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therapeutic targets
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Abstract This study aimed to screen effective diagnosis or
treatment biomarkers for renal cell carcinoma, especially for
metastatic renal cell carcinoma (mRCC) based on microRNA
(miRNA) and messenger RNA (mRNA) genechip, and their
regulatory network. The differential expressions of miRNAs
and mRNAs were examined by miRNA and mRNA gene-
chip analyses, respectively, in patients with either localized
renal cell carcinoma (lRCC) or mRCC, and a miRNA-
mRNA regulatory network was established. Subsequently,
the regulation of selected mRNAs by miRNAs was validated
by reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) and dual-luciferase reporter gene assay.
Thirty-one up-regulated miRNAs, 196 down-regulated
miRNAs, 214 up-regulated mRNAs, and 156 down-
regulated mRNAs were identified in patients with mRCC. In
total, 1315 miRNA-mRNA pairs, involving 34 miRNAs and
225mRNAs, were established. The expression profiles of four
up-regulated miRNAs, hsa-miR-139-5p, hsa-miR-140-3p,
hsa-miR-151a-3p, and hsa-miR-204-5p, and four down-
regulated miRNAs, hsa-miR-409-3p, hsa-miR-671-3p, hsa-
miR-1203, and hsa-miR-1290, were consistent with the re-
sults from the miRNA gene-chip analysis. The expression
profiles of NEU2, MASP1, MCL1, ARHGAP11A, HOXA1,
and CLDN8 were consistent with the results from the
mRNA gene-chip analysis. In vitro, hsa-miR-140-3p bound
to the 3′ untranslated region (3′-UTR) of the MASP1 mRNA
and down-regulated its expression. Similarly, hsa-miR-151a-

3p, hsa-miR-671-3p, and hsa-miR-1290 bound to the 3′-UTRs
of theMCL1,HOXA1, andHOXA1mRNAs, respectively, and
down-regulated their expressions. However, binding by hsa-
miR-140-3p, hsa-miR-671-3p, or hsa-miR-1290 did not
down-regulate the expressions of NEU2, ARHGAP11A, and
CLDN8, respectively. This study provides a significant refer-
ence of investigating the pathogenesis of mRCC and the sub-
sequent screening of potential therapeutic targets.
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Introduction

Renal cell carcinoma, a malignancy that originates from the
tubular epithelial system of the renal parenchyma, is the sev-
enth most prevalent tumor in males and the tenth most prev-
alent tumor in females and severely affects human health and
society [1, 2]. According to the 2010 American Joint
Committee on Cancer report on the Classification of
Malignant Tumors, an optimal therapeutic schedule was de-
veloped based on combined imaging procedures and clinical
staging and ensured extensive analysis of tumor invasion and
postoperative treatment based on postoperative histopatholo-
gy [3]. Usually, non-metastatic renal cell carcinoma is treated
through surgical resection, which results in a good prognosis
and a 5-year survival rate of 70 %. However, approximately
20–40 % of non-metastatic renal cell carcinomas are locally
recurrent or undergo metastasis [4, 5]. After renal cell carci-
noma metastasizes, peripheral tissues may undergo severe or-
ganic lesions and failure, and there may be the onset of severe
multi-organ dysfunction syndrome. The median survival time
after metastasis is just 12 months, and the 5-year survival rate
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is less than 10 % [6, 7]. Metastatic renal cell carcinoma
(mRCC) is clinically classified as stage IV [8, 9]. It is a severe
malignant disease that develops rapidly, is associated with
high mortality, is poorly responsive to chemoradiotherapy,
and has no standard treatment regimen. Surgery is not the
optimal treatment for mRCC, and traditional drugs, such as
interleukin-2 and/or interferon-α, do not provide a curative
effect for the majority of patients [10]. With growing under-
standing of the pathogenesis of renal cell carcinoma, a number
of small-molecule drugs that recognize different molecular
targets have been developed to effectively improve the surviv-
al rate of patients with advanced mRCC. These small mole-
cule drugs include the multi-target inhibitors sorafenib and
sunitinib, the VEGF inhibitor bevacizumab, and the mTOR
inhibitors ever olimus and sirolimus. Importantly, with the
development of gene-chip microarrays and next-generation
DNA sequencing, small molecules that target microRNAs
(miRNAs) have become a major focus of studies and will
likely become a novel approach for treating cancer [11–14].

miRNAs are endogenous, non-coding, small RNAs of 21–
25 nucleotides and are widely distributed in tissues and organs
of different species. miRNAs strongly affect their target genes
by forming RNA-induced silencing complexes (RISCs) that
partially bind to the 3′ untranslated region (3′-UTR) of target
genes to induce messenger RNA (mRNA) degradation or to
inhibit mRNA translation [15, 16]. So far, about 2000
miRNAs have been identified in the human genome and reg-
ulate over 30 % of the total genome [17]. miRNAs mainly
regulate the physiology and development of tissues and can
induce changes in cell proliferation, cell cycle, apoptosis, cell
migration and invasion, and angiogenesis. Altered miRNA
expression could be a useful target for the early diagnosis
and treatment of renal cell carcinoma [18]. Juan et al. have
identified 9 up-regulated miRNAs and 26 down-regulated
miRNAs in renal carcinoma, of which 10 miRNAs could po-
tentially be used for identifying renal carcinoma [19]. From
gene-chip analysis, 38 up-regulated and 48 down-regulated
miRNAs were identified in renal carcinoma [20]. Several oth-
er studies have shown significant changes in miRNAs that
could be used as biomarkers for the diagnosis of renal carci-
noma [21–23]. Importantly, Butz et al. have constructed a
miRNA-mRNA network of clear cell renal cell carcinoma
(ccRCC), and identified 600 miRNA-mRNA interaction pairs
involving 49 miRNAs and 266 genes, and further conformed
that miR-124 as a key miRNA contributing to ccRCC aggres-
sive behavior by targeting CAV1 and FLOT1 [24]. However,
the differential expressions of miRNAs and mRNAs in
mRCC, particularly in studies that explore the miRNA-
mRNA regulatory network and its potential clinical applica-
tion, have not been reported. Therefore, in the present study,
differentially expressed miRNAs and mRNAs were identified
by miRNA and mRNA gene-chip analyses, and the miRNA-
mRNA regulatory network was identified and validated by

reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) and by luciferase assays using a dual-luciferase
reporter system. As expected, several differentially expressed
miRNAs and mRNAs, and the resulting miRNA-mRNA reg-
ulatory network, were identified and provided potential can-
didates for the diagnosis and treatment of renal carcinoma,
especially mRCC.

Materials and methods

Patients and groups

For the miRNA gene-chip assay, a total of 28 patients with
renal carcinoma, who were hospitalized between February
2010 and December 2013, and diagnosed with renal clear cell
carcinoma, were randomly divided into two groups according
to the metastatic status of their renal carcinoma and the tumor
node metastasis classification system [25, 26]; these included
13 cases of localized renal cell carcinoma (lRCC) and 15 cases
of mRCC. Similarly, for the mRNA gene-chip assay, a total of
10 patients with renal carcinoma were randomly divided into
two groups; these included five cases of lRCC and five cases
of mRCC. The lRCC group and the mRCC group did not
differ in mean age or gender distribution of the patients, and
all provided written consent to participate in this study, which
was approved by the Ethics Committee of the Chinese
People’s Liberation Army General Hospital.

miRNA extraction and miRNA gene-chip assay

A total of 100-mg renal tissue from patients with lRCC or
mRCC was frozen in liquid nitrogen and ground to facilitate
extraction of miRNAs using TRIzol reagent (Invitrogen,
USA), according to the manufacturer’s instructions. After
grinding, 1 mL of TRIzol was added, and the samples were
mixed for 30 s and then incubated at room temperature for
5 min. Chloroform (200 μL; Invitrogen, USA) was added to
the samples, which were mixed for 15 s; incubated at room
temperature for 5 min; and centrifuged at 4 °C, at 12,000 rpm
for 10min. The supernatant was collected, mixed with 1.5 v of
absolute ethanol (Sinopharma Chemical Reagent Co. Ltd.,
Shanghai, China), transferred to a miRspin column, and cen-
trifuged at room temperature, at 12,000 rpm for 30 s. The
effluent was removed, and 500 μL MRD buffer was added
to the column, which was incubated at room temperature for
2 min, followed by centrifugation at room temperature, at
12,000 rpm for 30 s. The effluent was removed and 700 μL
RW buffer was added to the column, which was incubated at
room temperature for 2 min, followed by centrifugation at
room temperature, at 12,000 rpm for 30 s. This step was re-
peated once with 700 μL RW buffer. The effluent was re-
moved and 500 μL RW buffer was added to the column,

15650 Tumor Biol. (2016) 37:15649–15663



which was then incubated at room temperature for 2 min,
followed by centrifugation at room temperature, at
12,000 rpm for 30 s. The column was transferred to a new
collection tube and centrifuged at 12,000 rpm for 1 min to
remove any residual liquid. After air-drying at room tempera-
ture, 30 μL of RNase-free double-distilled H2O (dd H2O) was
added to the miRspin column. The column was centrifuged at
room temperature, at 12,000 rpm for 2 min. The effluent was
collected, and the concentration and purity of the miRNAwere
determined by ultraviolet spectrophotometry. The MRA-
1001LCB_miRHuman_20 gene chip was assayed as follows:
the miRNA was fluorescently labeled using T4 RNA ligase
(TaKaRa, Japan) and precipitated by absolute ethanol
(Sinopharma Chemical Reagent Co. Ltd., Shanghai, China).
The miRNAwas added to16 μL of hybridization solution and
allowed to hybridize to the chip at 42 °C overnight. The chip
was washed with ×2 saline sodium citrate (SSC) at 42 °C for
4 min and then with ×0.2 SSC at room temperature for 4 min.
The fluorescent signal was detected with a LuxScan 10 K-A
dual-channel laser scanner, and differential miRNA expres-
sion was assigned according to Student’s t test and the fold
change (FC) using the Significance Analysis of Microarrays
(SAM version 2.1) software, wherein FC was defined as the
ratio of the average expression of an miRNA in patients with
mRCC/the average expression of the miRNA in patients with
lRCC, and considered to be differentially expressed at
p < 0.05, with up-regulation of its gene if FC ≥ 2 or down-
regulation if FC ≤ 0.5.

mRNA extraction and mRNA gene-chip assay

A total of 100-mg renal tissue from patients with lRCC or
mRCC was frozen in liquid nitrogen and ground to facil-
itate the extraction of mRNAs with TRIzol, following the
manufacturer’s instructions. After grinding, 1 mL of
TRIzol was added, followed by mixing for 30 s, and sam-
ples were incubated at room temperature for 5 min,
followed by centrifugation at 4 °C, at 12,000 rpm for
10 min. The supernatant was collected and 200-μL chlo-
roform was added and mixed for 15 s, and then, the sam-
ple was incubated at room temperature for 3 min, follow-
ed by centrifugation at 4 °C, at 12,000 rpm for 15 min.
An equal volume of isopropyl alcohol was mixed with the
absorbed aqueous phase, which was incubated at room
temperature for 30 min then centrifuged at 4 °C, at
12,000 rpm for 10 min, and the supernatant was removed.
The pellet was washed in 1 mL, 75 % ethanol, centrifuged
at 4 °C, at 5000 rpm for 3 min, and (after removal of
residual liquid) air-dried at room temperature. After addi-
tion of 100 μL RNAse-free ddH2O and centrifugation at
room temperature, at 12,000 rpm for 2 min, the effluent
was collected, and the concentration and purity were ex-
amined by ultraviolet spectrophotometry. The Affymetrix

GeneChip Human Genome U133 Plus 2.0 Array was
assayed as follows: the mRNA was fluorescently labeled
using T4 RNA ligase and precipitated by absolute ethanol.
The labeled mRNA was added to 16 μL hybridization
solution and allowed to hybridize to the chip at 42 °C
overnight. The chip was washed with ×2 SSC at 42 °C
for 4 min and then with ×0.2 SSC at room temperature for
4 min. The fluorescent signal was detected with a
LuxScan 10 K-A dual-channel laser scanner, and differ-
ential mRNA expression was assigned according to
Student’s t test and the fold change (FC) using the SAM
(version 2.1) software, wherein FC was defined as the
ratio of the average expression of mRNA in patients with
mRCC/the average expression average mRNA in patients
with lRCC, and considered to be differentially expressed
at p < 0.05, with up-regulation of its gene if FC ≥ 2 or
down-regulation if FC ≤ 0.5.

Gene ontology clustering

The gene ontology (GO) database (http://geneontology.org/)
includes the following three functional categories: biological
process, cellular component, and molecular function. Genes
could be further organized by directed acyclic graph according
to their scope. In GO clustering, genes are considered
significantly enriched based on the ratio of the observed GO
term for all genes/GO term for a single gene set. First, each
gene that was assigned a particular GO term was broadly
noted in the upper father node, then the p value of each
enriched GO term was determined using a hypergeometric
distribution, and the p value was adjusted using the false dis-
covery rate (FDR), with p = 0.05 selected as the threshold
value. Subsequently, redundant GO terms were removed,
and the hierarchy chart’s terminal nodes were selected as the
final significantly enriched GO terms.

Kyoto Encyclopedia of Genes and Genomes pathway
enrichment analysis

The Kyoto Encyclopedia of Genes and Genomes (KEGG)
database (http://www.genome.jp/kegg/pathway.html) is used
to systematically analyze gene function and genomic
information from biological pathways and to further group
biological pathways according to metabolism, enzyme,
biochemical reaction, gene regulation, and protein–protein
interaction. Here, KEGG signaling pathway analysis was
applied, followed by hypergeometric distribution analysis
and the FDR method to give an adjusted p value (p = 0.05
as a threshold value). To identify the KEGG signaling
pathway for differentially expressed miRNAs or mRNAs,
we carried out KEGG pathway enrichment of their up-
regulated or down-regulated genes.
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miRNA-mRNA regulatory network

miRNAs and their target genes were initially predicted using
the miRanda, PicTar, microRNA.org, PITA, RNA22
microRNA target detection, and TargetScanS algorithms,
and target genes were verified using the TarBase database.
Thus, a hub miRNA was defined as having a connectivity
≥10. A hub miRNA and its regulated genes were then classi-
fied to a hub-miRNA module as follows: opposite modes of
regulation of miRNAs and mRNAs were identified based on
their expression profiles and used to determine each miRNA-
mRNA andmiRNA-target intersection. High reliability for the
miRNA-target intersection was used to establish the hub-
miRNA module and to predict target-gene function in the
hub-miRNA module. Subsequently, an overall network was
established based on verified protein–protein interactions
using the STRING database and miRNA targets. Visual rep-
resentations of interaction webs were designed and construct-
ed using the Cytoscape software and the igraph data package
on an R platform. Finally, a closed connected network module
was identified using the Markov cluster algorithm, a module
of ≥10 nodes was selected, and then the enriched GO and
KEGG pathway terms were identified in each network
module.

Quantitative reverse transcription-polymerase chain
reaction assay of miRNA

miRNA was used as the template in a reverse transcription
reaction using a kit (TOYOBO, Japan), according to the man-
ufacturer’s instructions. The miRNA reverse transcription re-
action mixture included 10 μL ×2 loading buffer, 1.2 μL
miRNA RT primer/U6 small nuclear RNA primer, 2 μL
miRNA template, 0.2 μL MMLV reverse transcriptase, and
6.6 μL DEPC-treated H2O. The reaction was incubated at
26 °C for 30 min, followed by 42 °C for 30 min, and then
by 85 °C for10 min. For quantitative PCR (qPCR), 100 ng
complementary DNA (cDNA) was used as the template in a
reaction mixture that included 10 μL ×2Master Mix, 0.08 μL
forward primer, 0.08μL reverse primer, 2 μL cDNA template,
0.4 μLTaq DNA polymerase, and 7.44 μL ddH2O. The qPCR
amplification conditions were as follows: 1 cycle of 95 °C for
3 min, 40 cycles of 95 °C for 12 s, 62 °C for 30 s, and 72 °C
for 30 s. The results were analyzed using SDS 1.4 software
(Applied Biosystems).

Quantitative reverse transcription-polymerase chain
reaction assay of mRNA

mRNA was used as the template in a reverse transcription
reaction using a kit (TOYOBO, Japan), according to the man-
ufacturers’ instructions. The mRNA reverse transcription re-
action mixture included 10 μL ×2 loading buffer, 1.2 μL oligo

(dT), 2 μL mRNA template, 0.2 μLMMLV reverse transcrip-
tase, and 6.6 μL DEPC H2O. The reaction was incubated at
26 °C for 30 min, followed by 42 °C for 30 min, and then by
85 °C for 10 min.

For qPCR, 100 ng cDNA was used as the template in a
reaction mixture that included 10 μL ×2 Master Mix,
0.08 μL forward primer, 0.08 μL reverse primer, 2 μL
cDNA template, 0.4 μL Taq DNA polymerase, and 7.44 μL
ddH2O. The qPCR amplification conditions were as follows:
1 cycle of 95 °C for 3 min, 40 cycles of 95 °C for 12 s, 62 °C
for 30 s, and 72 °C for 30 s. The results were analyzed using
the SDS 1.4 software (Applied Biosystems), and a histogram
was generated using the Origin 9.5 software (http://www.
originlab.com/).

Construction of a dual-luciferase reporter-gene vector

The miRNA sequences were obtained from the miRBase da-
tabase (http://www.mirbase.org/), and the complementary
single strand was designed and synthesized for each. The
full-length 3′-UTR of the target gene was conjugated to sites
for the restriction endonucleases EcoRI (TaKaRa, Japan) and
XhoI (TaKaRa, Japan). After restriction enzyme digestion, the
target fragment was cloned into the psiCHECK-2 vector using
T4 DNA ligase and then used to transform competent
Escherichia coli DH5α cells (TaKaRa, Japan). A positive
clone was selected and plasmids were extracted for direct
sequencing.

Luciferase activity assay

For the luciferase activity assay, 293 T cells were plated 24 h
prior to transfection to be 30–50 % confluent at the time of
transfection and were divided into the following four groups:
psiCHECK-2-UTR, psiCHECK-2-UTR/mimic, psiCHECK-
2-UTR/inhibitor, and psiCHECK-2-UTR/mimic/inhibitor. A
2.5 μL mixture of the inhibitor and mimic/inhibitor plasmids
and 50 ng of the luciferase reporter plasmid were added to
100 μL Opti-MEM medium. Lipofectamine 2000 reagent
was diluted 1:50 with Opti-MEM medium, incubated for
5 min, mixed with the mimic miRNA and the luciferase re-
porter plasmid, and incubated for a further 20 min. The cells
were washed with serum-free medium, which was then
discarded, and then, 800 μL of serum-free mediumwas added
to each well. The mixture was gently added to each well for
transfection at 37 °C for 6 h and then replaced with fresh
medium for a further 48 h of incubation. Cells were washed
twice with phosphate-buffered saline (3 min each wash), and
then, the cells were shocked by the addition of 100 μL ×1 PLB
buffer and incubated at room temperature for 15 min. Twenty
microliters of PLB lysis buffer was absorbed to a detector tube
that already contained 100 μL Luciferase Assay Reagent II.
Subsequently, 100 μL Stop&Glo reagent was added to detect
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the activity of Renilla luciferase. The ratio of firefly luciferase/
Renilla luciferase was calculated, and histogram analysis was
carried out using the Origin 9.5 software (http://www.
originlab.com/).

Statistical analysis

All data are expressed as the mean ± standard deviation (SD).
Statistical analysis was carried out by one-way analysis of
variance using the SPSS software (version 21.0; http://spss.
en.softonic.com/). Student’s t test was carried out on groups of
two samples, and p < 0.05 and p < 0.01 were considered to
indicate a significant difference and a highly significant
difference, respectively.

Results

Identification of 31 up-regulated miRNAs and 196
down-regulated miRNAs by miRNA gene-chip analysis

As shown in Table 1, the and mRCC often occurred in male
and reached 69.24 and 66.67 %, respectively, and had no
difference in age and gender. According to the TNM staging,
the lRCC patient was in T1, N0, andM0, and was divided into
I stage, and that of mRCC patients was in T1, T2, N, and M1
and was divided into IV stage.

As indicated by miRNA gene-chip analysis, when com-
pared to miRNAs from patients with lRCC, 31 miRNAs were
up-regulated and 196 miRNAs were down-regulated in pa-
tients with mRCC. Table 2 shows the top 10 significantly
up-regulated and the top 10 significantly down-regulated
miRNAs. Based on the results of miRNA and mRNA cross-
over network analysis, four up-regulated miRNAs, hsa-miR-
139-5p, hsa-miR-140-3p, hsa-miR-151a-3p, and hsa-miR-
204-5p, and four down-regulated miRNAs, hsa-miR-409-3p,
hsa-miR-671-3p, hsa-miR-1203, and hsa-miR-1290, were
chosen and analyzed for GO and KEGG pathway enrichment
(Fig. 1). The hsa-miR-139-5p miRNA is associated with the
biological processes of metabolism of norepinephrine, regula-
tion of cell shape, determination of cell fate, negative regula-
tion of cell proliferation, differentiation of epithelial cells, es-
tablishment of cell polarity, positive regulation of myeloid cell

differentiation, and regulation of smooth muscle cell prolifer-
ation. The cellular-component terms associated with hsa-miR-
139-5p include RNA polymerase II transcription factor bind-
ing (which is involved in the positive regulation of transcrip-
tion), RNA polymerase II transcription factor binding, mono-
saccharide binding, protein heterodimerization activity, pro-
tein binding bridging, transcription regulatory region
sequence-specific DNA binding, double-stranded DNA bind-
ing, GTPase activity, transferase activity, transferring glycosyl
groups, and small GTPase regulator activity. The molecular-
function terms associated with hsa-miR-139-5p include ruffle,
focal adhesion, nuclear chromatin, proteinaceous extracellular
matrix, apical part of cell, transcription factor complex, and
actin cytoskeleton. Furthermore, hsa-miR-139-5p regulates
several pathways, including renal cell carcinoma, pathways
in cancer, toll-like receptor signaling, regulation of actin cyto-
skeleton, and mitogen-activated protein kinase (MAPK)

Table 1 The TNM staging of lRCC and mRCC

Groups Gender Age TNM stage

Female Male T1 a T1 b T2 a N0 N1 M0 M1 Stage

lRCC 4 (30.76 %) 9 (69.24 %) 67.62 ± 7.74 7 6 0 13 0 13 0 I

mRCC 5 (33.33 %) 10 (66.67 %) 69.20 ± 8.83 7 5 3 13 2 0 15 IV

Table 2 Differentially expressedmiRNAs in patients comparedmRCC
with lRCC

miRNA p value Direction FC

hsa-miR-642b-5p 0.037621 + 47.95818

hsa-miR-3154 0.038561 + 7.068793

hsa-miR-139-5p 8.71E-05 + 6.398992

hsa-miR-3944-3p 0.02933 + 5.342755

hsa-miR-4691-3p 0.046601 + 4.945863

hsa-miR-1237-3p 0.005014 + 4.37947

hsa-miR-2110 0.040616 + 3.982532

hsa-miR-1245a 0.001117 + 3.842558

hsa-miR-10b-3p 0.000877 + 3.370348

hsa-miR-1273 g-5p 0.015146 + 3.2614

...... ...... ...... ......

hsa-miR-891a-5p 0.001182 − 0.058813

hsa-miR-938 0.002509 − 0.057957

hsa-miR-4271 0.001784 − 0.057893

hsa-miR-5703 0.003843 − 0.054732

hsa-miR-2114-3p 0.001794 − 0.050406

hsa-miR-1910-3p 0.040831 − 0.049575

hsa-miR-1972 5.90E-06 − 0.045704

hsa-miR-3181 0.001166 − 0.043972

hsa-miR-5571-3p 0.030987 − 0.027284

hsa-miR-409-3p 0.000794 − 0.010936
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signaling (Fig. 1a). Similarly, hsa-miR-140-3p, hsa-miR-
151a-3p, and hsa-miR-204-5p, and hsa-miR-409-3p, hsa-
miR-671-3p, hsa-miR-1203, and hsa-miR-1290, are associat-
ed with several significant GO functions and KEGG pathways
(Fig. 1a, b).

Identification of 214 up-regulated mRNAs and 156
down-regulated mRNAs by mRNA gene-chip analysis

As shown in Table 3, the lRCC and mRCC often occurred in
male and reached 80.00 and 60.00 %, respectively, and had no
different in age and gender. According to the TNM staging,
the lRCC patient was in T1, N0, andM0, and was divided into
I stage, and that of mRCC patients was in T1, T2, N, and M1
and was divided into IV stage.

As indicated by mRNA gene-chip analysis, when com-
pared to mRNAs from patients with lRCC, 214 mRNAs were
up-regulated and 156 mRNAs were down-regulated in pa-
tients with mRCC. Table 4 shows the top 10 significantly
up-regulated and the top 10 significantly down-regulated
mRNAs. The up-regulated mRNAs are associated with the
biological processes of protein localization to kinetochore,
response to salt stress, translesion synthesis, diaphragm, at-
tachment of spindle microtubule to kinetochore, male meiosis,
mesonephric tubule development, regulation of respiratory
gaseous exchange, and cellular response to gonadotropin
stimulus. The cellular-component terms associated with the
up-regulated mRNAs include delta DNA polymerase com-
plex, condensed nuclear chromosome, centromeric region, an-
chored to the membrane, ionotropic glutamate receptor com-
plex, cortical actin cytoskeleton, voltage-gated calcium chan-
nel complex, spindle pole, filopodium, sarcoplasmic reticu-
lum, and acrosomal vesicle. The molecular-function terms
associated with the up-regulated mRNAs include heparan sul-
fate proteoglycan binding, DNA-directed DNA polymerase
activity, glucuronosyl transferase activity, glutamate receptor
activity, voltage-gated calcium channel activity, steroid bind-
ing, methylated histone residue binding, cell adhesion mole-
cule binding, S-adenosylmethionine-dependent methyltrans-
ferase activity, and sequence-specific DNA binding.
Furthermore, the up-regulated mRNAs are associated with
KEGG pathways involved in maturity onset diabetes of the
young, hypertrophic cardiomyopathy, dilated cardiomyopa-
thy, amyotrophic lateral sclerosis, arrhythmogenic right ven-
tricular cardiomyopathy, rheumatoid arthritis, Alzheimer’s
disease, cardiac muscle contraction, adipocytokine signaling
pathway, hematopoietic cell lineage, T cell receptor signaling
pathway, tight junction, neuroactive ligand–receptor interac-
tion, ABC transporters, cytokine-cytokine receptor interac-
tion,MAPK signaling pathway, steroid hormone biosynthesis,
drug metabolism-cytochrome P450, purine metabolism, and
pyrimidine metabolism (Fig. 2a). Similarly, all the down-
regulated mRNAs are associated with the biological processes

of negative regulation of protein autophosphorylation, norepi-
nephrine metabolic process, dendritic cell differentiation, cel-
lular response to vascular endothelial growth factor stimulus,
response to fluid shear stress, negative regulation of cell pro-
liferation, cellular response to cAMP, erythrocyte develop-
ment, regulation of cell shape, and organ growth. The down-
regulated mRNAs are associated with the cellular-component
terms T-tubule, ruffle, proteinaceous extracellular matrix, ex-
trinsic to internal side of plasma membrane, postsynaptic
membrane, endoplasmic reticulum–Golgi intermediate com-
partment, transcriptional repressor complex, microvillus, tran-
scription factor complex, postsynaptic density, integral to
plasma membrane, focal adhesion, cation channel complex,
nuclear chromatin, and endocytic vesicle. The down-regulated
mRNAs are associated with the molecular-function terms Rho
GTPase activator activity, RNA polymerase II core promoter
proximal region sequence-specific DNA binding transcription
factor activity involved in positive regulation of transcription,
RNA polymerase II transcription factor binding, inward recti-
fier potassium channel activity, enhancer sequence-specific
DNA binding, core promoter proximal region sequence-
specific DNA binding, and RNA polymerase II transcription
factor binding transcription factor activity involved in positive
regulation of transcription. Furthermore, the down-regulated
mRNAs are associated with KEGG pathways involved in re-
nal cell carcinoma, pathways in cancer, vascular smooth mus-
cle contraction, GnRH signaling, toll-like receptor signaling,
MAPK signaling, Jak-STATsignaling, and glutathione metab-
olism (Fig. 2b).

Regulatory network includes 1315 miRNA-mRNA pairs

After establishing the regulatory network, 1315 miRNA-
mRNA pairs were identified that involved 34 miRNAs and
225 mRNAs. Of these, six miRNA-mRNA pairs were exper-
imentally validated and 1309 pairs were predicted by multiple
software programs (Table 5). The miRNA-mRNA regulatory
network is shown in Fig. 3.

Significant up-regulation of hsa-miR-140-3p
and hsa-miR-151a-3p, and down-regulation
of hsa-miR-671-3p and hsa-miR-1290, after metastasis
of renal cell carcinoma

The levels of four up-regulated miRNAs, hsa-miR-139-
5p, hsa-miR-140-3p, hsa-miR-151a-3p, and hsa-miR-
204-5p, and four down-regulated miRNAs, hsa-miR-
409-3p, hsa-miR-671-3p, hsa-miR-1203, and hsa-miR-

�Fig. 1 GO and KEGG pathway enrichment of differentially expressed
miRNAs after metastasis of renal cell carcinoma. a GO and KEGG
pathway enrichment of four up-regulated miRNAs. b GO and KEGG
pathway enrichment of four down-regulated miRNAs

15654 Tumor Biol. (2016) 37:15649–15663
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1290, were measured by RT-qPCR. The sequences of
the miRNAs and the primers used for amplification
are shown in Table 6. In tissues where renal cell carci-
noma metastasis occurred, the expressions of all four
up-regulated miRNAs were significantly increased when
compared to expression in tissues affected by lRCC
(**p < 0.01; Fig. 4). Of the four up-regulated
miRNAs, hsa-miR-140-3p and hsa-miR-151a-3p were
chosen to screen for target genes. Similarly, the expres-
sions of the four down-regulated miRNAs were

significantly decreased when compared to expression in
tissues affected by lRCC (**p < 0.01; Fig. 4). Of the
four down-regulated miRNAs, hsa-miR-671-3p and hsa-
miR-1290 were chosen to screen for target genes.

Expressions of NEU2, MASP1, and MCL1 are
significantly affected after renal cell carcinoma metastasis

Based on the sequences of the up-regulated miRNAs
hsa-miR-140-3p and hsa-miR-151a-3p, and the down-

Table 3 The TNM staging of lRCC and mRCC

Groups Gender Age TNM stage

Female Male T1 a T1 b T2 a N0 N1 M0 M1 Stage

lRCC 1 (20.00 %) 4 (80.00 %) 71.80 ± 8.32 2 3 0 5 0 5 0 I

mRCC 2 (40.00 %) 3 (60.00 %) 69.40 ± 7.20 7 5 3 4 1 0 5 IV

Table 4 Differentially expressed
mRNAs in patients compared
mRCC with lRCC

Gene ID p value Direction FC Gene symbol Gene description

317,701 0.02037 + 20.7192635 VN1R2 Vomeronasal 1 receptor 2

121,599 0.00273 + 12.84124468 SPIC Spi-C transcription factor
(Spi-1/PU.1 related)

3198 0.01439 + 12.76072124 HOXA1 Homeobox A1

9073 0.02852 + 12.49742492 CLDN8 Claudin 8

27,136 0.0003 + 12.3389332 MORC1 MORC family CW-type zinc
finger 1

150,197 0.01752 + 11.9592022 LOC150197 Uncharacterized LOC150197

90,499 0.02431 + 11.77113183 LOC90499 Uncharacterized LOC90499

9824 0.04965 + 11.19855685 ARHGAP11A Rho GTPase-activating protein
11A

390,892 0.01578 + 11.10234779 OR7A10 Olfactory receptor, family 7,
subfamily A, member 10

5969 0.00105 + 11.09129826 REG1P Regenerating islet-derived 1
pseudogene

7288 0.02854 − 0.110791896 TULP2 Tubby-like protein 2

149,018 0.04442 − 0.110654921 LELP1 Late cornified envelope-like
proline-rich 1

646,736 0.00359 − 0.099475388 LOC646736 Uncharacterized LOC646736

100,507,533 0.00211 − 0.08456666 SOX21-AS1 SOX21 antisense RNA 1
(non-protein coding)

729,234 0.00063 − 0.076463914 FAHD2CP Fumarylacetoacetate hydrolase
domain containing 2C,
pseudogene

166,752 0.01905 − 0.075749791 FREM3 FRAS1-related extracellular
matrix 3

400,966 0.00185 − 0.063266293 RGPD1 RANBP2-like and GRIP
domain containing 1

645,485 0.00056 − 0.043853468 LOC645485 Uncharacterized LOC645485

387,755 0.04315 − 0.116443038 INSC Inscuteable homolog
(Drosophila)

100,507,190 0.0279 − 0.113832127 LOC100507190 Uncharacterized LOC100507190
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regulated miRNAs hsa-miR-671-3p and hsa-miR-1290,
the expressions of the target genes NEU2, MASP1,

MCL1, ARHGAP11A, HOXA1, and CLDN8 were ana-
lyzed by RT-qPCR. The sequences of the mRNAs and

GO enrichment KEGG pathway enrichment

(A)

(B)

GO enrichment KEGG pathway enrichment

Fig. 2 GO and KEGG pathway enrichment of differentially expressed mRNAs after metastasis of renal cell carcinoma. a GO and KEGG pathway
enrichment of four up-regulated mRNAs. b GO and KEGG pathway enrichment of four down-regulated mRNAs

Table 5 miRNA-mRNA pairs in patients compared mRCC with lRCC

microRNA Gene ID Gene symbol Gene description FC of miRNA (FC1) FC of gene (FC2) θ (FC2/FC1)

hsa-miR-507 400,966 RGPD1 RANBP2-like and GRIP
domain containing 1

2.337247909 0.063266293 6.76274222

hsa-miR-1291 9073 CLDN8 Claudin 8 0.478492306 12.49742492 5.979921668

hsa-miR-486-3p 9073 CLDN8 Claudin 8 0.462953319 12.49742492 5.785724345

hsa-miR-133b 3198 HOXA1 Homeobox A1 0.423333102 12.76072124 5.402035706

hsa-miR-486-3p 9824 ARHGAP11A Rho GTPase-activating protein 11A 0.462953319 11.19855685 5.184409062

hsa-miR-1291 4107 MAGEA8 Melanoma antigen family A, 8 0.478492306 10.22264691 4.891457894

hsa-miR-486-3p 29,114 TAGLN3 Transgelin 3 0.462953319 10.29079772 4.764158958

hsa-miR-133b 9824 ARHGAP11A Rho GTPase-activating protein 11A 0.423333102 11.19855685 4.74071981

hsa-miR-486-3p 4640 MYO1A Myosin IA 0.462953319 9.796660997 4.535396724

hsa-miR-1291 57,111 RAB25 RAB25, member RAS oncogene family 0.478492306 9.215066527 4.409338432

hsa-miR-486-3p 57,111 RAB25 RAB25, member RAS oncogene family 0.462953319 9.215066527 4.266145633

hsa-miR-647 390,892 OR7A10 Olfactory receptor, family 7, subfamily A,
member 10

0.380947676 11.10234779 4.229413589

hsa-miR-1246 121,599 SPIC Spi-C transcription factor (Spi-1/PU.1 related) 0.321340717 12.84124468 4.126414773

hsa-miR-1246 3198 HOXA1 Homeobox A1 0.321340717 12.76072124 4.100539312

hsa-miR-1291 56,155 TEX14 Testis expressed 14 0.478492306 8.508523165 4.07126287

hsa-miR-1246 9073 CLDN8 Claudin 8 0.321340717 12.49742492 4.015931484

hsa-miR-647 4107 MAGEA8 Melanoma antigen family A, 8 0.380947676 10.22264691 3.894293583

hsa-miR-1291 9028 RHBDL1 Rhomboid, veinlet-like 1 (Drosophila) 0.478492306 7.97221429 3.814643199

hsa-miR-486-3p 9028 RHBDL1 Rhomboid, veinlet-like 1 (Drosophila) 0.462953319 7.97221429 3.690763065
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the primers used for amplification are shown in Table 7.
After renal cell carcinoma metastasis, the expressions of
NEU2, MASP1, and MCL1 were significantly decreased,
and the expressions of ARHGAP11A, HOXA1, and
CLDN8 were significantly increased when compared to
expression in tissues affected by lRCC (*p < 0.05,
**p < 0.01; Fig. 5).

miRNAs hsa-miR-140-3p, hsa-miR-151a-3p,
hsa-miR-671-3p, and hsa-miR-1290 significantly
down-regulate their target genes by binding to the 3′-UTR
of their mRNAs

In a dual-luciferase reporter gene assay (Fig. 6), after
cotransfecting cells with hsa-miR-140-3p mimic and

Fig. 3 miRNA-mRNA regulatory network established by bioinformatic approaches. The figure shows the 1315 miRNA-mRNA pairs obtained, which
involve 34 miRNAs and 225 mRNAs
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psiCHECK-2-UTR (MASP1), the ratio of firefly luciferase/
Renilla luciferase significantly decreased (**p < 0.01) and
was restored to normal after cotransfecting hsa-miR-140-3p

mimic, inhibitor, and psiCHECK-2-UTR (MASP1). However,
hsa-miR-140-3p mimic had no effect on the 3′-UTR ofNEU2.
Similarly, after cotransfectinghsa-miR-151a-3p mimic and

Table 6 Sequences of miRNAs and primers used for qRT-PCR amplification

miRNA and sequences Primer sequences

hsa-miR-139-5p (MIMAT0000250) UCUACAGUGCACGUGUCUCCAGU 5′-GCTCGGTCTACAGTGCACGT-3′/5′-
CACTTCCTCAGCACTTGTTGGTAT-3′

hsa-miR-140-3p (MIMAT0004597) UACCACAGGGUAGAACCACGG 5′-CAGTGCTGTACCACAGGGTAGA-3′/5′-
CACTTCCTCAGCACTTGTTCCTAT-3′

hsa-miR-151a-3p (MIMAT0000757) CUAGACUGAAGCUCCUUGAGG 5′-AGTGCTGCTAGACTGAAGCTCC-3′/5′-
CACATCCTCAGCACTTGTTGGTAT-3′

hsa-miR-204-5p (MIMAT0000265) UUCCCUUUGUCAUCCUAUGCCU 5′-CTGCCGTTCCCTTTGTCAT-3′/5′-
CTCTGTCTCTCGTCTTGTTGGTAT-3′

hsa-miR-409-3p (MIMAT0001639) GAAUGUUGCUCGGUGAACCCCU 5′-AGTGCTGGAATGTTGCTCGG-3′/5′-
CACTTCCTCAGCACTTGTTGGTAT-3′

hsa-miR-1203 (MIMAT0005866) CCCGGAGCCAGGAUGCAGCUC 5′-AGTATTACCCGGAGCCAGGA-3′/5′-
CACTTCCTCAGCACTTGTTGGTAT-3′

hsa-miR-671-3p (MIMAT0004819) UCCGGUUCUCAGGGCUCCACC 5′-AGTGCTGTCCGGTTCTCAGG-3′/5′-
CACTTCCTCAGCACTTGTTGGTAT-3′

hsa-miR-1290 (MIMAT0005880) UGGAUUUUUGGAUCAGGGA 5′-CAGTGCTGTGGATTTTTGGAT-3′/5′-
CACTTCCTCAGCACTTGTTGGTAT-3′

hsa-miR-139-5p hsa-miR-140-3p hsa-miR-151a-3p hsa-miR-204-5p

(A)

(B)

hsa-miR-409-3p hsa-miR-1203 hsa-miR-671-3p hsa-miR-1290

Fig. 4 Identification of differentially expressed miRNAs by quantitative
reverse transcription PCR (RT-qPCR). a Identification of four up-
regulated miRNAs. b Identification of four down-regulated miRNAs.

The expression level of miRNAs as determined by RT-qPCR is
consistent with that determined by miRNA gene-chip analysis
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psiCHECK-2-UTR (MCL1), hsa-miR-671-3p mimic and
psiCHECK-2-UTR (HOXA1), and hsa-miR-1290 mimic and
psiCHECK-2-UTR (HOXA1), the ratios of firefly luciferase/
Renilla luciferase significantly decreased (**p < 0.01).
However, the hsa-miR-671-3p mimic did not regulate the 3′-
UTRofARHGAP11A, and hsa-miR-1290mimic did not regulate
the 3′-UTR of CLDN8.

Discussion

In this study, as expected, several differentially expressed
miRNAs and mRNAs were identified by miRNA gene-chip
and mRNA gene-chip analyses, 31 up-regulated miRNAs, 196
down-regulated miRNAs, 214 up-regulated mRNAs, and 156
down-regulated mRNAs. Their regulatory network included
1315 miRNA-mRNA pairs. After the metastasis of renal cell
carcinoma, the expressions of several miRNAs, including hsa-

NEU2 MASP1 MCL1

(A)

ARHGAP11A HOXA1 CLDN8

(B)

Fig. 5 Identification of differentially expressed mRNAs by quantitative
reverse transcription PCR. a Identification of the expressions of NEU2,
MASP1, and MCL1 genes by quantitative reverse transcription PCR. b
Identification of the expressions of ARHGAP11A, HOXA1, and CLDN8

genes by quantitative reverse transcription PCR. Expressions of NEU2,
MASP1, and MCL1 are decreased, and expressions of ARHGAP11A,
HOXA1, and CLDN8 are increased (*p < 0.05, **p < 0.01)

Table 7 Sequences of mRNAs and primers used for qRT-PCR
amplification

Gene
ID

Gene name Primer sequences

4759 NEU2 5′-AGTGGCAAGCTCAGGAGGTGGT-3′/
5′-TGGTCTGCAGCTGCTGTTGCTC-3′

5648 MASP1 5′-AACCCATCAGCACCCAGAGCCA-3′/
5′-TGGGCACTCATTTCCTGCAGCC-3′

4170 MCL1 5′-AAAGCCAATGGGCAGGTCTGGG-3′/
5′-CCCAGTTTGTTACGCCGTCGCT-3′

9824 ARHGAP11A 5′-ACTCCTGTTCGTCAGTCCGTCA-3′/5′-
AGCACCGTCACAGCTCACTGAT-3′

3198 HOXA1 5′-TCCAGAACCGCCGAATGAAGCA-3′/
5′-TTCCTCGGCCTTCTCGTCGTTT-3′

9073 CLDN8 5′-AGGTGCACGGGGGACAATGAGA-3′/
5′-TGGCAACCCAGCTCACAGGGAT-3′

345,651 β-actin 5′-ATAACCCTGGCACCCAGCACCA-
3′/5′-TGGACAGGCTGGCAAGGATG
GA-3′
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miR-139-5p, hsa-miR-140-3p, hsa-miR-151a-3p, and hsa-miR-
204-5p, and of several mRNAs, including hsa-miR-409-3p, hsa-
miR-671-3p, hsa-miR-1203, and hsa-miR-1290, were affected,
as demonstrated by RT-qPCR results that were consistent with
the results of miRNA gene-chip analysis. Likewise, the expres-
sions of several mRNAs, including NEU2, MASP1, MCL1,
ARHGAP11A, HOXA1, and CLDN8, were similarly regulated.
In an in vitro experiment, hsa-miR-140-3p bound to the 3′-UTR
of MASP1 and decreased MASP1 expression, and hsa-miR-
151a-3p, hsa-miR-671-3p, and hsa-miR-1290 bound to the 3′-
UTRs to negatively regulate their target genes.

Several studies have shown that miRNAs specifically reg-
ulate gene expression in cells to control a number of biological
functions, such as development, anti-viral defense, hemato-
poiesis, organ specificity, cell proliferation, apoptosis, fat me-
tabolism, and cancer genesis and development. In particular,
the influence of miRNAs on cancer genesis and development,
and their potential curative effects, have become the focus of
recent studies [27]. For example, miR-155 directly targets the
VHL mRNA to accelerate the activation of the hypoxia-
inducible factor signaling pathway and revascularization
[28]; miR-29b indirectly regulates VEGF expression in renal

cell carcinoma and regulates the expression of TIS11B [29];
elevated levels of miR-205 down-regulate the expressions of
the SRC, LYN, and YES1 genes to inhibit the proliferation of
renal cell carcinoma [30]; and the combined up-regulation of
miR-155 and down-regulation of miR-141 distinguishes nor-
mal renal tissue from renal carcinoma with an accuracy of
approximately 97 % [31]. Therefore, more studies have fo-
cused on miRNAs as biomarkers for renal cell carcinoma
genesis and development and as having potential clinical ap-
plications. Importantly, recent studies have focused on a lim-
ited number of miRNAs in renal carcinoma, and there has not
yet been a large-scale study using gene-chip analysis. In this
study, miRNA and mRNA gene-chip analyses were carried
out, with the goals of screening a larger number of differen-
tially expressedmiRNAs andmRNAs and of identifying more
miRNA-mRNA pairs in mRCC.

In this study, differentially expressed miRNAs, 31 up-
regulated and 196 down-regulated miRNAs, were identified
by miRNA gene-chip analysis. Based on significant differ-
ences and no reporting in mRCC versus lRCC, four up-
regulated and four down-regulated miRNAs were selected as
candidates for validation by RT-qPCR. Although these

NEU2 MASP1 MCL1

ARHGAP11A HOXA1 CLDN8 HOXA1

has-miR-140-3p hsa-miR-151a-3p

hsa-miR-671-3p hsa-miR-1290
Fig. 6 Dual-luciferase reporter gene assay of miRNAs and their targets. The hsa-miR-140-3p miRNA binds to the 3′-UTR of the MASP1 mRNA to
decrease its expression, and hsa-miR-151a-3p, hsa-miR-671-3p, and hsa-miR-1290 similarly bind to their target mRNAs
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miRNAs have not previously been associated with renal cell
carcinoma or mRCC, they have been reported to be closely
associated with the genesis and development of cancers, in-
cluding liver cancer, gastric cancer, and lung cancer. For in-
stance, hsa-miR-140-3p is a biomarker for squamous cell car-
cinoma [32]. The change in expression of the selected
miRNAs measured by RT-qPCR was consistent with the re-
sults from miRNA gene-chip analysis; hsa-miR-140-3p and
hsa-miR-151a-3p were significantly up-regulated, and hsa-
miR-671-3p and hsa-miR-1290 were significantly down-reg-
ulated. Therefore, these four miRNAs were used to screen
form RNA targets by RT-qPCR. The expression levels of
NEU2, MASP1, MCL1, ARHGAP11A, HOXA1, and CLDN8
were consistent with those observed by mRNA gene-chip
analysis and indicated that the four candidate miRNAs regu-
late their target genes by binding to the 3′-UTRs of their
mRNAs. As expected, hsa-miR-140-3p bound to the 3′-UTR
of MASP1 and decreased its expression, and hsa-miR-151a-
3p, hsa-miR-671-3p, and hsa-miR-1290 similarly bound to
their target mRNAs and significantly down-regulated their
expressions in vitro. These results indicated that hsa-miR-
140-3p, hsa-miR-151a-3p, hsa-miR-671-3p, and hsa-miR-
1290 may be developed a potential therapeutic target for
mRCC via down-regulation of their target mRNAs, and how-
ever this study just a pilot study, and numerous investigations
need to validate in the future work, such as cell proliferation,
cell cycle, cell apoptosis, cell migration, and invasion.

The present study confirmed the presence of a miRNA-
mRNA crossover network by using gene chips, bioinformatic
analyses, and molecular biology experiments. However, addi-
tional miRNAs and mRNAs need to be evaluated. Because of
the limited sample size, the variability of the data was large
and unstable. In order to exclude individual differences,
miRNAs and mRNAs from many more mRCC cases need
to be studied to reduce experimental error.
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