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Abstract

Background: The clinical role of claudin 8 (CLDN8) in kidney renal 
clear cell carcinoma (KIRC) remains unclarified. Herein, the expres-
sion level and potential molecular mechanisms of CLDN8 underlying 
KIRC were determined.

Methods: High-throughput datasets of KIRC were collected from GEO, 
ArrayExpress, SRA, and TCGA databases to determine the mRNA ex-
pression level of the CLDN8. In-house tissue microarrays and immu-
nochemistry were performed to examine CLDN8 protein expression. 
A summary receiver operating characteristic curve (SROC) and stand-
ardized mean difference (SMD) forest plot were generated using Stata 
v16.0. Single-cell analysis was conducted to further prove the expres-
sion level of CLDN8. A clustered regularly interspaced short palindro-
mic repeats knockout screen analysis was executed to assess the growth 
impact of CLDN8. Functional enrichment analysis was conducted using 
the Metascape database. Additionally, single-sample gene set enrich-
ment analysis was implied to explore immune cell infiltration in KIRC.

Results: A total of 17 mRNA datasets comprising 1,060 KIRC sam-

ples and 452 non-cancerous control samples were included in this 
study. Additionally, 105 KIRC and 16 non-KIRC tissues were ana-
lyzed using in-house immunohistochemistry. The combined SMD 
was -5.25 (95% confidence interval (CI): -6.13 to -4.37), and CLDN8 
downregulation yielded an SROC area under the curve (AUC) close 
to 1.00 (95% CI: 0.99 - 1.00). CLDN8 downregulation was also 
confirmed at the single-cell level. Knocking out CLDN8 stimulated 
KIRC cell proliferation. Lower CLDN8 expression was correlated 
with worse overall survival of KIRC patients (hazard ratio of CLDN8 
downregulation = 1.69, 95% CI: 1.2 - 2.4). Functional pathways asso-
ciated with CLDN8 co-expressed genes were centered on carbon me-
tabolism obstruction, with key hub genes ACADM, ACO2, NDUFS1, 
PDHB, SDHD, SUCLA2, SUCLG1, and SUCLG2.

Conclusions: CLDN8 is downregulated in KIRC and is considered 
a potential tumor suppressor. CLDN8 deficiency may promote the 
initiation and progression of KIRC, potentially in conjunction with 
metabolic dysfunction.

Keywords: Kidney renal clear cell carcinoma; CLDN8; Tissue mi-
croarray; Prognosis; Mechanism

Introduction

According to the 2020 global cancer statistics from the World 
Health Organization, renal cell carcinoma (RCC) accounts for 
2.2% of all cancers, ranking as the 16th most common cancer. 
It is the third most prevalent malignant tumor of the urogenital 
system, following prostate (7.3%) and bladder cancers (3.0%) 
[1, 2]. RCC is classified into several subtypes, including kidney 
renal clear cell carcinoma (KIRC), kidney chromophobe, and 
kidney renal papillary cell carcinoma, with KIRC being the most 
common, comprising about 70% of cases [3, 4]. Nephrectomy, 
including radical and partial nephrectomy, remains the standard 
treatment for patients with localized RCC [5]. Although local 
nephrectomy has significantly reduced side effects, 20% of pa-
tients still experience complications, and 0.4% do not survive 
beyond 60 days post-surgery [5]. For advanced KIRC patients, 
targeted therapies and immunotherapies, such as nivolumab and 
bevacizumab, are the first-line treatment options. Despite these 
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advancements, the prognosis for KIRC patients remains unsat-
isfactory. Therefore, there is a pressing need to explore novel 
therapeutic targets and develop new targeted drugs to alleviate 
the suffering of advanced KIRC patients and reduce the adverse 
effects associated with traditional treatments.

Claudins, also known as tight junction (TJ) proteins, form 
the basic framework of TJ, which are crucial for intercellular 
signaling. TJs coordinate gene expression through endocellu-
lar scaffolding proteins that support transcription factor regu-
lation [6, 7]. Alterations in claudin levels can disrupt TJs and 
compromise barrier integrity [8]. Loss of TJ function in tumors 
leads to the loss of cellular polarity and impairs epithelial integ-
rity during tumorigenesis [9]. Consequently, the expression of 
claudin proteins is considered to contribute to cancer progres-
sion and is associated with the loss of cell adhesion. CLDN8 
is located on chromosome 21 and encodes the CLDN8 protein 
[10]. CLDN8 is primarily expressed at TJ structures located in 
distal aldosterone-sensitive nephrons and the posterior thin de-
scending limb segments of long-looped nephrons in the mam-
malian kidney [11]. CLDN8 knockout significantly reduces 
Cl- permeability, highlighting its importance in the function of 
collecting ducts. In renal collecting ducts, the localization of 
CLDN4 to TJs is dependent on its interaction with CLDN8. In 
the absence of CLDN8, CLDN8 is the unique binding partner 
for CLDN4 [12]. Additionally, CLDN8 expression is induced 
by diabetes, leading to abnormal contraction of TJ proteins, 
which is associated with diabetic kidney injury [13].

In addition to its role in organ injury, CLDN8 expression 
varies in cancer. CLDN8 is downregulated in breast cancer tis-
sues [14] and has been shown to support prostate cancer cell 
hyperplasia and metastasis [15]. However, few studies have 
clarified the role of CLDN8 in KIRC. In this study, we aimed 
to confirm the expression level of CLDN8 in KIRC, observe 
the effect of CLDN8 on the growth of KIRC cell line, and un-
cover potential molecular mechanism using public RNA-seq 
datasets and in-house tissue microarrays.

Materials and Methods

Datasets gathered from public databases

Microarray profiles utilized in this research were sourced from 
the gene expression omnibus (GEO) [16], ArrayExpress [17], 
sequence read archive, and the cancer genome atlas (TCGA) 
databases [18]. RNA-seq datasets for KIRC were retrieved 
from the GEO database using the search string (“kidney clear 
cell carcinoma” OR KIRC OR “clear cell renal cell carci-
noma” OR ccRCC). The datasets were filtered according to 
the following criteria: 1) studies involving Homo sapiens; 2) 
sequencing of coding RNA; 3) datasets including both KIRC 
tissues (with no fewer than three cases) and non-KIRC tissues 
(with no fewer than three cases). Datasets were excluded if 
they met the following conditions: 1) involvement of genet-
ic modification or drug treatment; 2) presence of substantial 
missing values. Additionally, transcripts per million (TPM) 
data for KIRC from the TCGA database were obtained using 
the TCGAbiolinks package (accessed July 12, 2021). Sub-

sequently, all non-standardized datasets were normalized by 
log2(x + 1). To avoid batch effects, independent datasets from 
the same platform were combined to generate a unified plat-
form dataset.

Immunohistochemical experiments

In this study, immunohistochemical (IHC) staining was per-
formed to determine the CLDN8 protein levels in KIRC. The in-
house tissue microarrays included 105 KIRC samples from dif-
ferent patients and 16 non-KIRC tissues, which were purchased 
from Fanpu Biotech, Inc. (Guilin, China). The anti-CLDN8 
antibody (ab211439) was procured from Abcam, Inc. The IHC 
staining utilized the horseradish peroxidase system. The IHC ex-
periment results were independently evaluated by two patholo-
gists using the immunoreactive score (IRS) system (0 - 12 points) 
[19-21]. Staining intensity was graded on a scale of 0 - 3, indicat-
ing negative, weak, medium, and strong expression, respectively. 
The proportion of CLDN8-positive staining was categorized as 
follows: 0 (less than 10%), 1 (10-25%), 2 (26-50%), 3 (51-75%), 
and 4 (76-100%). The final score for each field was calculated by 
multiplying the positively stained CLDN8 ratio by the intensity 
score. Each independent sample was assessed in five different 
visual fields, with the arithmetic average representing the final 
score for each sample. The scores for all 121 samples were com-
piled into a dataset for subsequent analysis. Additionally, CLDN8 
protein expression in KIRC tissues was also evaluated using the 
human protein atlas (HPA) database [22].

Expression level of CLDN8 in single cells

The expression level of CLDN8 in KIRC was investigated from 
a single-cell perspective using dataset GSE152938, retrieved 
from the GEO database, platform GPL20795 (HiSeq X Ten 
(Homo sapiens)) [23]. Quality control parameters included 200 
< nFeature_RNA < 2,500 and mitochondrial proportion < 5%. 
Optimal clustering was achieved with resolution set to 0.8 and 
dims to 18, and the results were visualized using UMAP.

The role of CLDN8 in the propagation of KIRC cell lines

To elucidate the impact of CLDN8 on the growth of KIRC 
cells, we employed clustered regularly interspaced short pal-
indromic repeats (CRISPR) knockout screen technology. The 
CERES algorithm was applied to compute dependency scores 
for CLDN8 across various KIRC cell lines. A negative score in 
a KIRC cell line indicated that CLDN8 inhibited the prolifera-
tion of that specific cell line, while a positive score suggested 
that CLDN8 promoted the growth of that cell line [24].

Statistical analysis and clinical value of CLDN8 in KIRC

The receiver operating characteristic (ROC) curve was drawn 
to calculate the true positive, true negative, false positive, and 
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false negative rates using the pROC package. A summary re-
ceiver operating characteristic (SROC) curve was generated 
with Stata (version 16.0, StataCorp 2019, Stata Statistical Soft-
ware: Release 16) based on both mRNA datasets and in-house 
IHC data to evaluate the diagnostic capacity of CLDN8 for 
KIRC. Additionally, standardized mean difference (SMD), 
sensitivity, specificity, and likelihood ratios were obtained. 
To detect publication bias, Egger’s test and Begg’s test were 
employed. CLDN8 expression was analyzed using a t-test, 
one-way analysis of variance (ANOVA) analysis, or a non-
parametric test on unpaired independent samples with IBM 
SPSS Statistics 26 and R software (version 4.2.1), as propriate. 
Survival analysis for KIRC patient was conducted using the 
Kaplan-Meier plotter [25].

Pathway enrichment analysis

Differential expression genes (DEGs) of KIRC were identified 
by calculating SMDs (|SMD| > 0, P < 0.05). Co-expressed genes 
(CEGs) of CLDN8 were determined via Pearson correlation 
analysis (correlation coefficient > 0.30, P < 0.05 for positively 
CLDN8-correlated genes; correlation coefficient < -0.30, P < 
0.05 for negatively CLDN8-correlated genes). Metascape was 
utilized to identify oncology terms for the input gene list us-
ing the hypergeometric test and Benjamini-Hochberg P-value 
correlation algorithm, noted for its frequent updates and robust 
pathway enrichment analysis including gene ontology (GO), 
the Kyoto encyclopedia of genes and genomes (KEGG), Re-
actome, MSigDB, and more. Downregulated CLDN8-related 
genes, indicating overlap between downregulated DEGs and 
positively correlated CEGs, were analyzed via Metascape for 
GO and KEGG enrichment. The results were visualized using 
the ggplot2 package on R (version 4.1.1). The STRING data-
base [26] was employed to construct the protein-protein inter-
action (PPI) network, and closely connected hub genes were 
identified using the CytoHubba plugin in Cytoscape (version 
3.8.0). The top 10 scoring genes were further analyzed using 
the GEPIA database [27] for survival analysis. Gene-gene in-
terrelations for hub genes significantly associated with KIRC 
patient survival were explored using the GeneMANIA data-
base [28].

Exploration of the immune microenvironment of KIRC

Gene expression values of the KIRC samples were extracted 
from TCGA-KIRC TPM data. Single-sample gene set enrich-
ment analysis (ssGSEA), a popular algorithm for evaluating 
the patient’s immune microenvironment, was conducted us-
ing the GSVA package to predict immune cell concentrations 
in KIRC. The immune cells gene set collection was obtained 
from the TISIDB database, predicting a total of 28 types of im-
mune cells. A heat map was generated to illustrate the infiltra-
tion of immune cells in each KIRC sample. Additionally, the 
correlation between CLDN8 expression and immune cell infil-
tration was analyzed using the TISIDB database [29]. Further 
analysis was performed on immune cells that showed statisti-

cally significant correlations (P < 0.05).

Ethics approval

The research was approved by ethics committees of Fanpu Bi-
otech, Inc. (No. FANPU (2018) 23). The authors confirm that 
all methods in this study were carried out in accordance with 
relevant guidelines and regulations.

Results

mRNA expression datasets

Twenty independent mRNA expression datasets with a total 
of 1,096 KIRC and 487 non-KIRC control tissue specimens 
were studied (Fig. 1, Supplementary Material 1, www.wjon.
org). Eventually, 14 platform datasets were generated to cal-
culate DEGs between KIRC tissue samples and non-cancerous 
kidney tissue samples. Since GPL97 and GSE16441 lacked 
CLDN8 expression data, the remaining 12 platform datasets, 
containing 1,060 KIRC and 452 non-KIRC from 17 independ-
ent mRNA expression matrices, were used to analyze CLDN8 
differential expression and calculate CLDN8-related genes.

Downregulated CLDN8 in KIRC and the clinical value

CLDN8 was significantly downregulated in KIRC tissues at the 
mRNA level (Supplementary Material 2, www.wjon.org), dem-
onstrating strong discriminative potential between KIRC and 
non-KIRC tissues, with an area under the curve (AUC) greater 
than 0.90 for all comparisons (Supplementary Material 3, www.
wjon.org). CLDN8 protein localized in the cytoplasm and mem-
brane of renal tubules. IHC images from in-house tissue micro-
arrays and the HPA database showed significantly weaker stain-
ing intensity of CLDN8 protein in 105 KIRC tissues compared 
to 16 non-tumor tissues (unpaired Wilcoxon test, P < 0.001) 
(Figs. 2, 3, and Supplementary Material 4a, www.wjon.org). 
This diminished expression of CLDN8 protein also exhibited a 
strong discriminatory ability between KIRC and non-KIRC tis-
sues (Supplementary Material 4b, www.wjon.org).

An integrated SMD analysis of mRNA datasets and in-
house tissue microarrays revealed significantly lower CLDN8 
expression in 1,165 KIRC tissues compared to 468 non-KIRC 
tissues (SMD = -5.25; 95% confidence interval (CI): -6.13 to 
-4.37; I2 = 93.1%; P < 0.01) (Fig. 4a). No publication bias was 
detected (P = 0.09) (Fig. 4b, c). The SROC curve and forest 
plot confirmed the robust potential of CLDN8 in distinguish-
ing KIRC from non-KIRC tissues (AUC = 1.00, 95% CI: 0.99 
- 1.00; sensitivity = 0.97, 95% CI: 0.94 - 0.96; specificity = 
0.99, 95% CI: 0.98 - 1.00; positive likelihood ratio = 110.22, 
95% CI: 40.94 - 296.73; negative likelihood ratio = 0.03, 95% 
CI: 0.02 - 0.06) (Fig. 5a-c). Furthermore, survival analysis in-
dicated that lower CLDN8 expression in KIRC was associated 
with shorter survival time (hazard ratio of CLDN8 downregu-
lation = 1.69, 95% CI: 1.2 - 2.4) (Fig. 5d). Apart from ethnic-
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ity, CLDN8 expression showed no significant association with 
clinicopathological features such as gender, age, tumor grade, 
and tumor stage (Supplementary Material 5, www.wjon.org).

Downregulation of CLDN8 in KIRC cells at the single-cell 
level

After quality control and clustering optimization, a total of 
3,306 KIRC cells and 204 normal cells were obtained (Fig. 
6a). CLDN8 mRNA was significantly downregulated in KIRC 
single cells (P < 0.0001) (Fig. 6b).

CLDN8 inhibited KIRC cell propagation

We assessed the dependency scores of CLDN8 using CRISPR 
knockout screen technology to evaluate its effect on the growth 
of KIRC cell lines. As was shown in Figure 7, knocking out the 
CLDN8 gene resulted in faster growth in 20 KIRC cell lines. 
This finding suggests that CLDN8 may play an inhibitory role 
in the proliferation of KIRC cells.

CLDN8 participating in KIRC via significant signaling 
pathways

For GO enrichment analysis, the terms “carboxylic acid cata-

bolic process” in biological processes (BP), “mitochondrial 
matrix” in cellular components (CC), and “oxidoreductase ac-
tivity” in molecular functions (MF) were identified as highly 
enriched (Fig. 8a). In KEGG pathways analysis, “carbon me-
tabolism” and “citrate cycle (TCA cycle)” were emphasized 
(Fig. 8b). Ten hub genes, including ACADM, ACO2, NDUFS1, 
PDHB, SDHD, SUCLA2, SUCLG1, SUCLG2, MDH1, and 
IDH2, were identified (Fig. 8c). Notably, eight of these hub 
genes, namely ACADM, ACO2, NDUFS1, PDHB, SDHD, SU-
CLA2, SUCLG1, and SUCLG2, exhibited significant correla-
tions with overall survival in KIRC patients (Fig. 9a). A func-
tional interaction network was constructed using these eight 
hub genes, with FH being identified as prominent (Fig. 9b).

Correlation between CLDN8 downregulation and the im-
mune infiltration levels of KIRC tissues

The infiltration levels of 28 immune cells were predicted in 
the immune microenvironment of KIRC tissues (Supplemen-
tary Material 6a, www.wjon.org). Among them, seven kinds 
of immune cells, including activated CD4+ T cells, effector 
memory CD4+ T cells, effector memory CD8+ T cells, regu-
latory T cells, natural killer cells, memory B cells, and mac-
rophages showed potentially negative correlation with CLDN8 
expression (Supplementary Material 6b, www.wjon.org). Con-
versely, the abundance of CD56bright natural killer cells had a 
potentially positive correlation with CLDN8 expression. High 

Figure 1. Flow chart of mRNA expression datasets for kidney renal clear cell carcinoma tissues.
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infiltration of activated CD4+ T cells, effector memory CD8+ T 
cells, regulatory T cells, and macrophages significantly short-
ened the survival time of KIRC patients, as did lower levels of 
CD56bright natural killer cells (Fig. 9c-g).

Discussion

Combining public high-throughput datasets with in-house tis-
sue microarrays and IHC, we demonstrate that CLDN8 expres-
sion is consistently diminished at both mRNA and protein lev-

els. Moreover, our single-cell analysis reveals downregulation 
of CLDN8 in KIRC, which correlates with poorer prognosis. 
Furthermore, through CRISPR knockout screen analysis, we 
suggest a potential tumor-suppressive role for CLDN8 in vitro. 
The downregulation of CLDN8 may accelerate KIRC progres-
sion, possibly in association with oncometabolites. Addition-
ally, increased macrophages levels in KIRC are identified as 
an adverse factor in disease prognosis.

Claudins, initially defined as dominant integral membrane 
proteins of TJs, function as fences, signaling molecules, and 
barriers. Recently research has revealed their involvement in 

Figure 2. Immunohistochemical staining of claudin 8 (CLDN8) protein in non-KIRC and KIRC tissues. (a, b) Non-KIRC tissues. 
(c, d) KIRC tissues. KIRC: kidney renal clear cell carcinoma.
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carcinogenesis through signal transduction, inflammatory re-
sponse, hyperplasia, epithelial-mesenchymal transition (EMT), 
migration, and survival [30]. As a member of the claudin fam-
ily, CLDN8 has been increasingly associated with malignant 
tumors. In this study, we analyzed RNA-seq datasets from ma-
jor public databases, performed in-house tissue microarrays, 
and conducted IHC staining to examine CLDN8 mRNA and 
protein levels in KIRC. Our results showed significantly lower 
CLDN8 expression in KIRC, detected in 1,060 KIRC samples 
versus 452 non-KIRC samples in RNA-sequencing datasets 
and in 105 KIRC tissues versus 16 non-tumor tissues in in-
house tissue microarrays. IHC images also displayed weak 

CLDN8 protein expression in KIRC. Additionally, single-cell 
analysis indicated downregulation of CLDN8 in 3,306 KIRC 
cells. Previous studies have demonstrated CLDN8 dysfunction 
in prostate cancer [15], breast cancer [14], osteosarcoma [31], 
and retinoblastoma [32]. Specifically, low CLDN8 expression 
in KIRC was found to inhibit hyperplasia, metastasis, and 
invasion of cancer cells through EMT and AKT (AKT/PKB, 
protein kinase B) pathways. Our CRISPR knockout screen 
analysis further revealed that CLDN8 may hinder the prolif-
eration of 20 KIRC cell lines. Moreover, decreased CLDN8 
expression exhibited a strong discriminatory potential between 
KIRC and non-KIRC tissues, correlating with worse prognosis 

Figure 3. (a-d) Immunohistochemistry images of claudin 8 (CLDN8) protein in kidney renal clear cell carcinoma tissues derived 
from the human protein atlas (HPA) database.
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in KIRC patients, indicating its potential as a biomarker for 
KIRC. Overall, our findings provide a comprehensive under-
standing of CLDN8 expression in KIRC tissues, highlighting 
its role in carcinogenesis.

To further explore the role of CLDN8 in KIRC, we ana-
lyzed its co-expressed network. The results highlighted the 
“carboxylic acid catabolic process” in BP, “mitochondrial ma-
trix” in CC, and “oxidoreductase activity” in MF. The most 
enriched KEGG pathways included “carbon metabolism,” 
and “TCA cycle”. Intriguingly, the eight hub genes - ACADM, 
ACO2, NDUFS1, PDHB, SDHD, SUCLA2, SUCLG1, and 
SUCLG2 - exhibited tumor-suppressive function, with ACO2, 

SDHD, SUCLA2, SUCLG1, and SUCLG2 being crucial in the 
TCA cycle [33, 34]. PDHB is involved in converting pyruvate 
to acetyl coenzyme A [33], ACADM catalyzes mitochondrial 
fatty acid oxidation [35], and NDUFS1 is a component of mi-
tochondrial complex I [36]. The disruption of aerobic metabo-
lism, particularly the TCA cycle, is a notable characteristic of 
KIRC. Recent studies have revealed that metabolic changes 
support cancer invasion by degrading the extracellular matrix, 
reducing cell-cell/matrix contact, increasing invadopodia for-
mation, and activating EMT pathways [37]. Lipid accumula-
tion favors cancer cell motility and exacerbates tumor progres-
sion in ACADM-deficient HCC [35]. Increased pyruvate due to 

Figure 4. The decline in claudin 8 (CLDN8) expression in kidney renal clear cell carcinoma. (a) Forest plot depicting significant 
downregulation of CLDN8 expression in kidney renal clear cell carcinoma tissues. (b) Egger’s plot and (c) Begg’s funnel plot 
indicate the absence of publication bias (P = 0.09).
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PDHB loss aids malignant cell invasion [38], and NDUFS1 
knockout enhances invasion and migration in human lung 
adenocarcinoma cell lines [39]. Consequently, blocking the 
TCA cycle or decreasing critical enzymes leads to the ac-
cumulation of metabolites that contribute to tumor initiation 
and progression [33, 40]. For instance, succinate accumula-
tion resulting from SDH deletion stabilizes hypoxia-induc-
ible factor 1 (HIF-1), promoting malignant cell survival, 
proliferation, and angiogenesis [40]. Succinate-CoA accu-
mulation from the inactivation of SDH, SUCLA2, SUCLG1, 
and SUCLG2, promotes tumor growth through global suc-

cinylation and provides a bioenergetic source when oxida-
tive phosphorylation or glycolysis is hindered [33]. Elevated 
citrate flux due to ACO2 blockade enhances colorectal can-
cer growth by upregulating stearoyl-CoA desaturase, boost-
ing lipid desaturation [41]. Additionally, gene-gene interac-
tion analysis using the GeneMANIA database suggested that 
FH, together with hub genes, may play a role in KIRC. FH 
deficiency leads to fumarate overload, contributing to onco-
genic transformation by stabilizing HIF-1α [40]. Notably, 
the loss of function of key enzymes or accumulation of on-
cometabolites in the TCA cycle is associated with disrupted 

Figure 5. Integrated analysis of effect size forest plots, summary receiver operating characteristics curve, and survival analysis. 
(a) Sensitivity and specificity assessment. (b) Summary receiver operating characteristics curve. (c) Positive and negative likeli-
hood ratios. (d) Kaplan-Meier survival curve.
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cell-cell adherence in cancer cells. According to Wang et al 
[42], fumarate can drive EMT by inhibiting miR-200ba429 
demethylation, a metastasis repressor. Additionally, SDHB 
knockout promotes EMT in colorectal cancer cells through 
TGF-β signaling or by enhancing the TJ transcriptional sup-
pression complex SNAIL1-SMAD3/SMAD4 [43]. Further-
more, SDH downregulation, whether by exogenous succinate 
treatment or SDH-subunit (B, D) knockout, enhances KIRC 
cell invasion [44]. In this setting, CLDN8 and essential genes 
in the TCA cycle are markedly decreased in KIRC, and on-
cometabolites from the blocked TCA cycle likely accelerate 
KIRC progression by degrading intercellular TJs or through 
the EMT pathway. Supporting this, Zhu et al have conducted 
preliminary gene interference and cell function experiments 
to determine how CLDN8 influences KIRC cell migration 
and invasion by regulating the EMT process.

The KIRC microenvironment exhibits a high infiltration 
of immune cells. Our findings indicate a negative correla-
tion between CLDN8 expression and activated CD4+ T cells, 
effector memory CD8+ T cells, regulatory T cells, and mac-
rophages, while a positive correlation is observed with CD-
56bright natural killer cells. Notably, these five cell types are 
closely linked to KIRC patient prognosis. Building upon the 
research by Wu et al, it is suggested that succinate secretion 
by malignant cells could activate succinate receptor signal-
ing, leading to the polarization of macrophages into tumor-
associated macrophages, thereby promoting tumor progres-
sion [45].

However, this study is limited by the lack of functional 
experiment verification. Additional evidence is needed to de-

termine whether insufficient CLDN8 accelerates KIRC pro-
gression through EMT or oncometabolite pathways. Further-
more, the sample size of non-KIRC control tissues for IHC 
was relatively small. While a comparative arm with a similar 
number of cases would strengthen our analysis, constraints 
such as limited sample availability and ethical considerations 
prevented us from obtaining a larger number of normal kidney 
samples for IHC. Nevertheless, we assure that the non-KIRC 
control samples used are representative and that rigorous ex-
perimental methods and techniques were employed to ensure 
the accuracy and reliability of our results. The unpaired Wil-
coxon test clearly demonstrates significantly lower expression 
of CLDN8 protein in KIRC tissues. This finding, along with 
results from mRNA platform datasets, supports the marked 
downregulation of CLDN8 in KIRC. Future research should 
include clinical verification with larger sample sizes to further 
substantiate these findings.

Conclusion

Through our immunochemistry experiments, we observed a 
significant downregulation of CLDN8 in KIRC, which ap-
pears to be associated with a less favorable survival outcome 
for KIRC patients. In addition, lower CLDN8 expression 
may facilitate KIRC occurrence and progression by the EMT 
pathway.

Figure 7. Gene effect score analysis of claudin 8 (CLDN8) in 20 kidney 
renal clear cell carcinoma cell lines. The findings suggest a potential 
inhibitory role of CLDN8 in the growth of kidney renal clear cell carci-
noma cells.

Figure 6. Expression profiling of claudin 8 (CLDN8) in single cells of 
kidney renal clear cell carcinoma. (a) Cell distribution in kidney re-
nal clear cell carcinoma (KIRC). (b) Comparative analysis of CLDN8 
mRNA expression levels in KIRC cells and normal cells.
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Supplementary Material

Suppl 1. mRNA datasets of kidney renal clear cell carcinoma 
obtained from GEO, ArrayExpress, and TCGA databases.
Suppl 2. Comparative analysis of CLND8 mRNA expression 
levels in kidney renal clear cell carcinoma (KIRC) and non-
KIRC tissues.
Suppl 3. The discriminative potential of CLND8 mRNA 
downregulation in kidney renal clear cell carcinoma (KIRC) 
and non-KIRC tissues.
Suppl 4. Downregulation of CLDN8 protein in kidney renal 

clear cell carcinoma tissues. (a) Comparison of immunohis-
tochemical staining scores of CLDN8 protein in kidney renal 
clear cell carcinoma (KIRC) and non-KIRC tissues (unpaired 
Wilcoxon test, P < 0.001). (b) The robust discriminatory ability 
of CLDN8 protein between KIRC and non-KIRC tissues.
Suppl 5. Correlations between CLDN8 mRNA expression and 
clinicopathological parameters of kidney renal clear cell carci-
noma patients (*P < 0.05).
Suppl 6. Infiltration analysis of immune cells in kidney renal 
clear cell carcinoma tissue. (a) Heatmap presenting 28 immune 
cells enriched in kidney renal clear cell carcinoma tissues. (b) 
Spearman correlation analysis between CLDN8 mRNA ex-

Figure 8. Functional enrichment analysis of claudin 8 (CLDN8) and hub genes. (a) Gene ontology terms encompassing biologi-
cal processes, cell components, and molecular functions. (b) Kyoto encyclopedia of genes and genomes pathways. (c) Identifica-
tion of top 10 hub genes via protein-protein interaction network analysis using Cytohubba.
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pression and immune cells in TISIDB database.
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