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Abstract. This study examined the expression levels of
OVO-like proteins (OVOLs) in clear cell renal cell carcinoma
(ccRCC) tissues and their value in predicting disease prog-
nosis. The transcript levels, genetic alterations, and biological
functions of OVOLs and their correlation with tumor immune
cell infiltration and drug sensitivity and survival outcomes, as
well as their prognostic values, in patients with ccRCC were
analyzed based on data obtained from The Cancer Genome
Atlas, Gene Expression Profiling Interactive Analysis, cBio-
Portal, and GSCALite databases. Gene Ontology and Kyoto
Encyclopedia of Genes and Genomes analyses were performed
using R software (Bioconductor, clusterProfiler packages).
A protein-protein interaction network was established and
visualized using the R software with the ggplots package. The
ggstatsplot package was used to plot the correlation between
gene expression and immune cell infiltration. The mRNA
expression levels of OVOLI and OVOL?2 were significantly
downregulated in patients with ccRCC, whereas those of
OVOL3 were upregulated. OVOLI expression was correlated
with tumor stage and histological grades. The OVOLI, OVOL2,
and OVOLS3 levels were significantly correlated with the prog-
nosis of patients with ccRCC, the infiltration of immune cells,
and drug sensitivity. Multivariate and univariate analyses
showed that the expression of OVOLI was an independent
prognostic factor for the overall survival (OS) of patients with
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ccRCC. The OVOL proteins were associated with various
pathways, including tight junction, cell adhesion molecules,
and ether lipid metabolism. Additionally, OVOL3 upregula-
tion, and OVOLI and OVOL2 downregulation in clinical
ccRCC samples were experimentally verified. Thus, OVOLI1
and OVOL2 are potential therapeutic targets and prognostic
markers for ccRCC. Additionally, OVOLI1 can serve as an
independent prognostic factor for OS in patients with ccRCC.

Introduction

Renal cell carcinoma (RCC) accounts for 2-3% of all
malignant tumors in adults, as well as 90% of all malignant
kidney tumors (1,2). The incidence and mortality rates of
kidney cancer have been increasing worldwide. According
to the 2021 GLOBOCAN data, 431,288 cases of kidney
cancer were diagnosed in 2020 worldwide, accounting for
2.2% of all new cancer cases and 1.8% (179,368) of all new
cancer-related deaths (3). Clear cell RCC (ccRCC), which is
the most common subtype of renal cancer (4), is character-
ized by increased malignancy and has the highest mortality
rate among genitourinary system cancers (5). Radiation
therapy and chemotherapy are ineffective against ccRCC.
Currently, surgical intervention is the primary treatment for
ccRCC. Although the incidence of kidney cancer is increasing
annually, the development of early detection techniques has
markedly decreased kidney cancer-related mortality rates in
recent decades (6). The majority of patients with ccRCC are
asymptomatic and are diagnosed during imaging examina-
tions, such as computed tomography scan or ultrasound (7).
The lack of effective diagnostic methods prevents early
diagnosis and treatment of patients with ccRCC, contributing
to poor prognosis and poor survival rates. The survival rate
of patients with kidney cancer who have distant metastases
is only 12%, while that of patients with localized cancer is
67% (8). Surgical resection of locally advanced RCC is the
only curative treatment (5). Approximately 20-30% of patients
with kidney cancer exhibit relapse after nephrectomy (9,10).
Recently, several treatment strategies, such as immunotherapy,
radiotherapy, and molecular targeted drugs, have been devel-
oped, which have markedly improved the clinical outcomes of
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advanced diseases (11,12). However, the clinical outcomes of
kidney cancer are poor owing to the low objective response
rates, local recurrences, or distant metastases. Therefore,
there is an urgent need to identify novel molecular prognostic
markers for ccRCC.

Evaluation of the prognostic value of OVO-like proteins
(OVOLs) in patients with ccRCC can potentially improve the
prediction of clinical outcomes and aid in the development of
effective treatments. In mammals, OVOLs encode C2H?2 zinc
finger transcription factors (13). OVOLs, which are members
of the zinc finger protein family, function as transcription
factors to regulate gene expression during differentiation (14).
The three members of the OVOL family are OVOLI,
OVOL2, and OVOL3. Molecular profiling of human tumors
revealed that OVOL deregulation is associated with adverse
outcomes in various carcinomas and is directly related to
metastasis (15-17). The activity of OVOL can stabilize a
hybrid phenotype between epithelial and mesenchymal states,
resulting in several benefits for both tumors and healthy stem
cells (18,19). Epithelial-to-mesenchymal transition (EMT)
plays a key role in the stromal invasion of tumor cells (20).
OVOLI1 and OVOL2 are reported to be key regulators of EMT
and its mirror process. mesenchymal-to-epithelial transition
(MET) (16). Previous studies have reported that OVOLs are
associated with the clinical stage, EMT, and tumor metastasis
and that they can modulate cancer cell stemness. Additionally,
OVOLs are potential prognostic prediction factors (17,21-23).
The distinct expression/mutation pattern and prognostic
significance of OVOLs have not been evaluated in ccRCC.

This study evaluated the potential of OVOLs as predictors
of the prognosis of ccRCC using experimental and bioinfor-
matics approaches.

Materials and methods

Ethics statement. The research protocol used in the present study
was approved by the Ethics Committee of the First Affiliated
Hospital of Nanchang University (approval no. 12-110). The
datasets were retrieved from public databases. All data were
collected after obtaining written consent.

Patient and tumor samples. In total, 20 pairs of kidney renal
clear cell carcinoma (KIRC) and adjacent non-tumorous tissues
obtained via radical nephrectomy were collected from patients
who had been pathologically confirmed to have cancer by two
independent pathologists. The samples collected at the First
Affiliated Hospital of Nanchang between January 2021 and
December 2022 were immediately stored in liquid nitrogen.

Cell lines and cell culture. The KIRC, HK-2, 786-0, Caki-1,
and ACHN cell lines were purchased from the American Type
Cell Collection. The cell lines were maintained as monolayers
in minimal essential medium, RMPI-1640 medium, and
Dulbecco's modified essential medium (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% (v/v) fetal bovine
serum at 37°C in a humidified incubator supplied with 5%
CO,.

RNA isolation and reverse transcription-quantitative (RT-q)
PCR. Total RNA was isolated from ccRCC tissues and

adjacent non-tumorous tissues, as well as from ccRCC cell
lines, using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). The extracted RNA was reverse-transcribed
to cDNA using the First-Strand cDNA synthesis kit (Qiagen
GmbH) according to the manufacturer's protocol. gPCR
was performed using the SYBR Real-Time PCR kit (Qiagen
GmbH). The PCR thermocycling conditions were as follows:
95°C for 2 min, followed by 40 cycles of 95°C for 5 sec and
60°C for 10 sec. The relative gene expression levels were
calculated using the 224°4 method (24). Each analysis was
performed in triplicate. ACTB served as an internal reference
gene. The sequences of the primers used for qPCR were:
GAPDH forward, 5'-GCCACATCGCTCAGACACCAT-3'
and reverse, 5'-CCCATACGACTGCAAAGACCC-3"; human
OVOLI1 forward, 5-AGACACGTCCGAACTCACAC-3'
and reverse, 5-“TGCTGCACACCATGGATCTT-3"; human
OVOL2 forward, 5'-CAACGACACCTTCGACCTGA-3'
and reverse, 5S“TCAGGTGGGACTCCAGAGAG-3'; human
OVOL3 forward, 5'"TTCGATCTCAAGCGCCACAT-3' and
reverse, 5'-GCTGTCCATGCACCTTAGCA-3'.

Gene Expression Profiling Interactive Analysis (GEPIA)
dataset. GEPIA (http://gepia.cancer-pku.cn/) was used to
comparatively examine the tumor and non-tumor tissue data-
sets from The Cancer Genome Atlas (TCGA; https://portal.gdc.
com) and the non-tumor datasets from the Genotype-Tissue
Expression database (25). The differential expression levels
of OVOLI, OVOL2, and OVOL3 between ccRCC tissues and
adjacent non-tumor tissues are represented using box plots.
The correlation between gene expression and cancer stage was
examined using the GEPIA software package.

cBioPortal analysis. cBioPortal is a free, open-access online
resource integrating data from large-scale genomic projects,
including but not limited to TCGA and the International
Cancer Genome Consortium (26). In the present study, 512
ccRCC samples (TCGA, provisional) with known mutations,
putative copy-number alterations (identified using the GISTIC
module) (27), and z-scores (RNA Seq V2 RSEM) for mRNA
expression were analyzed. Additionally, the correlation
between genetic mutations in OVOL-encoding genes with the
overall survival (OS) of patients with ccRCC was examined.
A log-rank test was used to compare the difference in survival
between the altered and unaltered groups.

STRING analysis. STRING (http://string-db.org) was used to
construct protein-protein interaction networks, including both
physical binding and functional associations, between immune
checkpoints and tumor immune microenvironment-related
factors (28). The networks were visualized using R software
(version 4.2.1; https://www.r.project.org).

GSCALite. GSCALite (http://bioinfo.life.hust.edu.
cn/web/GSCALite/) provides a platform for the analysis of
gene sets in cancer (29). In the present study, the correlation
between microRNA (miRNA) and corresponding OVOLs was
analyzed using GSCALite. Drug sensitivity data and gene
expression profiles of cancer cell lines were retrieved from the
Genomics of Drug Sensitivity in Cancer (GDSC) database and
the Therapeutics Response Portal (CTRP).
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Figure 1. The expression of distinct OVOL1, OVOL2 and OVOL3 in KIRC tissues and adjacent normal kidney tissues. (A-C) The differential mRNA expression
levels of OVOLI, OVOL2, and OVOL3 between 72 pairs of kidney cancer tissues and adjacent non-cancerous kidney tissues, which were obtained from The
Cancer Genome Atlas and Genotype-Tissue Expression databases. (D-F) The expression levels of OVOLI, OVOL2,and OVOLS3 in clear cell renal cell carcinoma
and healthy kidney tissues were analyzed using the Gene Expression Profiling Analysis datasets. (G-I) The mRNA levels of OVOLI, OVOL2, and OVOL3 in
ccRCC tissues and paired adjacent non-tumor kidney tissues were analyzed using reverse transcription-quantitative PCR. "P<0.05, “P<0.01, ““P<0.001. ns, not
significant; OVOL, OVO-like protein; KIRC, kidney renal clear cell carcinoma; FPKM, fragments per kilobase million; TPM, transcripts per million.

Statistical analysis. All statistical analyses were performed
using R software (version 3.6.2). The differential expression
levels of OVOLs in ccRCC were analyzed using the ‘limma’
R package and a Wilcox test. The prognostic significance
of OVOLs was evaluated using Kaplan-Meier survival
analysis and Cox proportional hazards regression analysis.
The effect of clinicopathological parameters and mRNA
levels of OVOLs on the survival of patients with ccRCC
was determined using univariate Cox regression analysis.
Further analyses were performed using a P<0.1 threshold.
All statistical analyses were performed using two-sided tests.
P<0.05 was considered to indicate a statistically significant
difference. The RNA-sequencing expression (level 3) profiles
and corresponding clinical information for ccRCC were
downloaded from TCGA. The R software ggstatsplot pack-
agehttps:/CRAN.R-project.org/package=ggstatsplot) was used
to plot the correlation between gene expression and immune
score, while the pheatmap package (https://CRAN.R-project.
org/package=pheatmap) was used to plot multi-gene correla-
tion. Gene Ontology (GO) (30,31) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway (32) enrichment

analyses were performed using R. To predict the functional
roles of target host genes, GO enrichment analysis was
performed based on biological process (BP), cellular compo-
nent (CC) and molecular function (MF) using the R package
ggplot2 v3.3.2 (33).

Results

Differential mRNA levels of OVOLs in patients with ccRCC.
A TCGA-KIRC dataset was analyzed to comparatively eval-
uate the expression levels of OVOL family members between
ccRCC samples and 72 paired non-tumor tissue samples. As
shown in Fig. 1A-C, the OVOLI and OVOL2 mRNA levels
in non-tumor samples were significantly higher than those
in ccRCC tissues. In contrast, the OVOL3 mRNA levels in
tumor tissues were upregulated when compared with those
in the non-tumor tissues. Next, the OVOLI, OVOL2, and
OVOL3 expression levels in ccRCC datasets obtained from
the GEPIA database were analyzed. As shown in Fig. 1D-F,
the OVOLI and OVOL2 mRNA levels in non-tumor tissues
were significantly upregulated when compared with those in
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Figure 2. Relationship between the micro RNA levels of OVOL1/2/3 and the clinicopathological parameters of patients with ccRCC. (A-C) Association
between the expression levels of the OVOL family members and the histological grade of ccRCC. (D-F) A violin plot was used to analyze the correlation
between OVOL-encoding mRNA levels and clinical stages of patients with ccRCC using the Gene Expression Profiling Interactive Analysis dataset. "P<0.05,
“P<0.01, *"P<0.001. OVOL, OVO-like protein; ccRCC, clear cell renal cell carcinoma; ns, not significant; FPKM, fragments per kilobase million; TPM,

transcripts per million.

ccRCC tissues. However, the mRNA levels of OVOL3 were
not significantly different between ccRCC and non-tumor
tissues. To further validate this conclusion, 20 pairs of
cancerous and adjacent non-cancerous tissues were subjected
to RT-qPCR analysis. As shown in Fig. 1G-I, the OVOL3
mRNA levels in tumor tissues were higher than those in
adjacent non-tumor tissues. Meanwhile, the OVOLI and
OVOL2 mRNA levels in tumor tissues were downregulated
when compared with those in adjacent non-tumor tissues.
These results indicate that the mRNA levels of OVOLI and
OVOL?2 in paired non-tumor tissues were significantly lower
than those in ccRCC tissues, while those of OVOL3 exhibited
contrasting expression patterns. Healthy kidney and kidney
cancer cell lines were subjected to RT-qPCR analysis to
determine the mRNA levels of OVOLI, OVOL2, and OVOL3
(Fig. S1). The mRNA levels of OVOLI and OVOL?2 in kidney
cancer cell lines were lower than those in healthy cell lines.
In contrast, the OVOL3 mRNA levels in kidney cancer cell

lines were upregulated when compared with those in healthy
cell lines.

Correlation between OVOLs and the clinicopathological
parameters of patients with ccRCC. Next, the correlation
between the OVOLI, OVOL?2, and OVOL3 mRNA levels and
clinicopathological parameters (including histological grade
and pathological stage obtained from TCGA and GEPIA
datasets) was evaluated. As shown in Fig. 2A-C, the OVOLI
mRNA expression levels were positively correlated with
tumor histological grade. However, the OVOL2 and OVOL3
mRNA levels were not correlated with the histological grade.
As shown in Fig. 2D-F, the OVOLI mRNA levels were corre-
lated with the clinical stage of ccRCC, whereas the OVOL?2
and OVOL3 mRNA levels were not correlated. Patients
at advanced pathological stages exhibited downregulated
OVOLI levels. Thus, the mRNA expression levels of the
OVOL family members were significantly correlated with
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Figure 3. Prognostic value of OVOL-encoding mRNA expression levels in patients with ccRCC. (A, C, and E) The association between OVOL-encoding
mRNA expression levels and the overall survival of patients with ccRCC was investigated using The Cancer Genome Atlas datasets. (B, D, and F) The
correlation between OVOL-encoding mRNA expression levels and progression-free interval of patients with ccRCC was analyzed using R software. OVOL,

OVO-like protein; HR, hazard ratio.

several clinical and pathological parameters in patients with
ccRCC.

Prognostic value of OVOLs mRNA levels in patients
with ccRCC. The prognostic value of the expression of
OVOL-encoding mRNAs in patients with ccRCC was analyzed
using Kaplan-Meier survival curves using TCGA datasets. As
shown in Fig. 3, the mRNA levels of OVOL family members
were significantly associated with the prognosis of patients with
ccRCC. The downregulated OVOLI mRNA levels [(hazard
ratio (HR)=0.50, 95% confidence interval (CI)=0.37-0.67,
and P<0.001] were associated with a poorer OS in patients
with ccRCC. Meanwhile, the upregulated OVOL2 (HR=1.46,
95% CI=1.04-2.04, P=0.027) and OVOL3 (HR=1.56, 95%
CI=1.13-2.14, P=0.007) mRNA levels were associated with a
poorer OS in patients with ccRCC. The upregulated mRNA
levels of OVOLI (HR=0.43,95% CI=0.31-0.58, P<0.001) were
associated with a favorable progression-free interval (PFI).
However, the OVOL3 mRNA levels were not associated with
the PFI of patients with ccRCC. The OVOL2 mRNA levels
(HR=1.58, 95% CI=1.14-2.20, P=0.006) were negatively corre-
lated with PFI. Thus, the mRNA expression levels of OVOLs
were significantly correlated with the prognosis of patients
with ccRCC. Additionally, the mRNA levels may be used as
indicators for predicting clinical outcomes, including the OS,
of patients with ccRCC.

Independent prognostic value of OVOL mRNA levels for
predicting OS in patients with ccRCC. The mRNA levels of
OVOLs were significantly associated with the OS of patients

with ccRCC. Further, the independent prognostic value of the
mRNA expression levels of OVOL family members in patients
with ccRCC was examined using a TCGA dataset and Cox
survival regression analysis (34). Univariate Cox regression
analysis revealed that the upregulated expression of OVOLI
(HR=0.492, 95% C1=0.347-0.700, P<0.001) was significantly
associated with a favorable OS. Multivariate analysis revealed
that the upregulated mRNA levels of OVOLI (HR=0.645,95%
CI=0.446-0.933, P=0.020) were independently correlated with
a favorable OS in patients with ccRCC. Thus, the mRNA levels
of OVOLI are an independent prognostic factor in patients
with ccRCC (Table SI).

Genetic mutations in the OVOL family and their association
with the OS of patients with ccRCC. To further evaluate the
expression patterns of the OVOL family members, genetic
alterations in OVOL-encoding genes and their association
with the OS of patients with ccRCC were examined using the
cBioPortal online tool. Genetic alterations in OVOL-encoding
genes are shown in Fig. 4A. The frequency of genetic altera-
tions according to the cBioPortal database is shown in Fig. 4B.
The ccRCC dataset analysis indicated that the percentages
of DNA alterations in OVOLI, OVOL2, and OVOL3 were
2.3, 3, and 0%, respectively. Next, the association between
OVOL-encoding gene alterations and survival outcomes was
examined. Mutations in the OVOL-encoding gene family were
not associated with the OS (Fig. 4C). These results indicated
that DNA alterations were not the primary cause for the
dysregulation of OVOL family members. Multiple non-coding
RNAs, including hsa-miR-9-5p and hsa-miR-30a-5p, regulated
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Figure 4. OVOL1/2/3 gene expression and mutation analysis in ccRCC and interaction network between OVOL1/2/3 gene and mRNAs (A) Analysis of the genetic
alterations of OVOL-encoding genes in ccRCC. (B) Alteration frequency of OVOL-encoding genes according to the cBioPortal database. (C) Kaplan-Meier
plots and log-rank tests revealed the overall survival of patients with ccRCC with or without OVOL alterations. (D and E) Interaction network of OVOLI,
OVOL2, and the associated microRNAs. OVOL, OVO-like protein; clear cell renal cell carcinoma.

OVOL family mRNAs, which suggested that non-coding
RNA-mediated regulation may play a key role in OVOL altera-

tions (Fig. 4D-E).

Predicted functions and pathways of altered OVOLs and the
100 most frequently altered neighboring genes in patients
with ccRCC. An integrated network was constructed by
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analyzing 100 genes related to the OVOL mutants. The
top 100 genes that were co-expressed and associated with
OVOLs were retrieved from the cBioPortal database. A
protein-protein interaction network was constructed using R.
As shown in Fig. 5A, the cell-cell junction assembly-related
genes, including CDHI, UGTS, GRHL2, MARVELD3, CRB3,
MARVELD?2, and OCLN, were significantly associated
with OVOL mutations. BPs, such as GO:0007043 (cell-cell
junction assembly), GO:0034329 (cell junction assembly),
GO0:0070830 (bicellular tight junction assembly), GO:0120192
(tight junction assembly), and GO:0009913 (epidermal cell
differentiation) were significantly associated with OVOL
alterations in ccRCC. CCs, including GO:0070160 (tight junc-
tion), GO:0016324 (apical plasma membrane), GO:0043296
(apical junction complex), GO:0045177 (apical part of the cell),
and GO:0005923 (bicellular tight junction), were significantly
associated with OVOL alterations. MFs, such as GO:0015605
(organophosphate ester transmembrane transporter activity)
were significantly associated with OVOL alterations. KEGG
analysis revealed that OVOL mutations were enriched in the
following five pathways in ccRCC: has04530 (Tight junction),
has04514 (Cell adhesion molecules), has04966 (Collecting
duct acid secretion), has05130 (Pathogenic Escherichia coli
infection), and ha00565 (Ether lipid metabolism) (Fig. 5B and
Table SII).

Association between OVOLs and immune infiltration in
ccRCC. The correlation between genes and immune infiltra-
tion was evaluated using the R software pheatmap package.
The abundance of CD8+ T cells was negatively associated with
the expression levels of OVOL1 and OVOL2. Additionally, the
abundance of CD4+ T cells was negatively associated with the
expression of OVOL3. The abundance of neutrophil cells was
positively associated with the expression of OVOL3 but nega-
tively associated with the expression of OVOL2. Furthermore,
the abundance of macrophages and dendritic cells was
negatively associated with the expression of OVOL2. The
abundance of B cells was positively associated with OVOL1
expression (Fig. 6A). These data suggested that immune infil-
tration was closely associated with the OVOL family members
in patients with ccRCC.

Verification of the role of OVOLs in drug sensitivity. Analysis
of the GDSC revealed that the expression levels of OVOLI
and OVOL2 were positively associated with certain drugs
(Fig. 6B). Additionally, analysis of CTRP revealed that the
mRNA levels of OVOLI and OVOL?2 were negatively associ-
ated with drugs or small molecules and positively associated
with small molecules (Fig. 6C). Thus, OVOL1 and OVOL2
expression levels were associated with drug resistance, which
indicated that they may be used to determine drug sensitivity.

Discussion

Several studies have reported that OVOLs function as tran-
scription factors to regulate gene expression during various
differentiation processes (14) and induce MET in several
types of cancer (16). The dysregulation of OVOLs has been
reported in several types of cancer (22,23,35). In the present
study, bioinformatics and experimental studies were used to
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Figure 5. Predicted functions and pathways of OVOL1/2/3 and their neighbor
genes in ccRCC by the analysis of GO and KEGG. (A) Analysis of the
protein-protein interaction network involving the OVOL family members,
and the 100 neighboring genes related to OVOL mutants in ccRCC.
(B) Analysis of the functional enrichment of the OVOL family members and
100 neighboring genes related to the OVOL mutants in ccRCC using Gene
Ontology KEGG. OVOL, OVO-like protein; ccRCC, clear cell renal cell
carcinoma; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and
Genomes; BP, biological process; CC, cellular component; MF, molecular
function.

investigate the correlation between OVOLs and the prognosis
of ccRCC. A comprehensive analysis of OVOLs in ccRCC has
not been previously performed to the best of our knowledge.
The mRNA levels, protein interactions, and functional enrich-
ment of OVOLs and their correlation with immune infiltration
and prognosis were investigated in the present study. The
results of this study indicated that OVOLs are potential thera-
peutic targets and prognostic markers for ccRCC.

OVOLL is a key regulator of epithelial lineage determina-
tion and MET. Studies have demonstrated that OVOL1 inhibits
breast cancer cell invasion by promoting the degradation of
TGF-f type I receptor (36). OVOLI1 overexpression promoted
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oral squamous cell carcinoma (OSCC) progression by inhib-
iting ZEBI. Thus, OVOLI is a potential prognostic marker for
OSCC (22). Additionally, OVOLI1 is significantly downregu-
lated in cutaneous squamous cell carcinoma. Mechanistically,
OVOLI1 functions as an upstream suppressor of c-Myc and
OVOL2. The OVOL1-OVOL2 axis and a modulator of c-Myc
regulate the invasiveness of cutaneous squamous cell carci-
noma. OVOL1 expression was upregulated in eccrine poroma
and hidradenoma and may play an important role in human
skin morphogenesis and tumorigenesis (37). In the present
study, the expression of OVOLI in ¢ccRCC tissues was down-
regulated when compared with that in adjacent non-tumor
tissues. The miRNA network revealed the mRNA expres-
sion of OVOLI was regulated by multiple miRNAs with
the coordination between several miRNAs regulating the
expression of a single mRNA (38). The miRNAs bind to their
target mRNAs to form RNA-induced silencing complexes
that degrade or inhibit the translation of mRNA (39). The
upregulated mRNA expression of OVOLI was significantly
correlated with prolonged OS and PFI in ccRCC, suggesting
that OVOLI can function as a tumor suppressor. Additionally,
multivariate Cox regression analyses showed that the
downregulated OVOLI expression independently predicted
poor outcomes in ccRCC. OVOLI1 was also correlated with
the infiltration of immune cells in ccRCC, which suggested
that OVOL1 may regulate cancer immunity. These findings
suggest that OVOL1 is a promising prognostic and therapeutic
target for patients with ccRCC.

OVOL2, which functions as a transcription factor to
regulate gene expression by directly binding to the promoter
regions, plays an important role in tumor development and
metastasis. A previous study reported that OVOL2 is closely
associated with EMT during tumor invasion. The expression
of OVOL2 is downregulated in non-small cell lung cancer
(NSCLC). Consistently, OVOL2 overexpression inhibited
the survival of NSCLC cells (40). Additionally, a previous
study reported that OVOL2 inhibited EMT in breast cancer
by suppressing the direct transcription of ZEBI. Patients with
nasopharyngeal carcinoma (NPC) exhibiting downregulated
OVOL2 levels were associated with poor OS. Thus, OVOL2
is a potential prognostic indicator for NPC (23). OVOL2
also inhibits EMT and metastasis in colorectal cancer by
suppressing Wnt signaling (41). Similarly, OVOL2 inhibits
EMT in liver cancer by indirectly promoting the expres-
sion of miR-200 (35). In the present study, the expression of
OVOL2 in non-tumor tissues was higher than that in kidney
tumor tissues. However, the upregulated OVOL2 expres-
sion was significantly correlated with a poorer OS and PFI,
suggesting an oncogenic role of OVOL2. miRNA network
analysis revealed that the oncogenic role of OVOL2 can be
attributed to the non-coding RNA-mediated regulation of
OVOL2 mRNA. As the gene expression levels varied in each
cancer cell, tumor heterogeneity may significantly contribute
to differential mRNA expression. It has been demonstrated
that OVOL2 overexpression in macrophages significantly
inhibited M2 polarization and consequently inhibited breast
cancer metastasis by regulating /L/0 transcription and modu-
lating the tumor microenvironment (42). In the present study,
OVOL2 expression was negatively correlated with the infiltra-
tion of immune cells. Thus, these results indicate that OVOL2

is a potential prognostic biomarker and a therapeutic target for
ccRCC and that OVOL?2 is an oncogene.

OVOL3 has not been previously studied as it is expressed
only in early embryos. Thus, the correlation between OVOL3
and cancer is unclear. In the present study, the mRNA expres-
sion levels of OVOL3 in ccRCC tissues were significantly
higher than those in healthy kidney tissues. OVOL3 expres-
sion was significantly correlated with poor OS but not with
PFI. The expression of OVOL3 was positively correlated with
the infiltration of immune cells, including neutrophils and
CD4+ T cells. However, there are no studies examining the
role of OVOLS3 in different subtypes of ccRCC to the best of
our knowledge.

The present study investigated the expression levels and
prognostic value of OVOLs in ccRCC. The findings of this
study improved our understanding of the molecular hetero-
geneity and complexity of ccRCC. Additionally, experimental
evidence was generated for the expression of OVOLSs in ccRCC
tissues. However, this study has some limitations. Although the
mRNA levels of OVOLI were demonstrated to be an indepen-
dent prognostic factor associated with a short OS in patients
with ccRCC, further studies are needed to validate the findings
of this study and explore the clinical application of OVOLs
in ccRCC. Second, the mechanisms of the different types of
OVOLs were not elucidated. Future studies should explore the
potential mechanisms of OVOLs in ccRCC. Finally, this study
was based on retrospective data.

In conclusion, the present study evaluated the expres-
sion levels and prognostic value of OVOLs in ccRCC. The
upregulated mRNA expression levels of OVOL2 and OVOL3
were significantly correlated with the OS in patients with
ccRCC. Additionally, the upregulated mRNA expression of
OVOLI was associated with a favorable OS. The OVOLI
mRNA levels were significantly associated with clinical
cancer stage and histological grade in patients with ccRCC.
Multivariate analysis revealed that OVOLI mRNA expres-
sion was independently associated with a short OS in patients
with ccRCC. The mRNA expression levels of OVOLs were
closely associated with immune infiltration in patients with
ccRCC and drug sensitivity. Therefore, these results indicate
that OVOL1 and OVOL2 are potential therapeutic targets
for ccRCC and that OVOLL is a novel prognostic factor for
ccRCC.
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