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ABSTRACT

Clear cell renal cell carcinoma (ccRCC) is a subtype of renal cell cancer with the highest mortality,
infiltration, and metastasis rate, threatening human health. Despite oncogenic role of TROAP in
various cancers, its function in ccRCC remains to be unraveled. The differentially expressed mRNAs
(DEmRNAs) and miRNAs (DEmiRNAs) were obtained by analyzing the related data sets of ccRCC in
TCGA. The expression levels of mRNAs and miRNAs in the cell were detected by qRT-PCR, while
the protein levels were characterized by western blot. The viability, migratory and invasive abilities
of ccRCC cells were determined by MTT, wound healing and cell invasion assays. The combination
of miRNA target site prediction and dual-luciferase reporter gene assay verified the binding
relationship between miR-532-3p and TROAP. Research on ccRCC displayed that TROAP expres-
sion was upregulated, while miR-532-3p was down-regulated. Besides, upregulation of TROAP
could accelerate viability, migratory and invasive potentials of ccRCC cells. On the contrary, miR-
532-3p could downregulate TROAP level, but TROAP upregulation reversed the viability, migra-
tion, and invasion of ccRCC cells. MiR-532-3p could attenuate the viability, migration and invasion
of ccRCC cells by targeting TROAP. This may generate novel insights into molecular therapeutic
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targets for ccRCC.

1. Introduction

Renal cell carcinoma is originated from renal epithe-
lial cells and is common cancer in the urinary system
that accounts for 2-3% of all adult malignancies with
increasing morbidity at 2-3% per decade, bringing
out a serious impact on human health [1-3].
Eighty percent of all renal cell carcinoma cases are
clear cell renal cell carcinoma (ccRCC), which is the
most common subtype of renal cell carcinoma, with
the highest mortality among all renal cell carcinoma
subtypes [4,5]. Surgical resection is currently the
main treatment for ccRCC, however, 20-40% of
patients still suffer from recurrence and distant
metastasis after surgical resection, while the 5-year
survival rate is less than 20% once metastasis occurs
[6,7]. Therefore, it is vital to find new molecular sites
for the treatment and markers for early diagnosis of
ccRCC to elevate the survival rate of patients.

The earlier studies manifested that alteration of
mRNA levels is essential in modulating tumor
progression. For instance, FOXO3 can conspicu-
ously stimulate cell proliferation, migration and

invasion of ccRCC[8]. IREB2 can be used as
a tumor suppressor gene to restrain cell prolifera-
tion, migration and invasion of ccRCC[9].
Trophinin-associated protein (TROAP, namely
TASTIN) is a kind of soluble cytoplasmic protein,
which forms a complex with trophinin and bystin,
and it is involved in early embryo implantation by
mediating cellular invasion and proliferation [10-
14]. With the deepening of research on TROAP, it
is found that its expression has been up-regulated
in a variety of cancers, and it can regulate the
occurrence and progression of cancer. For exam-
ple, Kai Li et al[15]. disclosed that TROAP mRNA
and protein expression levels are up-regulated in
human breast cancer tissue and cell lines, and
TROAP can remarkably promote cell proliferation,
migration and invasion of breast cancer. Ke Jing
et al[10]. exhibited that TROAP is overexpressed
in gastric cancer and exerts as an oncogene in
gastric cancer by affecting cell proliferation and
invasion. However, the regulation of TROAP in
ccRCC remains to be elucidated.
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Recent investigations revealed that miRNAs are
aberrantly expressed in multiplex malignancies
and serve as key modulators in diverse biological
processes in tumors, such as cell proliferation,
differentiation, invasion, and apoptosis [16,17].
For instance, miR-363 downregulates S1PR1 to
hinder proliferation, invasion, and migration of
ccRCC[18-21]. MiR-1294 acts as an anti-tumor
gene in ccRCC, and it restrains cell proliferation,
colony formation, and invasion by partially target-
ing HOXAG®6 in ccRCC. In this study, we excavated
upstream regulatory genes of TROAP by bioinfor-
matics analysis and identified miR-532-3p as our
research object. MiR-532-3p is one of miRNAs
primarily found and is theorized to play a vital
role in different cancers. For instance, miR-532-3p
decreases in lymphoma cells and tissue and it can
target [B-catenin to suppress proliferation and to
stimulate apoptosis of cancer cells. M. Han et al.
filtered out potential biomarkers for ccRCC by
microarray analysis, unearthing a significant cor-
relation between high miR-532-3p expression and
high overall survival rate of patients. Nonetheless,
rarely studies were conducted on the role and
potential modulatory mechanism of miR-532-3p
on ccRCC.

In this study, we unveiled the expression of
TROAP on ccRCC cells and investigated the role
and potential mechanism of TROAP on ccRCC.
The results manifested that miR-532-3p repressed
cell viability, migration, and invasion of cancer
cells via targeting TROAP, which may generate
novel insights into ccRCC therapy.

2. Materials and methods
2.1. Bioinformatics analysis

The expression profiles of mature miRNAs
(Normal: 71, Tumor: 545), mRNAs (Normal: 72,
Tumor: 539) were downloaded from The Cancer
Genome Atlas (TCGA) (https://portal.gdc.cancer.
gov/) along with clinical data. Differential analysis
was performed on expression of miRNAs and
mRNAs in the normal group and the tumor group
using the “edgeR” package with [logFC|>1.5 and
padj<0.05 as thresholds. The survival curves of dif-
ferentially expressed mRNAs (DEmRNAs) were
obtained based on the clinical information of
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samples, and the relationship between target gene
expression and clinical staging was analyzed. The
starBase (http://starbase.sysu.edu.cn/) and miRWalk
(http://mirwalk.umm.uni-heidelberg.de/) databases
were employed to predict the upstream target
genes of the target mRNA, and predicted target
genes were combined with differentially expressed
miRNAs (DEmiRNAs) to obtain a set of miRNAs
that bound to the target mRNA. Correlation analysis
was performed for final screening.

2.2. Cell culture

Human renal tubular epithelial cell line HKC (No.
BNCC338628), ccRCC cell lines 786-O (No.
BNCC338472), A498 (No. BNCC338630), Caki-2
(No. BNCC340136) were all accessed from BeNa
Culture Collection (BNCC). CM9-1 medium con-
taining 90% Dulbecco’s Modified Eagle Medium
(DMEM)-H/F12 and 10% fetal bovine serum
(FBS) was used to cultivate HKC cell line. CM1-1
medium consisting of 90% DMEM-H and 10%
FBS was used to cultivate 786-O cell line. A498
cell line was cultured with CM2-1 medium, which
was composed of 90% Roswell Park Memorial
Institute-1640 (RPMI-1640) and 10% FBS. Caki-2
cell line was cultured in the medium with 90%
McCoy’s 5a and 10% FBS. All cell lines were cul-
tured in a humidified incubator at 37°C with 5%
CO,. After 48 h of transfection, the cells could be
harvested for subsequent experiments.

2.3. Cell transfection

ccRCC cells were seeded into a 6-well plate. After
cells were cultured overnight, the miR-532-3p-
mimic ((miR-mimic)), NC-mimic, oe-TROAP,
and oe-NC were transfected into the cells using
the Lipofectamine 2000 kit (Invitrogen, Carlsbad,
CA, USA). The above plasmids used for transfec-
tion were all purchased from GeneChem
Company (Shanghai, China). Subsequent experi-
ments could be conducted 48 h after transfection.

2.4. Real-time quantitative polymerase chain
reaction (QRT-PCR)

Total RNA was extracted using TRIzol reagent
(ComWin Biotech, Beijing, China) according to
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the protocols, and then it was reverse-transcribed
with TransScript First-Strand c¢cDNA Synthesis
SuperMix Kit (TransGen Biotech, Beijing, China)
to obtain complementary DNA (cDNA). qRT-PCR
was conducted using TransStart Green qPCR
SuperMix (TransGen Biotech, Beijing, China).
The relative expression of miRNA and mRNA
was calculated and expressed by 27**“T method.
U6 and GAPDH were used as the internal refer-
ences for miR-532-3p and TROAP, respectively.
The qRT-PCR program was run by Applied
Biosystems 7500 detection system. The primer
sequences used in qRT-PCR were presented in
Table 1.

2.5. Western blot

The cultured ccRCC cells were lysed with radio-
immunoprecipitation assay (RIPA) lysis buffer
(containing protease inhibitors) and centrifuged
to extract total proteins, and the protein concen-
tration was quantified with the bicinchoninic acid
(BCA) protein assay kit (Thermo Fisher, Waltham,
USA). Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) was conducted on
a total of 30 pg of proteins for 1-2 h, the proteins
were then transferred to a polyvinylidene fluoride
(PVDF) membrane (EMD Millipore, Bedford,
Massachusetts, USA). After blocking the mem-
brane, the  primary antibody = TROAP
(Proteintech, Wuhan, China) or GAPDH
(Proteintech) was added according to the experi-
mental requirements and the membrane was incu-
bated at 4°C for 12 h. Afterward, the membrane
was incubated with horseradish peroxidase-
conjugated goat anti-rabbit IgG H&L (HRP)
(abcam, Cambridge, UK) for 1 h at room tempera-
ture. Protein levels were displayed by an

Table 1. Information of primer sequences.

Genes Primer sequences

miR-532-3p 5'-ATCCTCCCACACCCAAGG -3’
5'-GTGCAGGGTCCGAGGT-3'
5'-GCTTCGGCAGCACATATACTAA-3’
5"-AACGCTTCACGAATTTGCGT-3"

Forward primer
Reverse primer
u6 Forward primer
Reverse primer

TROAP Forward primer  5-CCTCCGGGGTGTATCTCCTAC-3’
Reverse primer  5-TGGAGTCTACTGGCGTCTT-3’
GAPDH Forward primer  5-TGGAGTCTACTGGCGTCTT-3'

Reverse primer  5-TGTCATATTTCTCGTGGTTCA-3’

electrochemiluminescence (ECL) kit (Solarbio,

Beijing, China).

2.6. MTT assay

ccRCC cells (2 x 10> cells/well) were seeded into
a 96-well plate. Then, after 0, 24, 48, 72 h, of
inoculation, 20 pL of MTT (5 mg/ml) solution
(Shanghai Zeye Biotechnology Co., Ltd., China)
was added to each well, and cells were incubated
at 37°C with 5% CO, for 4 h. Next, the super-
natant was aspirated, and 150 pL dimethyl sulfox-
ide (DMSO) was added to dissolve the precipitate.
The optical density (OD) value of each well was
measured by a microplate reader (Molecular
Devices, Sunnyvale, CA, USA) at 490 nm. The
experiment was repeated three times.

2.7. Wound healing assay

First, 5 x 10> ccRCC cells were inoculated into
a 6-well plate. When cell density reached about
90%, a 200 mL sterile pipette tip was used to
draw a straight line in each well. Afterward, cells
were cultured in 2 mL of fresh medium without
FBS in a cell incubator at 37°C with 5% CO,.
Then, an inverted microscope was employed to
photograph the scratched area at the time of
scratching and after 48 h of incubation. The
experiment was repeated three times. The healing
status was expressed by wound healing rate.
Wound healing rate = (initial scratch width -
48 h scratch width)/initial scratch width.

2.8. Cell invasion assay

First, 2 x 10* ccRCC cells were inoculated in the
upper chamber of Transwell chamber (sigma;
China) coated with matrigel (BD, USA). Then,
650 uL of DMEM medium containing 20% FBS
was added to the lower chamber. Cells were incu-
bated for 24 h in an incubator. Then the culture
medium was discarded and uninvaded cells on the
filter membrane were removed with a cotton swab.
Next, invaded cells were fixed with 4% parafor-
maldehyde for 15 min, and stained with 0.1%
crystal violet for 10 min. Five fields were randomly
selected with an inverted microscope to photo-
graph cells and the cells passing through the



membrane were counted. The experiment was
repeated in triplicate.

2.9. Dual-luciferase reporter gene assay

The wild-type (Wt) or mutant-type (Mut)
sequence of the 3'untranslated region (3'-UTR) of
TROAP was cloned into the psiCHECK-2 dual-
luciferase vector (Promega, Madison, WI).
Subsequently, the luciferase plasmid containing
Wt or Mut sequence and miR-mimic was co-
transfected  into  ccRCC  cells  Caki-2.
Simultaneously, the plasmid and NC-mimic were
also co-transfected into Caki-2 cells. After 48 h of
transfection, the firefly and renilla luciferase activ-
ities were measured. The luciferase activity was
detected by the luciferase reporter analysis system
(Promega, USA). The experiment was repeated in
three sets to obtain stable results.

2.10. Statistical analysis

The experimental data obtained in this study were
processed by GraphPad Prism 6 (GraphPad
Software Inc., San Diego, CA, USA). The measure-
ment data were presented as mean * standard
deviation. The comparison between the two
groups was carried out using ¢-test,, and the com-
parison among multiple groups was by one way
analysis of variance (ANOVA). P < 0.05 indicated
a significant difference.

3. Results
3.1. TROAP is highly expressed in ccRCC

The edgeR package was used to perform differen-
tial analysis on mRNA between the normal group
and the tumor group in TCGA database to obtain
3633 DEmRNAs (Figure la). Related studies have
denoted that TROAP is up-regulated in a variety
of tumor tissue, and is related to dismal prognosis
of cancer, which can promote proliferation and
migration of cancer cells [15,22], but its expression
and mechanism in ¢ccRCC remain to be explored.
Accordingly, TROAP was selected as the subject of
this study from several mRNAs with significant
differences. TROAP was prominently highly
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expressed in ccRCC tissue (Figure 1(b)). At the
same time, the survival analysis of patients with
ccRCC demonstrated that patients with high
expression of TROAP in tumor tissue had
a worse prognosis (Figure 1(c)). the expression
level of TROAP was significantly different in dif-
ferent G, stage, T, M, and N stages of tumor
(Figure 1(d-h)) with a gradually increasing trend.
These results indicated that TROAP was up-
regulated in ccRCC, which was likely to be
a factor leading to an unfavorable prognosis in
patients with ccRCC.

Therefore, in order to verify that TROAP
expression was differentially up-regulated in
ccRCC, the mRNA and protein expression levels
of TROAP in human renal tubular epithelial cell
line HKC and c¢cRCC cell lines such as A498 were
measured. The results illustrated that the mRNA
and protein expression levels of TROAP in ccRCC
cell lines ((786-0, A498, Caki-2)) were remarkably
higher than those in human renal tubular epithe-
lial cell line HKC (Figure (1i, Figure 1j)). Caki-2
cell line with the highest expression was selected
for subsequent experiments. By combining bioin-
formatics analysis of TROAP expression in ccRCC
and experimental detection of TROAP expression
in cell lines, it was confirmed that TROAP was
highly expressed in ccRCC.

3.2. TROAP promotes cell viability, migration
and invasion of ccRCC

To further confirm that TROAP was an unfavorable
factor for the malignant progression of ccRCC, the
effect of TROAP on the migration, invasion and
viability of Caki-2 cells was observed. First, oe-
TROAP was transfected into Caki-2 cells, and then
qRT-PCR was used to prove that transfection of oe-
TROAP could over-express TROAP in Caki-2 cells
(Figure 2(a)). Subsequent functional experiments
reflected the effect of overexpression of TROAP on
the malignant phenotype of Caki-2 cells.
Overexpression of TROAP played a significant role
in promoting cell viability (Figure 2(b)). In addition,
the results of cell migration and invasion assays
manifested that overexpression of TROAP could
also markedly stimulate the migration and invasion
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Figure 1. The expression level of TROAP is up-regulated in ccRCC (a): Volcano map of DEmRNAs in ccRCC, the red dots represent up-
regulated mRNAs, and the green dots represent down-regulated mRNAs; (b): The expression of TROAP in ccRCG; (c): Survival curves
of TROAP expression on the prognosis of patients; (d-h): Box plots of TROAP expression in different G, stage, T, M, and N stages of
ccRCC, respectively; (i): The results of qRT-PCR detection of mRNA expression of TROAP in human renal tubular epithelial cell line
HKC and three ccRCC cell lines including A498; (j): The results of western blot of protein expression of TROAP in human renal tubular
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Figure 2. TROAP promotes cell viability, migration and invasion of ccRCC (a): The results of qRT-PCR detection of TROAP mRNA
expression in cells after transfected with oe-TROAP; (b): The effect of overexpressed TROAP on cell viability was detected by MTT
assay; (c): The effect of overexpression of TROAP on cell migration was assessed through wound healing assay (40x); (d): The effect
of overexpressed TROAP on cell invasion was measured by cell invasion assay (100x); * p<0.05.

of Caki-2 cells (Figure (2¢, Figure 2d)). Through
these experiments, it was fully confirmed that
TROAP was an oncogene in ccRCC, which pro-
moted the viability, migration and invasion of can-
cer cells.

3.3. MiR-532-3p can target and suppress the
expression of TROAP

In order to further study the mechanism of
TROAP to regulate cell viability of ccRCC, the
miRNAs that may bind and regulate TROAP
were predicted. Differential analysis of the
miRNA expression data of ccRCC in TCGA

database was conducted by edgeR to obtain 82
DEmiRNAs, among which 51 were differentially
up-regulated, and the other 31 were down-
regulated (Figure 3(a)). Then the upstream regu-
latory genes of TROAP were predicted via
miRWalk and starBase databases. The prediction
results were compared with 31 down-regulated
miRNAs to screen out miRNAs in both groups,
that was, two DEmiRNAs that might target
TROAP, namely miR-532-3p and miR-138-5p
(Figure 3(b)). Next, Pearson correlation analysis
was performed on TROAP with miR-532-3p and
miR-138-5p, and it was found that miR-532-3p
was negatively correlated with TROAP with
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a higher correlation coefficient than miR-138-5p
and TROAP (Figure 3(c)). The down-regulation
trend of miR-532-3p in TCGA dataset of ccRCC
was presented in Figure 3(d). Therefore, it was
believed that miR-532-3p was likely to be able to
bind and regulate TROAP, and subsequent verifi-
cation had been carried out.

To verify that miR-532-3p could regulate
TROAP, the expression of miR-532-3p in four
cell lines used in the previous assays was observed
using qRT-PCR. The results displayed that the
expression of miR-532-3p in ccRCC cell lines was
lower than that in human renal tubular epithelial
cell line HKC (Figure 3(e)). Then miR-532-3p was
overexpressed in the Caki-2 cell line, and qRT-
PCR was performed to verify that miR-532-3p
was successfully overexpressed (figure 3(f)). The
expression changes of TROAP in cells were
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overexpressed miR-532-3p in Caki-2 cells drama-
tically reduced TROAP mRNA and protein levels
(Figure 3(g, Figure 3h)). Finally, the dual-
luciferase reporter gene assay revealed that miR-
mimic did not affect the TROAP-Mut group sig-
nificantly, but it could reduce the luciferase activ-
ity of the TROAP-Wt group, which substantiated
that miR-532-3p and TROAP had a targeted bind-
ing relationship (Figure 3(i)). In sum, miR-532-3p
could directly bind to TROAP mRNA to inhibit
the expression of TROAP.

3.4. MiR-532-3p modulates cell viability,
migration, and invasion by TROAP in ccRCC

In order to further confirm that miR-532-3p could
restrain cell proliferative rate, migratory and inva-
sive abilities of ccRCC by targeting TROAP, miR-

assessed, and the results exhibited that 532-3p was firstly overexpressed and then miR-
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Figure 4. MiR-532-3p inhibits cell viability, migration and invasion of ccRCC by targeting TROAP (a): The results of qRT-PCR of TROAP
mRNA expression in cells after various treatments; (b): The results of western blot of TROAP protein expression in cells after various
treatments; (c): Changes in cell proliferative ability after various treatments were measured by MTT assay; (d): Cell migratory ability
after various treatments was detected via wound healing assay (x40); (e): Cell invasion ability after various treatments was assessed

through cell invasion assay (x100); * p < 0.05.
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532-3p and TROAP were overexpressed simulta-
neously in Caki-2 cells (NC-mimic+oe-NC group,
miR-mimic+oe-NC  group, = miR-mimic+oe-
TROAP group). The expression of TROAP in
each group was detected by qRT-PCR and western
blot. The results indicated that compared with the
miR-532-3p overexpression group, the TROAP
expression level was higher in the miR-532-3p
and TROAP simultaneously overexpressed group
(Figure 4(a, Figure 4b)). Then the changes in the
viability of the three groups of transfected cells
were observed. The results manifested that miR-
532-3p could suppress the viability of cancer cells,
which could be reversed by TROAP (Figure 4(c)).
Similarly, the results of wound healing and cell
invasion assays also clearly pointed out that miR-
532-3p could inhibit the migration and invasion of
Caki-2 cells, while overexpression of TRAP could
reverse the inhibition effect of miR-532-3p on the
migration and invasion of Caki-2 cells (Figure 4(d,
Figure 4e)). Through the above assays, it could be
determined that TROAP could reverse the inhibi-
tion effects of miR-532-3p on cell viability, migra-
tion and invasion of ccRCC.

4. Discussion

As is well known, many genes are abnormally
expressed in cancer and play an important regula-
tory role in the occurrence and progression of can-
cer [23,24]. Therefore, in this study, in order to
discover the related genes that regulate ccRCC
cells, DEmRNAs in ccRCC were screened out
through bioinformatics analysis. By consulting
related studies, it is found that TROAP is up-
regulated in a variety of cancers except ccRCC,
including liver cancer, breast cancer, gastric cancer,
etc., and it can promote the progression of these
cancers [10,15,22]. Thus, TROAP was selected as the
research object, followed by qRT-PCR and western
blot to detect the expression of TROAP in human
renal tubular epithelial cell line and ccRCC cell lines.
It was confirmed that TROAP was up-regulated in
ccRCC. Afterward, the effect of TROAP on ccRCC
was observed through cell biology functional experi-
ments, which confirmed that TROAP could pro-
mote cell viability, migration and invasion of
ccRCC. These studies fully elucidated that TROAP

as an oncogene exacerbated malignant behaviors of
cancer cells.

Accumulating  evidence  exhibited  that
miRNAs can directly regulate gene expression
by inhibiting the mRNA translation or reducing
mRNA stability to stimulate degradation[25].
Prior work demonstrated that TROAP can be
regulated by miRNAs. For instance, miR-519d-
3p can affect the proliferation and migration of
colorectal cancer cells by targeting TROAP[23].
Therefore, the upstream miRNAs that regulate
TROAP were explored by bioinformatics analysis
in this study, and finally two miRNAs (miR-532-
3p; miR-138-5p) that had binding sites with
TROAP were found, which were negatively cor-
related with TROAP. At last, miR-532-3p was
selected, which was negatively correlated with
the highest correlation coefficient of TROAP.
MiR-532-3p is a popular miRNA in cancer
research, which has been substantiated to play
a pivotal tumor suppressor effect in different
cancers by regulating mRNAs. For example,
miR-532-3p restrains the NF-kB signaling path-
way in prostate cancer cells by targeting TRAFI,
TRAF2 and TRAF4, thereby inhibiting the oss-
eous metastasis of prostate cancer[26]. MiR-532-
3p can reduce the expression of KIFC1 in liver
cancer, thereby inhibiting the metastasis of liver
cancer by activating the gankyrin/AKT/TWIST1
signaling pathway[27]. However, the role of
miR-532-3p in c¢cRCC has not yet to be fully
defined. In this study, the expression of miR-
532-3p in human renal tubular epithelial cell
line and ccRCC cell lines was detected by qRT-
PCR. It was determined that miR-532-3p was
down-regulated in ¢ccRCC cell lines. Moreover,
it was confirmed by dual-luciferase reporter gene
assay that miR-532-3p could directly target and
regulate  TROAP. Concurrently, it was also
denoted in rescue experiment that TROAP
reversed the inhibition effect of miR-532-3p on
the viability, migration and invasion of ccRCC.
This fully indicated that miR-532-3p could sup-
press the malignant progression of ccRCC by
targeting TROAP.

Viewed in toto, this study found for the first time
that TROAP was up-regulated in ccRCC, and could
promote the viability, migration and invasion of
cancer cells. At the same time, miR-532-3p was



discovered that could target and inhibit TROAP.
Furthermore, it was proved that TROAP could
reverse the inhibition effect on viability, migration
and invasion caused by miR-532-3p. Exploring inter-
action as well as the potential mechanism of miR-
532-3p and TROAP in ¢cRCC may contribute to
developing new avenues for the treatment of ccRCC.
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