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Background: Cancer stem cells (CSCs) have been confirmed to participate in tumorigenesis, development,
and metastasis, and to affect the local environment in normal tissues. Extracellular vesicles derived from
CSCs (CSC-EVs) affect the local environment, contributing to tumor metastasis. However, the effect of
small extracellular vesicles (sEVs) from renal CSCs (RCSCs) on renal function has not been studied. This
study aimed to establish the impact of RCSC-sEVs on the renal function.

Methods: RCSC-sEVs were isolated from cell lines and locally injected into C57 mouse kidneys to observe
the effect of RCSC-sEVs on the renal function. 24-hour urinary protein and serum creatinine were examined
for renal function evaluation. Periodic Acid-Schiff (PAS) and immunochemistry (IHC) staining were
applied for investigations of the pathological changes. Western blot (WB), flow cytometry (FCM), real-time
quantitative polymerase chain reaction (RT-qPCR), and TUNEL were employed to assess cell apoptosis and
endoplasmic reticulum stress (ERS).

Results: We found that RCSC-sEVs induced apoptosis and ERS in the mouse kidneys and eventually
led to a decrease in the renal function. In vivo, RCSC-sEVs, applied by local injection, induced a continual
increase in the 24-hour urinary protein and serum creatinine. I» vitro, RCSC-sEVs induced HK2 cell
ERS and apoptosis, which was caused by miR-142-3p and was confirmed by antagomir treatment. Further
research showed that the miR-142-3p carried by RCSC-sEVs regulated ERp44, thus activating the PERK-
CHOP pathway, which induced ERS and led to cell apoptosis.

Conclusions: Renal function impairment during tumor development is induced not only by tumor
invasion but also by RCSC-sEVs-induced renal cell apoptosis. As a natural vector of miR-142-3p, RCSC-
sEVs return to the kidney cells and interfered with the expression of ERp44, inducing ERS and ultimately

leading to apoptosis of normal renal cells and renal function impairment.
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Introduction

Cancer stem cells (CSCs) represent a population of stem-
like cells within a tumor that are particularly endowed
with the capacity of self-renewal, proliferation, and
multidirectional differentiation. CSCs are considered
initiating cells of tumorigenesis, tumor development, and
metastasis (1). In 2005, Florek et al. discovered for the first
time RCC stem cells from renal cell carcinoma cells by a
cytosphere (sp) formation experiment, which confirmed
the existence of renal CSCs (2). The existing studies on
CSCs have been mainly focused on the occurrence and
development of the tumor, but the impact of CSCs on the
local environment has not been sufficiently investigated (3).
Renal function impairment is the most severe effect on the
local environment in kidney tumor patients, because the
kidneys function as a blood filter.

Among the manifestations of renal cell carcinoma
(RCC), renal function impairment has been of great
concern to clinicians since it not only the reflection of
tumor development and organism function (4,5), but also
determines life quality and survival outcomes of patients
(6-8). Renal function impairment could occur even at the
early stage of RCC. However, RCC lacks specific symptoms
and has a highly variable presentation, which hinders the
identification of early-stage renal function impairment (9).
The mechanism of RCC-induced renal function impairment
is rather complicated because tumor damage could be not
only physical but also biochemical.

Small extracellular vesicles (sEVs) are lipid bilayer
vesicles secreted by cells. Carrying and conserving a variety
of proteins, nucleic acids and cytokines, sEVs transfer
biological signals between cells and exert unique regulation
roles in a spectrum of physiological and pathological
processes (10-13). The contents of sEVs are determined
by the tissue or cells of origin, which reflects different
physiological and pathological conditions (14). The RNA
content of tumor-derived small extracellular vesicles (TsSEVs)
is similar to that of its original cells or tissues (15-17).
Recent studies have shown that TsEVs exert negative
influence on normal organs or tissues (18), leading to tumor
progression, inflammation, and a series of other pathological
changes (19-22). These findings indicated that TsEVs
probably play a role of invisible tumor. It is noteworthy
that sEVs released by CSCs induced angiogenesis and the
premetastatic niche (3). However, whether sEVs derived from
renal CSCs (RCSCs) affect renal function and its mechanism
is still unknown. Considering their unique characteristics
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of targeting and homing (23-25), we speculated that sEVs
secreted by RCSCs would specifically return to renal cells
and induce a cascade of pathological changes.

In this study, we first established that RCSC-sEVs
caused renal cell apoptosis and loss of renal function,
which was confirmed by the changes in the 24-hour
urinary protein and serum creatinine, as well as by the
pathological examination of the renal tissue. Our iz vitro
experiments confirmed that renal RCSC-sEVs induced
endoplasmic reticulum stress (ERS) in normal renal cells.
Further exploration of the underlying mechanism revealed
that miR-142-3p carried by RCSC-sEVs affected the
expression of ERp44 and finally caused apoptosis and renal
function impairment. We present the following article in
accordance with the ARRIVE reporting checklist (available
at https://tau.amegroups.com/article/view/10.21037/tau-
21-1007/rc).

Methods
Acquisition and analysis of miRNA expression

The miRNA expression was retried from TCGA. Data analysis
and prediction were conducted using Sangerbox, Oncomir
(26), Diana TarBase (27), Encyclopedia of RNA Interactome
(ENCORI) (28), and GEPIA (29). Details are available in the
Appendix 1. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Cell culture, sEVs isolation, and identification

Human RCC cell lines A498, 786-O, OS-RC-2, ACHN,
and SW839, and the human renal tubular epithelial cell
line HK2 were obtained and cultured according to the
instructions and previous research (30). RCSCs were
isolated as described earlier (31), and their morphology was
observed. A single sp was transplanted to a new T25 flask
and proliferated stably. Then, RCSCs were identified by
Western blot (WB) and real-time quantitative polymerase
chain reaction (RT-qPCR). sEVs were isolated as previously
reported, including in our earlier study (32-34). Details
of the operations are described in the Appendix 1. The
obtained sEVs were placed under a transmission electron
microscope (TEM, Hitachi H-7650) to morphological
observation and evaluation. A Nanoparticle Tracking
Analyzer (Particle Metrix, Germany) was used to determine
the size and distribution of the sEVs. WB was applied to
detect the sEVs marker proteins.
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miRNA screening

An exoRNeasy Serum/Plasma Starter Kit (QIAGEN,
Germany) was used to extract sEVs total RNAs after
isolation. Cell total RNAs were extracted using an
RNA-Quick Purification Kit (ES science, China). A
microRNA Reverse Transcription Kit (EZB-miRT2,
HiFunBio, Shanghai, China) was utilized for RNA reverse
transcription, and the 2 x SYBR Green qPCR Master Mix
(ROX2 plus, HiFunBio, Shanghai, China) kit was used
for qPCR with an ABI 7500 fast real-time fluorescent
quantitative PCR instrument. The primers were designed
and synthesized by RiboBio (RiboBio Biotechnology Ltd.,
Guangzhou, China).

Local injection of RCSC-sEVs in mice

"To investigate the effect of RCSC-sEVs on renal function,
we injected RCSC-sEVs into mouse kidneys. The methods
are briefly introduced below.

Based on the protocol of previous studies on the effect
of human EVs on kidney damage, healthy male C57
BL/6 mice were used for their human-like whole genome
and physiological structure. Eight-week-old C57 mice
were obtained from Shanghai JIHUI Laboratory Animal
Breeding Co., Ltd. (SCXK [Shanghai, China] 2017-0012).
Experiments were performed under a project license (No.
SHRM-IACUC-042) granted by Institutional Animal Care
and Use Committee Board of SHRM (SYXK [Shanghai,
China] 2021-0007), in compliance with China national
guidelines for the care and use of animals. Forty-eight male
mice were randomly divided into group A and group B.
Each group was randomly divided into four sub-groups,
labeled as A(1)-A(4) and B(1)-B(4), respectively, with
six mice in each of them. The mice were numbered and
grouped by a computer. Then, they were anesthetized using
1% sodium pentobarbital (0.08 mg/g) and subcutaneously
injected with butorphanol (0.001 mg/g). Next, 150 pLL of
liquid was injected into kidney tissue around the right renal
artery in group A, whereas in group B, 150 pL of liquid
was injected into kidney tissue around both renal arteries.
The injection liquid had the following content: A(1), B(1):
normal saline; A(2), B(2): sEVs isolated from ACHNsp
(ACHNsp-sEVs), 1x10" particles/ mL; A(3),B(3): sEVs
isolated from 7860sp (7860sp-sEVs), 1x10"" particles/mL;
A(4),B(4): sEVs isolated from HK2 cells (HK2-sEVs),
1x10"" particles/mL. Fach mouse was injected once a week
(every Monday). Every Sunday, three mice were transferred
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to the metabolic cage to collect 24-hour urine samples.
Blood samples (100 pL) were collected from the tail vein. To
observe the pathological changes, at the end of weeks 3 and
6, three mice were sacrificed by CO,, and bilateral kidneys
were collected for further examination. 24-hour urinary
protein was detected every week using a mouse urinary
protein ELISA kit (Shanghai Jianglai Industrial Limited By
Share Ltd., China). Serum creatinine (S-Cr) was measured
using a mouse serum creatinine (S-Cr) Elisa kit (GTX,
USA). The order of measurements and cage location were
randomly decided to minimize potential confounders.

Histological and immunobistochemistry analysis

The kidneys were collected and fixed in 10% formalin for
Periodic Acid-Schiff (PAS) and immunohistochemistry
(IHC) staining. Tissue specimens were embedded in
paraffin and sliced into 4-pm-thick sections. PAS staining
was used for kidney histological observation and evaluation.
IHC was employed for determining the expression of
apoptosis protein. The observation was conducted using a
light microscope (DM 4000B, Leica Micro systems, Buffalo
Grove, IL, USA). Image-Pro Plus 6.0 software was utilized
for the evaluation of protein expression.

Apoptosis examination (Western Blot, TUNEL, and Flow
cytometry)

Cell slides were attached to the bottom of a 6-well plate and
HK2 cells were seeded at the density of 25% and divided
into three groups. (I) Control group: normally cultured; (II)
ACHNGsp-sEVs group: 1x10' particles/mL. ACHNsp-sEVs;
(ITT) 7860sp-sEVs group: 1x10" particles/mL 7860sp-
sEVs. The slides were collected after 24 and 48 hours. One-
step TUNEL apoptosis detection kit (Beyotime, China)
was used for apoptosis detection. Image-Pro Plus 6.0 was
employed to calculate the apoptosis ratio. HK2 cells were
cultured and intervened under the same conditions for 24
and 48 hours. Following the use of the Annexin V-FITC/
PI Cell Apoptosis Detection Kit (Servicebio®, China), cell
apoptosis was examined by flow cytometry.

Application of antagomir-142-3p and miR142-3p
inbibitor
In vivo, 30 6-8-week-old male C57 mice were divided into

five groups. The following grouping and treatment were
applied. (I) Control group: normal saline, 150 pL, local
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injection around renal artery, once a week; (II) ACHNsp-
sEVs group: ACHNsp-sEVs, 1x10" particles/mL, 150 pL,
local injection around renal artery, once a week; (III)
ACHNsp-sEVs + antagomir group: antagomir-142-3p
(RIBOBIO biotechnology, Guangzhou, China), 100 nmol/kg
for three days, caudal vein injection one week in advance.
ACHNGsp-sEVs, 1x10"" particles/mL, 150 pL, local injection
around renal artery, once a week; (IV) 7860sp-sEVs group:
7860sp-sEVs, 1x10'" particles/mL, 150 pL local injection
around renal artery, once a week; (V) 7860sp-sEVs +
antagomir group: antagomir-142-3p, 100 nmol/kg for
3 days, caudal vein injection one week in advance. 7860Osp-
sEVs, 1x10" particles/mL, 150 L, local injection around
renal artery were applied once a week. The aforementioned
examinations were performed (24-hour urinary protein,
serum creatinine, PAS, and IHC).

In vitro, HK2 cells were seeded in 6-well plates and
divided into three groups as follows: (I) control group,
(II) ACHNsp-sEVs group, and (III) 7860sp-sEVs group.
Samples of each group were seeded into two plates and
cultured with medium/sEVs or medium/sEVs + miR-142-
3p inhibitor separately. After 24 hours of intervention, cell
apoptosis and ERS were observed by WB, TUNEL staining,
and FCM. The methods described above were used.

miR142-3p regulates ERp44 expression

The possible target gene of miR-142-3p was predicted by
TarBase (19) and verified by dual-luciferase activity assay.
Constructed pmirglo-mir-142-3p-erp44-wt plasmid and
miRNA mimics were co-transfected into HEK293'T cells by
liposomal transcription reaction (Hieff TransTM, China).
The plasmid was constructed by Shanghai Integrated
Biotech Solutions Co., Ltd (IBSBIO, China). Forty-eight
hours later, the dual-luciferase activities (firefly luciferase
and sea kidney luciferase) were detected by a multi-mode
microplate reader (SpectraMax® IDS, Molecular Devices,
USA), and the cell luciferase activities were calculated.

Effect of miR-142-3p/ERp44 regulation on apoptosis/ERS

The overexpression plasmid of ERp44 was constructed by
Shanghai Integrated Biotech Solutions Co., Ltd (IBSBIO,
China). The following grouping and examination were
conducted: (I) ERp44 nc; (II) ERp44 nc + miR-142-3p
mimic; (III) ERp44 oe + miR-142-3p mimic; and (IV)
ERp44 oe. Forty-eight hours after the transfection, the
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cells were seeded into six-well plates at a density of 30%
and ACHNsp-sEVs were added into the medium (1x10"
particles/mL). Twenty-four hours later, the protein
was collected for Western blot. The aforementioned
interventions were repeated with cell-climbing slides for
TUNEL staining.

Effect of ERp44 expression regulation and the activity of
PERK in HK2

HK2 cells were seeded in six-well plates. Then, ERp44
interference plasmid (IBSBIO, China) and PERK inhibitor
(GSK2606414, Sigma-Aldrich, Germany) were used.
After 48 h, the cells were seeded into six-wells plates at
a density of 30% and ACHNsp-sEVs were added into
the medium (1x10'" particles/mL). The following groups
were set: (I) ERp44 nc; (II) ERp44knock down (kd); (III)
PERK inhibitor; and (IV) PERK inhibitor + ERp44 kd.
The protein was collected 24 hours later for Western blot
analysis. The interventions described above were repeated
with cell-climbing slides for TUNEL staining.

Statistical analysis

All the data are presented as mean = standard deviation (SD).
The inter-group differences were examined using Student’s
t-test. The statistical significance of the differences between
groups was assessed by one-way analysis of variance
(ANOVA) and Dunnett’s multiple comparison tests.
Statistical differences were considered significant at P<0.05.
SPSS 22.0 (SPSS, Inc., Chicago, IL, USA) was employed
for data analysis.

Results
miR-142-3p is overexpressed in RCSC-sEVs

The differences in the microRNAs expression between
human RCC and normal tissues are presented in Figure 14
and Table S1 Based on the survival outcomes (Figure 1B and
Figure S1), miR-885-5p, miR-891a-5p, miR-155-5p, miR-
875-5p, miR-1293-5p, miR-21-5p, miR-584-5p, miR-142-
3p, miR-3613, miR-210-3p, miR-33b-5p, and miR-1228-5p
were selected for RT-qPCR analysis. By comparing human
RCC cell lines A498, 786-0O, OS-RC2, ACHN, SW839, and
the human renal tubular epithelial cell line HK2, we verified
the expression differences (Figure 1B). The expression of
miR-142-3p was higher in the sEVs derived from ACHNsp
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Figure 1 microRNA expression, RCSC and sEVs identification. (A) Heat map of microRNA expression; (B-a) patients with higher miR-142-
3p expression usually come with worse survival outcomes; (B-b) miR-142-3p expression ratio was higher in ACHN and 786-0O; (B-c) miR-142-
3p expression ratio in RCSC-sEVs and adherent cells; (C-a, b) morphology identification of ACHNsp and 7860sp (x200 magnification, scale
bars =70 pm); (C-c, d, and e) WB and RT-qPCR identification of ACHNsp and 7860Osp; (D-a, b, and ¢) morphology of RCSC-sEVs and HK2-
sEVs under a transmission electron microscope (x42,000 magnification); (D-d, e, and f) NTA measurement showed that the size range of sEVs
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and 7860sp cells than in the adherent cells (Figure 1B).

RCSCs and sEVs morphology, protein markers, and
particle size

RCSC sp (ACHNsp and 7860sp) was observed after 10
days (Figure 1C). The identification of RCSCs is presented
in Figure 1C, which was consistent with previous research
findings (35,36). sEVs derived from ACHNsp, 7860sp and
HK?2 obtained by ultracentrifugation were observed under
transmission electron microscope with a magnification of
x42,000. Microscopically, the typical lipid double membrane
of sEVs was observed, which was a ring-like structure (Figure
ID). NTA analysis showed that the diameter of sEVs was
50-200 nm (Figure 1D). Positive Western blot results were
obtained for the EVs marker proteins CD9, CD63, and
CDS81, and TSG101 (Figure 1D).

Bilateral kidney injection of RCSC-sEVs causes renal
function impairment in mice

The RCSC-sEVs injection is depicted in Figure 2A4. The
sEVs are displayed in Figure 2B. The 24-hour urinary protein
(Figure 2C) and serum creatinine (Figure 2C) in the mice
injected with RCSC-sEVs were higher than those in the
mice injected with normal saline. Notably, the renal function
of the mice treated with bilateral RCSC-sEVs injection was
lower than that of the ones treated with unilateral injection.
We speculate that this result was obtained because a few of
the sEVs reached the contralateral kidney, and the loss of
unilateral renal function was compensated by the healthy
kidney. When both kidneys were injected with RCSC-
sEVs, the loss of renal function could not be compensated,
and the 24-hour urinary protein and serum creatinine were
increased. The post-experience power calculation shows that
the existing inspection power was sufficient.

PAS staining found pathological changes in the mice
injected with RCSC-sEVs, such as tubulointerstitial fibrosis,
glomerular atrophy, disappearance of the brush edge of
the renal tubules, bare basement membrane, atrophy, or
expansion of the renal tubules (Figure 2D). The expression
of caspase-3 was also higher in the mice with RCSC-sEVs
injection, which indicated more apoptosis (Figure 2E).

FCM and TUNEL showed that the uptake of RCSC-sEVs

induced HK?2 cell apoptosis
After culturing with RCSC-sEVs (Figure 3A4), apoptosis of
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HK?2 cells was detected by FCM (Figure 3B) and TUNEL
staining (Figure 3C). The results showed that the percentage
of apoptotic cells significantly increased after 24 and
48 hours. This result, due to the continual RCSC-sEVs

existence ensured by timely changing the medium, was
confirmed by TUNEL staining.

WB showed that ERS occurved in HK2 after the uptake of
RCSC-sEVs

To explore the mechanisms behind cell apoptosis, related
proteins were detected by WB (Figure 3D). We found that
the expression of caspase-3 in HK2 cells was higher after
culturing with RCSC-sEVs. Furthermore, we established
that the expression of Caspase-12, a specific maker protein
of apoptosis caused by ERS, increased too. We also
exanimated the ERS markers ATF6, GRP78, and IRE1.
The results showed that the expression levels of the three
proteins were increased in different degrees, suggesting that
a complicated mechanism was involved in the ERS caused

by RCSC-sEVs.

RCSC-sEVs mir-142-3p caused renal function impairment

Considering the pro-apoptotic effect of RCSC-sEVs
on normal renal cells in vitro and in vivo and the high
expression of miR-142-3p in RCSC-sEVs, we speculated
that miR-142-3p may be involved in apoptosis. To suppress
the potential effect of miR-142-3p, we first injected
antagomir-142-3p into the mice (Figure 44) and then
injected RCSC-sEVs. Our results showed that the renal
function impairment was attenuated using both RCSC-
sEVs and antagomir-142-3p (Figure 4B). PAS staining
results (Figure 4C) showed that less pathological changes
occurred in the groups treated with antagomir-142-3p than
in the RCSC-sEVs groups. The expression of caspase-3 in
the mouse kidneys was also decreased (Figure 4D).

miR-142-3p induced ERS and apoptosis in HK2 cells

In vitro, FCM results showed that cell apoptosis was
decreased after the miR-142-3p inhibitor treatment
(Figure 5A). The expression of Caspase-12, GRP78, PERK,
and ATF6 was also changed by the use of miR-142-3p as a
mimic or inhibitor (Figure 5B). TUNEL results also showed
lower percentages of apoptotic cells in both the AHCNsp-
sEVs and 7860sp-sEVs groups after the treatment with the
miR-142-3p inhibitor (Figure 5C).
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Figure 2 Bilateral kidney injection of RCSC-sEVs resulted in renal function impairment in mice. (A) Pattern diagram of sEVs injection; (B)
sEVs in kidney tissues (Immunohistochemical staining, CD63, brown dots, x630 magnification); (C-a) 24-hour urinary protein was increased
as RCSC-sEVs was continually injected. (C-b) Serum creatinine was also increased during the same time; (D) PAS staining of mouse
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**P<0.01, and ***P<0.001; RCSCs, renal cancer stem cells; sSEVs, small extracellular vesicles; sp, Cytosphere; sEVs, small extracellular
vesicles; PAS, Periodic Acid-Schiff.
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Figure 3 RCSC-sEVs induced HK2 cell ERS and apoptosis. (A) RCSC-sEVs uptake. (Immunofluorescence staining, x1,000 magnification,
scale bars =20 pm. sEVs were stained green and shown as bright green dots, while the nuclei were stained blue, and cytoskeleton was
stained red); (B) HK2 cell apoptosis. The apoptosis of cells cultured with RCSC-sEVs, and PBS was examined by FCM at 24 and 48 h
after intervention; (C) HK2 apoptosis was examined with a TUNEL kit; (C-b, c, e, and f) the apoptotic cells in RCSC-sEVs groups were
continually increased in 48 h (TUNEL staining, x200 magnification, scale bars =200 pm. The apoptotic cells were stained red, whereas the
nuclei were stained blue); (D) expression of apoptosis and ERS proteins were exanimated by WB. Caspase-3 was increased in HK2 cells
cultured with RCSC-sEVs. The expressions of ERS proteins were also increased when cultured with RCSC-sEVs. n=3; *P<0.05, **P<0.01,
and ***P<0.001; RCSCs, renal cancer stem cells; sp, Cytosphere; sEVs, small extracellular vesicles; ERS, endoplasmic reticulum stress; PBS,
phosphate-buffered saline; FCM, flow cytometry; WB, Western blot.

miR-142-3p affected ERp44 expression

According to data available on DIANA-TarBase v8 (27) and
existing research (37), ERp44 is a possible target gene of
miR-142-3p (Figure 6A) that affected the survival outcome
of the patients (Figure 64). The dual-luciferase reporter
gene detection showed significantly decreased fluorescence
intensity of the miR-142-3p mimic and ERp44-wt co-
transfection group, whereas no significant changes in the
fluorescence intensity of miR-142-3p mimic and ERp44-
mut were found in the co-transfection group (Figure 6A).

ERp44 overexpression decreased the expression of ERS
proteins and cell apoptosis

The expression levels of caspase-3 and caspase-12 in
HK2 cultured with RCSC-sEVs were decreased by the
overexpression of ERp44. The expression of the ERS
proteins GRP78 and PERK was also decreased. However,
this decrease was alleviated by the application of miR-
142-3p mimic (Figure 6B). TUNEL staining of the same
treatment also showed that the overexpression of ERp44
reduced the apoptosis in HK2 cells cultured with RCSC-
sEVs (Figure 6C).

© Translational Andrology and Urology. All rights reserved.

ERp44 knockdown increased the expression of PERK in
HK2 cells

ERp44 knockdown improved the expression of PERK and
GRP78 in the PERK-CHOP pathway. WB results showed
that ERp44 knockdown in HK?2 cells cultured with RCSC-
sEVs caused higher level of PERK, GRP78, ATF4, and
CHOP expression than those of the control group (nc),
suggesting that the PERK-CHOP pathway of ERS was
activated. Meanwhile, the application of PERK inhibitors
effectively reduced the expression of the aforementioned
proteins (Figure 6D). TUNEL staining of the same
treatment also revealed that the percentage of apoptotic
cells was higher in ERp44-kd cells, but decreased when
using the PERK inhibitor (Figure 6E).

Discussion

Renal function is closely related to making a clinical decision
for RCC treatment and to patients’ postoperative survival
outcomes. Systematic evaluation of the renal function of
RCC patients is an important and interdisciplinary work
involving knowledge of nephrology, urology, and oncology,
which demanding and challenging to urologists. In the
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Figure 4 RCSC-sEVs mir-142-3p caused renal function impairment. (A) Pattern diagram of mice grouping and sEVs and antagomir-142
injection; (B-a,b) the application of antagomir-142 reduced the increase in the 24-hour urinary protein and serum creatinine; (C) PAS
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cell; sEVs, small extracellular vesicles; sp, Cytosphere; sEVs, small extracellular vesicles.
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would reduce RCSC-sEVs intervened HK2 apoptosis; (C) knockdown of ERp44 in HK2 cells cultured with RCSC-sEVs led to enhanced
expression of PERK, GRP78, ATF4 and CHOP, which were involved in ERS PERK-CHOP pathway; (E) the TUNEL result showed that
PERK was involved in the ERp44 knockdown HK2 apoptosis (TUNEL staining, x200 magnification, scale bars =200 pm. The apoptotic
cells were stained red, whereas the nuclei were stained blue). n=3; **P<0.01 and ***P<0.001; nc, negative control; oe, over expression;

in, inhibitor; kd, knock down; ERS, endoplasmic reticulum stress; HK2, human kidney 2; RCSCs, renal cancer stem cells; sEVs, small

extracellular vesicles; WS, Western blot.

early stages of RCC, the impairments of renal function
are usually not obvious because of the occult symptoms
and the compensatory effect of the contralateral kidney. It
is noteworthy that obvious pathological changes in most
patients are usually observed in the normal renal tissue
adjacent to the RCC tissue. However, few studies have
investigated the relationship between such changes and the
occurrence of renal function impairment. Tumorigenesis,
tumor development, and metastasis are considered to be
due to the development and spread of CSCs. Hence, we
speculate that RCSCs induce the pathological changes in

© Translational Andrology and Urology. All rights reserved.

the adjacent renal tissue. Considering the characteristics of
homing, RCSC-sEVs may return to the normal renal cells
through the paracrine pathway, transmit specific biological
signals, and affect normal renal cells.

In this study, renal function impairment and renal cell
apoptosis were observed after the administration of a local
injection of RCSC-sEVs. According to the existing theory,
three pathways are involved in mammalian cell apoptosis:
extrinsic pathway, mitochondrial pathway, and the ERS
pathway which is typically marked by increased caspase-12
expression. In this study, we found increased caspase-12
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was in the apoptotic cells, and thus it was possible that
ERS was caused by RCSC-sEVs, which induced renal cell
apoptosis. Accordingly, three pathways were involved in
ERS apoptosis: ATF6-CHOP, IRE1-CHOP, and PERK-
CHOP (38). Although all these three pathways could induce
ERS and apoptosis, the activation of the PERK-elF2a-
ATF4 pathway is a prerequisite for CHOP expression (39),
which was also found to be upregulated in this study. The
C/EBP homologous protein (CHOP), also known as
GADDI153, is a transcription factor activated at multiple
levels during ERS and a critical cause of cell apoptosis (40).
When unfolded protein reaction (UPR) occurs, PERK
activates elF2a, leading to temporary translational
repression, whereas CHOP could activate growth arrest and
DNA damage inducible gene 34 (GADD34) and aggravate
UPR. Meanwhile, CHOP could activate ERO1la and lead
to accumulation of reactive oxygen in cells and aggravation
of protein misfolding of (41), accelerating cell death.

In the present study, we found that the PERK-CHOP
pathway was activated by ERp44 knockdown. ERp44
encodes a member of the protein disulfide isomerase (PDI)
family of endoplasmic reticulum proteins and is involved in
early protein synthesis in the endoplasmic reticulum (42).
Existing evidence has shown that ERp44 downregulation
reduces the release of internal Ca’* and disrupts its
homeostasis in the endoplasmic reticulum lumen,
subsequently causing endoplasmic reticulum dysfunction
and ERS (43-45).

The regulation of ERp44 is multifaceted. In this study,
we established that miR-142-3p, carried by RCSC-sEVs,
decreased ERp44 expression. As carriers of biological
signals, sEVs have a double-layer membrane structure which
protects RNAs from degradation by RNase and transports
them to recipient cells (46), thereby exerting an important
regulatory role in tumor occurrence and development (47).
Earlier studies showed that the expression of miR-142-
3p was upregulated in renal cell carcinoma and inhibited
the proliferation and migration of normal cells (48,49).
Additionally, RCC patients with higher expression of miR-
142-3p usually have bleak prognosis (50). Furthermore, the
expression of miR-142-3p in urine and peripheral blood
samples of patients who received kidney transplantation was
upregulated, which usually indicates the presence of acute
kidney injury, interstitial fibrosis, and renal tubular atrophy
(51,52). The results of this study are indirectly consistent
with those of the aforementioned research, meaning
miR-142-3p could act as an external biological signal to
induce stress in normal renal cells, resulting in a series of
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pathological changes.

In conclusion, RCSC-sEVs inhibit the expression of
ERp44 by delivering miR-142-3p, thus inducing continuous
ERS and accelerating apoptosis through the PERK-CHOP
pathway. The ultimate effect these processes is renal
function impairment.

However, the integral mechanism of damage exerted by
RCSC-sEVs on renal function is rather complicated, which
will be explored further in our future research.

Conclusions

The present study evidences that the loss of renal function
in RCC patients might be induced not only by tumor
development, but also by renal cell apoptosis caused by
RCSC-sEVs. As a natural vector of miR-142-3p, RCSC-
sEVs inhibit the expression of ERp44 and induce renal cell
apoptosis caused by ERS, thereby leading to renal function
impairment.
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Supplementary

Methods
Acquisition and analysis of miRNA expression

The data of microRNA expression in ccRCC and normal tissues from BC Cancer Canada’s Michael Smith Genome
Sciences Centre (BSGSC, https://www.bcgsc.ca/) was acquired and analyzed with Sangerbox, a free online platform for
data analysis (http://www.sangerbox.com/tool). According to Oncomir, an open access database (26). The relationship
between the expression of microRNAs and the survival outcomes of ccRCC patients were analyzed. Diana TarBase V8 (27)
and Encyclopedia of RNA Interactomes (ENCORI) (28) were used to predict the target genes. GEPIA (29) was used to
preliminarily explore the possible relationship between the genes and the outcome of ccRCC patients.

Cell culture, sEVs isolation and identification

Human RCC cell lines A498, 786-O, OS-RC-2, and human renal tubular epithelial cell line HK2 were purchased from Cell
Bank of the Chinese Academy of Sciences (Shanghai, China). Human ccRCC cell line SW839, ACHN was purchased from
Suran Biotechnology (Shanghai, China). The culture conditions are as follows, ACHN and A498: MEM medium (GIBCO,
USA) +10% FBS (GIBCO, USA) +1% penicillin streptomycin(GIBCO, USA), 5% CO2, 37 °C. OS-RS-2, SW839, 786-
O and HK2: RPMI-1640 medium (GIBCO, USA) +10% FBS+1% penicillin, 5% CO2, 37 °C. Spheres formation culture
medium: serum-free DMEM/F12 (Invitrogen, USA), supplemented with B27 (1:50, Invitrogen), 20 ng ml EGF (Peprotech),
10 ng ml bFGF (Invitrogen), and 4 mgml insulin (Sigma).

When cells are cultured for sEVs isolation, we use ultrafiltration EV-depleted FBS (UF-dFBS). According to Kornilov
et al. (30), the FBS aforementioned is centrifuged at 3,000 g for 55 min using Amicon® Ultra-15 ultrafiltration centrifuge
tubes (100kDa, Millipore, USA) to remove sEVs from bovine.

sEVs were isolated as existing reports and our previous study (32-34). Cell culture medium was replaced with serum-
free conditioned medium (CM, Gibco, USA) when reaches the density of 90%. 48 hours later, CM was collected and
centrifuged at 300xg for 10 minutes at 4 °C (Xiangyi, China). The supernatant was collected and centrifuge at 2000xg, 4 °C for
10 minutes (Beckman, CA, USA). Then filter the supernatant with a 0.22 pm filter (Millipore, USA) in the vertical
clean benches to remove cell debris. The filtered supernatant was centrifuged at 100,000xg at 4 °C for 2 hours using an
ultracentrifuge (Beckman, CA, USA) to precipitate sEVs. Then the pellet was washed and resuspended in sterile 50 uLL
PBS,centrifuged at 4,000xg for 10 minutes at 4 °C (Beckman, CA, USA) to make sure there was no cell debris. Finally, in
total 200 mL sterile PBS was used to resuspend the sEVs pellet. The extracted sEVs suspension was frozen and stored in a
refrigerator at -80 °C.

The obtained sEVs suspension was placed under a transmission electron microscope (TEM, Hitachi H-7650) to observe
and evaluate the morphology. A Nanoparticle Tracking Analyzer (Particle Metrix, Germany) was used to detect the size and
distribution of the sEVs. Western blot was applied to detect the sEVs marker proteins.

Operation of mouse kidney local injection

Mice were nesthetized using 1% sodium pentobarbital, 0.08 mg/g and subcutaneously injected with butorphanol (0.001 mg/g)
before injection. The mice were then depilated on the back, placed prone on the operating table, and the operation area was
disinfected. The adipose tissue could be seen after cutting the skin at 1 cm from the left side of the spine and 2 cm from the
lower edge of the ribs. Then, cut the fascia along the middle of the adipose tissue and removed the adipose to expose the
kidney. 150 pL liquid was injected into kidney tissue around the renal artery.

Information of antibodies and primers

Anti-CD105, abcam, UK. Anti-CD133, abcam. Anti-CD9, abcam. Anti-CD63, abcam. Anti-CD81: abcam. Anti-TSG101,
santa cruz, USA. Anti-Caspase-3, abcam. Anti-Caspasel2, abcam. Anti-GRP78, abcam. Anti-PERK, abcam. Anti-IRE1a,
abcam. Anti-ATF6, abcam. Anti-ATF4, abcam. Anti-CHOP, abcam. Anti-ERP44, abcam. Anti-B-Actin, abcam. Goat anti-
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rabbit IgG-HRP secondary antibody, santa cruz.

The microRNA primers were designed and synthesized by RiboBio (RiboBio Biotechnology Ltd., Guangzhou, China).
The primers for CSCs identification were follows: CD105, Forward (5'-3") CACTAGCCAGGTCTCGAAGG, Reverse
(5'-3") CTGAGGACCAGAAGCACCTC; CD133, Forward (5'-3"YGCAGCAGTCTGACCAGCGTGAA, Reverse (5'-3")
ACGGGTGGAAGCTGCCTCAGTT; c-Myec, Forward (5'-3")CATCATCATCCAGGACTGTATGTG, Reverse (5'-3")
GGCTGCCGCTGTCTTTGC; Kif4, Forward (5'-3") GCCCCTCGGGCGGCTTCGTGGCCGAGCTC, Reverse (5'-
3"y CGTACTCGCTGCCAGGGGCG; Nanog, Forward (5'-3") AATACCTCAGCCTCCAGCAGATG, Reverse (5'-3")
TGCGTCACACCATTGCTATTCTTC; Sox2, Forward (5'-3") AAATGGGAGGGGTGCAAAAGAGGAG, Reverse (5'-3")
CAGCTGTCATTTGCTGTGGGTGATG; Oct4, Forward (5'-3") CTTGCTGCAGAAGTGGGTGGAGGAA, Reverse
(5'-3") CTGCAGTGTGGGTTTCGGGCA.

Statical analysis

Box plots were drawn for the data in each group, and the outlier standard was 3 times more than SD. After testing, there was
no obvious outlier in each group. The Shapiro-Wilk normality test was used to detect the distribution of dependent variables
(including 24-h urinary protein and Scr) within each group. Most of the results showed P>0.05, indicating that the data
obeyed the normal distribution. For dependent variables that do not follow a normal distribution (P<0.05), non-parametric
tests are used according to the study design. The comparison of the two and multiple groups means were respectively
analyzed using the Mann-Whitney U test and Kruskal-Wallis H test. Considering the non-parametric test did not change the
conclusion, the effect size and significance level were uniformly presented using the results of student's t test and ANOVA to
maintain the consistency of the results report.
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Table S1 Up-regulated or down-regulated microRINAs in ccRCC

row.names(et$table) logFC logCPM PValue FDR regulated

hsa-mir-106b 1.345475 8.278517 6.87E-96 1.29E-92 Up-Regulated
hsa-mir-122 6.156104 4.734137 5.39E-74 1.01E-70 Up-Regulated
hsa-mir-1228 1.510224 1.456964 6.92E-10 1.18E-06 Up-Regulated
hsa-mir-1269b 2.999629 4.567055 3.07E-05 0.04956 Up-Regulated
hsa-mir-1270 1.880128 4.305779 2.99E-24 5.39E-21 Up-Regulated
hsa-mir-1271 1.501855 3.6106 3.40E-22 6.11E-19 Up-Regulated
hsa-mir-1277 1.067413 1.958075 6.76E-11 1.16E-07 Up-Regulated
hsa-mir-1293 2.984457 1.511091 2.05E-13 3.56E-10 Up-Regulated
hsa-mir-1295a 1.266404 1.462018 1.65E-07 0.000277 Up-Regulated
hsa-mir-130b 1.119691 3.838239 6.72E-27 1.22E-23 Up-Regulated
hsa-mir-142 2.133956 11.52664 1.41E-43 2.61E-40 Up-Regulated
hsa-mir-144 1.994261 8.624419 2.31E-20 4.12E-17 Up-Regulated
hsa-mir-146a 1.284047 6.543904 1.71E-21 3.07E-18 Up-Regulated
hsa-mir-146b 1.607339 9.475595 1.48E-17 2.61E-14 Up-Regulated
hsa-mir-153-2 1.315191 3.553436 1.62E-13 2.83E-10 Up-Regulated
hsa-mir-155 3.695546 9.262616 1.58E-67 2.93E-64 Up-Regulated
hsa-mir-15a 1.331327 7.186753 3.37E-73 6.29E-70 Up-Regulated
hsa-mir-16-1 1.209316 8.444548 1.29E-64 2.40E-61 Up-Regulated
hsa-mir-16-2 1.215486 8.45293 4.73E-64 8.77E-61 Up-Regulated
hsa-mir-181a-1 1.055438 9.775196 3.17E-26 5.75E-23 Up-Regulated
hsa-mir-181b-1 1.420349 7.448525 1.83E-41 3.36E-38 Up-Regulated
hsa-mir-181b-2 1.399268 7.31536 8.38E-37 1.54E-33 Up-Regulated
hsa-mir-18a 1.104123 3.117546 1.06E-18 1.89E-15 Up-Regulated
hsa-mir-193a 1.032486 7.800495 1.09E-27 1.98E-24 Up-Regulated
hsa-mir-21 2.339519 17.41738 5.75E-78 1.07E-74 Up-Regulated
hsa-mir-210 3.250836 11.62392 4.19E-82 7.82E-79 Up-Regulated
hsa-mir-215 1.749446 6.301706 3.77E-16 6.65E-13 Up-Regulated
hsa-mir-221 1.157826 7.040486 1.18E-09 2.00E-06 Up-Regulated
hsa-mir-223 1.142185 7.002875 5.81E-16 1.02E-12 Up-Regulated
hsa-mir-224 2.570346 5.15238 3.99E-41 7.35E-38 Up-Regulated
hsa-mir-2277 1.463943 1.835638 7.11E-15 1.24E-11 Up-Regulated
hsa-mir-2355 1.687088 6.120418 7.83E-71 1.46E-67 Up-Regulated
hsa-mir-25 1.088127 12.21046 2.22E-50 4.11E-47 Up-Regulated
hsa-mir-301b 1.263244 1.415144 7.88E-08 0.000132 Up-Regulated
hsa-mir-3130-1 1.427266 2.023684 1.66E-15 2.92E-12 Up-Regulated
hsa-mir-3130-2 1.505952 2.046906 6.73E-18 1.19E-14 Up-Regulated
hsa-mir-3170 1.096728 2.952769 8.37E-14 1.46E-10 Up-Regulated
hsa-mir-3191 1.289114 1.300534 1.63E-06 0.002694 Up-Regulated
hsa-mir-320c-1 1.204009 1.293245 3.31E-06 0.005422 Up-Regulated
hsa-mir-320d-2 1.211028 1.257172 7.61E-06 0.012385 Up-Regulated
hsa-mir-330 1.124373 4.136204 2.03E-29 3.70E-26 Up-Regulated
hsa-mir-33b 1.442921 2.20491 4.24E-13 7.36E-10 Up-Regulated

Table S1 (continued)
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Table S1 (continued)

row.names(et$table) logFC logCPM PValue FDR regulated

hsa-mir-342 1.263284 7.178999 3.56E-34 6.51E-31 Up-Regulated
hsa-mir-3591 1.669085 1.267662 2.74E-09 4.63E-06 Up-Regulated
hsa-mir-3609 2.133627 1.566439 4.63E-07 0.00077 Up-Regulated
hsa-mir-3613 1.79747 4.171263 1.46E-66 2.72E-63 Up-Regulated
hsa-mir-3614 1.249641 1.476819 2.38E-08 4.01E-05 Up-Regulated
hsa-mir-3615 1.599853 1.930363 6.01E-17 1.06E-13 Up-Regulated
hsa-mir-3653 1.02637 4.662008 3.23E-07 0.000538 Up-Regulated
hsa-mir-365a 1.15475 5.993383 3.38E-24 6.11E-21 Up-Regulated
hsa-mir-365b 1.160107 5.996155 1.40E-24 2.53E-21 Up-Regulated
hsa-mir-3678 1.666652 1.407218 1.10E-10 1.88E-07 Up-Regulated
hsa-mir-3690-1 1.287488 1.413983 2.33E-07 0.000388 Up-Regulated
hsa-mir-374a 1.087263 9.719855 7.04E-43 1.30E-39 Up-Regulated
hsa-mir-374c 2.690249 2.265415 2.85E-13 4.96E-10 Up-Regulated
hsa-mir-3940 1.310685 1.395912 1.16E-06 0.001911 Up-Regulated
hsa-mir-3941 2.176489 1.658295 8.90E-21 1.59E-17 Up-Regulated
hsa-mir-451a 1.606532 10.16607 1.46E-13 2.54E-10 Up-Regulated
hsa-mir-452 2.139804 6.102088 1.54E-44 2.84E-41 Up-Regulated
hsa-mir-4652 2.788864 1.788183 3.74E-18 6.63E-15 Up-Regulated
hsa-mir-4677 1.249206 3.113801 1.19E-33 2.17E-30 Up-Regulated
hsa-mir-4746 1.365468 1.562548 5.49E-10 9.36E-07 Up-Regulated
hsa-mir-4772 2.082579 2.648554 5.78E-38 1.06E-34 Up-Regulated
hsa-mir-4773-1 2.400136 1.273233 1.82E-15 3.19E-12 Up-Regulated
hsa-mir-4773-2 2.45798 1.286346 4.19E-16 7.38E-13 Up-Regulated
hsa-mir-4784 1.71081 1.208849 3.29E-06 0.005393 Up-Regulated
hsa-mir-486-1 1.31577 7.012406 2.63E-10 4.50E-07 Up-Regulated
hsa-mir-486-2 1.348452 7.011024 9.80E-11 1.68E-07 Up-Regulated
hsa-mir-4999 1.128808 1.486251 5.27E-07 0.000876 Up-Regulated
hsa-mir-5000 1.073655 2.226023 4.31E-14 7.53E-11 Up-Regulated
hsa-mir-550a-1 1.101411 2.09581 1.07E-11 1.85E-08 Up-Regulated
hsa-mir-550a-3 1.216265 1.673367 8.72E-10 1.48E-06 Up-Regulated
hsa-mir-5586 1.465211 2.255373 1.71E-16 3.02E-13 Up-Regulated
hsa-mir-5588 1.175318 1.579854 8.88E-09 1.50E-05 Up-Regulated
hsa-mir-5683 1.088071 2.001164 1.70E-06 0.00281 Up-Regulated
hsa-mir-576 1.170472 3.886686 1.60E-36 2.93E-33 Up-Regulated
hsa-mir-584 2.297806 5.655345 5.30E-69 9.86E-66 Up-Regulated
hsa-mir-590 1.113889 4.491627 5.79E-37 1.06E-33 Up-Regulated
hsa-mir-592 3.194073 4.750831 8.99E-40 1.65E-36 Up-Regulated
hsa-mir-599 3.479489 3.029658 9.40E-12 1.62E-08 Up-Regulated
hsa-mir-616 1.366744 2.887106 2.64E-21 4.73E-18 Up-Regulated
hsa-mir-618 1.388311 1.75801 3.66E-10 6.24E-07 Up-Regulated
hsa-mir-625 1.219445 6.621009 3.82E-24 6.89E-21 Up-Regulated

Table S1 (continued)
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Table S1 (continued)

row.names(et$table) logFC logCPM PValue FDR regulated
hsa-mir-629 1.67041 6.254662 6.05E-69 1.13E-65 Up-Regulated
hsa-mir-643 1.186165 1.37535 1.98E-06 0.003264 Up-Regulated
hsa-mir-6509 1.987878 1.830431 1.10E-21 1.98E-18 Up-Regulated
hsa-mir-653 1.534865 6.996749 3.78E-11 6.51E-08 Up-Regulated
hsa-mir-6718 1.556049 2.017569 1.11E-06 0.00183 Up-Regulated
hsa-mir-708 1.009815 6.499353 1.31E-10 2.23E-07 Up-Regulated
hsa-mir-760 1.76683 1.745474 1.19E-15 2.09E-12 Up-Regulated
hsa-mir-7702 1.570163 1.694958 8.03E-08 0.000135 Up-Regulated
hsa-mir-7978 1.309768 1.300901 6.23E-07 0.001036 Up-Regulated
hsa-mir-875 3.338812 1.669042 5.11E-12 8.83E-09 Up-Regulated
hsa-mir-885 3.780009 4.243653 1.64E-38 3.01E-35 Up-Regulated
hsa-mir-891a 3.732082 9.497127 9.05E-07 0.0015 Up-Regulated
hsa-mir-93 1.217163 11.37587 3.15E-40 5.79E-37 Up-Regulated
hsa-mir-935 1.255269 1.74411 9.21E-07 0.001524 Up-Regulated
hsa-mir-937 1.143806 1.382899 1.34E-06 0.002219 Up-Regulated
hsa-let-7e -1.03931 10.27405 1.18E-29 2.16E-26 Down-Regulated
hsa-mir-1-1 -1.5815 3.051193 9.88E-25 1.79E-21 Down-Regulated
hsa-mir-1-2 -1.52958 3.113564 3.43E-23 6.18E-20 Down-Regulated
hsa-mir-1251 -2.07951 3.492983 3.05E-21 5.45E-18 Down-Regulated
hsa-mir-129-1 -3.72706 2.326702 3.71E-89 6.93E-86 Down-Regulated
hsa-mir-129-2 -3.49805 2.384484 3.86E-73 7.20E-70 Down-Regulated
hsa-mir-135a-1 -1.38004 3.397755 1.30E-11 2.25E-08 Down-Regulated
hsa-mir-135a-2 -1.44984 3.503521 1.42E-12 2.46E-09 Down-Regulated
hsa-mir-136 -1.14728 3.925742 7.46E-19 1.33E-15 Down-Regulated
hsa-mir-138-1 -2.25323 1.79101 1.75E-25 3.18E-22 Down-Regulated
hsa-mir-138-2 -1.97901 1.617763 1.21E-22 2.17E-19 Down-Regulated
hsa-mir-141 -2.28464 6.441843 1.93E-16 3.41E-13 Down-Regulated
hsa-mir-149 -1.45669 3.715346 7.88E-30 1.44E-26 Down-Regulated
hsa-mir-184 -3.16844 2.238006 6.56E-23 1.18E-19 Down-Regulated
hsa-mir-187 -1.15289 4.38913 1.36E-05 0.022056 Down-Regulated
hsa-mir-188 -1.77682 2.682317 6.16E-65 1.14E-61 Down-Regulated
hsa-mir-199a-1 -1.20231 8.833864 5.95E-27 1.08E-23 Down-Regulated
hsa-mir-199a-2 -1.15613 9.555863 5.04E-25 9.11E-22 Down-Regulated
hsa-mir-199b -1.08988 9.814238 1.42E-21 2.55E-18 Down-Regulated
hsa-mir-200a -1.22558 8.210674 4.43E-35 8.12E-32 Down-Regulated
hsa-mir-200b -1.38119 7.860998 7.23E-37 1.33E-33 Down-Regulated
hsa-mir-200c -2.98381 8.603762 2.68E-38 4.92E-35 Down-Regulated
hsa-mir-203a -1.75469 9.159506 1.92E-33 3.51E-30 Down-Regulated
hsa-mir-203b -2.42411 2.958851 1.13E-25 2.05E-22 Down-Regulated
hsa-mir-204 -1.39098 8.744475 8.23E-16 1.45E-12 Down-Regulated
hsa-mir-20b -1.08785 4.921541 1.22E-18 2.16E-15 Down-Regulated

Table S1 (continued)
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Table S1 (continued)

row.names(et$table) logFC logCPM PValue FDR regulated

hsa-mir-214 -1.18799 3.305088 1.12E-20 2.00E-17 Down-Regulated
hsa-mir-216b -2.9701 1.314272 2.08E-30 3.79E-27 Down-Regulated
hsa-mir-217 -1.37703 5.84582 4.69E-11 8.06E-08 Down-Regulated
hsa-mir-3065 -1.22912 4.965322 4.48E-12 7.74E-09 Down-Regulated
hsa-mir-323a -1.06108 1.808893 1.88E-06 0.003105 Down-Regulated
hsa-mir-323b -1.30545 2.189406 1.91E-13 3.32E-10 Down-Regulated
hsa-mir-362 -2.45774 4.605934 3.03E-106 5.68E-103 Down-Regulated
hsa-mir-363 -1.73483 3.960189 4.66E-53 8.62E-50 Down-Regulated
hsa-mir-372 -1.88256 1.125039 1.41E-18 2.50E-15 Down-Regulated
hsa-mir-376a-1 -1.08515 1.369097 9.54E-08 0.00016 Down-Regulated
hsa-mir-411 -1.01942 1.980453 1.81E-09 3.07E-06 Down-Regulated
hsa-mir-429 -1.69119 5.285152 9.21E-54 1.71E-50 Down-Regulated
hsa-mir-433 -1.3458 1.301413 5.39E-14 9.41E-11 Down-Regulated
hsa-mir-4484 -1.08616 1.380582 8.82E-06 0.014357 Down-Regulated
hsa-mir-500a -1.4449 8.238412 1.25E-63 2.31E-60 Down-Regulated
hsa-mir-500b -1.08849 3.172918 9.64E-27 1.75E-23 Down-Regulated
hsa-mir-501 -1.22784 6.239633 2.12E-39 3.90E-36 Down-Regulated
hsa-mir-506 -5.09899 1.597163 2.42E-165 4.54E-162 Down-Regulated
hsa-mir-507 -3.41432 1.100654 6.19E-58 1.15E-54 Down-Regulated
hsa-mir-508 -4.33007 5.42692 1.51E-187 2.85E-184 Down-Regulated
hsa-mir-509-1 -2.97281 2.429234 8.37E-94 1.57E-90 Down-Regulated
hsa-mir-509-2 -2.98874 2.455304 7.17E-102 1.34E-98 Down-Regulated
hsa-mir-509-3 -3.2217 2.590325 3.42E-112 6.40E-109 Down-Regulated
hsa-mir-510 -1.83937 0.994094 6.15E-18 1.09E-14 Down-Regulated
hsa-mir-513a-1 -2.11675 1.020481 1.55E-21 2.77E-18 Down-Regulated
hsa-mir-513a-2 -2.00606 1.007569 2.04E-19 3.64E-16 Down-Regulated
hsa-mir-513b -1.80319 1.017562 1.33E-14 2.33E-11 Down-Regulated
hsa-mir-513c -2.98688 1.129884 5.02E-47 9.29E-44 Down-Regulated
hsa-mir-514a-1 -4.30775 3.652777 4.46E-164 8.38E-161 Down-Regulated
hsa-mir-514a-2 -4.27812 3.652255 1.13E-155 2.13E-152 Down-Regulated
hsa-mir-514a-3 -4.33247 3.650037 3.98E-163 7.47E-160 Down-Regulated
hsa-mir-514b -5.06829 1.379762 1.13E-127 2.12E-124 Down-Regulated
hsa-mir-532 -1.13405 9.87942 1.28E-34 2.34E-31 Down-Regulated
hsa-mir-5708 -1.14922 1.022273 7.66E-07 0.001271 Down-Regulated
hsa-mir-6507 -1.38923 1.036311 1.08E-09 1.84E-06 Down-Regulated
hsa-mir-660 -1.47239 5.538949 1.46E-45 2.71E-42 Down-Regulated
hsa-mir-6723 -1.14686 1.038441 3.91E-06 0.006411 Down-Regulated
hsa-mir-675 -1.5572 5.90678 1.28E-11 2.21E-08 Down-Regulated
hsa-mir-6863 -1.54622 1.014219 1.54E-08 2.60E-05 Down-Regulated
hsa-mir-934 -4.92701 1.354789 4.99E-129 9.36E-126 Down-Regulated
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Figure S1 Survival outcomes of patients with specific microRINAs highly expressed, 12 microRINAs were able to affect the survival outcomes
of ccRCC patients.
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