University of California, 
Santa Cruz XENA (31) (xenabrowser.net/datapages/) runs 
Toil (32) to capture and process data from The Cancer Genome 
Atlas (33) and the Genotype Tissue Expression Project (34). 
Toil was used to collect data from normal and diseased tissue 
of patients with pan-cancer and ccRCC for statistical analyses 
and visualization using the R programming language (version 
4.2.1)  (35). RNA sequencing data were converted into the 
transcripts per million reads format.

Analysis of expression levels of CPEB3 and co-expressed and 
differentially expressed genes. Expression levels of CPEB3 
were compared between normal and tumor tissues using the 
Stat package (version 4.2.1) (https://www.r-project.org/). Total 
protein expression of CPEB3 and its methylation levels in ccRCC 
were also identified using the UALCAN database (36,37). 
The Stat package was used to identify co-expressed genes. 
Furthermore, after dividing the samples into groups based 
on the median expression of CPEB3 (cut-off value, 2.2454), 
differentially expressed genes were identified using DESeq2 
(version 1.36.0) (38) with the following threshold parameters: 
Log-fold change absolute value >1.5 and P<0.05. The results 
were visualized using ggplot2 package (version 3.3.6) (39).

Analysis of biological function. Gene Ontology (GO) (40,41)
and Kyoto Encyclopedia of Genes and Genomes (KEGG; 
kegg.jp) pathways were used to determine the biological func-
tions of CPEB3 in ccRCC. The three primary components in 
GO analysis are molecular function (MF), biological process 
(BP) and cellular component (CC). These analyses were 
performed using clusterProfiler (version 4.4.4) (42) and GOplot 
(version 1.0.2) packages (43). Gene Set Enrichment Analysis 
(GSEA) (44) was performed to explore underlying functions 
and pathways in the Human Molecular Signatures Database 
collections (c2.cp.all.v2022.1.Hs.symbols.gmt) (45).

Analysis of CPEB3-associated immune cell infiltration and 
correlation with immune checkpoints and cell markers. To 
detect whether CPEB3 expression influences immune cell 
infiltration, status of 24 types of infiltrating immune cells (46) 
in ccRCC was determined using the gene set variation 
analysis package (version 1.46.0) (47). Tumor Immune System 
Interaction database was used to determine the relationship 
between abundance of tumor-infiltrating lymphocytes and 
expression of CPBE3. The immune-associated signatures 
of tumor-infiltrating lymphocytes were obtained from the 
study by Charoentong et al (48). Association between Tregs 
and CPEB3 was assessed using TIMER2.0 (timer.cistromen.
org/) (49). Associations between CPEB3 and immune check-
points [including CD274, B and T lymphocyte attenuator, 



BIOMEDICAL REPORTS  20:  63,  2024 3

lymphocyte-activation gene3 (LAG3) and CTLA] cell markers 
(such as FOXP3) were analyzed using the ggplot2 package.

Clinical significance of CPEB3 in ccRCC. CPEB3 expression 
and OS was analyzed by Kaplan-Meier survival curves, a 
log-rank test and univariate and multivariate Cox regression 
models. Survival package (version 3.3.1) (50) was used for 
subgroup analysis and forest plots were constructed using 
ggplot2. Survival package was used to generate the Kaplan-
Meier overall survival (OS) and disease-specific survival (DSS) 
curves for ccRCC. Associations between CPEB3 expression 
and clinical features were assessed using ggplot2. Receiver 
operating characteristic (ROC) curves were constructed using 
the pROC package (version 1.18.0.) (51) to determine whether 
CPEB3 could be a tumor prediction index. Rms (version 6.3.0; 
cran.r-project.org/web/packages/rms/index.html) and survival 
packages were used to construct the nomogram.

Statistical analysis. Mann-Whitney U test was used to 
compare the difference in expression of CPEB3 between 
normal tissue and tumors in pan-cancer. The significance of 
clinicopathological variables for survival was analyzed using 
the univariate and multivariate Cox proportional hazards 
method. The Mann-Whitney U test was also used to compare 
expression of CPEB3 in immune cells. Paired t test was used to 
analyze the expression of CPEB3 in paired samples of ccRCC. 
The chi-square test was used for comparisons of CPEB3 
expression in clinicopathological features. Data are presented 
as the mean ± SEM. Hypergeometric distribution test was 
used for GO/KEGG analysis. Permutation test calculated the 
likelihood of occurrence of the observed enrichment score 
(ES). Cox regression analysis and Kaplan-Meier method with 
long-rank test were used for prognostic analysis of CPEB3. 
The Shapiro-Wilk normality test was performed to evaluate 
the normality and then Pearson or Spearman correlation 
was utilized to calculate correlation coefficients. All statis-
tical analyses of bioinformatics data were performed using 
R programming language. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Clinicopathological features of study population. The main 
clinicopathological features of the ccRCC series are summa-
rized in Table I. Male patients outnumbered female (59:30) 
patients and the median patient age was 59  years (range, 
29-82 years; data not shown). All patients were Asian, 90.8% 
presented with localized disease (stages I and II) and 9.2% 
presented with advanced disease (stages III and IV) according 
to American Joint Committee on Cancer Cancer Staging 
Manual (52) at the time of diagnosis and received systemic 
therapy (data not shown). The median tumor size was 4.5 cm 
(data not shown) with 23.3% of tumors measuring >7 cm. 
Overall, 64.4% of ccRCCs were T1, 28.9% T2 and 6.7% T3. 
Additionally, 97.7% of the patients were pN0 and 2.3% were 
pN1. The percentage of patients with distant metastases was 
2.2% (Data not shown). Moreover, 63.2% of the tumors were 
stage I, 27.6% were stage II, 6.9% were stage III, and 2.3% 
were stage  IV; 30% of ccRCCs were grade 1, 46.7% were 
grade 2, 23.3% were grade 3 and 0.0% were grade 4 (53).

CPEB3 expression is depressed in ccRCC tissue. CPEB3 
expression was examined using IHC in 81 pairs of human 
ccRCC and adjacent non-cancerous tissue samples (Fig. 1A). 
CPEB3 staining was observed only in the cytoplasm of the 
cells. High CPEB3 expression was observed in 96.3% (78/81) 
of normal renal and 30.9% (25/81) of the ccRCC tissue samples 
(Fig. 1B). ccRCC expression was not associated with sex, age, 
distant metastasis, tumor stage, histological grade or lymph 
node metastasis (Table SI).

Prognostic value of CPEB3 expression in patients with 
ccRCC. To determine the prognostic value of CPEB3 expres-
sion, association between CPEB3 expression and OS was 
analyzed by Kaplan-Meier survival curves, a log-rank test 
and univariate and multivariate Cox regression models. The 
median follow-up time was 93 months (range, 2-106 months), 
and 64.4% of the patients were alive without evidence of 
disease. Compared with high CPEB3 expression, low expres-
sion was associated with shorter OS (Fig. 1C). To identify 
the clinicopathological variables associated with survival 

Table I. Patient clinicopathological features.

Characteristic	 Number (%)

Age, years	
  ≤60	 50 (56.8)
  >60	 38 (43.2)
Sex	
  Male	 59 (66.3)
  Female	 30 (33.7)
T stage	
  T1	 58 (64.4)
  T2/3	 32 (35.6)
N stage	
  N0	 85 (97.7)
  N1	 2 (2.3)
M stage	
  M0	 88 (97.8)
  M1	 2 (2.2)
TNM stage	
  I 	 55 (63.2)
  II	 24 (27.6)
  III	 6 (6.9)
  IV	 2 (2.3)
Furhman grade	
  1	 27 (30.0)
  2	 42 (46.7)
  3	 21(23.3)
  4	 0 (0.0)
Maximum tumor diameter, cm	
  ≤7	 69 (76.7)
  >7	 21 (23.3)

Some baseline data were missing due to loss of follow-up.
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time, univariate analysis (sex, age, tumor size, T, N and M 
stage, tumor grade and CPEB3 expression) was performed. 
Differences in prognosis were expressed as hazard ratios 
(HR) and P-values. Univariate analysis demonstrated that 
age, tumor size, T, N and M stage, tumor grade and CPEB3 
expression were significant predictors of OS (Table II). The 
relative importance of each variable was determined using 
multivariate Cox proportional hazards analysis. Multivariate 
analysis showed that age, T and N stage and CPEB3 expres-
sion were independent predictors of OS. Patients with low 
CPEB3 expression had a 3.57-time higher risk of death than 
those with high expression (HR, 0.28, 95% CI, 0.091-0.865; 
Table II).

Expression of CPEB3 in pan-cancer and ccRCC. Expression 
levels of CPEB3 were assessed in 33 cancer types (Fig. 2A); 
compared with normal tissues, 16 cancer types expressed lower 
levels of CPEB3. The expression of CPEB3 in ccRCC tissues 
was significantly lower than that in normal tissue (Fig. 2B) and 
total protein expression of CPEB3 was also lower in ccRCC 
samples compared with normal tissue (Fig. 2C). Additionally, 
the methylation of CPEB3 in ccRCC was higher than that in 
normal tissue (Fig. 2D).

Differentially and co-expressed genes of CPEB3. By setting 
the threshold of absolute log fold-change to >1.5 and P-value 
<0.05, 897 genes were identified as differentially expressed; 
652 of these were downregulated and 245 were upregulated 
(Fig. 2E). The top 15 differentially and 50 co-expressed 
genes (most significant) are presented in a heat map 
(Fig. 2F and G).

Biological functions and associated pathways of CPEB3. 
Biological functions and related pathways of CPEB3 
were investigated by GO and KEGG analysis of differen-
tially expressed genes (Fig. 3A; Table SII). BPs included 
‘acute-phase response’, ‘humoral immune response’ and 
‘acute inf lammatory response’; CCs included ‘blood 
microparticle’, ‘immunoglobulin complex’ and ‘high-
density lipoprotein particle’; MFs included ‘structural 
constituent of skin epidermis’, ‘serine-type endopeptidase 
activity’ and ‘serine-type peptidase activity’. A total of 
three KEGG pathways were enriched: ‘Complement and 
coagulation cascades’, ‘fat digestion and absorption’ and 
‘collecting duct acid secretion’. GSEA was used to explore 
the possible mechanisms affected by CPEB3 (Fig. 3B). The 
differentially expressed genes were associated with ROSTY 

Figure 1. CPEB3 expression and overall survival. (A) Protein expression of CPEB3 in ccRCC and corresponding adjacent non-cancerous tissue were detected 
by immunohistochemistry staining. Immunostaining intensity was scored as follows: 0': no staining; 1': weak staining; 2': low to moderate staining; 3':moderate 
staining; 4': strong staining. Scale bar, 100 µm. (B) Expression of CPEB3 in 81 pairs of ccRCC and adjacent non-cancerous tissue samples. (C) Overall survival 
in patients with high or low CPEB3 expression. CPEB3, cytoplasmic polyadenylation element binding protein 3; ccRCC, clear cell renal cell carcinoma.
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Cervical Cancer Proliferation Cluster, SOTIRIOUS Breast 
Cancer Grade 1 vs. 3 Up, MORI Immature B Lymphocyte 
Dn, MORI Large Pre Bii Lymphocyte Up, LEE Early T 
Lymphocyte Up, KOBAYASHI EGFR Signaling 24 h Dn, 
SHEDDEN Lung Cancer Poor Survival A6, HOFFMANN 
Large To Small Pre Bii Lymphocyte Up, MORI Mature B 
Lymphocyte Dn, FISCHER G2/M Cell Cycle, [Reactome] 
DNA replication, MANALO Hypoxia Dn, GOBERT 
Oligodendrocyte Differentiation Up, [Reactome] Cell Cycle 
Checkpoints, TARTE Plasma Cell vs. Plasmablast Dn, 
GOLDRATH Antigen Response, MARKEY RB1 Acute 
Lof Up, PUJANA BRCA2 Pcc Network, [Reactome] Cell 
Cycle Mitotic, [Reactome] M Phase, HELLER Silenced By 
Methylation Up.

Association between CPEB3 expression and infiltrating 
immune cells. A total of 24 types of infiltrating immune 
cells inf luenced by CPEB3 expression in ccRCC were 
assessed (Fig.  4A). Among all cell types, negatively 
correlated infiltrating immune cells were activated DC, B, 
cytotoxic, natural killer CD56bright cell, T helper (Th)1 and 
2 cells and Tregs (Fig. 4B). Positively correlated infiltrating 
immune cells were eosinophils, mast and Th cells, T central 
memory (Tcm), T effector memory (Tem), Tγδ) and Th17 
cells (Fig. 4C). Tregs were the most significantly negatively 
correlated infiltrating immune cells, whereas Tcm was the 
most significantly positively correlated type. Tregs were 
further confirmed to be significantly negatively correlated 

with CPEB3 expression in ccRCC using TIMER2.0 and 
TISIDB (Fig. 4D and E). CPEB3 expression was positively 
correlated with immune biomarkers CD274, programmed 
cell death 1 ligand 2 (PDCD1LG2), Hepatitis a virus cellular 
receptor 2 (HAVCR2), Chemokine (C-X-C motif) ligand 
(CXCL)9, CXCL10, Inducible T cell costimulatory (ICOS), 
CD40, CD80 and CD38 (Fig. 5A). CPEB3 expression was 
inversely associated with immune biomarkers FOXP3, 
LAG3 and Nuclear receptor subfamily 2, group F, member 6 
(NR2F6) (Fig. 5B).

Clinical implications of CPEB3 expression in ccRCC. Patients 
with ccRCC with different characteristics, such as sex, age, 
grade and T, N and M stages, were grouped according to 
expression of CPEB3. Patients with high CPEB3 expression 
showed better OS regardless of sex and age (Fig. 6A). High 
CPEB3 expression in patients with grade 1 and 2, T stage 
1 and 2, N0 and M0 was associated with favorable survival 
(Fig. 6A). Moreover, CPEB3 expression levels were signifi-
cantly associated with prognosis of patients with ccRCC. 
Kaplan-Meier curves showed that patients with high CPEB3 
expression had better OS and DSS (Fig. 6B). These patients 
also had better clinical features, such as tumor grade and T, 
M and pathological stage (Fig. 6C). The ROC curve analysis 
indicated that the area under the curve for ccRCC was 0.916 
(Fig. 6D). Finally, the constructed nomogram could be used 
as a powerful tool to predict survival probability at 1, 3 and 
5 years (Fig. 6E).

Table II. Univariate and multivariate Cox proportional hazards model for overall survival in patients with clear cell renal cell 
carcinoma.

	 Univariate analysis	 Multivariate analysis
	 ----------------------------------------------------------------------------	 ----------------------------------------------------------------------------
Characteristic	 n	 Hazard ratio (95% CI)	 P-value	 Hazard ratio (95% CI)	 P-value

Sex		   	 0.994	  	
  Female	 30	 Reference 		   	
  Male	 59	 1.003 (0.466-2.157)	 0.994	  	
Age	 88	 1.056 (1.019-1.094)	 0.003a	 1.090 (1.040-1.142)	 <0.001a

T stage		   	 <0.001a	  	
  T2	 26	 Reference 		  Reference 	
  T1	 58	 0.278 (0.126-0.612)	 0.002a	 0.312 (0.121-0.807)	 0.016a

  T3	 6	 1.952 (0.640-5.953)	 0.240	 2.912 (0.559-15.179)	 0.205
N stage		   	 0.009a	  	
  N0	 85	 Reference 		  Reference 	
  N1	 2	 16.403 (3.288-81.826)	 <0.001a	 6.134 (1.090-34.530)	 0.040a

M stage		   	 0.019a	  	
  M0	 88	 Reference 		  Reference 	
  M1	 2	 10.477 (2.307-47.585)	 0.002a	 1.177 (0.135-10.282)	 0.883
Tumor size	 90	 1.208 (1.077-1.356)	 0.001a	 1.144 (0.981-1.335)	 0.087
CPEB3 expression		   	 0.027a	  	
  Low	 59	 Reference 		  Reference 	
  High	 26	 0.343 (0.119-0.993)	 0.048a	 0.280 (0.091-0.865)	 0.027a

aP<0.05. CPEB3, cytoplasmic polyadenylation element binding protein 3.
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Figure 3. Functional enrichment analysis of differentially expressed genes based on CPEB3 expression in clear cell renal cell carcinoma. (A) Enriched 
biological functions (GO:0006953/acute-phage response, GO:0006959/humoral immune response, GO:0002526/acute inflammatory response), cellular 
components (GO:0072562/blood microparticle, GO:0019814/immunoglobulin complex, GO:0034364/high-density lipoprotein particle), and molecular func-
tions (GO:0030280/structural constituent of skin epidermis, GO:0004252/serine-type endopeptidase activity, GO:0008236/serine-type peptidase activity) ad 
Kyoto Encyclopedia of Genes and Genomes (hsa04975/fat digestion and absorption, hsa04966/collecting duct acid secretion) enrichment of CPEB3. (B) Gene 
Set Enrichment Analysis based on the differentially expressed genes between the high and low CPEB3 expression groups. CPEB3, cytoplasmic polyadenyl-
ation element binding protein 3; GO, gene ontology; NES, normalized enrichment score.

Figure 2. Expression levels of CPEB3 and differentially expressed genes and co-expressed genes. (A) CPEB3 expression levels in 33 types of cancer and 
corresponding adjacent normal tissue. Red, tumors with significant differences in CPEB3 expression compared with normal tissue. (B) Expression of CPEB3 
[paired samples (n=72)] in ccRCC. (C) Protein expression of CPBE3 in ccRCC. (D) Methylation of CPEB3 in ccRCC. (E) Volcano plot and (F) heat map 
differentially expressed genes. Error bars indicate SEM. (G) Co-expressed genes as a heap map. *P<0.05, **P<0.01, ***P<0.001 vs. normal. CPEB3, cytoplasmic 
polyadenylation element binding protein 3; ccRCC, clear cell renal cell carcinoma; KIRC, kidney renal clear cell carcinoma; TPM, transcript per kilobase per 
million mapped reads; ns, no significance.
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Discussion

Timely detection, early intervention and precise therapy 
have been extensively studied to improve outcomes in 
patients with ccRCC (54-57). However, these efforts are yet 
to yield a comprehensive cure. The present study demon-
strated decreased CPEB3 protein expression in ccRCC. 
Furthermore, high CPEB3 expression was associated with a 
favorable prognosis and was an independent predictor of OS 
in ccRCC. Nevertheless, ccRCC tissue specimens primarily 
originated from patients at initial stages of the disease and 
additional samples, particularly from advanced tumor stages, 
are required for further studies. Additionally, the molecular 
mechanisms responsible for CPEB3 expression in cancer 

necessitate further investigation. The present study examined 
the role of CPEB3 in ccRCC via bioinformatics analysis, 
which revealed low expression of CPEB3 in ccRCC, whereas 
promoter methylation of CPEB3 was higher in ccRCC than in 
normal tissue. These results suggest that CPEB3 may act as an 
important tumor suppressor gene in ccRCC and DNA methyla-
tion silences the tumor suppressor function of CPEB3. Patients 
with high CPEB3 expression had better clinical features and 
longer survival. ROC curves demonstrated that CPEB3 levels 
could predict ccRCC with high accuracy. This may support the 
use of this gene for tumor diagnosis and prognosis in future. 
However, the present data were retrospective or sourced from a 
publicly accessible database, which is limited by its retrospec-
tive nature. Future investigations should encompass a larger 

Figure 4. Association between CPEB3 and infiltrating immune cells. (A) Correlation between infiltration levels of 24 immune cell types and CPEB3 expression 
levels in ccRCC. (B) Negatively and (C) positively correlated infiltrating immune cells. Low CPEB3, n=270; high CPEB3, n=271. Error bars indicate SEM. 
(D) Association between Tregs and CPEB3 in KIRC samples analyzed by TIMER2.0. (E) Association between Tregs and CPEB3 in 534 KIRC samples 
analyzed by tumor-immune system interactions database). *P<0.05; **P<0.01 and ***P<0.001. CPEB3, cytoplasmic polyadenylation element binding protein 3; 
Treg, regulatory T; KIRC, kidney renal clear cell carcinoma; Tcm, T central memory; Th, T helper; Tgd, T gamma delta; NK, natural killer cell; iDC, immature 
dendritic cell; TFH, T follicular helper; pDC, plasmacytoid dendritic cell; aDC, activated dendritic cell; cor, correlation; TPM, transcript per kilobase per 
million mapped reads.
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dataset and employ prospective study designs to validate the 
present findings.

CPEB3 and differentially expressed genes were strongly 
associated with immune and inflammatory responses. GSEA 
revealed that CPEB3 may be associated with the immune 
system, cancer proliferation, differentiation and the cell cycle. 
These results suggest that CPEB3 may participate in multiple 
mechanisms of tumor progression.

The immune system serves a leading role in tumor 
initiation and development (58-63) and ICIs have achieved 
breakthrough efficacy in the treatment of numerous types of 
cancer (64-68). Of mechanisms that promote tumor devel-
opment and ICI responses, those associated with TME are 
key (69-74). Immune cell infiltrates function as prognostic 
markers and potential therapeutic targets  (75). Cancer-
associated fibroblasts (70,76,77), immune cells (76,78) and the 
extracellular matrix (79) form the TME. Tregs inhibit devel-
opment of anti-tumor immunity, hinder immune surveillance 
of cancer and prevent effective anti-tumor immune responses 
in tumor-bearing hosts. To maintain immune homeostasis, 
Tregs and effector T cells must be balanced. Here, CPEB3 was 

negatively correlated with Tregs, suggesting tumor suppres-
sion and enhanced anti-tumor immune effects in ccRCC by 
promoting CPEB3 expression. However, more experiments 
are needed to confirm the regulatory effect of CPEB3 on 
Tregs, such as gene knockout models, and further clarify 
the mechanism of the interaction between CPEB3 and Treg. 
In addition, immune biomarkers have been used to predict 
responses to immunotherapy. CD274 (80), PDCD1LG2 (81), 
HAVCR2 (82,83), CXCL9 (84), CXCL10 (84), ICOS (85), 
CD40 (86), CD80 (87) and CD38 (88) have been confirmed 
to enhance anti-tumor immune responses. FOXP3  (89), 
LAG3  (90) and NR2F6  (91) are negative regulators of 
immunotherapy. In the present study, CPEB3 was positively 
associated with the aforementioned positive genes and nega-
tively associated with negative genes, indicating that CPEB3 
may serve as a meaningful biomarker to predict positive 
immunotherapy responses.

Taken together, the present results showed that CPEB3 
may be a tumor suppressor and mediate immune processes in 
ccRCC. Although these results were based on a retrospective 
analysis of clinical data and public databases, they provide 

Figure 5. Association between CPEB3 and immune biomarkers. (A) Positively and (B) negatively correlated immune biomarkers. CPEB3, cytoplasmic poly-
adenylation element binding protein 3; PDCD1LG2, programmed cell death 1 ligand 2; HAVCR2, hepatitis a virus cellular receptor 2; CXCL, Chemokine 
(C-X-C motif) ligand; ICOS, inducible T cell costimulator; LAG3, lymphocyte activating 3; NR2F6, nuclear receptor subfamily 2 group F member 6; TPM, 
transcript per kilobase per million mapped reads.
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direction for future research on CPEB3. Further experiments 
are required to confirm the functions of CPEB3 and its use as 
a novel biomarker and therapeutic target in ccRCC.

The present study demonstrated the prognostic and diag-
nostic value of CPEB3 in ccRCC. The expression of CPEB3 
in ccRCC tissues was significantly lower than in normal 
tissue and its methylation level was higher. This indicated that 
CPEB3 may act as a tumor suppressor. CPEB3 may poten-
tially serve as a favorable prognostic biomarker in ccRCC 
and patients with high CPEB3 expression are likely to have 
better outcomes. In addition, numerous types of infiltrating 
immune cell, particularly Tregs, were correlated with CPEB3 
expression levels, suggesting that CPEB3 may affect TME and 
anti-tumor responses. Additional experimental and clinical 
studies are required to confirm these findings.
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