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Identification of eight key miRNAs associated
with renal cell carcinoma: A meta-analysis
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Abstract. Renal cell carcinoma (RCC) is the most common
renal carcinoma in the human kidney. To date, to the best of
our knowledge, there are no biomarkers for the early moni-
toring and diagnosis of RCC patients. The present study aimed
to develop deeper insight into the molecular mechanisms of
microRNAs (miRNAs/miRs) in the regulation of RCC devel-
opment and to reveal candidate miRNA biomarkers in human
RCC. A meta-analysis was used to integrate the published and
independent RCC miRNA expression profiling investigations
that compared the miRNA expression profiles in RCC samples
with control samples. The meta-signature miRNA target genes
were then predicted in TargetScan. The predicted targets
were further analyzed using Gene Ontology and pathway
enrichment analysis with the Database for Annotation,
Visualization and Integrated Discovery online tool, and
then the transcription factors of meta-signature miRNA
target genes were identified in Tfacts. A total of 7 publicly
available and independent RCC miRNA expression profiling
datasets were collected, and 2 upregulated (hsa-miR-155-5p
and hsa-miR-210-5p) and 6 downregulated (hsa-miR-138-5p,
hsa-miR-141-5p, hsa-miR-200c-5p, hsa-miR-362-5p,
hsa-miR-363-5p and hsa-miR-429) meta-signature miRNAs
in renal carcinoma were identified. The targeted gene enrich-
ment analysis indicated that the meta-signature miRNAs may
influence several pathways that participate in cancerogenesis,
including the ‘rapl signaling pathway’, ‘renal cell carcinoma’
and ‘microRNAs in cancer’. Overall, the present meta-analysis
identified 2 upregulated and 6 downregulated meta-signature
miRNAs from 7 renal carcinoma datasets, the dysregulated
miRNAs that may contribute to kidney carcinoma develop-
ment. This research may reveal candidate miRNA biomarkers
in human RCC.
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Introduction

Renal cell carcinoma (RCC) is the most common urological
cancer, representing ~90% of adult human kidney cancer
cases (1). RCC accounts for just under 3% of all adult
neoplasms. The incidence of RCC has increased progres-
sively in the last few decades. Even though the mortality rate
of RCC is sustained at a high level, it is a remediable disease
when metastasis does not occur. Clinically, it has been
shown that RCC is commonly resistant to chemotherapy and
radiation therapy, and that tumor resection remains the only
definitive treatment for curative therapy (2). Nearly 55% of
patients with RCC survive following curative nephrectomy.
However, 20-40% of RCC patients develop postoperative
metastasis (3). Thus far, no early diagnostic biomarkers for
RCC have been identified, resulting in the late detection
of the disease and a poor therapeutic effect. Therefore, the
identification of RCC biomarkers that can improve the early
diagnosis and prognosis of RCC patients is an important
focus of cancer therapy.

miRNAs are ~22-nucleotide, single-stranded, small
non-coding RNAs with expression at the post-transcriptional
level in diverse biological processes (4). The differences in
the miRNA expression profiles between RCC and normal
tissues show that miRNAs participate in the cancer genesis of
kidney carcinoma, suggesting roles as cancer suppressors and
oncogenes (5-7). Thus, miRNAs may be able to function as
prognostic and diagnostic biomarkers in RCC. Previous studies
have researched the role of miRNAs in RCC using miRNA
expression profiling and revealed that the miRNAs provided
a novel post-transcriptional mechanism for controlling the
expression of specific pathways and genes associated with
RCC (8-10). Revealing the biological functions of miRNAs
and their roles in kidney tumorigenesis may improve the early
detection and effective treatment of RCC.

Recently, mechanism-based and integrative profiling
research has revealed the functions of miRNAs in RCC. To
a certain extent, this research is beneficial to improve our
understanding of the molecular mechanisms of kidney cancer
genesis. Previous studies have reported the miRNA expres-
sion profiling and functions in RCC, such as for miR-133b (9),
miR-135a (9), miR-205 (10), miR-372 (11), miR-204 (12) and
miR-1258 (13). However, due to the difference in sequencing
platforms, sample selection and filter conditions, the miRNA
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expression profiling displays inconsistent results between
different studies (5,6,8).

Thus, to minimize the limitations found in these studies,
a meta-analysis was performed in the present study using the
robust rank aggregation method (14), followed by the target
prediction of identified meta-signature miRNAs and pathway
enrichment analysis, to identify miRNA dysregulation in RCC
and the pathways that may be controlled by these miRNAs.
The transcription factors of meta-signature miRNA target
genes were then identified. The present meta-analysis is
important for developing deeper insight into miRNAs in the
regulation of RCC development.

Materials and methods

Selection of studies and datasets. RCC miRNA expres-
sion profiling studies were found via PubMed (www.ncbi.
nlm.nih.gov/pubmed) using the search terms ‘microRNAs,
‘miRNAsS,” ‘renal cell carcinoma’ and their combinations. The
last search was performed on March 2017. Article titles and
abstracts were screened. The full texts of articles were evalu-
ated. Articles that were original experimental studies, were
published in English and analyzed the miRNA expression
profiling between human RCC samples and control samples
were included. Studies were excluded if they met the following
selection criteria: i) Non-English studies; ii) studies using
only cell lines; iii) studies of individual preselected candidate
miRNAs or genes; iv) case reports and review articles; and
v) studies that did not include non-cancerous control samples.
Lists of statistically significantly upregulated and downregu-
lated miRNAs were extracted from the publications. A total
of 7 publicly available and independent miRNA datasets of
RCC were included in this analysis. The occurrence of upregu-
lated and downregulated miRNAs was recorded, respectively.
Differentially expressed miRNAs were required to be present
in at least 4 databases as a filtering condition. All miRNA
names were standardized on the basis of miRBase version 21
(http://www.mirbase.org/).

Meta-analysis. The ranked lists of gene sets for each analysis
obtained from the 7 datasets were integrated for analysis.
Based on statistical test P-values performed with independent
Student's t-tests using SPSS 19.0 (IBM Corp., Armonk, NY,
USA), where P<0.05 was considered significant, the lists of
extracted miRNAs were prioritized by fold-change values.
The robust rank aggregation method was used to ensure that
the extracted miRNAs could be ranked reliably (14).

Prediction of meta-signature miRNA target genes. The nucle-
otide sequences of meta-signature miRNAs were retrieved
using miRBase version 21 (http:/www.mirbase.org/) (15)
and organized into FASTA files. The genes targeted by these
miRNAs were then predicted using TargetScan (16). Other
parameters were default parameters.

Pathway enrichment analysis. To predict the potential
functions of target genes, Gene Ontology (GO) analysis
(www.geneontology.org/) was performed (17). The Kyoto
Encyclopedia of Genes and Genomes (KEGG) was used
to identify molecular functions (18). Using the Database for
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Annotation, Visualization and Integrated Discovery (DAVID)
online tool, GO and KEGG pathway enrichment analyses
were performed for the differentially expressed miRNA target
genes (19). The filtering criterion was P<0.05.

Transcription factor analysis of meta-signature miRNA
target genes. The transcription factor analysis of upregulated
and downregulated miRNA target genes was performed in
Tfacts (http://www.tfacts.org/). The indices, including P-value,
g-value, E-value and false discovery rate were used to select
reliable transcription factors. The quantitative values of all the
indices should be <0.05.

Results

Study selection. According to the selection criteria, 7 publicly
available and independent RCC miRNA expression profiling
datasets were collected in this analysis. The research strategy
in this study is shown in Fig. 1. These datasets were performed
with different populations and platforms. The main char-
acteristics of these studies and the acronyms by which the
studies are made reference to are presented in Table I. The 7
datasets were as follows: i) MR (20); ii)) XW (21); iii) SO (22);
iv) CN (23); v) HH (13); vi) LW (24); and vii) FG (25). The
2 earliest studies were published in 2007 and 2008, respec-
tively, while the remaining 5 were published between 2010
and 2012. Using the Scalable Vector Graphics module of Perl
(https://metacpan.org/pod/SVG) to analyze the distribution of
differentially expressed miRNAs, it was found that the differ-
entially expressed miRNAs were markedly different between
these 7 datasets (Fig. 2).

A total of 172 differentially expressed miRNAs were
revealed in the 7 miRNA expression profiling datasets.
However, the differentially expressed miRNA number for each
dataset was clearly different (Figs. 2 and 3). Although differ-
ences existed between each miRNA dataset, the final lists of
the deregulated miRNAs corresponded. In total, 3 miRNA
expression profiling datasets included >50 differentially
expressed miRNAs. The LW, SO and XW datasets included
73, 72 and 56 differentially expressed miRNAs, respectively.
The XW and SO datasets contained the most upregulated
differentially expressed miRNAs, with 29 found. The LW
dataset contained 27 upregulated miRNAs, while the HH
dataset did not contain any. The LW and SO datasets included
46 and 43 downregulated miRNAs, respectively. However, the
FG dataset did not include any downregulated miRNAs.

RCC miRNA meta-signature. Using robust rank aggregation,
a total of 8 significant meta-signature miRNAs were deter-
mined, including 2 upregulated and 6 downregulated miRNAs,
from 7 RCC datasets according to the permutation P-value
(Fig. 2). All of the 8 meta-signature miRNAs that attained
statistical significance following Bonferroni's correction
were present in at least 4 datasets. The upregulated miRNAs
were hsa-miR-155-5p and hsa-miR-210-5p. The down-
regulated miRNAs were hsa-miR-138-5p, hsa-miR-141-5p,
hsa-miR-200c-5p, hsa-miR-362-5p, hsa-miR-363-5p and
hsa-miR-429.

The detailed location information of the 8 meta-signature
miRNAs was extracted from the miRBase database
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Table I. Characteristics of analyzed datasets.
Dataset Assay/sequencing Validation
first author Acronym Samples type method (Refs.)
Redova et al MR Blood serum of 15 RCC patients and TagMan Low Density Arrays RT-qPCR (20)
12 matched healthy controls
Wu et al XW A set of benign kidney specimens (n=10)  Agilent* Human miRNA RT-PCR 21
and a 28-sample ccRCC training cohort, =~ Microarray V2
including localized (pT1; n=13) and
metastatic (M1; n=15) tumor samples
Osanto et al SO 11 fresh frozen ccRCC and adjacent Small RNA sequencing Stem-loop (22)
non-tumoral renal cortex pairs PCR
Nakada et al CN 26 individuals, representing 16 CCCs, Agilent* G4470A Human RT-gPCR (23)
4 ChCCs and 6 normal kidneys miRNA Microarray
Hidaka et al HH 10 cancer tissues and 5 adjacent TagMan LDA Human RT-qPCR (13)
non-cancerous tissues MicroRNA Panel v2.0
Weng et al LwW Paired frozen and FFPE benign kidney Small RNA sequencing RT-PCR 24)
(n=3 each) and ccRCC (n=3) specimens and MicroRNA
Human Version 2 Microarray
Gottardo et al FG 27 kidney specimens (20 carcinomas, MicroRNA oligonucleotide - (25)

4 benign renal tumors and 3 normal

parenchyma)

microchips

*Agilent Technologies GmbH, Waldbronn, Germany. CCC, clear cell carcinomas; ChCC, chromophobe renal cell carcinomas; ccRCC, clear
cell renal cell carcinoma; FFPE, formalin-fixed paraffin-embedded; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

RCC miRNA dataset collection
(number=7)
Curation of public _
miRNA data 1

| Manual miRNA extraction |

) l

| Overlap comparison |

Data -
preprocessing

Meta-signature miRNA
determination
(2 upregulated, 6 downregulated)

Target genes for meta-signature
miRNAs
(1,496 genes)

Function Binding TFs
enrichment (118 TFs)

——

RCC meta-signature miRNAs and
potential functions

Discovery =

Figure 1. Research strategy. A total of 7 RCC miRNA expression profiling
datasets were used according to the selection criteria. A meta-analysis
approach was used to identify 2 upregulated and 6 downregulated meta-signa-
ture miRNAs. Target genes for meta-signature miRNAs were predicted. The
functions of predicted targets were analyzed and then transcription factors of
these predicted target were identified. RCC, renal cell carcinoma; miRNA,
microRNA; TF, transcription factor.

(Table IT). The meta-signature miRNA host genes were
decentralized at different chromosomal locations, with the

exception of the hsa-miR-141-5p and hsa-miR-200c-5p genes,
and the hsa-miR-362-5p and hsa-miR-363-5p genes, which
were located on chrl2 and chrX, respectively. hsa-miR-429,
hsa-miR-210-5p, hsa-miR-138-5p and hsa-miR-155-5p were
included in chrl, chrll, chrl6 and chr2l, respectively.

Target prediction for meta-signature miRNAs. TargetScan
was used to gain predicted target genes for the 8 meta-signa-
ture miRNAs. A total of 185 target genes were obtained
for hsa-miR-362-5p and >200 target genes for the other 7
meta-signature miRNAs.

Functional and pathway enrichment analysis. The functions
of the target genes were analyzed using the DAVID online
tool, GO analysis and KEGG pathway enrichment analyses.
The enriched GO functions for the target genes are presented
in Fig. 4A and Table III. The predicted targets of upregulated
miRNAs were found to be significantly over-represented in
terms of the ‘transcriptional process’, ‘cell proliferation’ and
‘differentiation’. However, the downregulated miRNAs target
genes were mainly relevant to the ‘transcriptional process’,
‘cellular immunity’, ‘neuronal differentiation’ and apoptosis.
The enriched KEGG outputs for several miRNA target sets
mainly showed associations with ‘cellular immunity” (T cell
receptor signaling pathway, B cell receptor signaling pathway
and Rapl signaling pathway), ‘neuronal development’ (seroto-
nergic synapse and Axon guidance), ‘cell mobility’ (regulation
of actin cytoskeleton) and ‘cancer’ (renal cell carcinoma and
microRNAs in cancer). The target gene of hsa-miR-141-5p was
not shown since it lacked KEGG enrichment outputs.
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Figure 2. Distribution of differentially expressed miRNAs in RCC, as reported in selected datasets. A total of 172 differentially expressed miRNAs were
found in 7 miRNA expression profiling datasets. Blue and red vertical bars indicate downregulated and upregulated miRNAs, respectively. The differentially
expressed miRNAs show marked differences between these 7 datasets. The positions of RCC meta-signature miRNAs are shown. RCC, renal cell carcinoma;
miR/miRNA, microRNA.
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Table II. Renal cell carcinoma meta-signature miRNAs.
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Support
miRNA Chromosome Beginning End Strand  datasets Sequence
Upregulated
hsa-miR-155-5p chr21 25573983 25574005 + 4 UUAAUGCUAAUCGUGAUAGGGGU
hsa-miR-210-5p chrll 568150 568171 - 4 AGCCCCUGCCCACCGCACACUG
Downregulated
hsa-miR-138-5p chrl6 56858527 56858549 + 4 AGCUGGUGUUGUGAAUCAGGCCG
hsa-miR-141-5p chrl2 6964113 6964134 + 5 CAUCUUCCAGUACAGUGUUGGA
hsa-miR-200c-5p chrl2 6963703 6963724 + 5 CGUCUUACCCAGCAGUGUUUGG
hsa-miR-362-5p chrX 50008968 50008991 + 4 AAUCCUUGGAACCUAGGUGUGAGU
hsa-miR-363-5p chrX 134169425 134169446 - 4 CGGGUGGAUCACGAUGCAAUUU
hsa-miR-429 chrl 1169055 1169076 + 4 UAAUACUGUCUGGUAAAACCGU
miR/miRNA, microRNA.
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Figure 4. GO processes and pathways most strongly enriched by meta-signature miRNA targets. (A) GO analyses for meta-signature miRNA targets.
(B) Pathway analyses for meta-signature miRNA targets in the Kyoto Encyclopedia of Genes and Genomes database. GO, Gene Ontology; miR/miRNA,
microRNA.

datasets for RCC. Only the datasets that were generated from
miRNA microarrays or sequencing and further validated by
reverse transcription-quantitative polymerase chain reaction

(RT-gPCR) or RT-PCR were selected in this study. Using the
robust rank aggregation method, 2 upregulated and 6 down-
regulated meta-signature miRNAs were determined in at least
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Figure 5. Transcription factor analysis of meta-signature miRNAs target
genes. (A) The number of common and specific transcription factors of
upregulated and downregulated miRNA target genes. (B) The anharmonic
ratio of mainly transcription factors for target genes. miRNA, microRNA.

4 studies. The location of the 8§ meta-signature miRNAs on
the chromosomes and their nucleotide sequences are shown in
Table I1. The majority of them have previously been determined
as tumor suppressors and oncogenes via oncogenic pathways
and are known to be functionally important in kidney carcino-
genesis (27). Therefore, the present results may highlight the
potential of miRNA to improve clinical prediction for RCC
patients.

Numerous previous studies have suggested that a number
of miRNAs serve noticeable roles in kidney cancer develop-
ment. For example, Chen et al (10) showed that miRNA-205
may be a candidate RCC suppressor through targeting zinc
finger E-box-binding homeobox 2 (ZEB2). hsa-miR-155-5p
and hsa-miR-210-5p were reported to be upregulated in the
RCC samples (22), which was also observed in the present
study. By contrast, hsa-miR-138-5p and hsa-miR-141-5p were
identified for the first time in the present study. miR-205 was
markedly upregulated in the non-tumor tissues compared with
that in the RCC samples and cell lines. Overexpression of
miR-205 suppressed ACHN cell proliferation, migration and
invasion, and induced cell apoptosis (10). A study conducted
by Zhou et al (9) reported that miRNA-133b and miRNA-135a
suppressed cell proliferation and induced apoptosis through the
tyrosine-protein kinase JAK2/signal transducer and activator
of transcription 3 signaling pathway in RCC. Huang et al (11)
demonstrated that miRNA-372 was upregulated in control
normal samples compared with that in RCC tissues and cell
lines. miRNA-372 overexpression inhibited proliferation and
invasion via targeting insulin-like growth factor 2 in RCC
cell lines (11). It is noteworthy that the majority of RCC
meta-signature miRNAs in the present study have also been
demonstrated to serve functionally important roles in kidney
cancer genesis. In addition, the targeted gene enrichment
analysis suggested effects on several pathways that partici-
pate in cancerogenesis, including the rapl signaling pathway,
renal cell carcinoma and microRNAs in cancer (Fig. 4). The
majority of the 8 meta-signature miRNAs in the present
study were identified to be associated with RCC development.
Therefore, these miRNAs may be potential candidates for the
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development of early detection and diagnosis methods for
RCC. The meta-analysis showed that high levels of miR-155-5p
and miR-210-5p were associated with RCC. Gao et al (28)
reported that miR-155 overexpression decreased transcription
factor E2F2 (E2F2) expression, while inhibition elevated E2F2
expression in RCC cell lines, and that miR-155 may func-
tion as a cancer-promoting miRNA through targeting E2F2.
Nakada et al (29) suggested that the upregulation of miR-210
was associated with hypoxia-inducible factor 1a accumulation
in response to hypoxic conditions in renal cancer (30). miR-210
was also associated with a number of biological processes,
including mitochondrial metabolism, angiogenesis, cell cycle
regulation and apoptosis (30). Furthermore, miR-141-5p,
miR-200c-5p and miR-429 are members of the miR-200
family (31). Previous studies have reported that ZEB2,
which is a transcriptional repressor for CDH1/E-cadherin, is
a hypothetical target of miR-200c and miR-141 in a variety
of cancer types (31). miR-141 and miR-200c overexpression
decreased ZEB2 expression and increased E-cadherin expres-
sion in lung cancer cells and renal carcinoma cell lines (32,33).
A study conducted by Liang er al (34) showed that miR-138
was able to induce SN-12 cell senescence by increasing the
expression of tumor protein pl6 and targeting histone-lysine
N-methyltransferase EZH2 (34). In addition, miR-429 was
demonstrated to inhibit cell proliferation, migration and
invasion of RCC through targeting transcription factor
Spl (35). miR-363-3p transfection caused a decrease in cyclic
AMP-responsive element-binding protein 1 (CREBI) expres-
sion and suppressed cell proliferation, migration and apoptosis
reduction in human RCC through targeting CREBI (36).

To the best of our knowledge, only a few meta-analyses
of miRNA profiling investigations have been performed
specifically for RCC. Tang and Xu (37) identified a statisti-
cally significant miRNA meta-signature of two upregulated
(hsa-miR-21 and hsa-miR-210) and three downregulated
(hsa-miR-141, hsa-miR-200c and hsa-miR-429) miRNAs in
patients with RCC. The serum levels of hsa-miR-193a-3p,
hsa-miR-362 and hsa-miR-572 in patients with RCC were
significantly increased, whereas the levels of hsa-miR-28-5p
and hsa-miR-378 were markedly decreased (8). In addition,
White er al (6) reported that hsa-miR-122, hsa-miR-155
and hsa-miR-210 had the highest overexpression, and
hsa-miR-200c, hsa-miR-335 and hsa-miR-218 had the most
downregulation in patients with RCC. In present study, a
meta-analysis approach was used to integrate multitudinous
and independent miRNA expression profiling datasets
for RCC. A meta-signature, composed of 8 differentially
expressed miRNAs, including 2 upregulated miRNAs,
hsa-miR-155-5p and hsa-miR-210-5p, and 6 downregulated
miRNAs, hsa-miR-138-5p, hsa-miR-141-5p, hsa-miR-200c-5p,
hsa-miR-362-5p, hsa-miR-363-5p and hsa-miR-429, from
7 different and independent datasets was determined. The
subsequent target prediction of meta-signature miRNAs and
pathway enrichment analysis identified genes and pathways
that may be regulated by these meta-signature miRNAs.
Furthermore, the transcription factors of the meta-signature
miRNA target genes were identified. One potential limitation
of the current study is that the miRNA dataset from blood
serum samples was not included, which may have different
miRNA expression compared with that of the tumor tissues.



5854

The present analysis may be useful in the research into
predictive markers for the early detection of RCC and assist
in obtaining a promising treatment in anticancer therapy.
However, further in vivo validation studies will be required.
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