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Purpose: Clear cell renal cell carcinoma (ccRCC) is among the most common malignant tumors
worldwide, with a high incidence rate and poor prognosis. Currently, there are no biomarkers that
can accurately guide prognostic evaluation and therapeutic strategy for ccRCC. The prognostic
value and potential biological function of claudin-8 (CLDNS), a critical component of tight
junctions in ccRCC, remain unclear.

Methods: Sequencing data were obtained from The Cancer Genome Atlas, International Cancer
Genome Consortium, and Gene Expression Omnibus databases. R packages were used to explore
CLDN8 mRNA expression levels and analyze differentially expressed genes. Results were vali-
dated in clinical specimens and cell lines, and bioinformatics analyses were conducted to explore the
potential biological functions of CLDNS. Finally, functional analyses were carried out using 786—
O ccRCC cell line.

Results: Both CLDN8 mRNA and protein expression levels were significantly lower in ccRCC
compared with the normal control tissues. Kaplan—Meier analyses showed that low CLDN8
expression levels were associated with the poor overall survival, while univariate and multivariate
Cox regression indicated that CLDN8 could serve as an independent prognostic factor in patient
with ccRCC. Bioinformatic and Western blot analyses showed that CLDNS suppressed prolifera-
tion, migration, and invasion of 786—0 ccRCC cells through the epithelial-mesenchymal transition
and AKT pathways.

Conclusion: CLDNS8 could serve as an independent prognostic factor in ccRCC, in
which it suppresses 786-O proliferation, migration, and invasion through EMT and
AKT pathways.

Keywords: CLDNS, clear cell renal cell carcinoma, biomarker, prognosis, potential
biological functions

Introduction

Renal cell carcinoma (RCC) is one of the most common malignant tumors of the
genitourinary system with a high incidence rate and poor patient prognosis.'*
Clear cell RCC (ccRCC) is the major histologic subtype of RCC, accounting for
70-80% cases.> Although advances in imaging technology mean that patients
increasingly being detected when the disease is at an early stage 30% of those
with ccRCC still have metastasis at initial diagnosis.* More importantly, despite
the implementation of nephrectomy or targeted therapies, the S-year survival
rate for patients with metastatic ccRCC is less than 10%.” Further, the TNM
staging system currently applied in clinical practice is considered relatively
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inaccurate for prognostic evaluation.® Hence, exploring
new biomarkers to guide diagnosis and prognostic eva-
luation in patient with ccRCC remains of great
significance.

Claudins are integral membrane proteins of 20-37 kDa in
size that are critical components of tight junctions (TJs).” TJs
appear to have vital roles in the process of metastasis, during
which they are loosened or dismantled in cancer cells,® and
claudins are crucial modulators of carcinogenesis and metas-
tasis. Many studies have shown altered expression of claudins
in numerous epithelial-derived tumors, including lung, pros-
tate, and ovarian cancers.” ! As a member of the claudin
family, CLDNS8 shows significantly altered expression
between ccRCC and normal kidney tissues in GEPIA data-
base. Previous studies demonstrated that CLDNS8 expression
was significantly correlated with prognosis in patients with
breast and prostate cancers,lz’13 however, there have been few
literature about the prognostic value and potential biological
functions of CLDNS in ccRCC to date.

In this work, CLDN8 mRNA and protein expression
levels were examined using the data from online data-
bases, cell lines, and our clinical specimens. Then, the
prognostic value of CLDNS8 was evaluated in patients
with ccRCC. Following this, the potential biological func-
tions of CLDNS8 were explored using bioinformatic ana-
lyses and experiments with ccRCC cell lines.

Materials and Methods

Bioinformatics and Data Processing

Data including mRNA transcript profiles (HTSeq-FPKM)
and corresponding clinical information were obtained from
The Cancer Genome Atlas (TCGA) database (http://cancer
genome.nih.gov/), including 539 ccRCC and 72 normal tis-
sue samples. In addition, nine microarray datasets were
downloaded from the Gene Expression Omnibus (GEO)
database (https://www.ncbi.nlm.nih.gov/). More than 700

specimens were obtained from nine GEO datasets:
GSE4282, GSE46699, GSE53757, GSE15641, GSE68417,
GSE14994, GSE40435, GSE71963, and GSE76351.
Moreover, a total of 91 RCC and 45 normal tissue samples
were downloaded from the International Cancer Genome

(ICGO) (https://icgc.org).

Normalization was conducted by log2 transformation after

Consortium database

adding a 1 pseudocount, based on the pre-processed data.
The sangerbox online tool (http://sangerbox.com/) and HPA

database (https://www.proteinatlas.org/) were used to further
explore CLDN8 mRNA and protein levels.

Patients and Specimens

A total of 148 paraffin-embedded samples from patients
diagnosed with ccRCC were selected from the Peking
University First Hospital (PUFH) between June 2008 and
January 2011 and the clinical information from those
patients obtained from medical records. Moreover, 20
paired ccRCC and adjacent normal tissues were obtained
from patients with ccRCC undergoing surgical resection at
PUFH. This study was approved by the Ethics Committee
of PUFH, and all patients signed informed consent. All
procedures were performed according to the World
Medical Association Declaration of Helsinki.

Immunohistochemistry (IHC)

Sections were prepared from the paraffin-embedded tissue
samples. Immunostaining was performed using a two-step
detection kit (Zsbio PV-9000, China). Sections were
dewaxed, rehydrated, and then boiled in citrate buffer
(pH 6.0) for 30 min. Endogenous peroxidase was blocked
by incubation in 3% H,O, for 30 min at room tempera-
ture. Sections were then washed in PBS solution and
subsequently and blocked with 10% goat serum (Zsbio,
China) for 1 h and incubated with anti-CLDNS
(ab211439,1:20,000, Abcam) at 4°C overnight, followed
by HRP-conjugated secondary antibody for 30 min and
counterstaining with diaminobenzidine (DAB) solution.
Two experienced independent investigators assessed all
tumor slides by examining at five random views and
observing 100 cells per view at x400 magnification.
Staining intensity was classified as 0 (no staining), 1
(weak), 2 (moderate), or 3 (strong), and the proportion
of stained tumor cells was scored as 0 (0-5%), 1 (6-25%),
2 (26-50%), 3 (51-75%), or 4 (>75%). The multiplication
of these two variables was calculated as a final score: 0
(score 0-3); 1 (score 4-6); 2 (score 7-9); or 3 (score
10-12)."

Cell Culture and Transfection
Seven human kidney and ccRCC cell lines (HK-2, 786-O,
769-P, ACHN, Caki-1, OSCR2, and A498) were acquired
from the American Type Culture Collection (ATCC,
Manassas, VA, USA). Cells were cultured in DMEM or
RPMI 1640 medium (Invitrogen, Carlsbad, CA, USA)
containing 10% fetal bovine serum (FBS) in a 5% CO,
humidified atmosphere at 37°C.

We amplified a target mRNA CLDNS product using PCR,
incorporating the enzyme sites Xhol and BamHI for cloning
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into the pLVX vector, using the following primers: forward
CLDN8 primer: 5'- CCGCTCGAGGCCACCATGGCAA
CCCATGCCTTAG-3"; The reverse CLDNS8 primer: 5'-
CGGGATCCCTACACATACTGACTTCTGGAGTAGA
C-3". Following this, we transformed the recombinant plasmid
into Escherichia.coli and picked a single monoclonal colony.
Then, the plasmid was sent for sequencing by a commercial
company (TIANYI HUIYUAN, Ltd), to ensure its accuracy,
followed by packaging into a lentivirus. Next, the lentivirus
was transformed into 1 x 10* 786-O cells at a multiplicity of
infection (MOI) of = 50. Finally, a stable strain was screened
using blasticidin (5 pg/mL).

Real-Time Quantitative PCR (qPCR)

Total RNA was extracted from 20 paired clinical samples
and six cell lines using a Takara kit, according to the
manufacturer’s protocol. Then, the RNA was reverse tran-
scribed to generate cDNA in a 20uL reaction system. Gene
transcripts were quantified by qPCR using a SYBR Premix
ExTaq kit, with a-Tubulin as a control for normalization.
Primer sequences used for gPCR were shown as follows:
forward CLDNS8 primer: 5'-TGAATGTTGCCCAAAAAC
GTG-3', reverse CLDNS8 primer: 5'- GCGATGGGAAG
GTATCGAGTATC-3'. Each reaction was performed four

2*AACT

times, and the method used to calculate relative

mRNA expression level.

Western Blot Analysis

Total proteins were extracted from cells using NP-40 lysis
buffer and quantified using the bicinchonininc acid (BCA)
method. Samples were transferred to polyvinylidene fluoride
membranes and incubated overnight at 4°C with antibody
against CLDNS (1:1000) or B-actin (1:1000). After incubation
with peroxidase-coupled anti-rabbit IgG (1:1000) at 37°C for
2 h, bound proteins were visualized using ECL (Pierce) and
detected using a DNR Bioimaging System (DNR, Jerusalem,
Israel). Relative protein levels were quantified using B-actin as
the loading control. Detailed information regarding the anti-
bodies used is presented in supplementary Table S1.

Bioinformatics Analyses

X-tile was used to divide ccRCC samples from the TCGA
database into low (n = 385) and high (n = 145), according to
CLDNS expression. The “Limma” R package was then used
to screen for differentially expressed genes (DEGs) between
the groups. DEGs with absolute log,foldchange>3, and false
discovery rate (FDR) <0.001 were considered statistically
significant.

Gene ontology (GO) enrichment analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways
analysis were performed using the “clusterprofiler”
R package (version 3.6.1). P < 0.05 was considered as
statistically significant.'

Gene set enrichment analysis (GSEA) was performed
to identify potential biological pathways. GSEA software

(http://software.broadinstitute.org/gsea/index.jsp) was run

on the JAVA 8.0 platform. Using information from
TCGA, samples were classified into high and low groups,
according to average CLDN8 mRNA expression. For each
analysis, gene set permutations were implemented 1000
times to identify significantly enriched gene sets, defined
as those with FDR g-value <0.05.'

Wound Healing Assay

A total of 5 x 10° 786-O cells in logarithmic growth were
inoculated in each wells of 6-well plates. The cells were
cultured in RPMI 1640 medium containing 10% FBS for 6
h. Subsequently, wounds were created in each well and
growth medium replaced with serum-free medium. Based
on the growth characteristics of 786-O cells, observations
and photography were conducted at 0, 6, and 24 h.

Clone Formation Experiment

A total of 1 x 10° 786-O cells in logarithmic growth were
inoculated in each well of 6-well plates. Cells were then
cultured in RPMI 1640 medium containing 10% FBS for 2
weeks, fixed, and stained with 0.5% crystal violet.
Colonies were counted under a microscope.

Migration and Invasion Experiment

Cells (786-O) in logarithmic growth transformed with
vector only (control) or plasmid expressing CLDN8 were
harvested by trypsinization, then 1 x 10* added to each
insert of the upper chambers in 24-well transwell cham-
bers, with RPMI 1640 containing no FBS. For the invasion
experiment, before preparing the cells, a dried layer of
Matrigel matrix (Corning, USA) was rehydrated with
RPMI 1640 medium for 2 h at room temperature. Plates
were incubated for 24 h, and then the cells fixed and
stained with 0.5% crystal violet.

Cell Proliferation Assay

Cells were seeded in 96-well assay plates and subjected
MTS analysis using a CellTiter 96 Aqueous One Solution
Cell Proliferation Assay (Promega). For MTS analysis,
100uL of cells in culture medium were added to each
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Figure | CLDNB8 expression levels in the online database. CLDN8 mRNA expression level. (A and B) Relative CLDN8 mRNA expression levels in ccRCC according to the
TCGA and ICGC RNA sequencing data. (C) Relative CLDN8 mRNA expression levels in nine GEO datasets. (D) A meta-analysis of nine GEO datasets. (E) CLDN8 mRNA
expression levels between cancer and normal controls among 27 types of tumors. (F) Representative images of ccRCC and paracancerous immunohistochemistry in the

HPA database (*p<0.05, **p<0.01, ***p<0.001).

well of the 96-well plate, 20uL reagent pipetted into each
well, and the plates incubated for 1 h. A standard curve
was created according to the OD values corresponding to
different numbers of cells. Finally, optical density (OD)
values at 490 nm were used to evaluate cell viability.

Statistical Analyses

The Student’s t-test was used to calculate mRNA and
protein expression levels in ccRCC and adjacent normal
renal tissues, using SPSS 26.0 (IBM). One-way ANOVA
was conducted to evaluate differences among multiple
groups, and Bonferroni’s multiple comparisons test was
used as a post hoc test. Patients with NX, MX, GX, or
missing values were excluded from subsequent analyses.
The Kaplan—Meier method and Cox regression were used
to compare the impact of CLDNS expression on patient
overall survival (OS), alongside other clinical variables

from both TCGA and our clinical database. All p-values
are based on two-sided statistical analysis, and p<0.05
was considered to indicate statistical significance.

Results
CLDNS8 is Downregulated in ccRCC in

Data from Inline Databases
We first examined the CLDN8 mRNA expression level in
TCGA, GEO, and ICGC databases. In TCGA and ICGC
data, CLDN8 was observed significantly downregulated in
c¢cRCC compared with normal controls (Figure 1A and B).
Further, CLDN8 mRNA levels were remarkable decreased
ccRCC samples in nine GEO datasets (Figure 1C). We also
constructed a forest plot for meta-analysis (Figure 1D).
Next, we used the sangerbox online tool to compare
CLDN8 mRNA expression levels between normal and
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cancerous tissues from 27 types of tumor (Figure 1E).
Significantly altered CLDNS expression was detected in mul-
tiple cancers. Additionally, representative protein expression
images for CLDNS in ccRCC and normal tissues from the
HPA database were evaluated (Figure 1F).

CLDNS8 is Downregulated in ccRCC

Clinical Specimens and Various Cell Lines
CLDNS expression levels were assessed in clinical specimens and
cell lines. Western blot analysis revealed lower CLDNS protein
levels in RCC cell lines compared with normal kidney cell lines
(Figure 2A). Further, gPCR analysis showed lower CLDN8
mRNA levels in RCC cell lines compared to normal kidney cell
lines (Figure 2B). Following this, PCR was conducted using 24
paired randomly selected ccRCC specimens and confirmed that
CLDN8 mRNA levels were lower in ccRCC tissues compared
with the normal controls (Figure 2C). CLDN8 mRNA expression
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levels in normal and ccRCC tissues for each specimen are pre-
sented in Supplementary Figure S1.

Subsequently, IHC staining of 148 paired clinical speci-
mens was performed. Representative IHC staining images
(200 um) of CLDNS in normal and ccRCC specimens are
shown in Figure 2D. Further, as shown in Figure 2E, the
representative IHC staining in ¢ccRCC specimens revealed
no, weak, moderate, and strong staining (200 pm). The results
indicated that CLDN8 protein expression was lower in ccRCC
tissues than that in normal control specimens (Figure 2F).

Association of CLDN8 Expression with
ccRCC Patient Survival

To explore the relationship between CLDNS expression and
the prognosis of patients with ccRCC, we analyzed samples
from TCGA. The baseline information for patients with
ccRCC is presented in Table 1. Kaplan—-Meier analyses

E..
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%k kk
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N
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Normal ( n=96)
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Figure 2 CLDNB8 expression levels in the specimens and cell lines. (A and B) Western blot and qPCR analysis of ccRCC cell lines and normal cell lines. (C) The CLDN8
mRNA expression in ccRCC tissues and paired normal tissues in 20 paired clinical samples. (D) Representative adjacent normal renal tissue staining and ccRCC tissue
staining are shown. (E) Four representative images of CLDN8 expression were interpreted by immunohistochemistry as no, weak, moderate, and strong. (F) The average

scores of immunohistochemical staining were shown (**p<0.001).
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Table | Clinicopathological Parameters Baseline in TCGA-KIRC
Cohort

Parameters | TCGA-KIRC Cohort (n=530) | N (%)
Age
<60 264 49.81
>60 266 50.19
Gender
Male 344 6491
Female 186 35.09
pT stage
Tl 271 51.13
T2 69 13.02
T3 179 33.77
T4 I 2.08
pN stage
NO 239 45.09
NI 16 3.02
NX 275 51.89
pM stage
MO 420 79.25
MI 78 14.72
MX 32 6.04
AJCC stage
Stage | 265 50.00
Stage Il 57 10.75
Stage Il 123 23.21
Stage IV 83 15.66
Unknown 2 0.38
ISUP grade
Gl 14 2.64
G2 227 42.83
G3 206 38.87
G4 75 14.15
GX 8 I.51

indicated that patients with low CLDNS8 expression levels
had inferior OS (Figure 3A). Moreover, lower CLDN8
expression was significantly associated with higher AJCC
stage, ISUP grade, pT stage, and pM stage (Figure 3C-F).
Further, univariate Cox regression analyses showed that
CLDNS expression, age, grade, T, M, and stage were all
remarkable risk factors (Table 2), while, multivariate Cox
regression analyses confirmed that CLDNS8 expression, age,
grade, T, M, and stage were all independent factors influen-
cing prognosis in patients with ccRCC (Table 2).
Subsequently, we validated TCGA outcome data in 148
paired specimens. Consistent with previous results, patients

with low CLDN8 expression had worse prognosis

(Figure 3B). Univariate and multivariate Cox analyses showed
that CLDNS expression was an independent indicator of poor
prognosis in patients with ccRCC after adjustment for age,
gender, Fuhrman score, T, M, N, and stage (Table 3).

Functional Enrichment Analyses of CLDN8
GO, KEGG, and GESA functional enrichment analyses were
used to explore the potential biological functions of CLDNS.
First, DEGs were classified into three functional groups, based
on GO analysis, including biological processes (BP), molecu-
lar function (MF), and cell composition (CC). As shown in
Figure 4A, DEGs were primarily enriched for BP including
regulation of pH and ion transport; For CC comprising, ion-
exchange-related plasma membranes and ATPase-related
complex; and for several MFs involved in channel and trans-
porter activities. KEGG analysis indicated that DEGs were
mainly enriched in pathways involved in acid secretion and
metabolism (Figure 4B), while, GESE enrichment analysis
identified several representative pathways related to ccRCC,
such as AKT and P53 signalings (Figure 4C).

Exploration of CLDN8 Biological
Functions Using 786-O Cells

Based on the results of bioinformatics analyses, we further
explored the biological functions of CLDN8 in 786-O cells.
Transwell assays indicated that overexpression of CLDN8
decreased the migration and invasion abilities of ccRCC cells
(Figure 5A), while wound healing was also reduced in ccRCC
cells overexpressing CLDNS (Figure 5B). To further investi-
gate the relevant molecular mechanisms, we performed
Western blot analysis and found that N-cadherin and vimentin
were downregulated in 786-O CLDNS cells while E-cadherin
was upregulated, suggesting that CLDN8 may regulate the
process of epithelial to mesenchymal transition (EMT) to
influence the ccRCC cell migration and invasion (Figure 5C).
Furthermore, MTS and colony formation experiments indi-
cated that overexpression of CLDNS could impair the prolif-
eration ability of ccRCC cells (Figure 5D and SE), while
p-AKT and p-AKT/AKT were significantly downregulated in
786-O CLDNS cells (Figure 5F), indicating that CLDN8 may
regulate ccRCC cell proliferation via the AKT pathway. These
findings were consistent with those of GSEA.

Discussion

Among kidney cancers, ccRCC is the most common sub-
type and is often diagnosed with metastasis, resulting in
poor patient prognosis."'” Currently, diagnosing ccRCC
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Figure 3 Clinical significance of CLDN8 expression in ccRCC patients. (A and B) Kaplan—Meier survival curves for OS of CLDN8 in TCGA and our clinical database are
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mainly depends on computed tomography, magnetic reso-
nance imaging, and pathologic examination, with no spe-
cific diagnostic biomarkers.”'® Under these circumstances,
patients with ccRCC are often at an advanced stage when
initially diagnosed. Further, the treatment of metastatic
ccRCC is one of the thorniest problems in urology.'”"
The emergence of bioinformatics has contributed to
addressing the above issues. As a reliable established
bioinformatics tool, TCGA database is an invaluable
resource that provides the foundation for the development

of diagnostic and therapeutic methods for ccRCC.?

Table 2 Univariate and Multivariate Analyses in TCGA Database

Through the use of TCGA data, many different prognostic
biomarkers have been identified for ccRCC, including
miRNAs, IncRNAs, and ceRNAs,?' ™ however, few of
these biomarkers are suitable for use in clinical practice.
Hence, identification of new biomarkers for diagnostic and
therapeutic purposes continues to be a research focus.
Claudin family members are strongly associated with TJs.”
More importantly, TJs must be loosened in cancer cells during
the metastatic process, to enable migration and invasion.** As
a member of the claudin family, CLDNS8 has been associated
with basic kidney functions.”® Previous studies have shown

Variables Univariate Analysis Multivariate Analysis
HR (95% CI) p-value HR (95% CI) p-value

CLDNS8 (High vs Low) 0.538 (0.369,0.784) 0.001 0.674 (0.460,0.986) 0.042

Age (>60 vs <60) 1.751 (1.282,2.391) <0.001 1.636 (1.195,2.240) 0.002

Gender (Male vs Female) 0.940 (0.686,1.288) 0.701

Grade (G3+G4 vs G1+G2) 2.588 (1.834,3.652) <0.001 1.647 (1.143,2.373) 0.007

T (T3+T4 vs TI+T2) 3.040 (2.233,4.139) <0.001 1.799 (1.137,2.847) 0.012

M (Ml vs MO) 4.258 (3.109,5.832) <0.001 2.373 (1.628,3.459) <0.001

Stage (IlI+1V vs 1+l 3.661 (2.655,5.048) <0.001 1.974 (1.331,2.929) 0.001
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Table 3 Univariate and Multivariate Analyses in Clinical Samples
Variables Univariate Analysis Multivariate Analysis
HR(95% CI) p-value HR(95% CI) p-value
CLDNS8 (High vs Low) 0.108 (0.014,0.846) 0.034 0.099 (0.012,0.798) 0.030
Age (>60 vs <60) 2.510 (0.735,8.577) 0.142
Gender (Male vs Female) 4.605 (0.589,35.975) 0.145
Fuhrman (IlI+1V vs 1+l) 9.930 (3.003,32.829) <0.001 6.336 (1.755,22.875) 0.005
T (T3+T4 vs TI+T2) 7.173 (2.083,24.702) 0.002
M (Ml vs M0) 146.499 (9.163,2342.166) <0.001 57.879 (2.799,1196.940) 0.009
N (NI vs NO) 35.736 (3.994,319.754) 0.001
Stage (III+1V vs I+l) 7.173 (2.083,24.702) 0.002

that CLNDS expression levels are significantly altered in some
tumors.'>*®* GEIPA data show large differences in CLNDS
expression levels between ccRCC and normal kidney tissue,
hence exploration of the prognostic value and potential biolo-
gical function of CLDN8 were evaluated.

In this study, both CLDN8 mRNA and protein expres-
sion levels were downregulated in ccRCC tissues relative
to normal control specimens and cell lines, which is con-
sistent with the results found in online databases.
Furthermore, CLDNS8 was strongly correlated with several
clinical parameters, such as pathologic stage and histologic
grade, while univariate and multivariate Cox regression
analysis indicated that CLDNS expression could serve as
an independent prognostic factor for OS in patients with
ccRCC.

We also conducted bioinformatic analyses to explore
the potential biological functions of CLDNS in regulating
ccRCC. As noted in previous reports, GO and KEGG
analyses showed that CLDNS was strongly associated
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with numerous basic functions of the kidney, including
regulation of pH and control of the transport of
substances.?>?” Moreover, ccRCC is a metabolic disease,
characterized by metabolic reprogramming.”**° The meta-
bolic flux through glycolysis is partitioned and mitochon-
drial bioenergetics and oxidative phosphorylation are
impaired in ccRCC, as well as lipid metabolism,*® as
supported by the results of GO and KEGG analyses in
this study, which indicated a role for CLDNS in oxidative
phosphorylation. GSEA analyses showed enrichment in
several tumor-related pathways. The results of our experi-
ments using a ccRCC cell line overexpressing CLDN8
showed that CLDN8 could suppress the proliferation,
migration, and invasion of ccRCC cells via AKT and
EMT pathways, corroborating the results of the bioinfor-
matics analyses.

This study has several limitations. Firstly, we are lim-
ited by the sample size in TCGA and clinical specimens,

which may have resulted slight bias. Second, more
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Figure 4 Bioinformatics analyses of the potential biological pathway. (A and B) GO and KEGG enrichment analyses were constructed, where larger dot size is correlated
with higher counts and darker red color is related to the lower p-value. (C) Four representative GSEA results were shown.
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Figure 5 CLDN8 regulates ccRCC cells in vitro. (A and B) Overexpression of CLDN8 inhibited the migration and invasion of ccRCC cells. (C) The effect of
overexpression of CLDN8 on the EMT pathway was detected by Western blot. (D and E) Overexpression of CLDN8 inhibited the proliferation of ccRCC cells. (F)
The effect of overexpression of CLDN8 on the AKT pathway was detected by Western blot (*p<0.05, *¥p<0.01, ***p<0.001).
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additional clinical indicators should be included to opti-
mize the prognostic value of CLDNS. Third, more in-
depth analysis of the molecular biological mechanisms
underlying the role of CLDNS in regulating ccRCC should
be specifically explored in future studies.

In conclusion, this study is the first to confirm the
prognostic value and potential biological function of
CLDNS in ccRCC. Our data indicate that CLDN8 could
serve as an independent prognostic factor in ccRCC, and
that suppresses proliferation, migration, and invasion of
ccRCC cells via EMT and AKT pathways.
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