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ARTICLE INFO ABSTRACT

Keywords: Renal cell carcinoma (RCC) is a prevalent heterogeneous kidney cancer. So far, different genes have been re-
Renal cell carcinoma ported for RCC development. However, its particular molecular mechanism remains unclear. Circular RNAs
ceRNA

(circRNAs), a class of non-coding RNAs, are involved in numerous biological processes in different malignancies
. such as RCC. This study aims to assess the expression and underlying mechanism of four circRNAs (hsa_-
hsa_circ_0005986 . . . . . . .
hsa cire 0003028 circ_0020397, hsa_circ_0005986, hsa_circ_0003028, hsa_circ_0006990) with possible new roles in RCC. In the
hsa circ 0006990 experimental step, we investigated the expression of these four circRNAs in our RCC samples using quantitative
real-time polymerase chain reaction. In the bioinformatics step, the differential expressed mRNAs (DEmRNAs),
and miRNAs (DEmiRNAs) were obtained from the GEO datasets using the GEO2R tool. A protein-protein
interaction network was constructed using the STRING database, and hub genes were identified by Cytoscape.
Molecular pathways associated with hub genes were detected using KEGG pathway enrichment analysis. Then,
we utilized the ToppGene database to detect the relationships between DEmiRNAs and hub genes. Furthermore,
interactions between circRNAs and DEmiRNAs were predicted by the StarBase and circinteractome databases.
Finally, a circRNA-DEmiRNA-hub gene triple network was constructed. Our results revealed that the expression
of hsa_circ_0020397, hsa_circ_0005986, and hsa_circ_ 0006990 was downregulated in RCC tissues. Moreover,
these circRNAs had a significantly lower expression in patients with a history of kidney disease. Furthermore,
hsa_circ_0003028 and hsa_circ_ 0006990 showed higher expression in the tumor of participants with Lympho-
vascular/perineural invasion and oncocytoma type, respectively. Based on bioinformatic results, 15 circRNA-
DEmiRNA-hub gene ceRNA regulatory axes were predicted, which included three hub genes, five miRNAs,
and four selected circRNAs. In conclusion, the current work is the first to emphasize the expression of the

hsa_circ_0020397
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hsa_circ_0020397, hsa_circ_0005986, hsa_circ_0003028, and hsa_circ_0006990 in RCC patients presents a novel
perspective on the molecular processes underlying the pathogenic mechanisms of RCC.

1. Introduction

Renal cell carcinoma (RCC) is the most frequent kidney malignancy
and accounts for approximately 90-95% of all types of kidney cancers.
RCC is categorized into different specific subtypes, including clear cell,
papillary, chromophobe, cystic-solid, collecting ducts, medullary, and
other rare subtypes. The three first subtypes are accounted for >90% of
RCCs (Muglia and Prando, 2015). Clear cell RCC (ccRCC) is the most
common subtype with a less favorable prognosis than other subtypes.
Surgical excision is the cornerstone treatment for localized ccRCC.
However, 30% of patients with localized ccRCC eventually experience
recurrence and metastasis, leading to a significant case-fatality rate
(Hsieh et al., 2017; De Meerleer et al., 2014). Nearly 60% of stage IV
patients die within 2-3 years after diagnosis (Mendoza-Alvarez et al.,
2019). The prognosis is dismal despite significant advancements in
diagnosis and the 5-year survival rate (Moch et al., 2014; Chen et al.,
2020). In order to effectively treat RCC, especially ccRCC, it is critical to
thoroughly assess the molecular underpinnings of pathogenesis, uncover
new prognostic biomarkers, and develop therapeutic targets. Various
genetic and epigenetic factors can influence the development and
treatment response of RCC patients (Arai and Kanai, 2010). In the past
ten years, a family of non-coding RNAs (ncRNAs), which includes
microRNAs (miRNAs), long non-coding RNAs (IncRNAs), and circular
RNAs (circRNAs), have been discovered to be potent regulators of
several genes and pathways implicated in the onset and progression of
malignancies, including RCC (Toraih et al., 2022). Non-coding RNAs
(ncRNAs) account for the vast majority of RNA molecules, but for a long
time they were considered transcriptional junk. In recent years,
increased transcriptome sequencing led to the identification of circular
RNAs, a new type of non-coding RNA (Santer et al., 2019).

CircRNAs are various and widespread in mammals. They are stable
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and closed-loop structures, with the majority of them not being
degraded by RNA exonuclease or RNAase. (Li et al., 2018). CircRNAs
naturally play a part in numerous biological processes, including repli-
cation, transcriptional control, RNA processing intermediates, and
translation mediation, all of which are essential for the development of
numerous organs and the maintenance of cell pluripotency (Zhang et al.,
2018; Sayad et al., 2022). Moreover, as a new regulatory mechanism,
the competing endogenous RNA (ceRNA) hypothesis states that circR-
NAs might operate as miRNA “sponges” by competing with target
mRNAs for binding to miRNAs (Abdollahzadeh et al., 2019; Salmena
et al., 2011). MiRNAs, a class of ncRNAs with an average of 22 nucle-
otides, have played critical roles in various biological processes and
normal development, such as RNA silencing (O’Brien et al., 2018) and
Resistance to cancer chemotherapy drugs is one of the main barriers to
the formation and development of cancer (Si et al., 2019). MiRNA can
influence gene expression at the post-transcriptional stage by degrading
the target mRNA or inhibiting its translation (Ankasha et al., 2018).
CircRNAs bind to miRNA to regulate their function. The interaction of
miRNA with different regions of target mRNAs is dynamic and depen-
dent on various factors; thus, circRNA regulates the expression of
mRNAs indirectly (Bai et al., 2020). So far, most studies in the field of
ceRNA mechanism have been focused on cancers (Ala, 2020). In the
latest RCC research, studies have demonstrated that the ceRNA network
played a key role in the development of RCC (Bai et al., 2020; Jiang and
Ye, 2019). We aimed to examine the role of four circRNAs, namely;
hsa_circ_0020397, hsa_circ_ 0005986, hsa_circ. 0003028, and hsa_-
circ_0006990 in RCC pathogenesis. Hsa_circ_0020397 circRNA is origi-
nated from the dedicator of cytokinesis 1 (DOCK1), and it may play a
part in the development and spread of breast and colorectal cancer
(CRQ) (Glazar et al., 2014; Kurosaki et al., 2021; Zhang et al., 2017).
Zhang et al. investigated the role of DOCK1 in RCC. The results of this
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Fig. 1. The overall workflow of our bioinformatics analyses.
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Table 1
QRT-PCR primer sequences.
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Genes Forward (5'-3') Reverse (5'-3')
p2M AGATGAGTATGCCTGCCGTG GCGGCATCTTCAAACCTCCA
hsa_circ_0005686 CTATAAAACTTTAAAGAACACTACTGAGCC GGGTCTTGTCAACAGCAGAA

hsa_circ_0020397
hsa_circ_0003028
hsa_circ_0006990

GAATCTCTCCGCATGTAGAGC

GAGATTCTGAACTCATTCTTTTTATAACT

GATAAATTGGCCCCTTCACAGA

GCAGGAAATATACCCTTCTTAGAC
CAGGTGAATAGACTTCTGTTGTTTC
CCCTGGGTCAATAATTCCACTG

Abbreviation: p2M, Beta-2-Microglobulin; qRT-PCR, Quantitative Reverse Transcription Polymerase Chain Reaction.

study indicate that DOCK1 is crucial for RCC cells’ chemoresistance to
cisplatin (Zhang et al., 2020). Hsa_circ_0005986, which is originated
from PR/SET domain 2 (PRDM2) (Glazar et al., 2014), has a potential
relevance as a predictive biomarker in hepatocellular carcinoma (HCC)
patients. The expression of PRDM2 is associated with copy number
alteration (CNA), and it is significant in the comparison of mRNA
expression between ccRCC and non-ccRCC kidney cancer subtypes (Yan
et al., 2019). Hsa_circ_0003028, derived from the fucosyltransferase 8
(FUT8) gene (Glazar et al., 2014), was introduced as a biomarker in non-
small cell lung cancer (Li et al., 2021). Hsa_circ_.0006990, located on
chrl8, is derived from the VAMP-associated protein A (VAPA) gene
(Glazar et al., 2014). This circRNA is a promising biomarker for CRC (Li
et al., 2019). The VAPA can function as a miRNA sponge for PTEN
(Mendoza-Alvarez et al., 2019). PTEN is a candidate tumor suppressor
gene in renal cell carcinoma (RCC). This gene regulates cell cycle pro-
gression and cell survival in this cancer (Shin Lee et al., 2003). To our
knowledge, the expression pattern and functions of these four circRNAs
in RCC remain a mystery. CircRNAs have emerged as potential bio-
markers for the prognosis and diagnosis of RCC as well as targets for the
development of new treatments. However, additional research is
required to comprehend the roles of circRNAs in RCC (Wang et al.,
2020).

The overall aim of the current study is to evaluate the expression of
four circRNAs (i.e., hsa_circ_0020397, hsa_circ_.0005986, hsa_-
circ_0003028, and hsa_circ_0006990) in RCC and construct their cor-
responding ceRNA networks using experimental and bioinformatics
approaches, respectively.

2. Materials and methods
2.1. The workflow of the study

Using the PubMed database, we searched for a selection of recently
identified circRNAs confirmed by previous studies. So four circRNAs
(hsa_circ_0020397, hsa_circ_0005986, hsa_circ_. 0003028, and hsa_-
circ_0006990) were selected. By looking up information in the Pubmed
database (https://pubmed.ncbi.nlm.nih.gov/), we discovered that
recent research has focused on the regulating effects of four circRNAs in
cancer development but its role in regulating other diseases, such as
RCC, had not been explored. Additionally, studies show these circRNAs
can regulate their parental genes (Li et al., 2015). Parental genes related
to selection’s circRNAs play a role in the pathogenesis of RCC. Then, we
evaluated their expression in RCC using quantitative polymerase chain
reaction (QPCR). In the following, we used bioinformatics approaches to
find out their potential mechanism in the progression of RCC based on
ceRNA theory. Therefore, we constructed the ceRNA network related to
the selected circRNAs using circRNA-DEmiRNA (differential expressed
miRNAs) and DEmiRNA-hub genes interactions. A summary of the
bioinformatics analyses workflow is shown in Fig. 1. More details of
each step are provided in the following sub-sections.

2.2. QPCR analysis

2.2.1. Patient characteristics and tissue collection
To perform the present case-control study, forty samples of RCC

tissues and their adjacent normal tissues were obtained from patients at
the Ali-Asghar, Namazi, and Ghadir Mother and Child Hospitals, Shiraz,
Iran. In these hospitals, a pathologist gave the final diagnosis of renal
cell carcinoma and its different types. Also, patients were divided into
four subtypes that included 27 (67.5%) clear cells, 5 (12.5%) papillaries,
6 (15%) chromophobes, and 2 (5%) oncocytomas (Supplementary File
1). All RCC specimens were immediately snap-frozen in liquid nitrogen
and stored at —80 °C for later use. Ethical approval of this study was
granted by the Fasa University of Medical Sciences research ethics
committee (ethical code: IR.FUMS.REC.1398.147).

2.2.2. RNA isolation, complementary DNA (cDNA) synthesis, and gPCR

Total cellular RNA was prepared using TRIzol isolation reagent
(Invitrogen, Thermo Fisher) following the manufacturer’s recommen-
dations. Due to the higher density of the cells, the amount of tissue used
for tumor samples is between 50 and 100 mg and 200 mg for normal
samples, and both types of tissue are homogenized with 1000 pl of
TRIzol. To assess RNA quality and quantity, first run intact total RNA
through a 1% agarose gel electrophoresis, which reveals distinct 28S and
18S rRNA bands. The band of the 28S rRNA should be around double
that of the 18S rRNA band. Secondly, the A260/A280 ratio of pure RNA
is in the range of >1.6 and > 2.0. Lastly, we repeated the RNA extraction
process on a set of samples. The amount of RNA was normalized in each
sample. We utilized the DNase I treatment to remove genomic DNA, and
there were no bands (>10 kb) or smears on the agarose gel after the RNA
samples were run through it. Then, cDNA synthesis was done using the
PrimeScript™ RT Reagent Kit (Takara, Cat.No: RR037A), following the
manufacturer’s recommendations. The amount of cDNA is about 4000
ng for each sample. Next, qPCR was carried out by Power SYBR® Green
PCR Master Mix (ABI, USA) on the 7500 real-time PCR system (ABI, life
technology). Thermal cycling conditions are: polymerase activation at
95 °C for 15 min, replication at 94 °C for 30 s, and then 60 °C for 30 s by
45 cycles, with a melt curve at 60-95 °C for 60 min. The expression level
of beta-2 microglobulin ($2M) was used as an internal control for
quantitative PCR. In each run, B2M was placed along with the samples,
and we measured the data of each run against the B2M expression in the
same run. Melt curve analysis and gel electrophoresis are used on PCR
products to look for primer dimers or non-specific amplification. Primer
sequences for hsa_circ_0020397, hsa_circ_0005986, hsa_circ_0003028,
hsa_circ_0006990, and 2M are shown in Table 1. At the back-splice
junction of circRNAs, divergent primers were designed, referring to
previous studies (Panda and Gorospe, 2018; Zhong et al., 2018a). The
standard curve is used to ensure specificity and efficiency. All reactions
were done in triplicate. The relative expression levels of circRNAs and
B2M were determined using 22*%, and CTs for each circRNA were
normalized against B2M. The REST 2009 software was used for data
analysis of qPCR.

2.2.3. Statistical analysis

Data analyses were carried out in IBM SPSS 21 software (IBM SPSS
Corp, Armonk, NY), and the level of P-value <0.05 was regarded as
significant. The comparison of fold change between tumors and their
adjacent non-cancerous tissues was performed by the Wilcoxon test.
Mann-Whitney and Kruskal-Wallis tests were used to assess the relation
between circRNAs expression with demographic and clinicopathological
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Table 2

Essential characteristics of the eighteen GEO datasets.
Data Platform Number of Number of Number of number
source samples controls tumors of degS
GSE781 GPL96 34 8 9 3040
GSE781 GPL97 34 8 9 785
GSE6344 GPL96 40 10 10 5533
GSE6344 GPL97 40 10 10 3396
GSE14994 GPL3921 229 11 59 8024
GSE16441 GPL6480 68 17 17 10,470
GSE17816 GPL9101 45 9 36 1694
GSE17818 GPL9101 115 13 102 9035
GSE17895 GPL9101 160 22 138 7373
GSE26574 GPL11433 67 8 8 4623
GSE36895 GPL570 76 23 28 11,251
GSE40435 GPL10558 202 101 101 13,468
GSE40914 GPL3985 80 22 58 738
GSE46699 GPL570 130 56 74 14,202
GSE53000 GPL6244 62 6 53 5330
GSE53757 GPL570 144 34 86 14,614
GSE68417 GPL6244 49 14 29 8803
GSE71963 GPL6480 48 16 32 8106

Table 3

Essential characteristics of the three miRNA expression profiles datasets used in
ccRCC.

Data Platform Number NUMBER NUMBER NUMBER
source of OF OF OF
samples CONTROLS TUMORS DEmirNAs
GSE16441  GPL8659 34 17 17 123
GSE55138  GPL14613 25 9 16 94
GSE41282  GPL8786 38 5 6 49

features of RCC patients. According to the median fold changes for each
gene, samples were divided into two groups of high and low expressions,
and the differences among these groups were achieved by chi-square test
and independent t-test.

2.3. Bioinformatics analysis

2.3.1. Identification of differential expression mRNAs (DEmRNAs) in
ccRCC

We searched gene expression omnibus (GEO) database to identify
array expression profiling studies (GSE781, GSE781, GSE6344,
GSE6344, GSE14994, GSE16441, GSE17816, GSE17818, GSE17895,
GSE26574, GSE36895, GSE40435, GSE40914, GSE46699, GSE53000,
GSE53757, GSE68417, GSE71963) (Table 2, Supplementary Files 2)
(Edgar et al., 2002). Studies containing gene expression profiles of
normal and ccRCC tissues and compatibility with the GEO2R were
considered. After analyzing the data with the GEO2R, in per GSE, the
genes with a false discovery rate (adjusted P-value) < 0.05 were
selected. Common shared DEmRNAs that were present in >13 GSEs
were selected for further analysis.

2.3.2. Identification of differentially expressed miRNAs

The GEO database was applied to search for “microRNA” AND “renal
cell carcinoma” keywords to identify miRNA microarray studies. We
selected studies whose experiment type was specified as “non-coding
RNA profiling by array” (Table 3). First, we performed the GEO2R
analysis, and the miRNAs with adjusted P-value <0.05 was identified as
DEmiRNAs.

2.3.3. Establishment of protein-protein interaction (PPI) network and
identification of hub genes

The STRING database (https://string-db.org/) helps to merge func-
tional associations and physical interactions between proteins
(Szklarczyk et al., 2019). DEmRNAs identified in >13 GSEs were
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selected as the input to the STRING database. PPIs were mapped with
this database and visualized with Cytoscape software (version 3.7.2)
(Shannon et al., 2003). The Hub genes were identified using centrality
measurements (Degree, Betweenness, Closeness and Eigenvector) by
Cytoscape. Overlapping, top-ranking genes among the four calculation
methods were chosen as hub genes.

2.3.4. Investigation of DEmiRNA-DEmRNA, circRNA-DEmiRNA
interactions, and construction of ceRNA network

In this step, we distinguished miRNAs related to the DEmRNAs, as
well as miRNAs targeting DEmRNAs in “Pathways in cancer” using the
ToppGene database. The miRTarbase (http://miRTarBase.mbc.nctu.
edu.tw/), miRDB (http://mirdb.org/), PITA (https://www.ebi.ac.uk
/thornton-srv/databases/pita/), and Targetscan (http://www.targ
etscan.org/vert 72/) were considered as selected databases for the
ToppGene query. On the other hand, the interactions of hsa_-
circ_0020397, hsa_circ_0005986, hsa_circ_.0003028, and hsa_-
circ_0006990 with DEmiRNAs were explored. CircRNA-DEmiRNA
interactions were predicted using the starbase database (http://starbase.
sysu.edu.cn/) and Circular RNA Interactome (https://circinteractome.
nia.nih.gov/). We checked the context score percentile above 75 in
circintractome to ensure the correctness of forecast results. Finally, the
circRNA-DEmiRNA-hub genes triple network was constructed and
visualized with Cytoscape software.

2.3.5. Kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment analysis

At this stage, utilizing the ToppGene database, we carried out a
KEGG pathway enrichment study to carry out the analysis on significant
pathways involving all DEGs. For KEGG pathways, the false discovery
rate (FDR) cutoff of <0.05 was determined. The most common genes and
the most genes annotated were the criteria for pathway selection.

2.3.6. Survival analysis

We used the Gene Expression Profiling Interactive Analysis (GEPIA)
database to evaluate the association between hub genes in the ceRNA
network and the survival of RCC patients based on the Log-rank test
using The Cancer Genome Atlas (TCGA) data (Tang et al., 2017).

3. Results
3.1. QPCR results

3.1.1. The expression of hsa_circ. 0020397, hsa_circ. 0005986,
hsa_circ. 0003028 and hsa_circ. 0006990 in tumors and adjacent normal
tissues

The evaluation of circRNAs expression in our 40 RCC tumor samples
and their adjacent non-cancerous tissues revealed that the expression of
hsa_circ_0020397, hsa_circ_0005986 and hsa_circ_ 0006990 were signif-
icantly lower in tumors (Tumor Median = 0.095, 0.162, 0.670, respec-
tively) than their adjacent normal tissues (Normal Median = 1.056,
0.932, 0.948, respectively) (P-value = 0.004, 0.000062, 0.042, respec-
tively). However, the expression of hsa_circ_. 0003028 did not differ be-
tween tumor and adjacent tissue samples (P-value = 1.000) (Fig. 2,
Table 4).

The analysis of circRNAs expressions in 27 ccRCC samples revealed
relatively lower expressions of hsa_circ_0020397, hsa_circ_ 0005986 and
hsa_circ_0006990; while hsa_circ_0003028 was similarly expressed in
ccRCC and adjacent tissue samples (Table 5). Also, the comparison of
circRNAs expression between tumors and adjacent non-cancerous tis-
sues in non-ccRCC revealed relatively lower expression of hsa_-
circ_0005986 (Table 6).
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Fig. 2. The box plot for comparing the expression of (A) hsa_circ_.0020397, (B) hsa_circ_0005986, (C) hsa_circ_0003028, and (D) hsa_circ_0006990 between tumors

and adjacent non-cancerous tissues.

Table 4

The comparison of circRNAs expression between tumors and adjacent non-
cancerous tissues in all types of RCC. All P-values were computed from the
Wilcoxon test.

ValidN  Mean Standard Median  P-value
Deviation

FC_N_0020397 40 17.059 73.195 1.056 0.004
FC_T_0020397 40 1.241 3.860 0.095

FC_N_0005986 40 18.549  47.924 0.932 0.000062
FC_T_0005986 40 0.599 1.477 0.162

FC_N_0003028 40 5.544 19.947 0.935 1.000
FC_T_0003028 40 3.565 10.415 1.091

FC_N_0006990 40 1.988 2.455 0.948 0.042
FC_T_0006990 40 1.493 1.880 0.670

3.1.2. The association of hsa_circ. 0020397, hsa_circ. 0005986,
hsa_circ 0003028 and hsa_circ.0006990 expression with demographic and
clinicopathological characteristics of RCC patients

Our data revealed that hsa_circ_0020397, hsa_circ_ 0005986 and
hsa_circ_0006990 had a significant lower expression in patients who had
history of kidney disease (P-value = 0.026, 0.008, 0.028, respectively)
(Fig. 3a, b, ¢, Table 7). In addition, hsa_circ_.0003028 had a higher
expression in the tumor of participants with Lymphovascular/perineural
invasion (P-value = 0.022, Fig. 3d), and hsa_circ_0006990 had a higher
expression in oncocytoma type in comparison to other types of RCC (P-

Table 5
The comparison of circRNAs expression between tumors and adjacent non-
cancerous tissues in ccRCC. All p-values computed from the Wilcoxon test.

Valid N Mean Standard Deviation Median  P-value
FC.N_0020397 27 24.304  88.673 1.060 0.005
FC_T_0020397 27 1.036 3.926 0.028
FC.N_0005986 27 23.878  56.965 0.772 0.002
FC_T_0005986 27 0.681 1.782 0.133
FC_N_0003028 27 7.139 24.130 0.993 0.981
FC_T_0003028 27 4.606 12.598 1.110
FC_N_0006990 27 2.009 2.757 0.918 0.002
FC_T_0006990 27 0.933 1.187 0.425

Table 6
The comparison of circRNAs expression between tumors and adjacent non-
cancerous tissues in non-ccRCC. All p-values computed from the Wilcoxon test.

Valid N Mean Standard Deviation Median P-value
FC_N_0020397 13 2.012 3.502 0.910 0.279
FC_T_0020397 13 1.666 3.840 0.377
FC_N_0005986 13 7.481 15.389 1.245 0.013
FC_T_0005986 13 0.429 0.404 0.208
FC_N_0003028 13 2.231 3.735 0.693 0.917
FC_T_0003028 13 1.402 1.061 1.000
FC_N_0006990 13 1.944 1.765 0.977 0.552
FC_T_0006990 13 2.656 2.501 2.390
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Fig. 3. The box plot for comparing the expression of (A) hsa_circ_0020397, (B) hsa_circ_0005986, and (C) hsa_circ_ 0006990 in patients with or without kidney disease. (D) The box plot to compare the expression of
hsa_circ_0003028 in patients with or without lymphovascular/perineural invasion. (E) The box plot for the expression comparison of hsa_circ_0006990 in different subtypes of RCC. The comparison of expression in
different types of RCC in hsa_circ_.0003028 (F), hsa_circ_0005986 (G), and hsa_circ_0020397 (H). The comparison of expression in different types of RCC was measured two by two by the Mann-Whitney test. The
following are significant P-values: The P-value for chromophore and oncocytoma is 0.046; the P-value for clear cell and chromophore is 0.025; and the P-value for clear cell and chromophore is 0.032.
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Table 7

The Association of hsa_circ_0020397, hsa_circ_0005986, hsa_circ_0003028, and hsa_circ_0006990 expression with demographic and clinicopathological features in RCC patients.

Table 7 hsa_circ_0020397 hsa_circ_0005986 hsa_circ_0003028 hsa_circ_0006990
N Mean SD Median P-value Mean SD Median P-value Mean SD Median P-value Mean SD Median P-value

Sex Male 29 1.562 4.498 0.077 0.809 0.742 1.717 0.178 0.820 3.409 11.292 1.000 0.332 1.466 1.990 0.731 0.458
Female 11 0.393 0.605 0.125 0.221 0.191 0.135 3.975 8.109 1.705 1.566 1.640 0.524

Tumor size <4 20 0.183 0.230 0.065 0.152 0.719 1.935 0.205 0.344 4.355 13.566 1.091 0.766 1.430 2.288 0.441 0.417
>4 20 2.299 5.308 0.280 0.479 0.841 0.124 2.774 6.107 1.111 1.556 1.417 1.258

Tumor focality focal 25 0.810 2.807 0.032 0.230 0.789 1.822 0.208 0.364 4.859 13.068 1.072 0.625 1.509 2.086 0.731 0.856
unifocal 15 1.960 5.207 0.280 0.282 0.464 0.133 1.408 1.202 1.110 1.467 1.544 0.434

Tumor type Clear cell 27 1.036 3.926 0.028 0.126 0.681 1.782 0.133 0.148 4.606 12.598 1.110 0.599 0.933 1.187 0.425 0.038
Papillary 5 2.977 6.201 0.280 0.471 0.340 0.531 1.547 1.309 1.000 1.905 1.158 1.849
Chromophore 6 1.047 1.274 0.626 0.155 0.046 0.156 1.050 0.893 0.905 2.290 1.294 2.761
Oncocytoma 2 0.246 0.186 0.246 1.146 0.022 1.146 2.093 0.931 2.093 5.634 6.323 5.634

Tumor necrosis Seen 20 2.054 5.359 0.073 0.745 0.729 1.968 0.123 0.068 4.112 13.620 0.905 0.079 1.622 2.314 0.821 0.626
Not seen 20 0.428 0.691 0.101 0.469 0.756 0.200 3.017 6.042 1.570 1.365 1.365 0.567

Fuhrman nuclear grade 1 5 0.807 1.517 0.125 0.992 0.441 0.463 0.178 0.938 1.535 1.171 1.292 0.281 2.670 4.256 0.425 0.989
2 21 0.352 0.575 0.077 0.371 0.735 0.160 4.252 13.234 1.000 1.189 1.111 0.610
3 9 0.407 0.660 0.028 1.241 2.875 0.178 4.580 8.941 1.434 1.349 1.606 0.912
4 5 6.910 9.712 0.034 0.559 0.769 0.131 0.880 1.280 0.344 1.854 1.606 2.670

Lymph vascular perineural invasion No 8 4.324 8.163 0.019 0.223 0.359 0.643 0.072 0.073 0.770 1.028 0.410 0.022 1.278 1.454 0.397 0.543
Yes 32 0.470 0.795 0.120 0.659 1.623 0.178 4.264 11.563 1.334 1.547 1.988 0.821

Extension No 30 0.408 0.770 0.095 0.815 0.650 1.679 0.170 0.803 3.551 11.061 1.257 0.190 1.379 1.950 0.533 0.532
Yes 10 3.740 7.307 0.157 0.445 0.581 0.124 3.608 8.707 0.660 1.837 1.700 1.681

Cancer history No 19 0.437 0.711 0.054 0.735 0.859 2.095 0.133 0.481 1.433 1.167 1.110 0.871 1.929 2.433 1.077 0.350
Yes 21 1.968 5.237 0.113 0.364 0.429 0.203 5.494 14.215 1.000 1.099 1.104 0.456

BMI <25 9 4.340 7.577 0.388 0.221 0.414 0.568 0.203 0.578 1.527 1.001 1.000 0.408 1.734 1.338 1.837 0.309
25-29 26 0.368 0.631 0.043 0.708 1.798 0.144 3.627 11.929 1.036 1.166 1.294 0.578
>30 5 0.200 0.232 0.115 0.365 0.449 0.116 6.911 11.953 1.705 2.763 4.191 0.524

Kidney disease No 29 1.660 4.481 0.125 0.026 0.771 1.707 0.178 0.008 2.435 5.084 1.292 0.310 1.823 2.084 1.162 0.028
Yes 11 0.136 0.201 0.009 0.145 0.196 0.068 6.543 18.363 0.993 0.624 0.692 0.368

P-values less than 0.05 were considered to be statistically significant.
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Table 8

The Association of hsa_circ_0020397, hsa_circ_0005986, hsa_circ_0003028, and hsa_circ_0006990 expression with demographic and clinicopathological features in RCC patients, according to dividing fold changes into

two groups of high and low expressions.

Table 8 hsa_circ_0020397 P- hsa_circ_0005986 P- hsa_circ_0003028 P- hsa_circ_0006990 P-
X value , value K value K value
Low High Low High Low High Low High
N % N % N % N % N % N % N % N %
Tumor size <4 11 55.0% 9 45.0% 0.527 8 40.0% 12 60.0% 0.206 10 50.0% 10 50.0% 1.000 11 55.0% 9 45.0% 0.527
>4 9 45.0% 11 55.0% 12 60.0% 8 40.0% 10 50.0% 10 50.0% 9 45.0% 11  55.0%
Tumor focality Focal 14  56.0% 11 44.0% 0.327 11 44.0% 14 56.0% 0.327 13 52.0% 12  48.0% 0.744 12 48.0% 13  52.0% 0.744
Unifocal 6 40.0% 9 60.0% 9 60.0% 40.0% 46.7% 8 53.3% 8 533% 7 46.7%
Background disease None 11 52.4% 10 47.6% 0.133 10 47.6% 11 52.4% 0.727 10 47.6% 11 52.4% 0.550 9 42.9% 12 57.1% 0.657
High blood pressure 6 50.0% 6 50.0% 7 58.3% 41.7% 66.7% 4 33.3% 7 583% 5 41.7%
Diabetes 3 100.0% 0 0.0% 2 66.7% 1 33.3% 1 33.3% 2 66.7% 2 66.7% 1 33.3%
High blood pressure 0 0.0% 3 100.0% 1 33.3% 2 66.7% 1 33.3% 2 66.7% 2 66.7% 1 33.3%
and diabetes
Prostate problems 0 0.0% 1 100.0% 0 0.0% 1 100.0% 0 0.0% 1 100.0% 0 0.0% 1 100.0%
Fuhrman nuclear grade 1 1 20.0% 4 80.0% 0.540 2 40.0% 3 60.0% 0.906 2 40.0% 3 60.0% 0.384 3 60.0% 40.0% 0.906
2 11 52.4% 10  47.6% 11  524% 10 47.6% 11 524% 10 47.6% 11  52.4% 10 47.6%
3 5 55.6% 4 44.4% 4 44.4% 5 55.6% 3 333% 6 66.7% 4 44.4% 5 55.6%
4 3 60.0% 2 40.0% 3 60.0% 2 40.0% 4 80.0% 1 20.0% 2 40.0% 3 60.0%
Lymph vascular No 6 75.0% 2 25.0% 0.114 6 75.0% 2 25.0% 0.114 6 75.0% 2 25.0% 0.114 5 62.5% 3 37.5% 0.429
perineural invasion Yes 14 43.8% 18  56.3% 14 43.8% 18 56.3% 14 438% 18 56.3% 15 469% 17 53.1%
Kidney disease No 13 44.8% 16  55.2% 0.288 12 41.4% 17 58.6% 0.077 13 448% 16 55.2% 0.288 12 41.4% 17 58.6% 0.077
Yes 7 63.6% 4 36.4% 8 72.7% 3 27.3% 7 63.6% 4 36.4% 8 72.7% 3 27.3%
Kidney stone No 12 57.1% 9 42.9% 0.342 12 57.1% 42.9% 0.342 8 381% 13  61.9% 0.113 12 571% 9 42.9% 0.342
Yes 8 42.1% 11 57.9% 8 42.1% 11  57.9% 12 63.2% 36.8% 8 421% 11  57.9%
BMI <25 4 44.4% 5 55.6% 0.793 2 22.2% 77.8% 0.166 55.6% 44.4% 0.356 4 44.4% 55.6% 0.856
25-29 14  53.8% 12 46.2% 15 57.7% 11  42.3% 14 53.8% 12 46.2% 13 50.0% 13  50.0%
>30 2 40.0% 3 60.0% 3 60.0% 40.0% 20.0% 80.0% 3 60.0% 40.0%
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Fig. 4. The ceRNA network of circRNA-DEmiRNA-hub gene in RCC. Rectan-
gles indicate circRNAs, diamonds indicate DEmiRNA, and ellipses indicate hub
genes. The solid lines show predicted interactions between protein and protein
by the STRING database. The contiguous and separate arrows show predicted
DEmiRNA-hub gene and circRNA-DEmiRNA interactions, respectively.

value = 0.038, Fig. 3e). Other circRNAs demonstrated no significant
association with RCC subtype and expression (Fig. 3f, g, h). The com-
parison of expression in different types of RCC was measured two by
two. The following are significant P-values: The P-value for chromo-
phore and oncocytoma is 0.046; the P-value for clear cell and chromo-
phore is 0.025; and the P-value for clear cell and chromophore is 0.032
(Supplementary Files 3).

Furthermore, RCC patients were divided into two groups of high and
low expression, according to the median for each gene (Table 8). We did
not observe any significant association between low and high expression
groups and clinicopathological and demographic features. The signifi-
cant difference in expression levels found between the RCC and adjacent
tissue samples, as well as these relationships, are not proof of the exis-
tence of a relationship with clinicopathological characteristics. On the
other hand, some clinicopathological factors have no known effect on
expression.

3.2. Bioinformatics results

3.2.1. Identification of DEmRNAs

Eighteen gene expression profiles (Table 1, Supplementary Files 2)
were collected for analysis. We considered the adjusted P-value <0.05 to
be statistically significant for DEmRNAs. Totally, 1162 DEmRNAs were
screened from 18 GSEs (Supplementary Files 4).

3.2.2. Identification of DEmiRNAs

As shown in Table 3, three miRNA gene chips (GSE16441,
GSE55138, and GSE41282) were selected for this study. In the first step,
DEmiRNAs were identified by using GEO2R. The threshold points were
Adjusted P-value <0.05 (Supplementary File 8). Then, we determined
common DEmiRNAs in these GSEs.

3.2.3. PPI network construction and identification of hub genes

Common shared DEmRNAs in GSEs were selected for input to the
STRING database, and their interaction was constructed (Supplementary
Files 4). After the removal of duplicated edges and self-loops, 1130
nodes were displayed in the final network (Supplementary Files 5). After
selecting the hubs, in the next steps, we used them to choose the
important involved molecular pathways.

3.2.4. Prediction of DEmiRNA-DEmRNA, circRNA-DEmiRNA interactions,
and construction of ceRNA network
The list of 50 miRNAs related to DEmRNAs, as well as miRNAs
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related to the hub genes in the “Pathways in cancer”, was detected by
miRTarbase, miRDB, PITA, and Targetscan databases using ToppGene
(Supplementary File 7). Finally, we chose 12 DEmiRNAs that target hub
genes of the “pathways in cancer” (hsa-miR-20a-5p, hsa-miR-182, hsa-
miR-20b-5p, hsa-miR-93-5p, hsa-miR-17-5P, hsa-miR-34a, hsa-miR-
106b-5p, hsa-miR-206, hsa-miR-150, hsa-miR-122, hsa-miR-21, and
hsa-miR-494). CircRNAs play crucial roles in tumors by sponging the
miRNAs. We found that three hub genes (CASP8; Caspase 8, CCNDI;
Cyclin D1, CYCS; Cytochrome C) and five DEmiRNAs (hsa-miR-150, hsa-
miR-34a, hsa-miR-494, hsa-miR-182, hsa-miR-21) were regulated by the
four circRNAs (hsa_circ_0020397, hsa_circ_0005986, hsa_circ_0003028,
hsa_circ_0006990) and based on circRNA-DEmiRNA and DEmiRNA-hub
gene interactions we constructed the selected circRNA-associated
ceRNA network (Fig. 4).

3.2.5. KEGG pathway enrichment analysis

KEGG pathway enrichment analysis showed involvement of all DEGs
in the different pathways such as “Pathways in cancer”, “Focal adhe-
sion”, “PI3K-Akt signaling pathway”, and “mTOR signaling pathway”.
“Pathways in cancer” was the most significant pathway (Supplementary
File 7). It’s important to note that this analysis might be overestimate
enriched pathways. We highlighted the DEmRNAs in this pathway for
subsequent analysis (Supplementary File 7).

3.2.6. Survival analysis

We investigated the overall survival (OS) for three hub genes
(CASP8, CCND1, CYCS) in the ceRNA network. Two mRNAs (CCND1
and CYCS) were significantly associated with survival prognosis in RCC
patients. CcRCC patients with lower expressions of CCND1 and CYCS
had a significantly shorter overall survival (log-rank p = 2.5e —0.05 and
0.025), while we did not find a significant association between CASP8
expressions and survival prognosis in RCC patients (0.17) (Fig. 5). We
investigated further by looking at survival analyses in RCC subtypes
using the GEPIA database. The log rank p of the results are as follows:
0.023, 0.17, and 0.47 for kidney chromophobe (KICH), kidney renal
clear cell carcinoma (KIRC), and kidney renal papillary cell carcinoma
(KIRP), respectively (Fig. 6). It should be noted that the results of pan-
cancer data for renal cancer have been reported to be significant for
the CASP8 (Liu et al., 2021). The available pan-cancer data did not show
any differences between RCC subtypes.

4. Discussion

CircRNAs are stable loops, resistant to exonuclease digestion, tissue
specificity, and highly abundant. These RNAs have been shown to play
key roles as regulators of gene splicing and miRNAs sponges. An
increasing number of studies have been carried out to identify the roles
circRNAs in malignancies (Tang et al., 2021). Several researches have
studied the role of ncRNAs on clinical phenotypes of RCC through their
multifaceted biological roles (Franz et al., 2019). In this study, we
evaluated hsa_circ_0020397, hsa_circ_0005986, hsa_circ_0003028, and
hsa_circ_0006990 expression in RCC compared to their normal tissues.
In addition, we used a bioinformatics approach to data mine the various
datasets of samples from patients with ccRCC and matched control. To
identify DEmRNAs and DEmiRNAs and create a circRNA-associated
ceRNA network was our goal. The results are discussed below.

Lower levels of hsa_circ. 0020397, hsa_circ.0005986, and hsa_-
circ_0006990 were detected in patients with RCC, as well as ccRCC sub-
type, in comparison with the controls using qPCR. Additionally,
hsa_circ_0006990 showed a higher expression in oncocytoma type in
comparison to other types of RCC. In triple-negative mesenchymal cell
lines, hsa_circ_0020397 showed low or undetectable levels, but in
epithelial cell lines, regardless of estrogen receptor or HER2 status, its
concentration is high (Kurosaki et al., 2021). Zhang et al. reported that via
sponging miR-138, hsa_circ_0020397 promoted CRC cell proliferation and
invasion, leading to the up-regulation of miR-138 target genes,
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Fig. 5. Overall survival of kidney renal clear cell carcinoma (KIRC) patients based on CCND1, CYCS, and CASP8 expression. In relation to CYCS and CCND1, low
expression of the genes was associated with low survival. (A) Log-rank p related to CYCS was 0.025. (B) Log-rank p related to CCND1 was 2.5e-0.5. (C) Log-rank p

related to CASP8 was 0.17.

programmed death-ligand 1 (PD-L1), and telomerase reverse transcriptase
(TERT) (Zhang et al., 2017). These data support our hypothesis that
hsa_circ_0020397 contributes to the pathogenesis of RCC. In line with our
results, Fu et al. showed that hsa_circ. 0005986 is downregulated in HCC.
They also showed that this circRNA regulated NOTCHI expression by
sponging miR-129-5p in a ceRNA manner (Fu et al., 2017). Previous
studies reported that hsa_circ_0006990 is a potential CRC biomarker and
exerts oncogenic properties via sponging miR-101 (Li et al., 2019). These
findings support the idea that hsa_circ_ 0006990 contributes to the path-
ophysiology of cancers by acting on the ceRNA regulatory axis. In addi-
tion, it was shown that hsa_circ_ 0003028 is downregulated in urothelial
carcinoma and inhibits lymph node invasion in bladder cancer through
sponging the miR-570-3p (He et al., 2020). We also found that three types

10

of circRNAs (i.e.,, hsa_circ_.0020397, hsa_circ_.0005986, and hsa_-
circ_0006990) with lower expressions in ccRCC were also downregulated
in patients with chronic kidney disease (CKD), which is a known risk factor
for RCC (Khan and Pandey, 2014; Pillebout et al., 2003; Rysz et al., 2017).
Hence, our findings suggest that the increased risk of RCC in CKD might be
related to the downregulation of these 3 cicrRNAs.

Even though there were no significant differences in the hsa -
circ_0003028 expression levels between RCC patients and controls in the
samples, we discovered that dysregulation of hsa_circ_ 0003028 is asso-
ciated with lymphovascular/perineural invasion in RCC patients. In
their study on the effects of lymphovascular invasion on survival, Bel-
sante et al. (Belsante et al., 2014) found that patients with lymphovas-
cular invasion had significantly lower rates of disease-free and cancer-
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specific survival, and they found that lymphovascular invasion was
present in 14% of 419 patients with ccRCC. Katz et al. (Katz et al., 2011)
found lymphovascular invasion in 11% of 841 patients and found that
these patients had considerably poorer rates of metastasis-free, disease-
specific, and overall survival. Likewise, perineural invasion of RCCs, is a
sign of tumor invasion and metastasis; hence it portends the poor
prognosis of patients (Chen et al., 2019). We know that other subtypes of
RCC are rare and that ccRCC is the most prevalent form of this malig-
nancy (Hsieh et al., 2017). This might be because the research only has a
small sample of each RCC subtype (Supplementary File 1). Given its
relatively higher expression in RCCs with lymphovascular/perineural
invasion, possible role of hsa_circ. 0003028 in lymphovascular/peri-
neural invasion should be further investigated.

According to our bioinformatic results, we predicted the 15 circRNA-
DEmiRNA-hub genes ceRNA regulatory axes, which included three hub
genes (CASP8, CCND1, CYCS), five DEmiRNAs (hsa-miR-150, hsa-miR-
34a, hsa-miR-494, hsa-miR-182, hsa-miR-21), and four circRNAs
(hsa_circ_0020397, hsa_circ_0005986,  hsa_circ_0003028, hsa_-
circ_0006990). In recent years, an increasing number of studies have
demonstrated that circRNA is crucial to the biological functions of a
network of ceRNA (Zhong et al., 2018b). CircRNAs can compete with
miRNAs to regulate gene expression at the transcriptional level by
affecting the stability of target RNAs or their translation (Zhong et al.,
2018b). CircRNAs participate in the biological processes as ceRNAs,
including tumor cell proliferation, apoptosis, invasion, and migration
(Zhong et al., 2018b). Based on our bioinformatic analysis, we hy-
pothesized that downregulation of hsa_circ_0020397 might increase
RCC metastasis through sponging hsa-miR-150 by downregulating
CASP8. As mentioned above, hsa_circ_0020397 could operate as a tumor
suppressor gene in CRC (Zhang et al., 2017). Hsa_circ_0020397 could act
to antagonize the activity of miR-138 by affecting its target genes TERT
and PDL1, leading to the invasion and increased cell proliferation in CRC
(Zhang et al., 2017). In line with our analysis, one study showed that
hsa-miR-150 expression was higher in RCC tissues compared to the
normal kidney (Lokeshwar et al., 2018). One of the important genes for
regulating apoptosis is CASP8, whose activation leads to the activation
of caspase-3 (Samaras et al., 2009). The study conducted by Heikaus
et al. showed that CASP8 expression increased during carcinogenesis
and downregulated in advanced RCC (Heikaus et al., 2008). In addition,
we proposed that hsa_circ_ 0020397 might sponge hsa-miR-34a and hsa-
miR-494. These miRNAs were previously identified to be upregulated
(hsa-miR-34a) and downregulated (hsa-miR-494) in RCC tissues
compared with the control group (Gattolliat et al., 2018; Toraih et al.,
2017). The ceRNA network in our study revealed that hsa-miR-34a and
hsa-miR-494 had a link with CCND1 in the RCC progression. CCND1, as
an oncogene in many cancers, shows increased expression during the
cell cycle. In 2019, it was shown that its expression was upregulated in
ccRCC (Wang et al., 2019). In this regard, transcriptomic studies
revealed that CCND1 was overexpressed in RCC cases (Karim et al.,
2016). We also demonstrated that hsa_circ. 0020397 might down-
regulate the CYCS expression by sponging hsa-miR-34a. Moreover, the
ceRNA network showed that hsa_circ_ 0020397 sponged hsa-miR-494
and hsa-miR-182. The previous study showed that expression of hsa-
miR-494 and hsa-miR-182 were significantly reduced in RCC (Gattoll-
iat et al., 2018; Kulkarni et al., 2018). CYCS is a multifunctional enzyme
that plays a role in cell apoptosis and is a mitochondrial biomarker. On
the other hand, CYCS has been recently identified as a tumor suppressor
in RCC (Liu et al., 2019). Interestingly, our bioinformatics analysis
demonstrated that the hsa_circ. 0005986 could potentially act as a
sponge for some miRNAs (hsa-mir-21, hsa-mir-34a) through given
ceRNA networks for regulating its target mRNAs including CASPS,
CCND1, and CYCS. In the same vein, we proposed the hsa_circ_0006990
could affect the development of RCC via sponging hsa-mir-494, hsa-mir-
34a through CCND1 and CYCS. One of the most significant findings in
this research can be a potential function of hsa_circ_0020397 /hsa-mir-
34a/CYCS and hsa_circ_0005986/hsa-mir-34a/CYCS axes in the
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progression of RCC. Although the deregulation of these genes in RCC
supports our findings, the anticipated ceRNA axes still require molecular
validation. In addition, it is noteworthy that gene expression patterns
may be affected by different techniques, patient characteristics, sample
preparation, data processing, and platform types.

5. Conclusion

According to our findings, the expression of hsa_circ_ 0020397, hsa
_circ_0005986, and hsa _circ_0006990 was downregulated in RCC tis-
sues. In addition, the expression of these circRNAs was dramatically
reduced in patients with a history of kidney illness. In addition, hsa_-
circ_0003028 and hsa_circ_0006990 demonstrated increased expression
in the tumors of participants with lymphovascular/perineural invasion
and oncocytoma, respectively. This is the first study to demonstrate the
expression of the hsa_circ. 0020397, hsa_circ. 0005986, hsa_-
circ_0003028, and hsa_circ_ 0006990 genes in RCC patients. The re-
ported results are preliminary, and additional in vitro and in vivo studies
could potentially strengthen them. This study sheds new light on the
molecular pathways behind the formation of RCC, although the poten-
tial roles of these circRNAs as ceRNA deserve more investigation.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.yexmp.2022.104848.
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