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INTRODUCTION
Renal cell carcinoma (RCC) is the most common type of 

kidney cancer, accounting for approximately 90% of all 
cases.1-6 ccRCC is an aggressive type of kidney cancer, 
comprising 80% of all RCC cases.7,8 Surgical resection, 
chemotherapy, and radiotherapy are not effective against this 
aggressive tumor.9-11 Despite recent advancements, metastatic 
ccRCC remains an incurable cancer, with a survival rate of 
less than 20% over five years.12,13 The most promising 
integrative therapies for advanced and metastatic diseases are 
antiangiogenic therapy and immune checkpoint inhibition 
therapy. Numerous exploratory studies have conclusively 
identified markers from epigenetics that effectively regulate 
gene expression in ccRCC through histone modification, 
methylation of DNA, and ncRNA expression.14 Despite the 
contribution of relevant studies to identifying new therapeutic 
targets for tumorigenesis and ccRCC development, a 
complete understanding of the molecular mechanism of 

ccRCC is yet to be achieved.15 Identifying effective biomarkers 
related to the emergence and progression of ccRCC holds 
great importance.16

During the last decade, gene expression profiling has 
displayed promising promise in the diagnosis and targeted 
therapy of cancers. In this study, bioinformatics and 
microarray technology are used to explore the molecular 
processes that drive tumor growth, we will analyze the 
expression patterns of DEGs in ccRCC and adjacent normal 
tissues using data from the Gene Expression Omnibus 
(GEO). Using PPI, we conducted functional annotation and 
pathway analysis of these DEGs with DAVID and identified 
hub genes closely associated with ccRCC. Through survival 
analysis on the Kaplan-Meier plotter bioinformatics platform, 
we further explored the significance of these genes. 
Additionally, we examined the role of SLC12A3 in ccRCC, a 
potential biomarker, and its connection to immune inhibitors 
and infiltrating immune cells. The findings of this present 
study exhibited that SLC12A3 could serve as a valuable 
biomarker for ccRCC.

METHODS
Data extraction

The GEO database available at https://www.ncbi.nlm.
nih.gov offers extensive gene expression data collected by 
research institutions worldwide. NCBI has compiled multiple 
GEO datasets to create a comprehensive gene expression 

ABSTRACT
Objective • Clear renal cell carcinoma (ccRCC) is a 
common and deadly urinary system tumor. The TNM 
system determines treatment and prognosis based on 
cancer advancement. While nephron-sparing surgery is 
an option for localized ccRCC, advanced cases are 
challenging, and molecular-targeted therapy is crucial. 
Methods • Here, we implemented microarray datasets to 
identify a total of 119 differentially expressed genes 
(DEGs) and ten hub genes by a protein-protein interaction 
network (PPI) and performed module analysis through 
STRING and Cytoscape. 

Results • Data from this analysis shed light on a positive 
correlation between SLC12A3 (solute carrier family 12 
member 3) and tumor-correlated cells. SLC12A3 can 
predict prognosis and immune infiltration levels in KIRC 
patients.
Conclusion • Our findings demonstrated that SLC12A3 
expression accounts for favorable prognosis and increased 
immune infiltration of various cell types. This could lead 
to potential therapeutic aims and biomarkers for KIRC 
(kidney renal clear cell carcinoma). (Altern Ther Health 
Med. [E-pub ahead of print.])
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TCGA datasets analysis 
Transcriptomic and relevant clinical data of KIRC were 

obtained from the TCGA database, and 248 KIRC samples 
were further extracted by Excel screening and integration 
(Screening criteria: Samples with time 0, Gx (G-stage 
unknown), Nx (T-stage unknown), Mx (M-stage unknown), 
unknown, and duplicate were excluded). 

Assay of linked omics database 
We analyzed 32 types of cancer in depth using the 

LinkedOmics database, which is publicly accessible (http://
www.linkedomics.org/login.php). To study the co-expression 
of SLC12A3, we used Pearson’s test and visually represented 
the results using a volcano plot and heatmap. Furthermore, 
we performed gene set enrichment analysis (GSEA) to 
identify enriched GO terms and KEGG pathways among the 
genes with SLC12A3.

Immuno-inhibitor evaluation
We utilized TISIDB (http://cis.hku.hk/TISIDB/index.

php), a web portal that combines various data types to study 
the connections between SLC12A3 and immunoinhibitory in 
tumor and immune system interactions.17

Immune infiltration analysis
While conducting our analysis, we employed TIMER at 

https://cistrome.shinyapps.io/timer/, specifically designed to 
analyze tumor-infiltrating immune cells comprehensively. 
Using this tool, we investigated the potential relationship 
between the SLC12A3 gene and immune cell infiltration in 
tumors. This provided valuable insights into the role of 
SLC12A3 in the immune response to cancer.18

Statistical analysis
Statistical analyses were performed using IBM SPSS 

Statistics version 20.0 (IBM Corp., Armonk, NY, USA). The 
χ2 test was forcefully employed to investigate the possible link 
between clinicopathological traits and SLC12A3 expression. 
P < .05 was considered statistically significant, and data were 
presented as mean ± standard deviation.

RESULTS
DEGs Identification

We have found three gene expression patterns: GSE53757, 
GSE40435, and GSE178959. The first pattern had 144 samples 
(72 ccRCC and 72 standards), the second had 202 illustrations 
(101 ccRCC and 101 regulars), and the third had 160 pieces 
(138 ccRCC and 22 measures) (Table 1). The application of the 
cutoff criteria revealed 1234 differentially expressed genes 
(DEGs) in the gene expression profile of GSE53757, with 502 
upregulated and 732 downregulated. Similarly, GSE40435 
produced 278 DEGs, including 83 upregulated and 195 
downregulated. We also identified 243 DEGs, with 107 
enhanced and 136 decreased genes. As shown in the Venn 
diagram, all three groups shared 119 DEGs, with 45 significantly 
upregulated and 74 downregulated genes (Figure 1).

database. Here, we selected three GEO gene expression 
profiles (GSE53757, GSE40435, and GSE17895). The 
GSE53757 dataset comprised 72 ccRCC and 72 noncancerous 
samples, while the GSE40435 dataset comprised 101 ccRCC 
and 101 noncancerous samples. The GSE17895 dataset 
contained 138 ccRCC samples and 22 noncancerous samples. 

Data management of DEGs
To accurately identify genes expressed differently in ccRCC 

samples compared to standard models, We used the online 
analysis tool GEO2R, available on the National Center for 
Biotechnology Information website (https://www.ncbi.nlm.nih. 
gov/geo/geo2r/), to conduct our analysis. We established the 
threshold for DEGs at an adjusted P-value of <0.01 and |logFC| 
of ≥2.0, with calculated values for both the adjusted P-value and 
absolute log fold change (|logFC|). We identified the overlapping 
genes in the three datasets by the Venn diagram web tool (http://
bioinformatics.psb.ugent.be/webtools/Venn/).

GO and KEGG pathway analyses of DEGs
Functional enrichment analysis is crucial to identifying 

and connecting genes with similar functions to biological 
phenotypes. Gene Ontology (GO) annotations are neatly 
categorized into Molecular Function (MF), Biological Process 
(BP), and Cellular Components (CC). KEGG is a highly 
esteemed database that stores information on biological 
pathways, diseases, genomics, chemicals, and drugs. In this 
research, we utilized DAVID tools (https://david-d.ncifcrf.
gov) to conduct GO and KEGG pathway enrichment analysis 
of DEGs. We established genes with a count of ≥2 and P < .01 
as the minimum threshold to ensure statistical significance.

PPI network establishment and hub genes digging
The PPI network of DEGs was thoroughly analyzed 

using the STRING database from https://string-db.org/, with 
a combined score > 0.4 as the cutoff criterion. We used 
Cytoscape (version 3.9.1) to visualize the PPI network and to 
identify modules in the network. We employed Cytoscape’s 
Molecular Complex Detection (MCODE) algorithm with a 
degree cut-off of 2, node score cut-off equal to 0.2, max depth 
at 100, and k-score = 2. The degree of each protein node was 
calculated using Cytoscape, and the top ten genes were 
identified as the hub genes through our rigorous analysis.

Transcriptional expression levels of hub genes on ccRCC 
After analyzing the mRNA expression levels, we utilized 

the reliable GEPIA online database to compare the hub genes 
in ccRCC tissues versus normal tissues. (http://gepia.cancer-
pku.cn/). 

Hub genes Survival analysis
The prognostic effect and the significance of the ten 

potential hub genes were assessed using the Kaplan-Meier 
plotter tool, which can be accessed from http://kmplot.com/
analysis/. A total of 530 ccRCC patients were included in the 
overall survival analysis.
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DEGs Functional enrichment analyses 
We performed evaluations to enhance the capabilities of 

DEGs by DAVID. According to the GO analysis results, the 
DEGs showed a significant amount in the hydrogen peroxide 
catabolic process, positive manipulation of gene expression, 
monocyte chemotaxis, chemotaxis, Organisms eliminate 
cells and protect against fungus, Gram-negative bacteria, and 
other dangers through various immune responses including 
humoral and innate (Figure 2A). DEGs were concentrated in 
the cytoplasm’s perinuclear region within the cell component, 
secretory granule, cell surface, hemoglobin complex, and 
haptoglobin-hemoglobin complex (Figure 2B). DEGs were 
concentrated in xenobiotic transporter, protease binding, 
oxygen transporter, protein phosphatase binding, and organic 
acid-binding (Figure 2C). Pathways analysis showed that the 
differentially expressed genes were enriched in critical routes 
such as cancer, drug resistance, and signaling pathways 
(Figure 2D). 

The foundation of the PPI network hub gene
The STRING database was employed to predict protein 

activities among the DEGs. We hired the Cytoscape software 
to generate a PPI network for DEGs, which included 95 
nodes and 222 edges (Figure 3A). As shown in Figure 3B 
and Table 2, the most important genes in the PPI were 
identified based on the number of connections they had 
with other genes, it turned out that EGF was the most 
excellent gene with a degree of connectivity of 17, followed 
by plasminogen (PLG; degree=16), lysyl oxidase (LOX; 
degree=14), integrin subunit beta 2 (ITGB2; degree=13), 
solute carrier family 12 member 3 (SLC12A3; degree=13), 
complement component 3 (C3; degree=12), caveolin 1 
(CAV1; degree=11), CXCR4; degree=11), aquaporin 2 
(AQP2 degree=11), and uromodulin (UMOD; degree=11). 
Five hub genes were enhanced, and five were decreased in 

Table 1. Summary of the three microarray databases derived 
from the GEO database.

Dataset ID Gastric cancer Normal Total number
GSE53757 72 72 144
GSE40435 101 101 202
GSE17895 138 22 160

Abbreviations: GEO, Gene Expression Omnibus

Figure 1. Screening of DEGs in GEO datasets. (A) The Venn 
diagrams of upregulated DEGs in the GSE53757, GSE40435, 
and GSE178959 datasets. (B) The Venn diagrams of 
downregulated DEGs in the GSE53757, GSE40435, and 
GSE178959 datasets. 

Figure 2. GO and KEGG pathway enrichment analysis of 
DEGs on (A) Biological processes. (B) Cellular components. 
(C) Molecular functions. (D) KEGG pathway. 

Figure 3. PPI network of DEGs for screening of the above hub 
genes. (A) Protein–protein interaction network of DEGs was 
performed via Cytoscape. Red nodes denote the upregulated 
DEGs, while the downregulated DEGs are marked with green 
nodes. (B) The hub gene subnetwork. The colors range from 
orange to red, indicating a higher degree score. Five of the ten 
nodes are upregulated genes, while the other five are 
downregulated. (C) and (D) The modules chosen from the PPI 
network are the most crucial, with a score = 4.5. (E) The 
module with a score = 4. (F) with a score = 3.6.

Table 2. Top ten hub genes of high-level connectivity

Symbol Description Degree
EGF Epidermal growth factor 17
PLG Plasminogen 16
LOX Lysyl oxidase 14
ITGB2 Integrin subunit beta 2 13
SLC12A3 Solute carrier family 12 members 3 13
C3 Complement component 3 12
CAV1 Caveolin 1 11
CXCR4 C-X-C motif chemokine receptor 4 11
AQP2 Aquaporin 2 11
UMOD Uromodulin 11
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ccRCC. Four modules were selected to analyze the PPI 
network using MCODE (Figure 3C, 3D, 3E, 3F). 

Hub genes mRNA expression validation
Using the GEPIA database, we have unequivocally 

confirmed the mRNA expressions of ten central genes. Our 
rigorous analysis has revealed that five genes exhibit increased 
expression in ccRCC while the remaining five exhibit 
decreased expression. (Figure 4).

Hub genes in survival analysis 
Our analysis using the Kaplan-Meier plotter 

unequivocally demonstrates the prognostic significance of 
ten hub genes. The data clearly shows that elevated levels of 
LOX (P = .0022) (Figure 5C), C3 (P = .0021) (Figure 5F), 
CAV1 (P = .029) (Figure 5G), and CXCR4 (P = .00068) 
(Figure 5H) are strongly associated with lower survival rates 
in patients with KIRC. These findings are of utmost 
importance and should be noticed. On the contrary, high 
expressions of PLG (P = 5.1e-09) (Figure 5B), SLC12A3 (P = 
.017) (Figure 5E), and our analysis also showed that the 
expression of the UMOD gene was significantly associated 
with better overall survival in patients with kidney renal clear 
cell carcinoma (KIRC), as indicated by a P = .042 (see Figure 
5J) However, EGF, ITGB2, and AQP2 were not significant 
markers of survival prognosis (P =0.065, P = .11, and P 
=0.16) (Figure 5A, 5D and 5I). 

The connection between the levels of SLC12A3 and 
clinicopathologic pattern

Our thorough analysis of 248 KIRC samples revealed a 
significant correlation between high expression levels of 
SLC12A3 and the N stage (P = .013) in KIRC patients. We 
also examined various clinicopathological characteristics, 
such as pathologic stage, T stage, M stage, sex, histologic 
grade, and age labeling index. Still, we found no significant 
differences in comparison of the groups with bidirectional 
SLC12A3 expression. Our findings, presented in Table 3, 
demonstrate the importance of monitoring SLC12A3 
expression levels in KIRC patients, particularly those with 
advanced N stage. 

Sub-analysis of the link between SLC12A3 expression and 
overall survival in KIRC patients

The current study delved into the prognostic significance 
of SLC12A3 in various subtypes, as previous research has 
shown that increased SLC12A3 expression is linked to more 
prolonged overall survival among KIRC patients, such as 
stage, gender, race, grade, mutation burden, neoantigen load, 
and cellular content. According to the expression of SLC12A3, 
Samples were divided into low and high-expression groups. 
High expression of SLC12A3 had a significant correlation 
with overall survival, especially in stage II (HR=0.16; P = 
.00048; Figure 6B) and stage IV (HR=1.85; P =0.029; Figure 
6D) but not in stage I (HR=0.59; P = .086; Figure 6A) and 
stage III (HR=0.6; P = .075; Figure 6C). Patients with higher 

Figure 4. Hub gene differential expression validated via 
GEPIA. Expression levels of (A) EGF, (B) PLG, (C) LOX, (D) 
ITGB2, (E) SLC12A3, (F) C3, (G) CAV1, (H) CXCR4, (I) 
AQP2 and (J) UMOD in ccRCC tissues and normal tissues.

*P < .05 vs. normal tissues. T for tumor and N for normal tissue on the 
horizontal axis, while the vertical axis displays the number of transcripts per 
million reads.

Figure 5. Kaplan–Meier overall analysis. Prognostic values of 
(A) EGF, (B) PLG, (C) LOX, (D) ITGB2, (E) SLC12A3, (F) 
C3, (G) CAV1, (H) CXCR4, (I) AQP2 and (J) UMOD in 
ccRCC patients.

Table 3. The relationship of SLC12A3 expression with KIRC 
clinicopathological features

Variables Low SLC12A3 expression High SLC12A3 expression P value
n 124 124
T staging .698

T1 to 2 75 72
T3 to 4 49 52

N staging .013
N0 122 112
N1 2 12

M stage .864
M0 103 104
M1 21 20

Pathologic stage .933
I 53 50
II 15 17
III 34 37
IV 22 20

Gender .434
Female 45 51
Male 79 73

Histological grade .898
G1-2 55 56
G3-4 69 68

Age (years) .307
≤60 52 60
>60 72 64
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between reduced B cells (HR=0.73; P = .17; Figure 6N) and 
decreased CD4+ T cells (HR=0.6; P = .076; Figure 6P). These 
data suggest that high SLC12A3 expression benefits prognosis 
in KIRC patients with high mutation burden and neoantigen 
load. With a good correlation of high SLC12A3 expression 
with OS in different subtypes, an independent biomarker that 
shows promising results for predicting the prognosis of KIRC 
has been identified.

Co-expression network and enrichment analysis of 
SLC12A3 in ccRCC

Our analysis found that over 10 000 genes positively 
correlate with SLC12A3, while almost 10 000 genes show a 
negative correlation (P < .05) (as shown in Figure 7A). To 
further investigate, the heatmap displays the highest 50 genes 
that exhibit a relation with SLC12A3. (Figures 7B and 7C). 
Additionally, we conducted GO and KEGG enrichment 
analyses of the SLC12A3-related genes in ccRCC cohorts. 
Data revealed that SLC12A3-related genes inhibited the 
activities of foam cell differentiation in biological processes 
(BP). However, monovalent inorganic cation homeostasis, 
excretion, and import across plasma membrane were 
promoted. (Figure 7D). It was found that genes related to 
SLC12A3 negatively correlated with staphylococcus aureus 
infection, ascorbate and alternate metabolism leishmaniasis, 
and graft-versus-host disease. However, these genes were 
positively associated with aldosterone-regulated sodium 
reabsorption, oxidative phosphorylation, and cardiac muscle 
contraction (Figure 7E).

There is a connection between the expression of SLC12A3 
and immune inhibition.

Advancements in immune checkpoint inhibitors have 
improved our knowledge of the human immune system.19 

SLC12A3 mRNA expression levels demonstrated improved 
overall survival, particularly among those of Caucasian 
ethnicity (HR=0.71; P = .037; Figure 6E) and black/African 
American (HR=0.23; P = .017; Figure 6F), however, sample 
number was too low for meaningful analysis in Asian. In 
addition, the study found that higher levels of SLC12A3 were 
linked to increased overall survival rates in patients with a 
high mutation burden (HR=0.5; P = .012; Figure 6I) and a 
high neo-antigen load (HR=0.44; P = .0043; Figure 6K). 
However, there were no differences observed among patients 
with a low mutation burden (HR=0.62; P = .23; Figure 6J), 
low neo-antigen load (HR=0.7; P = .25; Figure 6L), male 
(HR=0.68; P = .054; Figure 6G) and female (HR=1.56; P = 
.088; Figure 6H). High SLC12A3 expression is strongly 
associated with improved OS in KIRC patients with enriched 
B cells, CD4+ T cells, and CD8+ T cells, as well as decreased 
CD8+ T cells. This information is important for interpreting 
the disease and potential treatments, while no correlation 

Figure 6. The ccRCC patients were scrutinized in this 
investigation, with their SLC12A3 expression levels being the 
basis for their grouping. The patients with low and high 
SLC12A3 expression are differentiated by the black and red 
lines in the Kaplan-Meier overall survival sub-analyses. 
Comprehensive survival analysis of SLC12A3 in ccRCC in 
stages (A) I, (B) II, (C) III, (D) IV, (E) white, (F) black/
African American, (G) male, (H) female, (I) high mutation 
burden, (J) low mutation burden, (K) high neoantigen load, 
(L) low neoantigen load, (M) enriched B cell, (N) decreased 
B cell, (O) enriched CD4+ T cells, (P) decreased CD4+ T 
cells, (Q) enriched CD8+ T cells, (R) decreased CD8+ T cells.

Figure 7. Co-expression genes linked to SLC12A3. (A) The 
co-expression genes of SLC12A3 in ccRCC. (B) Heat map of 
top 50 genes connected to SLC12A3. (C) Same as B, but in 
SLC12A3. (D) Enrichment analysis of co-expression genes 
involved in the biological process of ccRCC. (E) Same as D, 
but in the KEGG pathway of ccRCC.
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suppressor).20,22 Other genomic alterations include KDM5C, 
SETD2, or BAP1.24,25 During the initial phase of metastatic 
RCC, increased mortality rate and resistance to treatment 
have triggered a substantial economic burden due to the lack 
of adequate diagnosis methods.26 Hence, it is crucial to 
identify novel biomarkers that can aid in detecting and 
evaluating metastasis in ccRCC.27 Over the years, 
biotechnology has advanced, and as a result, researchers have 
delved into examining the genetic changes at the gene level of 
ccRCC. This has led to identifying candidate genes that can 
aid diagnosis and treatment.

We found 119 genes that differed in expression between 
ccRCC and standard samples, with 45 upregulated and 74 
downregulated. These genes involve various biological 
processes, including immune response and chemotaxis. 
Chemotaxis is essential for physiological processes, but in 
tumors, it can facilitate the spread of cancer cells.28 For a 
carcinoma cell to successfully metastasize, it must invade, 
infiltrate, extravasate, and grow in a distant location. 
Chemotaxis is crucial in these essential stages of tumor cell 
dissemination.29 Chemokines’ activities in tumor immunity 
could be complex. It varies due to the dynamic and diverse 
regulation of chemokine ligands and receptors by tumor 
cells, immune cells, and stromal cells.30 During tumor 
development, chemokines regulate various aspects of 
immune cell biology, such as activation, phenotype, function, 
and recruitment.30 KEGG pathway analysis focuses on several 
key areas, including Proteoglycans in cancer, EGFR tyrosine 
kinase inhibitor resistance, Platinum drug resistance, 
Pathways in cancer, MAPK signaling pathway, Staphylococcus 
aureus infection, Breast cancer, Calcium signaling pathway, 
Gastric cancer, and Transcriptional misregulation in cancer. 
Is the MAPK pathway critical for signal transduction and 
phosphorylation events related to tumorigenesis?31 Activated 
kinases send signals outside the cell, affecting growth, 
differentiation, and other functions.31 Calcium-mediated 
signaling pathways are related to metabolism control and 
cancer metastasis.32,33 DEGs’ biological process and signaling 
pathway are significant in tumor growth and can be potential 
candidates for ccRCC diagnosis and treatment.

A network called PPI screened DEG interactions and 
identified ten hub genes, with five upregulated (LOX, ITGB2, 
C3, CAV1, CXCR4) and five downregulated (EGF, PLG, 
SLC12A3, AQP2, UMOD). Verification using GEPIA showed 
that mRNA levels in cancer tissue matched earlier findings. 
Finally, the survival analysis showed that increased LOX, C3, 
CAV1, and CXCR4 expressions significantly correlated with 
worse survival probability for KIRC patients. On the contrary, 
increased terms of PLG, SLC12A3, and UMOD were 
predominantly related to improved overall survival for KIRC 
patients. However, EGF, ITGB2, and AQP2 were not significant 
markers of survival prognosis. Therefore, the valuable genes 
are LOX, C3, PLG, CAV1, CXCR4, SLC12A3, and UMOD.

After reading a large number of literature on these seven 
genes, we found that studies relating to SLC12A3 in KIRC 
needed to be more detailed.

Our study confirms a clear link between SLC12A3 expression 
and immune checkpoint inhibitors. Our analysis of the 
TISIDB database indicated that the genes in Figure 8 are 
unequivocally associated with SLC12A3 (Figure 8).

The connection of SLC12A3 expression and immune 
infiltration

In addition, our analysis also revealed a positive 
correlation between the expression of the SLC12A3 gene and 
the presence of various types of immune cells within tumors 
in patients with kidney renal clear cell carcinoma (KIRC). 
These immune cells included B cells, T cells, macrophages, 
neutrophils, and dendritic cells (Figure 9). 

DISCUSSION
ccRCC is a complex and uncommon form of cancer.20,21 

Its development can be attributed to genetic or acquired 
factors.20 The most prevalent acquired risk factors include 
hypertension, smoking, chronic analgesic use, obesity, and 
diabetes.20 Regarding genetics, ccRCC tumors show 
prominent mutation heterogeneity.22 Many patients with 
ccRCC experience the loss of 3p, which refers to the deletion 
of the short arm of chromosome 3.23 The two most prevalent 
genetic abnormalities in ccRCC are PBRM1 (protein 
polybromo1) and VHL (von Hippel–Lindau tumor 

Figure 8. Correlations of SLC12A3 expression and immune 
inhibitors in KIRC. SLC12A3 expression with (A) BTLA, (B) 
CD96, (C) CD244, (D) CD274, (E) CSF1R, (F) CTLA4, (G) 
LAG3, (H) LGALS9, (I) PDCD1, (J) PDCD1LG2, (K) 
TGFBR1, (L) TIGIT, and (M) VTCN1 and negatively 
correlated with (N) KDR. 

Figure 9. Correlation of SLC12A3 expression with immune 
infiltration levels in KIRC. (A) SLC12A3 expression was 
positively associated with B cells, CD4+ T cells, CD8+ T cells, 
macrophage, neutrophil, and dendritic cell infiltration levels.
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outcome of cancer patients,64 as essential members of TME 
are involved in specific antitumor immune responses.65 
Neutrophils in mouse transplantation models are known to 
promote angiogenesis, tumor progression, and metastasis by 
secreting MMP9 into the TME.66 Moreover, it has been 
shown that macrophages, the immune cells responsible for 
safeguarding the body against tumors, are culpable for 
promoting the growth and metastasis of these cancerous cells 
rather than directly attacking them.67,68 This study 
unequivocally demonstrates the significant impact of TILs on 
tumor development. Our study postulated that the SLC12A3 
gene is important in the immune response to tumors in 
patients with KIRC. We found that the expression of SLC12A3 
is associated with the presence of six different types of 
immune cells within tumors. By influencing the status of 
these TILs, SLC12A3 may either promote or inhibit tumor 
growth. Our results provide valuable insights into the role of 
SLC12A3 in immune infiltration.

CONCLUSION
Our findings demonstrated that SLC12A3 expression 

accounts for favorable prognosis and increased immune 
infiltration of various cell types. This could lead to potential 
therapeutic aims and biomarkers for KIRC. 

ETHICAL COMPLIANCE 
Not applicable.

ACKNOWLEDGMENTS
The authors thanked the TCGA project for sharing the initial data. 

CONFLICT OF INTEREST 
The authors assert that no conflict of interest exists.

AUTHORS CONTRIBUTIONS
Qian Gao and Xia Ye contributed equally to this work. QG, XY, and FL designed the study and 
performed the experiments, QG and XY collected the data, FL analyzed the data, and QG, XY, and FL 
prepared the manuscript. All authors read and approved the final manuscript. 

REFERENCES
1.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: 

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin. 2018;68(6):394-424. doi:10.3322/caac.21492

2.	 Powles T, Albiges L, Bex A, et al; ESMO Guidelines Committee. Electronic address: 
clinicalguidelines@esmo.org. ESMO Clinical Practice Guideline update on the use of 
immunotherapy in early stage and advanced renal cell carcinoma. Ann Oncol. 2021;32(12):1511-
1519. doi:10.1016/j.annonc.2021.09.014

3.	 Motzer RJ, Jonasch E, Boyle S, et al. NCCN Guidelines Insights: Kidney Cancer, Version 1.2021. J 
Natl Compr Canc Netw. 2020;18(9):1160-1170. doi:10.6004/jnccn.2020.0043

4.	 Yang L, Ma TJ, Zhang YB, Wang H, An RH. Construction and Analysis of lncRNA-miRNA-
mRNA ceRNA Network Identify an Eight-Gene Signature as a Potential Prognostic Factor in 
Kidney Renal Papillary Cell Carcinoma (KIRP). Altern Ther Health Med. 2022;28(6):42-51.

5.	 Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017.  CA Cancer J Clin. 2017;67(1):7-
30. doi:10.3322/caac.21387

6.	 Chen L, Peng T, Luo Y, et al. ACAT1 and Metabolism-Related Pathways Are Essential for the 
Progression of Clear Cell Renal Cell Carcinoma (ccRCC), as Determined by Co-expression 
Network Analysis. Front Oncol. 2019;9:957. doi:10.3389/fonc.2019.00957

7.	 Mekhail TM, Abou-Jawde RM, Boumerhi G, et al. Validation and extension of the Memorial 
Sloan-Kettering prognostic factors model for survival in patients with previously untreated 
metastatic renal cell carcinoma. J Clin Oncol. 2005;23(4):832-841. doi:10.1200/JCO.2005.05.179

8.	 Cairns P. Renal cell carcinoma. Cancer Biomark. 2010;9(1-6):461-473. doi:10.3233/CBM-2011-0176
9.	 Rini BI, Campbell SC, Escudier B. Renal cell carcinoma.  Lancet. 2009;373(9669):1119-

1132. doi:10.1016/S0140-6736(09)60229-4
10.	 Ghatalia P, Zibelman MR, Geynisman DM, Plimack ER. Evolving landscape of the treatment of 

metastatic clear cell renal cell carcinoma. Clin Adv Hematol Oncol. 2018;16(10):677-686.
11.	 Li F, Lai L, You Z, et al. Identification of UBE2I as a Novel Biomarker in ccRCC Based on a Large-

Scale CRISPR-Cas9 Screening Database and Immunohistochemistry.  Front Mol Biosci. 
2022;9:813428. doi:10.3389/fmolb.2022.813428

12.	 Aggarwal RK, Luchtel RA, Machha V, et al. Functional succinate dehydrogenase deficiency is a 
common adverse feature of clear cell renal cancer.  Proc Natl Acad Sci USA. 
2021;118(39):e2106947118. doi:10.1073/pnas.2106947118

13.	 Peng L, Cao Z, Wang Q, et al. Screening of possible biomarkers and therapeutic targets in kidney 
renal clear cell carcinoma: evidence from bioinformatic analysis.  Front Oncol. 
2022;12:963483. doi:10.3389/fonc.2022.963483

The encoding of electroneutral cation-chloride 
cotransporters is the responsibility of the SLC12 family, 
crucial in maintaining liquid metabolism.34 However, more 
research is needed on the SCL12 subfamily than other SLC 
families. Some genes in this family are linked to tumor 
growth and invasiveness in numerous tumors.35-37 The 
SLC12A3 gene is unequivocally situated on chromosome 
16q13 and comprises precisely 26 exons. It is accountable for 
encoding a sodium-chloride cotransporter (NCCT), which is 
remarkably susceptible to thiazide.38 SLC12A3 mutations 
have been linked to Gitelman Syndrome (GS), an inherited 
condition that follows an autosomal recessive pattern.39 It’s 
worth noting that SLC12A3 expression is strongly linked to 
increased levels and SLC12A9 and lower survival rates in 
UVM.40 According to our research, the downregulation of 
SLC12A3 in ccRCC is linked to an unfavorable prognosis. 
SLC12A3 could be a valuable biomarker for ccRCC depending 
on the correspondence with immune infiltration levels.

Our study’s analysis of clinicopathologic features has 
firmly established a robust correlation between the N stage 
and the expression levels of SLC12A3. SLC12A3 expression 
was not significantly related to other clinicopathologic 
features. Co-expression analysis showed genes related to 
excretion, import, foam cell differentiation, and cation 
homeostasis. Pathway analysis revealed associations with 
infection, metabolism, immune response, and energy 
homeostasis. High SLC12A3 expression was favorable for 
KIRC patients with high mutation burden and neoantigen 
load, leading to a clear immune checkpoint blockade therapy 
response.41,42 Significant improvements in the survival rates 
of KIRC patients have been observed as a direct result of 
clinical studies that have specifically targeted immune 
checkpoints.43,44 Several factors are positively associated with 
SLC12A3. However, it is negatively correlated with KDR. It’s 
good to note that VEGFR-2 is a transmembrane receptor 
kinase protein.45 VEGFR-2 is a vital protein that aids in 
tumor angiogenesis, encoded by the KDR gene on 
chromosome 4.46 Blocking VEGF/VEGFR-2 signaling can 
treat cancer by stopping angiogenesis.47 Lower expression of 
SLC12A3 correlates with higher KDR, indicating that 
SLC12A3 may hinder KIRC progression by interfering with 
VEGF/VEGFR-2 signaling. Pathway antibodies show promise 
in treating various cancers.48,49 Our study found a positive 
correlation between SLC12A3 expression and favorable 
prognosis in KIRC.50-53 More focus is needed to study the 
connection between SLC12A3 and its immune inhibitors in 
ccRCC and comprehend their interaction mechanism.

Scientists are studying immune cells linked to tumors, 
which are vital components of the tumor microenvironment 
(TME).54,55 Immune cells are the double-edged sword that 
promotes or restrains tumor development and is crucial in 
fighting against cancer.56-58 Immune cells are vital in 
combatting cancer by detecting and destroying tumor cells in 
the body.59 Cancer cells possess numerous mechanisms to 
avoid detection by immune cells.60-63 It is a well-established 
fact that TILs have the individual capability to forecast the 



Gao—SLC12A3: Prognostic Biomarker for Kidney Cancer ALTERNATIVE THERAPIES, [E-PUB AHEAD OF PRINT]

This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1078-6791. To subscribe, visit alternative-therapies.com

52.	 Shin SJ, Jeon YK, Kim PJ, et al. Clinicopathologic Analysis of PD-L1 and PD-L2 Expression in 
Renal Cell Carcinoma: Association with Oncogenic Proteins Status.  Ann Surg Oncol. 
2016;23(2):694-702. doi:10.1245/s10434-015-4903-7

53.	 Nunes-Xavier CE, Angulo JC, Pulido R, López JI. A Critical Insight into the Clinical Translation 
of PD-1/PD-L1 Blockade Therapy in Clear Cell Renal Cell Carcinoma.  Curr Urol Rep. 
2019;20(1):1. doi:10.1007/s11934-019-0866-8

54.	 Junttila MR, de Sauvage FJ. Influence of tumour micro-environment heterogeneity on 
therapeutic response. Nature. 2013;501(7467):346-354. doi:10.1038/nature12626

55.	 Wang Z, Song K, Zhao W, Zhao Z. Dendritic cells in tumor microenvironment promoted the 
neuropathic pain via paracrine inflammatory and growth factors. Bioengineered. 2020;11(1):661-
678. doi:10.1080/21655979.2020.1771068

56.	 Berntsson J, Nodin B, Eberhard J, Micke P, Jirström K. Prognostic impact of tumour-infiltrating B cells 
and plasma cells in colorectal cancer. Int J Cancer. 2016;139(5):1129-1139. doi:10.1002/ijc.30138

57.	 Zhang Y, Yu G, Chu H, et al. Macrophage-Associated PGK1 Phosphorylation Promotes Aerobic 
Glycolysis and Tumorigenesis. Mol Cell. 2018;71(2):201-215.e7. doi:10.1016/j.molcel.2018.06.023

58.	 Lianyuan T, Dianrong X, Chunhui Y, Zhaolai M, Bin J. The predictive value and role of stromal 
tumor-infiltrating lymphocytes in pancreatic ductal adenocarcinoma (PDAC). Cancer Biol Ther. 
2018;19(4):296-305. doi:10.1080/15384047.2017.1416932

59.	 Morvan MG, Lanier LL. NK cells and cancer: you can teach innate cells new tricks. Nat Rev 
Cancer. 2016;16(1):7-19. doi:10.1038/nrc.2015.5

60.	 Sharma P, Hu-Lieskovan S, Wargo JA, Ribas A. Primary, Adaptive, and Acquired Resistance to 
Cancer Immunotherapy. Cell. 2017;168(4):707-723. doi:10.1016/j.cell.2017.01.017

61.	 Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD. Cancer immunoediting: from 
immunosurveillance to tumor escape. Nat Immunol. 2002;3(11):991-998. doi:10.1038/ni1102-991

62.	 Wang Z, Li G, Dou S, et al. Tim-3 Promotes Listeria monocytogenes Immune Evasion by 
Suppressing Major Histocompatibility Complex Class I.  J Infect Dis. 2020;221(5):830-
840. doi:10.1093/infdis/jiz512

63.	 Tang F, Xu Y, Zhao B. NLRC5: new cancer buster?  Mol Biol Rep. 2020;47(3):2265-
2277. doi:10.1007/s11033-020-05253-5

64.	 Ohtani H. Focus on TILs: prognostic significance of tumor infiltrating lymphocytes in human 
colorectal cancer. Cancer Immun. 2007;7:4.

65.	 Hadrup S, Donia M, Thor Straten P. Effector CD4 and CD8 T cells and their role in the tumor 
microenvironment. Cancer Microenviron. 2013;6(2):123-133. doi:10.1007/s12307-012-0127-6

66.	 Bekes EM, Schweighofer B, Kupriyanova TA, et al. Tumor-recruited neutrophils and neutrophil 
TIMP-free MMP-9 regulate coordinately the levels of tumor angiogenesis and efficiency of 
malignant cell intravasation.  Am J Pathol. 2011;179(3):1455-1470.  doi:10.1016/j.
ajpath.2011.05.031

67.	 Shan X, Zhang C, Wang Z, et al. Prognostic value of a nine-gene signature in glioma patients 
based on tumor-associated macrophages expression profiling.  Clin Immunol. 
2020;216:108430. doi:10.1016/j.clim.2020.108430

68.	 Ju Q, Li X, Zhang H, Yan S, Li Y, Zhao Y. NFE2L2 Is a Potential Prognostic Biomarker and Is 
Correlated with Immune Infiltration in Brain Lower Grade Glioma: A Pan-Cancer Analysis. Oxid 
Med Cell Longev. 2020;2020:3580719. doi:10.1155/2020/3580719

14.	 Angulo JC, Manini C, López JI, Pueyo A, Colás B, Ropero S. The Role of Epigenetics in the 
Progression of Clear Cell Renal Cell Carcinoma and the Basis for Future Epigenetic 
Treatments. Cancers (Basel). 2021;13(9):2071. doi:10.3390/cancers13092071

15.	 Fang Z, Sun Q, Yang H, Zheng J. SDHB Suppresses the Tumorigenesis and Development of 
ccRCC by Inhibiting Glycolysis. Front Oncol. 2021;11:639408. doi:10.3389/fonc.2021.639408

16.	 Vasaikar SV, Straub P, Wang J, Zhang B. LinkedOmics: analyzing multi-omics data within and 
across 32 cancer types. Nucleic Acids Res. 2018;46(D1):D956-D963. doi:10.1093/nar/gkx1090

17.	 Ru B, Wong CN, Tong Y, et al. TISIDB: an integrated repository portal for tumor-immune system 
interactions. Bioinformatics. 2019;35(20):4200-4202. doi:10.1093/bioinformatics/btz210

18.	 Li T, Fu J, Zeng Z, et al. TIMER2.0 for analysis of tumor-infiltrating immune cells. Nucleic Acids 
Res. 2020;48(W1):W509-W514. doi:10.1093/nar/gkaa407

19.	 Khair DO, Bax HJ, Mele S, et al. Combining Immune Checkpoint Inhibitors: Established and 
Emerging Targets and Strategies to Improve Outcomes in Melanoma.  Front Immunol. 
2019;10:453. doi:10.3389/fimmu.2019.00453

20.	 Nabi S, Kessler ER, Bernard B, Flaig TW, Lam ET. Renal cell carcinoma: a review of biology and 
pathophysiology. F1000 Res. 2018;7(307):307. doi:10.12688/f1000research.13179.1

21.	 Al Sharie AH, Al Zu’bi YO, El-Elimat T, et al.  ANO4  Expression Is a Potential Prognostic 
Biomarker in Non-Metastasized Clear Cell Renal Cell Carcinoma. J Pers Med. 2023;13(2):295. 
doi:10.3390/jpm13020295

22.	 Brugarolas J. Molecular genetics of clear-cell renal cell carcinoma. J Clin Oncol. 2014;32(18):1968-
1976. doi:10.1200/JCO.2012.45.2003

23.	 Clark DJ, Dhanasekaran SM, Petralia F, et al; Clinical Proteomic Tumor Analysis Consortium. 
Integrated Proteogenomic Characterization of Clear Cell Renal Cell Carcinoma.  Cell. 
2019;179(4):964-983.e31. doi:10.1016/j.cell.2019.10.007

24.	 Hakimi AA, Pham CG, Hsieh JJ. A clear picture of renal cell carcinoma.  Nat Genet. 
2013;45(8):849-850. doi:10.1038/ng.2708

25.	 Kapur P, Peña-Llopis S, Christie A, et al. Effects on survival of BAP1 and PBRM1 mutations in 
sporadic clear-cell renal-cell carcinoma: a retrospective analysis with independent 
validation. Lancet Oncol. 2013;14(2):159-167. doi:10.1016/S1470-2045(12)70584-3

26.	 Peng L, Cao Z, Wang Q, et al. Screening of possible biomarkers and therapeutic targets in kidney 
renal clear cell carcinoma: evidence from bioinformatic analysis.  Front Oncol. 
2022;12:963483. doi:10.3389/fonc.2022.963483

27.	 Braga EA, Fridman MV, Loginov VI, Dmitriev AA, Morozov SG. Molecular Mechanisms in 
Clear Cell Renal Cell Carcinoma: Role of miRNAs and Hypermethylated miRNA Genes in 
Crucial Oncogenic Pathways and Processes.  Front Genet. 2019;10:320.  doi:10.3389/
fgene.2019.00320

28.	 Condeelis J, Singer RH, Segall JE. The great escape: when cancer cells hijack the genes for 
chemotaxis and motility.  Annu Rev Cell Dev Biol. 2005;21(1):695-718.  doi:10.1146/annurev.
cellbio.21.122303.120306

29.	 Roussos ET, Condeelis JS, Patsialou A. Chemotaxis in cancer. Nat Rev Cancer. 2011;11(8):573-
587. doi:10.1038/nrc3078

30.	 Ozga AJ, Chow MT, Luster AD. Chemokines and the immune response to cancer.  Immunity. 
2021;54(5):859-874. doi:10.1016/j.immuni.2021.01.012

31.	 Santarpia L, Lippman SM, El-Naggar AK. Targeting the MAPK-RAS-RAF signaling pathway in 
cancer therapy. Expert Opin Ther Targets. 2012;16(1):103-119. doi:10.1517/14728222.2011.645805

32.	 Monteith GR, McAndrew D, Faddy HM, Roberts-Thomson SJ. Calcium and cancer: targeting 
Ca2+ transport. Nat Rev Cancer. 2007;7(7):519-530. doi:10.1038/nrc2171

33.	 Zhao H, Yan G, Zheng L, et al. STIM1 is a metabolic checkpoint regulating the invasion and metastasis 
of hepatocellular carcinoma. Theranostics. 2020;10(14):6483-6499. doi:10.7150/thno.44025

34.	 Arroyo JP, Kahle KT, Gamba G. The SLC12 family of electroneutral cation-coupled chloride 
cotransporters. Mol Aspects Med. 2013;34(2-3):288-298. doi:10.1016/j.mam.2012.05.002

35.	 Garzon-Muvdi T, Schiapparelli P, ap Rhys C, et al. Regulation of brain tumor dispersal by 
NKCC1 through a novel role in focal adhesion regulation.  PLoS Biol. 2012;10(5):e1001320. 
doi:10.1371/journal.pbio.1001320

36.	 Xu L, Li X, Cai M, et al. Increased expression of Solute carrier family 12 member 5 via gene 
amplification contributes to tumour progression and metastasis and associates with poor 
survival in colorectal cancer. Gut. 2016;65(4):635-646. doi:10.1136/gutjnl-2014-308257

37.	 Brown TC, Juhlin CC, Healy JM, et al. DNA copy amplification and overexpression of SLC12A7 
in adrenocortical carcinoma. Surgery. 2016;159(1):250-257. doi:10.1016/j.surg.2015.08.038

38.	 Mastroianni N, De Fusco M, Zollo M, et al. Molecular cloning, expression pattern, and 
chromosomal localization of the human Na-Cl thiazide-sensitive cotransporter 
(SLC12A3). Genomics. 1996;35(3):486-493. doi:10.1006/geno.1996.0388

39.	 Blanchard A, Bockenhauer D, Bolignano D, et al. Gitelman syndrome: consensus and guidance 
from a Kidney Disease: Improving Global Outcomes (KDIGO) Controversies Conference. Kidney 
Int. 2017;91(1):24-33. doi:10.1016/j.kint.2016.09.046

40.	 Yan C, Hu X, Liu X, et al. Upregulation of SLC12A3 and SLC12A9 Mediated by the HCP5/miR-
140-5p Axis Confers Aggressiveness and Unfavorable Prognosis in Uveal Melanoma. Lab Invest. 
2023;103(3):100022. doi:10.1016/j.labinv.2022.100022

41.	 McGrail DJ, Pilié PG, Rashid NU, et al. High tumor mutation burden fails to predict immune 
checkpoint blockade response across all cancer types.  Ann Oncol. 2021;32(5):661-
672. doi:10.1016/j.annonc.2021.02.006

42.	 Dong C, Reiter JL, Dong E, et al. Intron-Retention Neoantigen Load Predicts Favorable Prognosis 
in Pancreatic Cancer. JCO Clin Cancer Inform. 2022;6(6):e2100124. doi:10.1200/CCI.21.00124

43.	 Galon J, Bruni D. Tumor Immunology and Tumor Evolution: intertwined Histories. Immunity. 
2020;52(1):55-81. doi:10.1016/j.immuni.2019.12.018

44.	 Sanmamed MF, Chen L. A Paradigm Shift in Cancer Immunotherapy: From Enhancement to 
Normalization. Cell. 2019;176(3):677. doi:10.1016/j.cell.2019.01.008

45.	 O’Brien TJ, Harralson AF, Tran T, et al. Kinase insert domain receptor/vascular endothelial 
growth factor receptor 2 (KDR) genetic variation is associated with ovarian hyperstimulation 
syndrome. Reprod Biol Endocrinol. 2014;12(1):36. doi:10.1186/1477-7827-12-36

46.	 Shah AA, Kamal MA, Akhtar S. Tumor Angiogenesis and VEGFR-2: Mechanism, Pathways and 
Current Biological Therapeutic Interventions.  Curr Drug Metab. 2021;22(1):50-
59. doi:10.2174/18755453MTEwxNzQ0x

47.	 Peng FW, Liu DK, Zhang QW, Xu YG, Shi L. VEGFR-2 inhibitors and the therapeutic 
applications thereof: a patent review (2012-2016).  Expert Opin Ther Pat. 2017;27(9):987-
1004. doi:10.1080/13543776.2017.1344215

48.	 Brahmer JR, Tykodi SS, Chow LQ, et al. Safety and activity of anti-PD-L1 antibody in patients 
with advanced cancer. N Engl J Med. 2012;366(26):2455-2465. doi:10.1056/NEJMoa1200694

49.	 Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity, and immune correlates of anti-PD-1 
antibody in cancer. N Engl J Med. 2012;366(26):2443-2454. doi:10.1056/NEJMoa1200690

50.	 He H, Jin Z, Dai J, Wang H, Sun J, Xu D. Computed tomography-based radiomics prediction of 
CTLA4 expression and prognosis in clear cell renal cell carcinoma.  Cancer Med-Us; 
2022, doi:10.1002/cam4.5449.

51.	 Klumper N, Ralser DJ, Bawden EG, et al; LAG3 (LAG-3, CD223) DNA methylation correlates 
with LAG3 expression by tumor and immune cells, immune cell infiltration, and overall survival 
in clear cell renal cell carcinoma. J Immunother Cancer. 2020;8(1). doi:10.1136/jitc-2020-000552


