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1 | INTRODUCTION

Abstract

Exosome-derived miRNAs are regarded as biomarkers for the diagnosis and progno-
sis of many human cancers. However, its function in clear cell renal cell carcinoma
(ccRCC) remains unclear. In this study, differentially expressed miRNAs from uri-
nal exosomes were identified using next-generation sequencing (NGS) and verified
using urine samples of ccRCC patients and healthy donors. Then, the exosomes were
analysed in early-stage ccRCC patients, healthy individuals and patients suffering
from other urinary system cancers. Thereafter, the target gene of the miRNA was
detected. Its biological function was investigated in vitro and in vivo. The results
showed that miR-30c-5p could be amplified in a stable manner. Its expression pattern
was significantly different only between ccRCC patients and healthy control indi-
viduals, but not compared with that of other urinary system cancers, which indicated
its specificity for ccRCC. Additionally, the overexpression of miR-30c-5p inhibited
ccRCC progression in vitro and in vivo. Heat-shock protein 5 (HSPA5) was found to
be a direct target gene of miR-30c-5p. The depletion of HSPA5 caused by miR-30c-
5p inhibition reversed the promoting effect of ccRCC growth. In conclusion, urinary
exosomal miR-30c-5p acts as a potential diagnostic biomarker of early-stage ccRCC
and may be able to modulate the expression of HSPAS5, which is correlated with the

progression of ccRCC.
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for advanced kidney cancer,?? it is essential to identify a biomarker

that can be used to recognize early-stage renal cancer.

Renal cell carcinoma (RCC) is derived from renal epithelial cells.
Clear cell renal cell carcinoma (ccRCC) is the most common subtype
of RCC, which accounts for 86.95% of all cases in the population of

China.! Due to the poor benefits from surgical and systemic therapy

MicroRNAs (miRNAs) are a class of small, endogenous RNAs
of 21-25 nucleotides in length. miRNA genes are mainly located
in cancer-associated genomic regions, which implies that some
overexpressed miRNAs might be involved in promoting cancer
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progression.*® It has been demonstrated that miRNAs are signifi-
cantly dysregulated in RCC; thus, it is reasonable to regard specific
dysregulated miRNAs as potential biomarkers of RCC.1?

Exosomes are membrane-bound vesicles with a diameter of
30-140 nm that are secreted by almost all mammalian cell types and
are present in body fluids such as blood, emulsion, spit and urine.*>*
Various biological macromolecules such as lipids, proteins, mRNAs
and miRNAs are included in exosomes.'®1>1¢ Therefore, exosomes
that are secreted from tumour cells that contain cancer biomarkers
can be used for early cancer diagnosis.“’“’

In this study, we first detected the expression of dysregulated
miRNAs in urine exosomes of ccRCC patients and healthy individ-
uals, in order to identify a dysregulated miRNA that is specific to
ccRCC. Furthermore, the biological function of this specific miRNA
in the development and progression of ccRCC was investigated. In
addition, the target gene of this miRNA was identified in order to
explore its mechanism of action in ccRCC progression. This study is
expected to provide a novel biomarker of early-stage ccRCC, a theo-
retical basis for further pathological studies and the development of

new therapeutic approaches for ccRCC.

2 | METHODS AND MATERIALS

2.1 | Patients and samples

Urine samples of 70 early-stage (T1aNOMOQ) ccRCC patients, 30
early-stage prostate cancer (TINOMO) patients and 30 early-stage
bladder cancer (TINOMO) patients prior to surgery at Shanghai
Changzheng Hospital, Shanghai Changhai Hospital and Shanghai
Ninth Peoples’ Hospital, ccRCC tissues and adjacent normal kidney
tissues from 42 early-stage ccRCC patients and urine samples from
30 healthy donors were collected. The clinical characteristics of the
patients are shown in Table 1. Pathological data were confirmed by
pathologists after operation. Patients who received chemotherapy
or radiotherapy before sample collection were excluded. This study
was approved by the Ethics Committees of Shanghai Jiao Tong
University. Informed consent was obtained from all participants
before the study. Additionally, all animals used were housed and

treated under approved protocols.

2.2 | Exosome isolation from human urine samples

Morning urine was collected and centrifuged (2000x g for 5 min-
utes) at 4°C, and then filtrated at 0.22 pm before being stored at
-80°C. The exosomes were then isolated from the human urine
samples. First, 50 mL of cell-free urine samples was thawed on ice.
Thereafter, the samples were ultracentrifuged at 150 000 x g, over-
night at 4°C. Next, the exosome pellets were washed in 11 mL of
phosphate buffer saline (PBS), followed by a second step of ultra-
centrifugation at 150 000x g, at 4°C for 2 hours. The supernatant
was discarded, and the pelleted exosomes were then re-suspended
in 500 pL of TRIzol for RNA analysis or in 250 pL of lysis buffer
(8 mol/L urea, 2.5% SDS, 5 mg/mL leupeptin, 1 mg/mL pepstatin and

TABLE 1 Clinical characteristics of patients and healthy people

ccRCC PCa BCa Healthy

Total number 70 30 30 30
Gender

Female 35 0 15 15

Male 35 30 15 15
Age

Median 55 58 52 51

Range 45-68 52-71 27-63 48-61
Stage

I 5 3 4

1A 51 21 18

11B 15 6 8
TNM stage

T1 45 13 8

T2 25 17 22

T3

T4
N

NO 70 30 30

N1-3
M

MO0-M1 0 0 0

Abbreviations: BCa, bladder cancer; ccRCC, clear cell renal cell carci-
noma; PCa: prostate cancer.

1 mmol/L phenylmethylsulphonyl fluoride) for protein analysis. The
exosomes used for transmission electron microscopy (TEM) were
re-suspended in 100 mL of PBS. 10 mL of this exosome sample was
used for NanoSight LM10 (NanoSight Ltd.) analysis after Nano dilu-
tion 1:100 in PBS.

2.3 | RNAisolation from cells and exosomes

RNA was isolated using a TRIzol Plus RNA Purification Kit (Life
Technologies, 12183555) according to the manufacturer's proto-
col. After verifying the quality of total RNA using an Agilent 2100
Bioanalyzer RNA 6000 Pico Kit (Agilent Technologies), we pro-
ceeded to the second part of the protocol, small RNA enrichment
from total RNA by increasing the ethanol content of the sample, fol-
lowed by isolation over a glass-fibre filter and elution. Thereafter, the
quality of the small RNA samples was analysed using an Agilent 2100
Bioanalyzer Small RNA Kit (Agilent Technologies). RNA total concen-
tration was measured using NanoDrop, and miRNA concentration
was analysed using the Quant-iT RiboGreen Kit (Thermo Scientific).

2.4 | Next-generation sequencing

Total RNA was isolated from exosomes using TRIzol LS, according

to the manufacturer's instructions, and small RNA concentration
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was determined using a small RNA Bioanalyzer Chip (Agilent).
Preparation and sequencing of the cDNA libraries was performed
with 200-600 ng of small RNA from the total RNA samples, ac-
cording to the manufacturer's instructions (lllumina). The cDNA
sequence library yield was measured using an Agilent 2100
Bioanalyzer (Agilent Technologies), and the samples were pooled
in equimolar concentrations for the sequencing run. For sequenc-
ing, paired-end 100 (PE100) cycles were performed on a HiSeq
2000 (lllumina).

2.5 | Celllines and cultures

The 786-0, ACHN human renal cancer cell lines and human renal
epithelial tubular cell line HK-2 were purchased from the Institute
of Cell Research, Chinese Academy of Sciences (Shanghai, China).
The cells were cultured in RPMI 1640 medium (786-0 and HK-2) or
DMEM (ACHN) supplemented with 10% (v/v) exosome-depleted
FBS (Gibco, Thermo Fisher Scientific) and 100 U/mL penicillin and
100 mg/mL streptomycin. All cell lines were kept in a humid atmos-
phere, with 5% CO, and at 37°C.

2.6 | Isolation of exosomes

Exosomes were obtained from the supernatant of cells, as previ-
ously described with a few modifications. In brief, cells were grown
in 25-cm? flasks in exosome-depleted FBS RPMI 1640 medium
until they reached a confluency of 80%-90%. Next, the medium
was collected and centrifuged at 800x g for 5 minutes, followed
by a centrifugation step of 2000x g for 10 minutes, in order to dis-
card cellular debris. Thereafter, the medium was filtered using a
0.2 mm pore filter (syringe filter, 6786-1302; GE Healthcare) and
ultracentrifuged at 100 000x g for 2 hours at 4°C. The exosome
pellets were washed with 5 mL PBS, followed by a second step of
ultracentrifugation at 100 000x g for 2 hours at 4°C. The superna-
tant was then discarded. The exosomes that were to be used for
RNA extraction were re-suspended in 500 plL of TRIzol, while the
exosomes that were to be used for protein extraction were re-sus-
pended in 250 plL of a lysis buffer. The exosomes that were to be
used for TEM were re-suspended in PBS. 10 mL of this exosomes
sample was used for NanoSight LM10 (NanoSight Ltd.) analysis
after dilution 1:100 in PBS.

2.7 | Transfection of microRNA mimics, inhibitors,
shHSPAS5 and HSPAS5 in vitro

The cells were seeded at a density of 2 x 10° or 5 x 10° per well. miR-
30c AgomiR (MiScript miRNA Mimics; Qiagen), AntagomiR (MiScript
miRNA Inhibitor) and shHSPA5 were transfected using the Attractene
transfection reagent at a concentration of 20 pumol/L by fast-for-
ward transfection, according to the manufacturer's recommendation
(Qiagen). Transfection was carried out for 24 hours, followed by infec-

tion or co-culture with infected cells. Prior to infection or co-culture,

the efficiency of transfection and cell viability was determined using

real-time PCR and MTS assay (Promega), respectively.

2.8 | Protein mass spectrometry (MS) assay

Mass spectrometry assay included sample preparation (ACHN,
786-0O and HK-2 cells), chromatography-mass spectrometry and
data processing. The Orbitrap Fusion Mass Spectrometer (Thermo
Scientific) was used according to the manufacturer's instruction.

More details were illustrated in the supplement.

2.9 | Luciferase reporter assay

Light switch luciferase assay reagents were obtained from Promega
Corporation, USA. Cells overexpressing miR-30c-5p were trans-
fected together with a luciferase reporter plasmid and the pRL-TK
vector expressing Renilla luciferase for 24 hours. Luciferase activ-
ity was measured using a dual reporter assay system according to
the manufacturer's instructions. Renilla luciferase was used for

normalization.

2.10 | Cell proliferation assay

After transfection, the viability of the cells was determined using a
CCK-8 assay. In brief, ACHN cells were seeded into 96-well plates, at a
concentration of 1 x 10* cells/mL. After incubation at 37°C and 5% co,
for 24,48 and 72 hours, 10 uL of CCK solution was added to each well,
which was followed by incubation at 37°C for 4 hours. Absorbance of
each well at 450 nm was detected using a microplate reader.

2.11 | Colony formation assay

Colony formation assays were performed with standard protocol. In
brief, the cells (500/well) were cultured in 6-well plates for 2 weeks.
The colonies were then counted and photographed using Quantity
One software (Bio-Rad).

2.12 | Western blotting

Cells were lysed in a RIPA buffer containing 5 mg/mL leupeptin, 1 mg/
mL pepstatin and 1 mmol/L phenylmethylsulphonyl fluoride. The ex-
osomes were lysed in 8 mol/L urea, 2.5% SDS containing 5 mg/mL
leupeptin, 1 mg/mL pepstatin and 1 mmol/L phenylmethylsulphonyl
fluoride. The protein blot was blocked for 1 hour at room temperature
with 5% non-fat dry milk in PBS-0.05% Tween, and incubated over-
night at 4°C with 1:300 anti-CDé63 (sc-166029, Santa-Cruz) and 1:300
anti-p-actin (A3854, Sigma-Aldrich) primary antibodies. Thereafter,
it was incubated for 1 hour at room temperature with horseradish
peroxidase (HRP)-conjugated secondary antibodies. After incubation
with the antibodies, the protein blot was washed on an orbital shaker,
four times at 10-minute intervals, with PBS-0.05% Tween-20. The
blots were developed with chemiluminescent reagents from Pierce.
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2.13 | Quantitative reverse transcription-
polymerase chain reaction

Urine exosome RNA (50 ng/sample) was used for reverse tran-
scription, which was performed according to the manufacturer's
instructions (Life Technologies). miRNA assay #4427975 from Life
Technologies was used as the primer for the mature sequences. qRT-

PCR was performed according to the manufacturer's instructions.

2.14 | Immunohistochemistry analysis

Formalin-fixed paraffin-embedded (FFPE) tissue was cut into 3-pm sec-
tions for immunohistochemistry (IHC). Slides were deparaffinized with xy-
lene and hydrated with decreasing concentrations of an ethanol solution.
Sections were treated with citrate buffer solution (Maixin-Bio) at 100°C
for 1 minutes for antigen retrieval and were permeabilized in 3% hydrogen
peroxide for 10 minutes at 37°C. Slides were then incubated with primary
antibodies at 4°C overnight, followed by incubation with secondary an-
tibodies for 60 minutes at 37°C. Finally, 3,3-diaminobenzidine tetra-hy-

drochloride was used as colouring reagent, and haematoxylin was used

as a counterstain for nuclei. The stained fields were photographed using
a light microscope equipped with a camera (Olympus). The primary anti-
body used for IHC was anti-GRP78 (1:200, ab108613, Abcam). Staining
intensity was quantified using ImageJ software (NIH).

2.15 | Tumorigenicity assay

The tumour formation ability of the RCC cells overexpressing
miR-30c-5p was evaluated by injecting cell suspensions into BALB/c
nude male mice. The 10 mice were randomly divided into an over-
expressing group and a control group. For each mouse, 2 x 107 of
ACHN cells (stably transfected with the miR-30c-5p mimics or con-
trol) were injected into the buttocks. After 4-5 weeks, the mice were

killed and the tumours were weighed.

2.16 | Statistical analyses

All experiments were performed in triplicate. All data are presented

+

as mean * standard deviation. Comparison between groups was

conducted using Student's t test or chi-squared test. All statistical
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Identification and characterization of exosomes. A, Urinary exosomes were isolated from the urine collections using

differential ultracentrifugation as described in Methods. Urinary vesicles, showing the characteristic exosomal cup shape and size, are shown
in the electron micrograph; scale bar = 100 nm. B, The size and concentration of the urinary exosomes were determined using NTA. C,

The expression of exosomal markers was assessed using immunoblotting of total protein extracts from isolated urinary exosomes. D, RNA
profiles were obtained using an Agilent 2100 Bioanalyzer. All experiments were performed in triplicate
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analyses were performed with SPSS software (SPSS 20, IBM). A P

value <.05 was considered statistically significant.

3 | RESULTS

3.1 | Characterization of urinary exosomes and
miRNA expression of urinary exosomes

In order to detect the miRNA expression of urinary exosomes, ex-
osomes were obtained from urine and were examined using elec-
tronic microscopy, and the characteristic cup-shaped morphology of
the vesicles was observed (Figure 1A). Nanosight tracking analysis
(NTA) displayed that the diameters of most vesicles were around
100 nm (Figure 1B). Then, specific markers (CD9, CD81, CD63) of
urine exosomes were detected in the urine samples using Western
blotting (Figure 1C), which verified the exosomes and its purity.
Furthermore, the RNA profile isolated from the urine exosomes was
assessed using Bioanalyzer, and the results show that small RNAs
are the main RNA fraction observed in the exosomes and that the
ribosomal RNA peaks were undetectable (Figure 1D). These results
confirm the integrity and purity of the miRNAs of the exosomes ob-

tained through the isolating operation.

3.2 | Identification of 16 potential miRNA
biomarkers in urine exosomes of ccRCC patients

In order to study the expression pattern of exosomal miRNA in the
samples from ccRCC patients and healthy control individuals, total
RNA was first isolated from the urine exosomes. The contents of the
small RNAs in the exosomes of ccRCC patients and healthy control
individuals were found to be consistent. Thereafter, miRNAs were
isolated from total RNA and next-generation sequencing (NGS) was
performed, in order to compare the urinary exosome miRNA expres-
sion pattern of ccRCC patients with that of healthy individuals. The
samples were then analysed using an ultrasequencer lllumina HiSeq
2000, a platform that can deliver high-quality data. After quality
controls and adapter elimination (Figure 2A), only high-quality reads
were aligned using a mirDeep2 algorithm against the mirBase v20
database, for the identification and quantification of previously de-
scribed miRNAs (Figure 2B). In total, 126 miRNA species were identi-
fied (Table S1).

The total number of valid sequence reads was used as a mea-
sure of its relative abundance. Data were normalized by Z-score to
compare relative expression in urinary exosomes of ccRCC patients
and normal persons, and the volcano plot (Figure 2C) shows the
different preliminary expressions of the miRNAs. Among them, 16
miRNAs were found to have significantly different (P < .05) expres-
sions between patients with cancer and healthy control individuals,
as shown in Figure 2D, which were part of the candidate to screen
the biomarker.

In order to verify the different expressed miRNAs were con-
nected to the ccRCC, we detected the renal carcinoma cell lines
786-0 and ACHN, and renal epithelial cell lines HK-2. The exosomes

WILEY--9%

were obtained from cultured cells, and miRNA was sequenced. We
identified 297 known miRNA species and screened 116 of them
which expressed significant diverse effects (P < .01).

Comparing the sequencing data of urinary exosomes and cell
exosomes, 49 miRNAs were found to have similar expression trend
(Table S2). They were down-regulated or up-regulated both in uri-
nary exosomes and in cell exosomes, and the similar trend indi-
cated the definite law of different expression. The heatmap of the
49 microRNA respective expression in exosomes of ccRCC patients
and normal people, 786-0, ACHN and HK-2 cell lines is shown in
Figure 2E. The 49 miRNAs were the other part of candidate, and the
target biomarker miRNA would be screened from them.

3.3 | miR-30c-5p may be a specific biomarker of
RCC-derived urinary exosomes

From the two groups of candidate, 16 miRNAs showed dramatically
different expression in urinary exosome and 49 miRNAs showed
similar different expression trend both in urinary and in cellular
exosomes, in which 5 overlapped miRNAs, miR-30c-5p, miR-27b-
3p, miR-26a-5p and miR-194-5p, which were down-regulated, and
miR-122-5p, which was up-regulated, were screened. In order to
validate the data obtained by NGS and find a potential biomarker of
early-stage RCC diagnosis, the five miRNAs mentioned above were
tested using qRT-PCR performed on urine and urine exosomes of
70 ccRCC patients and 30 healthy individuals. Among them, miR-
194-5p and miR-26a-5p were barely detectable and the expression
levels of miR-30c-5p, miR-122-5p and miR-27b-3p were stably am-
plified (data not shown). In order to identify a specific biomarker that
can distinguish between ccRCC patients and patients with other uri-
nary system cancers, miRNAs of the urine exosomes of 30 prostate
cancer patients and 30 bladder cancer patients were then evaluated.
Although miR-30¢c-5p (3'-CGACUCUCACAUCCUACAAAUGU-5')
was stably amplified in urine exosomes of prostate cancer and
bladder cancer patients as well, there was no significant difference
between its expression in these patients and healthy individuals.
However, the expression level of miR-30c-5p in the urinary ex-
osomes of ccRCC patients was significantly lower than that of nor-
mal individuals (Figure 3A), which implies that miR-30c-5p might be
a potential urinary exosomal ccRCC biomarker. Furthermore, a re-
ceiver operating characteristic (ROC) curve revealed that the area
under the curve (AUC) was 0.8192 (95% confidence interval was
0.7388-0.8996, P < .01) (Figure 3B). The sensitivity and specificity of
urinary exosome miR-30c-5p in the diagnosis of ccRCC were found
to be 68.57% and 100%, respectively.

3.4 | Attenuation of miR-30c-5p promotes the
progression of ccRCC

In order to study the role of miR-30c-5p in the progression of ccRCC,
the expression of miR-30c-5p and exosomal miR-30c-5p was evalu-
ated in RCC cell lines including 786-O, ACHN and the human renal
epithelial tubular cell line HK-2, as well as their mediums. miR-30c-5p
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FIGURE 2 Exosome identification of RNA sequencing. A, Overview of deep sequencing results, including the number of reads, mapped
sequencing reads and the distribution of mapped reads between different ncRNA classes. B, miRNA (62%), piRNA fragments (9.5%), tRNA
fragments (1.3%), Y-RNA fragments (3.6%), rRNA fragments (1.2%) and other fragments (28%). C, Volcano plot showing differences between
urine exosome miRNAs of healthy individuals (n = 10) and RCC (n = 15) patients. The miRNAs were classified according to fold changes

(log2 FC) between healthy individuals and RCC patients. Vertical dotted lines: miRNA with >2-fold enrichment in urine exosomes of healthy
individuals or RCC patients. D, Top 16 miRNAs that were significantly differentially expressed in healthy control individuals compared with
those of cancer patients (*P < .05, **P < .01). E, Heatmap of the 49 miRNAs differentially expressed in exosomes from urine and cells. All
experiments were performed in triplicate
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expression was consistently down-regulated in 786-O and ACHN the medium of the HK-2 cells (Figure 4A). 786-O and ACHN cells
cells compared with that of HK-2, and exosomal miR-30c-5p was were then transfected with miR-30c-5p mimics, and transfec-

down-regulated in the medium of RCC cells compared with that of tion efficiency identified using qRT-PCR showed that miR-30c-5p
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FIGURE 5 HSPA5 is a target gene of miR-30c-5p. A, Schematic representation of 3'-UTR of HSPA5 mRNA reporter with and without the
miR-30c-5p seed-binding site (red). B, HSPAS5 protein expression (up) and mRNA levels (down) of ACHN cell lines infected with miR-30c-5p
were measured. (C-D), The relative luciferase activities of either the WT or Mut-3'-UTR of the HSPA5 reporter in combination with the
miR-30c¢-5p mimic in 786-0 and ACHN cells. (E-F), gPCR and IHC analyses of the mRNA and protein levels of HSPAS5 in 42 paired ccRCC
and adjacent normal kidney tissues. G, Representative images of IHC staining in ccRCC and adjacent normal kidney tissues. H, gPCR analysis
of the expression level of HSPA5 after knocking down it with shRNA and transfecting with HPSAS. (I-)), 786-0 and ACHN cell lines were
transfected with HSPA5 shRNAs, negative control, vector and HPSAS5, and cell proliferation was measured by CCK-8 assays. (K-L), Colony
formation assays of RCC cells transfected with HSPA5 shRNAs, negative control, vector and HPSA5. All data are expressed as mean + SD.
**P < .01 and ***P < .001. All experiments were performed in triplicate

expression increased in cells transfected with miR-30c-5p mimics, mimic control, 786-O and ACHN cells transfected with miR-30c-
compared with that of the control (Figure 4B). Cell proliferation as- 5p mimic had greatly reduced cell viability and colony formation

says showed that compared with the group transfected with the efficiency (Figure 4C-F). A similar trend was also observed in vivo.
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miR-30c-5p overexpression inhibited the tumorigenicity of nude
mice with ACHN xenografts (Figure 4G). The results above suggest
that miR-30c-5p inhibits ccRCC progression both in vitro and in vivo.

3.5 | miR-30c-5p directly targets HSPAS5, and the
progression of ccRCC inhibited by miR-30c-5p is
regulated by HSPA5

In order to further clarify the potential mechanism of ccRCC pro-
gression inhibited by exosomal miRNA, the gene expression of the
ccRCC cell lines and normal renal cell lines was evaluated at protein
level using protein mass spectrometry analysis, as protein is one of
the most common regulation targets of miRNAs. The MS analysis de-
tected 1009 proteins and found about 110 differentially expressed
proteins, of which the grouping is shown in Figure S1. Meanwhile,
potential target genes of miR-30c-5p were scanned for using four
online programs: miRanda (http://microrna.sanger.ac.uk/targets/
v5/), miRDB (http://www.mirdb.org/miRDB/), TargetScan (http://
www.targetscan.org/) and CLIP (http://starbase.sysu.edu.cn/). As a
result, a total of 6409 target genes were screened out. 30 genes
were found to be potential target genes, by comparing the protein
MS with online predictions, for simultaneously showing differ-
ential expression through MS and being predicted by at least one
online program. Among them, HSPAS5 was predicted by two online
programs (miRanda and CLIP) and showed an obviously different
expression between the RCC cell line and the HK2 cell line (3.8915-
fold up-regulated in 786-0O and 4.387-fold up-regulated in ACHN).
In addition, HSPD1 was also predicted by two online programs (mi-
Randa and CLIP) and showed a significantly higher expression in the
RCC cell line (6.139-fold up-regulated in 786-0 and 6.021-fold up-
regulated in ACHN) (data not shown).

In order to confirm whether HSPA5 or HSPD1 would be the
direct target gene of miR-30c-5p, luciferase activity assay was
performed with ccRCC cells, which were transfected with lucifer-
ase constructs containing WT-3-UTR and Mut-3'-UTR of HSPA5
(Figure 5A). Overexpression of miR-30c-5p substantially reduced
the expression of HSPA5, while the miR-30c-5p inhibitor increased
the HSPA5 at protein level (Figure 5B, up). However, the gRT-
PCR analysis showed that neither miR-30c-5p overexpression nor
miR-30c-5p inhibitor transfection had a significant effect on HSPA5
at mRNA level (Figure 5B, down), suggesting that miR-30c-5p specif-
ically regulated HSPA5 expression at the post-transcriptional level.
Furthermore, dual-luciferase assays showed that while miR-30c-5p
suppressed the luciferase activity of the reporter containing wt-3'-
UTRs of HSPAS5 in both 786-O and ACHN cells, the effect was ob-
viously abrogated with the mutated reporter (Figure 5C,D), whereas
there was no effect on HSPD1 wt-3'-UTRs (data not shown), indi-
cating that miR-30c-5p suppressed the expression of HSPA5 by di-
rectly binding to target sites in 3'-UTRs. These results support the
bioinformatics predictions and demonstrate that miR-30c-5p di-
rectly targets HSPAS5 and inhibits its expression in ccRCC. Numerous
studies have reported that HSPAS5 performs an important role in the
progression of various cancers.?’2% Thus, we speculate that HSPA5

might be a direct target of miR-30c-5p in regulating the progression
of ccRCC. To examine the biological significance of HSPA5 in ccRCC,
correlations between HSPA5 expression levels and the pathologic
characteristics of ccRCC were analysed. Via qPCR and IHC assays,
we found that both HSPA5 mRNA and protein levels were higher
in ccRCC tissues than normal kidney tissues (Figure 5E-G). The ex-
pression level of HSPA5 was obviously decreased after knocking
down it with shRNA and increased significantly after transfecting
with HSPAS5 (Figure 5H). Subsequently, reduced HSPA5 expression
levels led to decreased cell viability and colony formation ability in
786-0O and ACHN cells, while increased HSPAS5 expression levels
may enhance cell viability and colony formation ability in both cells
(Figure 51-L). Taken together, these results suggest that HSPAS is a
functional target of the miR-30c-5p.

4 | DISCUSSION

Various studies have focused on the association between miRNA
and cancers, while increasing evidence has shown a close connec-
tion between the dysregulated expression of miRNAs and the occur-
rence and progression of cancers. miRNAs derived from exosomes
show properties of tumour specificity and sensitivity, which has
been attracting an increasing amount of attention from researchers.

In this study, 16 miRNAs that were dissimilarly expressed be-
tween ccRCC patients and healthy individuals were first identified in
urine exosomes. Next, we found that urinary exosome miR-30c-5p
was the only one that was not differentially expressed in other
urinary system cancers, which indicates its specificity for ccRCC.
Moreover, the expression level of miR-30c-5p in urinary exosomes
of ccRCC patients was lower than that of normal individuals, and a
ROC curve revealed that the AUC value was 0.8192 (95% confidence
interval was 0.7388-0.8996, P < .01). Thus, we propose miR-30c-5p
to be a potential candidate for a ccRCC biomarker. To our knowl-
edge, this is the first time the correlation between miR-30c-5p and
kidney cancer has been studied. Although most studies have focused
on tumour tissues, we screened miRNAs from urinary exosomes, as
one of the merits of using miRNA from urinary exosomes is its non-
invasiveness, which could especially contribute to the diagnosis of
early-stage ccRCC.

From the result that miR-30c-5p in urinary exosome of ccRCC
patients was lower than healthy individuals, we then speculated
that miR-30c-5p might act as a suppressor in ccRCC progression. As
expected, overexpression of miR-30c-5p was found to inhibit the
growth of RCC cells in vitro, indicating its association with the de-
velopment and progression of ccRCC. Moreover, miR-30c-5p over-
expression inhibited tumorigenicity in nude mice. Protein MS and
RNA online programs were then used to speculate the regulation
target of miR-30c-5p, thereby further exploring the molecular mech-
anism of dysregulation of miR-30¢-5p in ccRCC. Cao®* reported that
miR-30c-5p suppressed tumorigenesis and metastasis via MTA1
(metastasis-associated protein 1) in gastric cancer. However, in the
present study, HSPAS5, also called GRP78/BiP, was confirmed to be


http://microrna.sanger.ac.uk/targets/v5/
http://microrna.sanger.ac.uk/targets/v5/
http://www.mirdb.org/miRDB/
http://www.targetscan.org/
http://www.targetscan.org/
http://starbase.sysu.edu.cn/

SONG ET AL.

7 | wiLEy

a direct target of miR-30c-5p, as HSPA5 down-regulation caused
by miR-30c-5p inhibition reversed the promoting effect of ccRCC
growth.

Heat-shock protein 5 is a central regulator of the unfolded pro-
tein response of the endoplasmic reticulum. A number of studies
have demonstrated the function that HSPA5 plays in cancer metas-
tasis and in anti-apoptotic process of cancer cells.?> HSPA5 expres-
sion positively correlates with the large tumour size, aggressiveness,
high clinical stage and resistance to conventional chemotherapy of
RCC.%¢ Additionally, several studies have focused on the regulation
mechanism or signalling pathway of the differential expression of
HSPAS5 in cancers. Chang et al found that when E1A was expressed
in cancer cells, p300 was activated to reduce acetylated HSPA5
levels and enhance its binding to GP78, thereby promoting HSPA5
ubiquitination and the subsequent inhibition of metastasis.?’ It was
also proven by Chen et al that the up-regulation of HSPA5 was crit-
ical for high-risk metastasis of breast cancer, as well as triple-neg-
ative breast cancer, while they also found that HSPA5 might be a
crucial mediator of the E1A-suppressed metastatic ability of breast
cancer cells.?® Meanwhile, Luo et al reported that enhanced cell mi-
gration and invasion by FOXM1 was significantly attenuated by the
depletion of HSPAS in colorectal cancer cells and that FOXM1-trig-
gered colorectal cancer cell migration and invasion was involved in
the activities of cell-surface HSPA5. Consequently, FOXM1-HSPA5
signalling may be considered as a molecular target for designing
novel therapeutic regimes for controlling colorectal cancer metasta-
sis and progression.29 Chang et al provided new mechanistic insights
into the understanding that deacetylation of HSPA5 by HDAC6 fa-
cilitates GP78-mediated HSPA5 ubiquitination and suggested that
the post-translational regulation of the HSPA5 protein is critical for
HSPA5-mediated metastatic properties of breast cancer.’° Taken
together with the results of our present study, it is not a surprise
that HSPAS also plays an important role in ccRCC progression and
appears to be an interesting alternative target in cancer treatment.
In conclusion, miR-30c-5p-HSPAS5 signalling pathway may be cor-
related with the progression of ccRCC, which indicates that urinary
exosomal miR-30c-5p may act as a specific and sensitive biomarker

for diagnosing and monitoring the progression of ccRCC.
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