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Abstract. Clear cell renal cell carcinoma (ccRCC) is the most
common pathological type of renal cancer, and is associated
with a high mortality rate, which is related to high rates of
tumor recurrence and metastasis. The aim of the present study
was to identify reliable molecular biomarkers with high speci-
ficity and sensitivity for ccRCC. A total of eight ccRCC-related
expression profiles were downloaded from Gene Expression
Omnibus for integrated bioinformatics analysis to screen for
significantly differentially expressed genes (DEGs). Reverse
transcription-quantitative (RT-q)PCR, western blotting and
immunohistochemistry staining assays were performed to
evaluate the expression levels of candidate biomarkers in
ccRCC tissues and cell lines. In total, 255 ccRCC specimens
and 165 adjacent normal kidney specimens were analyzed, and
344 significant DEGs, consisting of 115 upregulated DEGs and
229 downregulated DEGs, were identified. The results of Gene
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analysis,

Ontology analysis suggested a significant enrichment of DEGs
in ‘organic anion transport’ and ‘small molecule catabolic
process’ in biological processes, in ‘apical plasma membrane’
and ‘apical part of the cell’ in cell components, and in ‘anion
transmembrane transporter activity’ and ‘active transmem-
brane transporter activity’ in molecular functions. Kyoto
Encyclopedia of Genes and Genomes pathway enrichment
analysis indicated that the DEGs were significantly enriched in
the ‘phagosome’, the ‘PPAR signaling pathway’, ‘complement
and coagulation cascades’, the ‘HIF-1 signaling pathway’ and
‘carbon metabolism’. Next, 7 hub genes (SUCNRI1, CXCR4,
VCAN, CASR, ATP6V0OA4, VEGFA and SERPINE]) were
identified and validated using The Cancer Genome Atlas
database. Survival analysis showed that low expression of
ATP6VO0A4 was associated with a poor prognosis in patients
with ccRCC. Additionally, received operating characteristic
curves indicated that ATP6VOA4 could distinguish ccRCC
samples from normal kidney samples. Furthermore, RT-qPCR,
western blotting and immunohistochemistry staining results
showed that ATP6VOA4 was significantly downregulated in
ccRCC tissues and cell lines. In conclusion, ATP6V0OA4 may
be involved in tumor progression and regarded as a potential
therapeutic target for the recurrence and metastasis of ccRCC.

Introduction

Renal cell carcinoma (RCC) is one of the most common
malignancies of the urogenital system. In 2019, ~73,820 new
cases and 14,770 deaths in the United States were due to
RCC (1-3). The occurrence of RCC has been increasing at a
rate of 2-4% per year (4). Based on the histological phenotype,
RCC is categorized into four subcategories: Chromophobe,
clear cell, collecting duct and papillary, with clear cell RCC
(ccRCC) accounting for 80-90% of all RCC tumors (5).
Attributable to the paucity of apparent early symptoms, 30%
of patients are diagnosed with advanced-stage RCC in the first
instance, leading to distant metastasis of tumor cells to the
bones, the lungs, the brain and other important organs (6-9).
Unfortunately, patients with metastatic ccRCC are insensitive
to chemoradiotherapy (10), and the 5-year survival rate is
only 8% (11). Although targeted therapy has been developed
and approved for the treatment of ccRCC, patient outcomes
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have not been notably improved due to extensive intertu-
moral heterogeneity (12). Thus, given the high incidence and
mortality of ccRCC, it is necessary to identify novel molecular
biomarkers for early detection and for improving prognosis.

Vacuolar H*-ATPases (V-ATPases) participate in the
regulation of intracellular and extracellular pH since they are
a family of ATP-dependent proton pumps that acidify various
intracellular organelles and extracellular environments;
they play a vital role in several biological processes, such as
membrane transport, protein processing and degradation,
small molecule coupling transport, and other physiological
processes, including urinary acidification and bone reabsorp-
tion (13). V-ATPases are composed of different subunits,
which are divided into two main regions: A cytoplasmic
domain, V1, for ATP hydrolysis, and a membrane domain, VO,
which facilitates proton transport (14). The VO domain subunit
has four distinct subtypes al-a4, which regulate the targeting
of V-ATPases to different cellular membranes (15-17).
ATP6VO0A4 gene encoding a4 subunit, primarily expressed in
kidneys and the epididymis, allows localization of V-ATPases
to the plasma membrane of renal a-intercalated cells where it
secretes H" into the urine (18).

Previous research showed high expression of ATP6V0OA4
in breast cancer tissues, and knockdown of ATP6VOA4 using
siRNA in the highly invasive MDA-MB-231 human breast
cancer cell, suppressed invasiveness in vitro (18). Additionally,
treatment of MDA-MB-231 cells with specific V-ATPase
inhibitors, such as bafilomycin or concanamycin, exhibited a
promising inhibitory effect on invasion (19). Moreover, knock-
down of V-ATPases expression using siRNA in HCCLM3
cells (a human hepatocellular carcinoma cell line with high
metastatic potential) effectively inhibited tumor growth and
metastasis by reducing proton secretion and downregulating
matrix metalloproteinase-2 and gelatinase activities (20).
However, there are few studies on the differential expression,
development and molecular mechanism of ATP6V0OA4 in
malignant tumors (14,21).

In the present study, given that ATP6VOA4 was specifically
expressed in the kidney and epididymis, the correlation between
ATP6VOA4 expression and clinicopathological characteristics
of patients with ccRCC, as well as prognosis, was examined
to ascertain the potential role of ATP6VOA4 as a candidate
biomarker in the occurrence and progression of ccRCC.

Materials and methods

Dataset analysis. In the present study, eight ccRCC-related
gene microarrays (GSE76351, GES6344, GSE15641,
GSE16449, GSE47032, GSE66270, GSE53000 and
GSES53757) (22-29) were acquired from the Gene Expression
Omnibus (GEO) database (https://www.ncbi.nlm.nih.
gov/geo/). The inclusion criteria were: i) ccRCC datasets;
ii) specimens consisting of tumor and adjacent normal kidney
tissues; iii) expression profiling assessed by microarray anal-
ysis; and iv) profiling data collected from human samples. In
total, 255 ccRCC specimens and 165 adjacent normal kidney
specimens were analyzed.

Identification of differentially expressed genes (DEGs). The
limma package (30) in R version 4.0 (31) was used to compare

gene expression profiles between ccRCC tissues and the adja-
cent normal kidney tissues in the GEO datasets. The cut-off
criterion for identifying DEGs was: llog, fold-change (FC)I>2.
P<0.05 was considered to indicate a statistically significant
difference.

Robust Rank Aggregation (RRA) method. Robust DEGs were
identified using the core algorithm of the RRA R package (32),
which was ranked consistently better than anticipated. This
algorithm was parameter-free and was less affected by outliers,
noise and errors. The screening criterion of llog, FCI>2 and an
adjusted P-value of <0.05 was considered to indicate a statisti-
cally robust DEG.

Functional enrichment analyses. DEG analysis using Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analyses were conducted using
DAVID (version 6.8) (33,34), and their potential functional
relevance was explored. Biological processes (BPs), molecular
functions (MFs) and cell components (CCs) were assessed by
GO enrichment analysis, while pathway enrichment analysis
was performed using KEGG. An adjusted P-value of <0.05
was considered to indicate a statistically significant difference.

Protein-protein interaction (PPI) network analysis. The
PPI network of DEGs was established using STRING
(http://string-db.org) (35). The parameter of interactive rela-
tionships among DEGs was set as highest confidence >0.9.
Cytoscape (version 3.7.1) software (36) was used to visualize
and analyze the network.

Hub gene selection and analysis. Identification of hub genes
based on these DEGs was conducted using the cytoHubba (37)
plug-in in Cytoscape, which provides 12 computed methods to
analyze results. Hub genes were obtained by the intersection of
the top 50 genes evaluated using the 12 methods. The receiver
operating characteristic (ROC) curves were comprehensive
indexes, which were utilized to reflect the sensitivity and
specificity of hub genes and evaluate the potential value of hub
genes as biomarkers in distinguishing the ccRCC tissues from
adjacent normal kidney tissues.

The Cancer Genome Atlas (TCGA) database validation.
TCGA (http://ualcan.path.uab.edu) was used to obtain infor-
mation relating to the differential expression of hub genes in
ccRCC and normal kidney tissues and determine the associa-
tions of the expression levels of these genes with prognosis.
We chose the hub gene that was most significantly associated
with survival for further analysis. The gene expression profiles
were downloaded from TCGA (xenabrowser.net) to analyze
the association between the hub gene and clinicopathological
characteristics of patients with ccRCC.

Cell culture and ccRCC tissue specimens. In total, four ccRCC
cell lines (ACHN, Caki-1, 786-O and 769-P), a papillary RCC
cell line (Caki-2) and a human proximal tubular epithelial cell
line (HK-2) were acquired from the American Type Culture
Collection. All cell lines were cultured in DMEM, 1640 or
McCoy's 5A (Gibco; Thermo Fisher Scientific, Inc.) supple-
mented with 10% FBS and 100 U/ml penicillin/streptomycin
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in a humidified incubator supplied with 5% CO, air at 37°C.
In addition, a total of 23 pairs of ccRCC tissues and adjacent
normal kidney tissues were collected from ccRCC patients
[including 12 males and 11 females, and the median age was
58 (43-78) years] who had not received chemoradiotherapy.
Patients were diagnosed at the Department of Urology, Peking
University Shenzhen Hospital (Shenzhen, China) between
March 2020 and March 2021. All experiments strictly followed
the Declaration of Helsinki and ethical approval was obtained
from Peking University Shenzhen Hospital Ethics Committee
(approval no. 20090017). All patients were informed of the intent
to collect their specimen, the potential risks and the purposes of
the study, and they provided written informed consent.

Reverse transcription-quantitative (RT-q)PCR. Total RNA
from cell lines and tissue was extracted using TRIzol® reagent
(Takara Bio, Inc.), and 1 ug total RNA was reverse transcribed
using a PrimeScript™ RT reagent Kit with gDNA Eraser
according to the manufacturer's protocol (Takara Bio, Inc.).
Next, qPCR was performed on a LightCycler 480 (Roche
Diagnostics) using a SYBR Premix Ex Taq™ II Kit (Takara
Bio, Inc.). Thermocycling conditions were as follows: Initial
denaturation at 95°C for 30 sec, followed by 40 cycles of 95°C
for 5 sec, 60°C for 30 sec and 72°C for 30 sec, then final exten-
sion at 95°C for 1 sec, 65°C for 1 min and 95°C for 15 sec.
The primers used in this study were synthesized by Sangon
Biotech, Co., Ltd., with the following sequences: GAPDH
forward, 5'-CCACTCCTCCACCTTTGACG-3' and reverse,
5'-CTGGTGGTCCAGGGGTCTTA-3"; ATP6VOA4 forward,
5'-CTGCCGAGGAAACGTGTACTT-3' and reverse, 5-GGC
TCGAAACCCATCACAGA-3"; SUCNRI forward, 5'-TGC
TGGCAGAGTTCCTGTCAAG-3' and reverse, 5'-AGTTGC
ATTCCATGCCATGATCC-3"; and SERPINE1 forward,
5'-AGAGCGCTGTCAAGAAGACC-3' and reverse, 5'-AGT
TCTCAGAGGTGCCTTGC-3". The expression of hub genes
was normalized to the respective GAPDH expression and
calculated by the 2-22¢4 method (38).

Western blotting. Protein samples from cells were collected
using RIPA lysis buffer and protease inhibitor (Beyotime
Institute of Biotechnology). Protein concentrations were deter-
mined using a BCA protein assay kit (Takara Bio, Inc.). A total
of 20 ug protein/lane was loaded on 10% SDS-gels, resolved
using SDS-PAGE and transferred to PVDF membranes, and
then the membranes were blocked using 5% skimmed milk
for 2 h at room temperature. Subsequently, the membranes
were incubated with the primary antibodies overnight at 4°C,
followed by subsequent incubation with the relevant secondary
antibody for 1 h at room temperature. The primary anti-
bodies used were an anti-ATP6VO0A4 antibody (1:3,000; cat.
no. ab97440; Abcam) and an anti-GAPDH antibody (1:10,000;
cat. no. AC002; ABclonal Biotech Co., Ltd.). The secondary
antibodies used were an anti-rabbit (1:2,000; cat. no. 7074;
Cell Signaling Technology, Inc.) and an anti-mouse IgG
HRP-linked antibody (1:2,000; cat. no. 7076; Cell Signaling
Technology, Inc.). Signals were visualized using a chemi-
luminescence imaging system (Tanon-5200Multi; Tanon
Science and Technology Co., Ltd.) and BeyoECL Star reagent
(Beyotime Institute of Biotechnology). ImageJ v1.53 (National
Institutes of Health) was used for densitometry.

Immunohistochemistry staining. Single spot tissue micro-
array (TMA) slides (30 points of ccRCC, 30 points of adjacent
normal kidney tissues; cat. no. HKid-CRC060CS-01, Shanghai
Outdo Biotech Company) were prepared and incubated with
the ATP6VOAA4 rabbit antibody (1:500; cat. no. 21570-1-AP;
ProteinTech Group, Inc.) at 4°C overnight. And the rabbit
streptavidin-biotin detection system (OriGene Technologies,
Inc.) was used for staining. Two experienced pathologists
evaluated the results according to the staining intensity [0
(negative), 0.5+, 1+, 2+ and 3+] and the positive staining rate
(0-100%). Next, the total score (0-300%) was calculated as the
product of the staining intensity score and positive staining
rate score. Low expression was defined as expression less than
or equal to the median score (0%), whereas a score greater
than the median was classed as high expression.

Statistical analysis. The expression of ATP6VOA4 between
ccRCC tissues and adjacent normal kidney tissues was analyzed
using Fisher's exact test. The association between ATP6V0A4
and each clinicopathological variable was analyzed using a ¥’
test. Data are presented as the mean + SD of at least three repeats.
Unpaired student's t-test was used for comparing expression levels
of hub genes between ccRCC tissues and adjacent normal kidney
tissues. Survival curves were analyzed using the Kaplan-Meier
method for patients with high or low expression levels of hub
genes and were evaluated for statistical significance using the
log-rank test. One-way ANOVA followed by Dunnett's post-hoc
test was utilized for comparing the expression of ATP6VOA4
among ccRCC cell lines. GraphPad Prism version 7 (GraphPad
Software, Inc.) was used for all statistical analyses. P<0.05 was
considered to indicate a statistically significant difference.

Results

Identification of DEGs in each GEO dataset. Integrated bioin-
formatics analyses were used to screen for the significant DEGs
in the ccRCC datasets (Fig. 1). First, the core phrase ‘clear cell
renal cell carcinoma’ was searched in the GEO database, and
the GSE76351, GES6344, GSE15641, GSE16449, GSE47032,
GSE66270, GSE53000 and GSE53757 microarray datasets
were downloaded. In total, 255 cases of ccRCC specimens and
165 cases of adjacent normal kidney specimens were analyzed.
DEGs in each GEO dataset were identified based on the cut-off
criteria. Amongst all the DEGs in each dataset, there were
247 upregulated and 284 downregulated genes (GES6344),
88 upregulated and 179 downregulated genes (GSE15641),
183 upregulated and 428 downregulated genes (GSE16449),
185 upregulated and 337 downregulated genes (GSE47032), 58
upregulated and 201 downregulated genes (GSE53000), 365
upregulated and 521 downregulated genes (GSE53757), 718
upregulated and 591 downregulated genes (GSE66270), and
252 upregulated and 471 downregulated genes (GSE76351).
Each of these was plotted as volcano plots (Fig. 2A-H).

Selection of robust DEGs using the RRA method. The core
algorithm of RRA was utilized to identify robust DEGs in the
different datasets. A total of 344 significantly robust DEGs,
consisting of 115 upregulated DEGs and 229 downregulated
DEGs, were identified in the eight GEO datasets. The top 20
DEGs are presented using a heatmap (Fig. 21).
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Figure 1. Workflow of the present study. GEO, Gene Expression Omnibus;
DEG, Differentially Expressed Gene; PPI, Protein-Protein Interaction;
TCGA, The Cancer Genome Atlas.

Functional and pathway enrichment analyses. GO and
KEGG pathway enrichment analyses were used to evaluate the
biological functions of the significant DEGs. The GO results
suggested a significant enrichment of DEGs in ‘organic anion
transport’ and ‘small molecule catabolic process’ in BPs, in
‘apical plasma membrane’ and ‘apical part of the cell’ in CCs,
and in ‘anion transmembrane transporter activity’ and ‘active
transmembrane transporter activity’ in MFs (Fig. 3A). The
KEGG pathway enrichment analysis indicated that DEGs were
significantly enriched in the ‘phagosome’, the ‘PPAR signaling
pathway’, ‘complement and coagulation cascades’, the ‘HIF-1
signaling pathway’ and ‘carbon metabolism’ (Fig. 3B).

Construction of the PPI network and identification of hub
genes. After introducing the significant DEGs into the STRING
database, the interaction among DEGs was plotted as a PPI
network. Based on the aforementioned results, 7 hub genes
(SUCNRI, CXCR4, VCAN, CASR, ATP6V0A4, VEGFA and
SERPINEL1) were identified based on the intersection of the top
50 genes (Fig. 4A). Cytoscape was utilized for further visual-
izing the network of hub genes (Fig. 4B). ROC curves based
on data obtained from TCGA were plotted to evaluate the
diagnostic values of the hub genes. The area under the curve
values of SERPINE1, CXCR4, VEGFA, VCAN, ATP6V0A4,
SUCNRI1 and CASR were 0.7907, 0.9745, 0.9624, 0.8137,
0.9545,0.8514, and 0.9829, respectively (P<0.0001; Fig. 4C-1).

Validation and survival analysis based on TCGA. To verify the
differential expression of hub genes, the corresponding gene

expression profiles of kidney renal clear cell carcinoma (KIRC)
were downloaded from TCGA. As shown in Fig. 5A, all hub
genes were significantly differentially expressed. Combined
with the survival analysis, it was found that ATP6VO0A4,
SUCNRI, CASR, CXCR4, and SERPINE1 were significantly
associated with prognosis (Fig. 5B). Since CASR and CXCR4
have been studied in ccRCC (39,40), the remaining three genes
were selected for further validation.

Validation of hub genes by RT-gPCR. The expression levels of
three hub genes (ATP6VOA4, SUCNRI1 and SERPINEI) were
examined by RT-qPCR in 23 pairs of ccRCC tissues and adja-
cent normal tissues. The results indicated that the expression
levels of ATP6VOA4 (P=0.0007) and SUCNRI (P<0.0001) in
ccRCC tissues were significantly lower than those in the adja-
cent normal kidney tissues (Fig. 6A-D), while the expression of
SERPINEI] did not differ significantly between the cancerous
and paracancerous tissues (Fig. 6E and F). Since the differ-
ence in expression of ATP6VOA4 between the cancerous and
paracancerous tissues was greater than that of SUCNRI1 and
ATP6VO0A4 was specifically expressed in the kidney, a focus
was placed on the role of ATP6V0OA4 in ccRCC progression.

ATP6V0OA4 expression is downregulated in ccRCC. The
difference in the expression profiles of ATP6VOA4 between
ccRCC tissues and the adjacent normal kidney tissues in eight
GEO datasets (GSE76351, GES6344, GSE15641, GSE16449,
GSE47032, GSE66270, GSE53000 and GSES53757) was
analyzed. The results showed significantly lower expression
of ATP6VOA4 in ccRCC tissues compared with that in the
adjacent normal kidney tissues (all P<0.0001) (Fig. 7A). These
results were also confirmed by immunohistochemistry. There
was a significant downregulation of the ATP6VOA4 protein
expression levels in the ccRCC tissues compared with that in
the adjacent normal kidney tissues (P<0.001; Fig. 7B; Table I).
In addition, how ATP6VOA4 expression was associated with
the clinicopathological characteristics was determined based
on data from 534 patients with ccRCC obtained from TCGA.
It was shown that dysregulated expression of ATP6V0OA4 in
ccRCC was associated with the 5-year survival rate, but not
with age, sex, primary tumor (T stage), lymph node involve-
ment (N stage), distant metastasis (M stage) and AJCC stage
of patients with ccRCC (Table II). Combined with previous
Kaplan-Meier survival analysis, it was shown that patients with
ccRCC and high ATP6V0OA4 expression had a better prognosis.

For further study, both RT-qPCR and western blotting
experiments were conducted to explore the expression level
of ATP6VOA4 in RCC cell lines. The results showed that
ATP6VO0A4 was significantly downregulated in 769-P, ACHN,
and Caki-2 cell lines compared with that in HK-2 cells at the
transcription level (Fig. 7C). While ATP6VO0A4 level was
remarkably decreased in all 5 RCC cell lines compared with
that in HK-2 cells at translational level (Fig. 7D).

Discussion

As the most common subtype of RCC, ccRCC has an
increasing prevalence, and is associated with a poor prognosis
and considerable metastatic potential (41,42). Despite the
several advances in establishing prediction models based on
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Figure 2. Identification of DEGs between clear cell renal cell carcinoma tissues and normal tissues in each Gene Expression Omnibus dataset. (A-H) Volcano
plots of the distribution of DEGs in each dataset. (I) Heatmaps of the expression of the top 20 upregulated and downregulated DEGs using the Robust Rank
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the clinical characteristics of ccRCC, exploration of the molec-
ular mechanisms of tumorigenesis, increased understanding of
the development and metastasis of ccRCC, and the countless
targeted and immunosuppressive therapeutics, the strategies
for curing ccRCC remain limited (43-45). Additionally, the
generation of drug resistance remains a thorny issue during
treatment. Consequently, there is an urgent need to identify

highly specific and sensitive candidate biomarkers, elucidate
the molecular mechanisms underlying tumorigenesis and
metastasis, and develop novel and effective treatment regimens
for patients with ccRCC.

Bioinformatics is a transdisciplinary research approach,
specifically used to screen out DEGs to understand the molecular
and genetic basis of diseases. In the present study, eight GEO
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sets. (B) PPI network of the hub genes. (C-I) Receiver operating characteristic curves of the hub genes, (C) SERPINEL, (D) CXCR4, (E) VEGFA, (F) VCAN,
(G) ATP6V0OA4, (H) SUCNRI and (I) CASR. AUC, area under the curve; MNC, Maximum Neighborhood Component; DMNC, Density of Maximum
Neighborhood Component; MCC, Maximal Clique Centrality; EPC, Edge Percolated Component.

datasets were analyzed using bioinformatics analysis. A total of ~ ATP6V0OA4, VEGFA and SERPINEI1) were identified based on
344 significantly robust DEGs, including 115 upregulated and  the intersection of the top 50 genes evaluated using cytoHubba.
229 downregulated, were identified using the RRA method.  Furthermore, data obtained from TCGA was combined with
Among them, 7 hub genes (SUCNR1, CXCR4, VCAN, CASR, the clinical specimens to evaluate the expression of ATP6VOA4
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Table I. Expression of ATP6VOA4 in the cancerous and paracancerous tissues.
ATP6VO0OA4 expression
Tissue sample No. of cases High Low P-value
ccRCC tissues 30 1 29 <0.001
Adjacent tissues 29 29 0

Table II. Association between ATP6VOA4 expression and clinicopathological characteristics of patients with clear cell renal cell
carcinoma based on data obtained from The Cancer Genome Atlas.8800240497.

ATP6VOA4 expression
Clinicopathological variable Low, n (%) High, n (%) v value P-value
No. of cases 267 267 - -
Sex 0.825 0.3637
Male 179 (67.0%) 169 (63.3%)
Female 88 (33.0%) 98 (36.7%)
Age, years 2.719 0.0991
<60 114 (42.7%) 133 (49.8%)
>60 153 (57.3%) 134 (50.2%)
Pathological T stage 4415 0.2200
T1 130 (48.7%) 144 (53.9%)
T2 40 (15.0%) 30 (11.2%)
T3 89 (33.3%) 88 (33.0%)
T4 8 (3.0%) 3(1.1%)
Pathological N stage 4.124 0.1272
NO 122 (45.7%) 118 (44 2%)
N1 4 (1.5%) 12 (4.5%)
NX 141 (52.8%) 137 (51.3%)
Pathological M stage 0.3309 0.8475
MO 212 (79.4%) 212 (79.4%)
Ml 37 (13.9%) 41 (15.4%)
MX 16 (6.0%) 14 (5.2%)
AJCC stage 2.333 0.5063
I 128 (47.9%) 140 (52.4%)
I 34 (12.7%) 24 (9.0%)
I 63 (23.6%) 60 (22.5%)
v 41 (15.4%) 41 (15.4%)
Survival time, years 6.101 0.0135*
<5 204 (76.4%) 177 (66.3%)
>5 62 (23.2%) 87 (32.6%)

Certain patients had incomplete data. *P<0.05. AJCC, American Joint Committee on Cancer.

in ccRCC and its association with clinicopathological factors
and clinical outcomes. The data suggested that the expression
of ATP6VOA4 was significantly downregulated in ccRCC,
and significantly associated with age and survival. However,
due to the deficiency of clinicopathological characteristics and
follow-up information for the tissue samples, clinical correla-
tion and survival analysis could not be performed.

Previous studies have reported that ATP6VOA4 is highly
expressed in highly invasive breast cancer and glioma (14,18).
However, in the present study, it was found that ATP6VOA4
expression was significantly downregulated in ccRCC tissues
and that this downregulation was indicative of a poor prog-
nosis. Similar results were also observed in vitro in ccRCC
cell lines. Since proton pumps at the plasma membrane are
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Figure 5. Validation and survival analysis based on data obtained from TCGA. (A) Box plots of expression levels of the hub genes in clear cell renal cell
carcinoma and normal kidney tissue. ““P<0.001 vs. normal. (B) The corresponding Kaplan-Meier survival analyses. TCGA, The Cancer Genome Atlas; KIRC,
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highly enriched in renal a-intercalated cells, ATP6VOA4  V-ATPases (46), which indicated that ATP6VOA4 was abun-
is tissue-restricted and replaces generic subunits of dant in normal kidney tissues. Normal renal cells underwent
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a neoplastic transformation and lost the ability to differentiate
and mature to varying degrees, which led to the loss of normal
structure in the kidney and replacement by tumor cells. It was
speculated that given the high enrichment of ATP6VOA4 in
normal renal tissues, the decreased expression of ATP6V0OA4
resulted in the loss of normal tissue structure in renal cancer.
As previously reported, the dysregulation of ATP6V0OA4
plays a vital role in tumor progression. The knockdown of
ATP6VO0AA4 has been shown to significantly inhibit cell invasion
in breast cancer by decreasing the targeting of V-ATPases to the
plasma membrane of MDA-MB-231 cells (18). The V-ATPases
have since been found to be present at the plasma membranes
of several invasive tumor cells, including melanoma, Ewing
sarcoma, and liver, lung, ovarian, esophageal, prostate and
pancreatic cancer (47-54). The V-ATPases are heavily involved
in tumor cell hallmarks such as migration and invasion by
activating secreted cathepsin through local acidification of the
extracellular environment to degrade the basement membrane
and extracellular matrix proteins or by activating other secreted
proteases such as matrix metalloproteinases (55,56). Several
studies have demonstrated that pharmacological inhibition
of V-ATPases results in potent antitumor and anti-metastatic
effects in vitro and in vivo (13,57-61). Treatment of highly
invasive MDA-MB-231 and MCF10-CAla human breast cancer
cells with specific V-ATPase inhibitors such as concanamycin
A and bafilomycin appreciably suppressed the invasive ability
in vitro (19,62). Additionally, Kulshrestha et al (51) found that
targeted inhibition of V-ATPase restrained ovarian tumor inva-
sion via regulation of matrix metalloproteinase activity. Further
research needs to evaluate the expression patterns of multiple
subunits and determine whether the activity of V-ATPases can be
regulated by changes in the expression of ATP6V0OA4 in ccRCC.
In conclusion, the bioinformatics analyses performed in
the present study showed that ATP6VOA4 gene expression was
significantly different between renal cancer tissues and para-
cancerous tissues. The upregulated expression of ATP6V0OA4
was associated with the improved survival of patients
with ccRCC, which may provide a basis for targeted drug
therapy. Exploring the mechanisms underlying the effects of
ATP6VO0A4 in RCC may assist in identifying novel druggable
targets to improve the management of patients with ccRCC.
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