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Obesity increases the risk of other diseases, including kidney disease. Local renal tubular
renin-angiotensin system (RAS) activation may play a role in obesity-associated kidney
disease. Extracellular vehicles (EVs) transmit necessary information in obesity and cause
remote organ damage, but the mechanism is unclear. The aim of the study was to
investigate whether the plasma EVs cargo miR-6869-5p causes RAS activation and
renal tubular damage. We isolated plasma EVs from obese and lean subjects and
analyzed differentially-expressed miBRNAs using RNA-seq. Then, EVs were co-cultured
with human proximal renal tubular epithelial cells (PTECs) in vitro. Immunohistochemical
pathology was used to assess the degree of RAS activation and tubule injury in vivo.
The tubule damage-associated protein and RAS activation components were detected
by Western blot. Obesity led to renal tubule injury and RAS activation in humans and
mice. Obese-EVs induce RAS activation and renal tubular injury in PTECs. Importantly,
miR-6869-5p-treated PTECs caused RAS activation and renal tubular injury, similar
to Obese-EVs. Inhibiting miR-6869-5p decreased RAS activation and renal tubular
damage. Our findings indicate that plasma Obese-EVs induce renal tubule injury and RAS
activation via miR-6869-5p transport. Thus, miR-6869-5p in plasma Obese-EVs could
be a therapeutic target for local RAS activation in obesity-associated kidney disease.

Keywords: miR-6869-5p, extracellular vesicles, obesity, renal tubule injury, renin- angiotensin system

INTRODUCTION

Obesity is a worldwide disease that increases the risk of other diseases and health problems
(1). Abnormal fat deposition causes various metabolic abnormalities, including dyslipidemia,
insulin resistance, atherosclerosis, and hypertension (2). Renal lipid accumulation and lipotoxicity
contribute to kidney cell injury and death, and eventually kidney disease (3). Previous reports
indicate that renal tubular changes, including hypertrophy (4) and vacuolar degeneration (5),
can be seen in subjects with obesity-related kidney disease. Other studies have reported that
extracellular vesicle (EV) secretion in obesity plays an essential role in kidney diseases (6, 7). We
previously described the involvement of EVs in the pathophysiology of glomerular diseases (8).
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However, the role of EVs in obesity-related kidney disease,
especially for renal tubule injury, is poorly understood.

Dysregulation of the renin-angiotensin system (RAS) has
a critical role in the pathogenesis of kidney injury in obesity
(9). The classical RAS cascade starts with prorenin production,
an aspartate protease secreted by renal juxtaglomerular
cells in response to decreased circulating blood volume.
Kalupahana et al. reported RAS overactivation in obese patients
or obese animal models. However, angiotensin-converting
enzyme inhibitors (ACEI) or angiotensin receptor blockers
(ARB) decreased adipocyte size. Consistently, they also found
discrepancies in RAS component expression in these models
(10, 11). Excessive RAS activation leads to increased angiotensin
II (Angll), which leads to increased kidney oxidative stress
damage, inflammation, and fibrosis. Angll promotes increased
expression of transforming growth factor-p1 (TGF-B1) and
type I collagen in the kidney, leading to severe renal damage,
glomerular sclerosis, and interstitial fibrosis (12). RAS activity
affects the expression of EV proteins derived from kidneys,
which regulate RAS (13).

EVs are membrane-bound vesicles secreted by all cells, and
they contain protein, miRNA, mRNA, and other substances.
MicroRNA can be transferred between cells via EVs, thus
exerting post-transcriptional regulatory functions (14). The EV
contents significantly increase in chronic kidney disease and
uncomplicated obese patients (15, 16). MicroRNA analysis
of EVs extracted from mice with kidney disease revealed a
significantly differential expression. Consistently, almost all the
detected miRNAs are related to kidney damage (17). Thus,
miRNA expression may be regulated indirectly by RAS and may
significantly affect kidney injury, leading to higher renal fibrosis
and proteinuria (18).

We investigated the role of the EVs cargo miR-6869-5p in
obesity with kidney injury in vitro and in vivo. We hypothesized
that plasma EVs derived from obese patients might participate
in RAS activation and kidney injury. Herein, we isolated plasma
EVs in obese and lean participants and incubated renal proximal
tubular epithelial cells (PTECs) with the isolated EVs to detect
RAS activation and biomarkers of renal tubular injury. RNA
sequencing on Obese- and Lean-EVs showed a significant
upregulation of miR-6869-5p in Obese-EVs vs. Lean-EVs. miR-
6869-5p in Obese-EVs can be quickly delivered into PTECs, thus
inducing RAS activation and renal tubular damage. This effect
can be significantly reduced after the miR-6869-5p was silenced.
Therefore, miR-6869-5p could mediate renal tubule injury and
RAS activation in obesity.

MATERIALS AND METHODS

Patients

The study was approved by the Ethics Committee of the
First Affiliated Hospital of Jinan University (Permission No.
2018-041). Written informed consent was obtained from all
participants. A total of 50 participants, including 25 healthy
volunteers and 25 obese patients, were enrolled at the First
Affiliated Hospital of Jinan University. We recruited lean
participants with no metabolic syndrome components (National

Cholesterol Education Program, Adult Treatment Panel III
criteria). In the obese groups, the inclusion criteria were as
follows: (1) The patients undergoing bariatric surgery with
a body mass index (BMI) > 30 kg/m?, according to the
WHO criteria; (2) Age >18, but <80 years at the diagnosis
of obesity; (3) Availability of complete clinical data and
follow-up status. The exclusion criteria were: patients with a
BMI > 55 kg/m?, cancer, pregnancy, severe infection, history
of alcoholism or drug abuse, severe organic diseases, and
incomplete clinical data. Data on clinical variables, including sex,
age, family and personal history, and selected laboratory results
were gathered.

Cell Culture

The human renal PTEC line, human kidney-2 (HK2) cells,
were obtained from the Chinese Academy of Sciences
Cell Bank (Shanghai, China). HK2 cells were cultured in
Dulbecco’s modified Eagles medium (DMEM)/Hams F12
(1:1) (01-172-1ACS, Biological Industries) supplemented with
10% fetal bovine serum (FBS) (Gibco, Grand Island, NY,
USA) and 1% penicillin-streptomycin (Gibco, USA), and
cultured under standard conditions (37°C and 5% CO2).
Cells were counted using a hemocytometer. The medium was
replaced daily.

Animals

Male C57BL/6] mice (20-25g, 4 weeks old) were obtained
from SPF Biotechnology Co., Ltd (Beijing, China). Animals
(n = 5 per group) were randomly divided into control and
high-fat diet (HFD) groups. The experimental protocols were
approved by the Institutional Animal Care and Use Committee
of Jinan University (No. 32219008). The mice were maintained
in a controlled environment (23 £ 2°C, 12-h light/dark cycle)
with access to food and water ad libitum. Mice received two
different dietary regimens: (1) a standard chow diet and drinking
water, and (2) an HFD diet (20.6% carbohydrate, 60.0% lipid,
and 19.4% protein, #TP23300, TROPHIC Animal Feed High-
tech Co., Ltd. Nantong, China) and 10% fructose (Sigma-
Aldrich) in the drinking water (19). The mice were weighed
weekly from the beginning of the study. After 18 weeks, all
the mice were fasted for 12h and sacrificed. Blood samples
were taken from the inferior vena cava, and the kidneys
were collected.

Plasma EV Isolation and Characterization

Plasma EV isolation and identification followed the MISEV
2018 guidelines (20, 21), as described in previous studies (22—
25). Figure1 shows the schema for isolation of plasma EVs
by ultracentrifugation (UC) and size-exclusion chromatography
(SEC). Briefly, 50 mL human peripheral blood (10 mL blood from
five participants per group were pooled) was obtained from
the participants in obese and lean groups. All blood samples
were processed within 1h of collection. For plasma preparation,
the blood samples were centrifuged at 1,300xg for 10min.
Then, the plasma underwent successive centrifugations (4,000x g
for 15min, and 15,000xg for 60min). The supernatant was
collected and then ultracentrifuged for 60 min at 100,000xg
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FIGURE 1 | Obesity leads to renal tubule injury and RAS activation in humans and mice. (A-C) Representative images (A), body weight curves (B), and bodyweight
levels after 18 weeks (C), of obese and lean mice. (D,E) Representative immunohistochemical staining of AGT, AT1, KIM1, and NGAL in kidney sections of lean and
obese mice (Original magnification 200x). AGT, angiotensinogen; AT1, angiotensin 1; KIM-1, kidney injury molecule-1; NGAL, neutrophil gelatinase-associated
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on the same day. The EV-containing pellet was washed twice
with PBS and resuspended in 15mL PBS. The final suspension
was filtered through a 0.22 um-pore filter (Millipore, Billerica,
USA), followed by SEC using 1.5 x 12cm columns (Bio-
Rad, Hercules, CA, USA; Econo-Pac columns) packed with
Sepharose 2B (Sigma-Aldrich, St. Louis, MO, USA). The eluate
was collected, and the presence of EV was verified. The EVs
were immediately used for experiments or stored at —80°C. EV's
were identified based on CD9, CD63, and CD81 expression and
analyzed by Western blotting, as described previously (25, 26).
The EV morphology was evaluated using transmission electron
microscopy (TEM) (JEM-1400, Japan), as previously described
(26). The particle size distribution and EV concentrations
were measured by nanoparticle tracking analysis (NTA) (27-
29).

In vitro EV Treatment

For in vitro assays, PTECs (80-90% confluent) were seeded in 6-
well cell culture plates and were co-cultured with PBS (vehicle),
20 pg Lean-EVs, or 20 jug Obese-EV's for 48 h (19). Then, the cells
were collected by trypsin (0.25%, Invitrogen, USA) digestion, as
previously described (30).

MicroRNA Sequencing and Data Analysis
MicroRNA sequencing was performed as previously described
(31, 32). Briefly, total RNA from EVs was extracted. RNA-seq
libraries were prepared from the extracted RNA using QIAseq
Stranded Total RNA Kits and sequenced with an Illumina
NGS system (MiSeq Personal Sequencer, NextSequence500,
HiSeq-1000, HiSeq-1500, HiSeq-2000, HiSeq-2500, and Gallx).
The RNA-seq data were analyzed using the CLC (Biomedical)
Genomics Workbench. Starting with unaligned FASTQs, the
workflow generates aligned BAMs and then both raw and
normalized miRNA expression counts. Differential expression
analysis was performed using EdgeR 2.6.2 software.

In vitro miR-6869-5p Transfection

The miR-6869-5p mimic (20 nM, 5-GUGAGUAGUGGCGCGC
GGCGGC-3') and miR-6869-5p inhibitor (20nM, 5'-
GCCGCCGCGCGCCACUACUCAC-3')  were  synthesized
by Guangzhou Ribobio Co., Ltd. (Guangzhou, China). PTECs
grown on 6-well plates to 40-50% confluence were transfected
using Lipofectamine® 3000 Reagent (Cat#L3000015, Invitrogen,
Carlsbad, CA, USA) in FBS-free Opti-MEM (Gibco, USA),
according to the manufacturer’s instructions. The medium was
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TABLE 1 | The list of primers sequences.

RT-PCR primers

Forward Primer (5/-37)

Reverse Primer (5/-37)

AGT CAGGCTGTGACAGGATGGAA
ACE CTGGAGACCACTCCCATCCTTTCT
ATH GAGGTTGAGTGACATGTTCGAAACC
ACE2 GTGGTGGGAGATGAAGCGAG
GAPDH GCACCGTCAAGGCTGAGAAC
miR-6869-5p GTGAGTAGTGGCGCGCGGC
miR-4466 GGGTGCGGGCCGGCGG
miR-3960 GGCGGCGGCGGAGGCGGGG
miR-122-5p TGGAGTGTGACAATGGTGT
miR-3663-3p TGAGCACCACACAGGCCGG
miR-3168 GAGTTCTACAGTCAGAC
miR-4285 GCGGCGAGTCCGACTCAT

ue CTCGCTTCGGCAGCACAT

GCTGTTGTCCACCCAGAACT
GATGTGGCCATCACATTCGTCAGAT
CGTCATCTGTCTAATGCAAAATGTG

GGGCCTTCATGTTTAGCTGC

TGGTGAAGACGCCAGTGGA

CTCTACAGCTATATTGCCAG
CTCTACAGCTATATTGCCAG
CTCTACAGCTATATTGCCAG
CTCTACAGCTATATTGCCAG
CTCTACAGCTATATTGCCAG
CTCTACAGCTATATTGCCAG
CTCTACAGCTATATTGCCAG
TTTGCGTGTCATCCTTGCG

RT-gPCR, reverse transcription-quantitative polymerase chain reaction; AGT, angiotensinogen,; ACE, angiotensin-converting enzyme; AT1, angiotensin 1, ACE2, angiotensin-converting

enzyme 2; GAPDH, glyceraldehyde phosphate dehydrogenase; miR, microRNA.

TABLE 2 | Baseline characteristics of study participants (mean + SD).

Characteristic Lean group N = 25 Obese group N = 25 p-Value
Gender (Male:Female) 11:14 13:12

Age 28 +£3 31+10 0.501
BMI 22.53 +2.04 40.61 + 8.40 <0.001
SBP (mmHg) 123+5 128 £6 0.116
DBP (mmHg) 70+5 73+6 0.224
Fasting glucose (mmol/L) 482 +£0.75 6.43 £2.75 0.023
Triglyceride (mmol/L) 1.00 £ 0.37 2.15+1.90 0.005
Total cholesterol (mmol/L) 4.40 +0.47 4.81 +1.04 0.160
Serum creatinine (mmol/L) 62.25 + 15.06 59.87 + 16.53 0.221
Cystatin C (mg/L) 0.73 £ 0.17 1.07 £ 0.29 0.067
Serum uric acid (mmol/L) 354.1 +£61.9 459.0 +£ 122.8 <0.001
Angiotensin | (hg/mli/h) 0.63 £ 0.22 4.65 + 3.98 0.007
Angiotensin Il (pg/mi) 33.36 + 7.81 74.83 + 26.88 <0.001
Renin (ng/mli/h) 0.34 +0.24 3.14 +£2.90 0.024
ACR(mg/g) 14.73 £4.10 58.14 + 38.36 0.154

Group comparison by Student t-test for independent samples. SBR, systolic blood pressure; DBR, diastolic blood pressure; BMI, body mass index; ACR, albumin-to-creatinine ratio. A

P-value of <0.05 was considered statistically significant.

replaced after 24 h. The transfected cells were harvested 48 h later
for further experiments. The transfection efficiency was tested
by qRT-PCR.

qRT-PCR Assays

Total RNA from plasma EVs and PTECs (miR-6869-5p-
transfected and EV-treated cells) was extracted using TRIzol
reagent (Thermo Fisher Scientific, Inc.) (33). Then, the RNA was
reverse transcribed using RevertAid First Strand cDNA Synthesis
Kits (K1622, Thermo Scientific). qRT-PCR was carried out using
SYBR Green PCR Master Mix (Applied Biosystems, USA) and
a BioRad CFX-96 real-time PCR system (BioRad, USA). The
primers are listed in Table 1. The miRNA and mRNA levels were

normalized to U6 and GAPDH levels, respectively. Relative RNA
expression was calculated using the 2~22€T method.

Western Blotting

Protein samples from PTECs (miR-6869-5p-transfected and EV-
treated cells) were analyzed by Western blotting, as previously
described (19, 33, 34). We used the following primary antibodies
against several EV-characteristic markers: CD9 (#ab92726,
Abcam, Cambridge, MA, USA), CD81 (#sc-7637, 1:200,
Santa Cruz Biotechnology, USA), CD63 (#ab59479, Abcam,
1:1,000), AGT (AF3156, R&D Systems, Minneapolis, MN,
1:1,000), ACE2 (AF333, R&D Systems, 1:1,000), ACE (AF929,
R&D Systems, 1:1,000), AT1 (MAB102441, R&D Systems,
1:1,000), KIM-1 (NBP1-76701SS, Novus, 1:1,000), and NGAL
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FIGURE 2 | Characterization of plasma EVs in obesity. (A) Procedure of EVs isolation from plasma. After collecting plasma samples, EVs were isolated using
ultracentrifugation, followed by size-exclusion chromatography. (B) Transmission electron microscopy images of plasma EVs from obese patients; Scale bars =
100 nm and 50 nm. (C) Nanoparticle tracking analysis showing the concentration and size of plasma EVs from obese patients. (D) Western blotting results
demonstrated the expression of EVs markers (CD9, CD63, and CD81) in plasma EVs in obese patients. EVs, extracellular vesicles; SEC, size-exclusion
chromatography; TEM, transmission electron microscopy; WB, Western blotting; NTA, nanoparticle tracking analysis.

(AF1757-SP, R&D Systems, 1:1,000). The membranes were
subsequently incubated with the corresponding horseradish
peroxidase-conjugated secondary antibodies (1:3,000, Cell
Signaling Technology). Protein signals were detected by
enhanced chemiluminescence (Genshare, China) and quantified

using a Bio-Rad imaging system (Hercules, USA)

. P-actin

(#4970, Cell Signaling Technology, 1:3,000) served as the

loading control.

Immunohistochemistry
Animal  kidney tissue sections (4pum) from 4%
paraformaldehyde-fixed, paraffin-embedded tissue blocks

were prepared for immunohistochemical staining.
The sections were incubated with primary antibodies

for KIM-1, NGAL, AGT, and ATI1, as indicated
above.  After  washing, sections  were  incubated
with streptavidin-peroxidase-conjugated secondary
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FIGURE 3 | Effects of plasma EVs on renal tubule injury and RAS activation in obesity. (A-C) After treating PTECs with PBS(negative control), Lean-EVs, or
Obese-EVs, the relative mRNA and protein levels of AGT, ACE, ACE2, and AT1 were analyzed by gRT-PCR (A) and Western blotting (B,C) (n = 3 per group). (D,E)
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angiotensinogen; ACE, angiotensin-converting enzyme; ACE2, angiotensin-converting enzyme 2; AT1, angiotensin 1.

antibodies  (ZSGB-Bio, Inc., Beijing, China). Images Statistics
were obtained with a DM IL LED microscope (Leica  Statistical analyses were performed using GraphPad Prism 8.0
Microsystems GmbH). (GraphPad Software Inc., San Diego, CA). Data are presented
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FIGURE 4 | Detection of miRNAs in plasma obese-EVs. (A) Heat map of miRNAs. Five miRNAs were upregulated, and two were downregulated in Obese-EVs
compared to Lean-EVs. (B) The expression of candidate miRNAs was consistent with the miRNA-seq findings. miR-6869-5p, miR-3663, and miR-122-5p were
upregulated, while miR-4285 was downregulated in Obese-EVs compared to Lean-EVs. (C) Fold-change (Obese-EVs vs. Lean-EVs) of the significantly different
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as mean =+ standard deviation. Students unpaired ¢-tests were  multiple comparisons. All experiments were repeated at least
performed for comparisons between two groups. One-way  three times (all single experiments have a technical duplicate). P
ANOVA followed by post hoc Bonferroni tests were used for < 0.05 was considered statistically significant.
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RESULTS

The Presence of Renal Tubule Damage and
RAS Activation in Obesity

To illustrate the presence of renal tubule damage and RAS
activation in obesity, baseline data were collected from obese and
lean populations (n = 25 each group). Table 2 shows that the
body mass index, blood glucose, triglycerides, and serum uric
acid were increased in obese subjects compared with the lean
group (p < 0.05). Ambulatory blood pressure, total cholesterol,
serum creatinine, cystatin C, and the albumin-to-creatinine ratio
(ACR) were similar in both groups. For the systemic RAS, we
observed that plasma renin, angiotensin I, and angiotensin II
were significantly increased in obese subjects (p < 0.05). Next,
we established an obese model in C57BL/6] mice. After 18 weeks,
the bodyweight of the obese mice was about twice that of the
lean mice (Figures 1A-C). In the renal tissue of obese mice,
immunostaining was performed to examine the expression levels
of renal tubule injury and RAS-related proteins in vivo. As
shown in Figure 1E, KIM1 and NGAL, which are markers of
renal tubular injury, showed enhanced staining in renal tubular
epithelial cells in obese mice compared to the lean mice (p
< 0.05). Our results demonstrate positive immunolabeling for
AGT and ATI in kidneys from obese mice (Figure 1D, p <
0.05), confirming the presence of local RAS in obesity. These
results were consistent with plasma RAS levels and indicated the
occurrence of local RAS activation and renal tubule injury in
obese individuals.

Identification of Plasma EVs From Obese

Patients

Peripheral blood from five healthy donors and five obese
patients was collected following standard procedures to minimize
contamination by platelets and platelet-derived vesicles. The
remaining plasma was used to isolate EVs. Plasma EVs were
isolated using differential ultracentrifugation and modified size-
exclusion chromatography (Figure 2A). Transmission electron

microscopy images showed that plasma Obese-EVs had cup-
shaped or spherical morphology (Figure2B). Nanoparticle
tracking analysis showed that the particle size distribution
curve of plasma Obese-EVs was mainly concentrated at 119 nm
(Figure 2C). Additionally, EV-associated protein markers, three
transmembrane/lipid-bound proteins (CD9, CD63, and CD81)
were detected in the particles from obese patient plasma
(Figure 2D). Thus, the isolated EVs were putative exosomes,
according to standard EV characteristics.

Effects of Plasma EVs on Renal Tubule
Injury and RAS Activation in Obesity

To investigate the effect of plasma Obese-EVs on RAS activation
and renal tubule injury, we analyzed PTECs after incubation with
PBS, Lean-EVs (20 pg/mL), or Obese-EVs (20 jLg/mL) for 24 h.
The Obese-EVs group had 3-fold increased AGT, ACE, and AT1
mRNA expression compared to the Lean-EVs group. In contrast,
mRNA for ACE2, a RAS inhibitor, was decreased (Figure 3A,
p < 0.001). The expression of RAS protein components (ACE,
ACE2, AGT, and AT1) was consistent with the mRNA results
(Figures 3B,C, p < 0.001). Meanwhile, KIM1 and NGAL protein
expression were significantly increased in the Obese-EVs group
(Figures 3D,E, p < 0.001). These findings suggest that Obese-
EVs cause renal tubule injury and RAS activation in PTECs.

Detection of miRNAs in EVs From Obese

Patient Plasma

EVs enable cell-to-cell communication by delivering miRNAs.
To explore the key molecules that mediate the disease-causing
potential of plasma Obese-EVs in renal tubule injury and RAS
activation, we performed microRNA sequencing of plasma
EVs from lean and obese patients. We identified several
differentially-expressed miRNAs, including hsa-miR-6869-5p,
hsa-miR-3663-3p, hsa-miR-122-5p, hsa-miR-4466, hsa-miR-
3960, hsa-miR-4286, and hsa-miR-3168 (Figures 4A,B).
Moreover, we verified that miR-6869-5p was the most
significantly increased in plasma Obese-EVs. miR-6869-5p
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in Obese-EVs was 5-fold higher than in Lean-EVs (Figure 4C,
p < 0.001). Therefore, miR-6869-5p probably acts as a strong
candidate for the critical regulatory cargo contained in
plasma Obese-EVs.

Obese-EVs Can Deliver miR-6869-5p Into

PTECs

To determine whether Obese-EV's can be taken up by PTECs and
deliver miR-6869-5p in vitro, plasma Obese-EVs and Lean-EVs
were incubated with PTECs for 24 h. qPCR analysis revealed that
miR-6869-5p levels in PTECs were increased after incubation
with Obese-EVs (Figure 5A, p < 0.001). These results suggest
that miR-6869-5p is shuttled into target cells by Obese-EVs.
Next, we transfected a miR-6869-5p mimic into PTECs and
measured the transfection efficiency by qPCR. Figure 5B shows
that miR-6869-5p in PTECs was 100-fold higher after incubated

with miR-6869-5p mimic compared to the NC mimic-transfected
group (p < 0.001).

Plasma Obese-EVs Induce Renal Tubule
Injury and RAS Activation in PTECs via

miR-6869-5p Transfer

We showed that miR6859-5p is enriched in plasma Obese-EVs,
and Obese-EVs induce renal tubule injury and RAS activation
in PTECs. These two results gave rise to our hypothesis that
Obese-EVs mediate miR-6869-5p transfer. MiR-6869-5p might
be a critical factor in renal tubule injury and RAS activation.
To test this hypothesis, we transfected miR-6869-5p mimic into
PTECs. Then, western blot analysis was used to determine the
expression of RAS-related components (AGT, ACE, AT1, and
ACE2), KIM1, and NGAL. MiR-6869-5p mimic significantly
increased the expression of AGT, AT1, ACE, KIM1, and NGAL
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protein. In contrast, ACE2 expression was significantly reduced  p < 0.001). Our results suggest that miR-6869-5p from plasma
(Figures 6A-D, p < 0.001). These results were consistent with ~ Obese-EVs mediates renal tubule injury and RAS activation in
plasma Obese-EVs activity in PTECs. obesity (Figure 7).

To verify the role of miR-6869-5p in Obese-EVs-induced
renal tubule injury and RAS activation, Obese-EVs-treated
PTECs were treated with a specific inhibitor (miR-6869- DISCUSSION
5p inhibitor) targeting miR-6869-5p. The results revealed
that renal tubule injury and RAS activation induced by  Recent in vivo studies demonstrated that EVs play a crucial role
plasma Obese-EVs was attenuated by the miR- 6869-5p  in renal diseases. It can contribute to the development of renal
inhibitor. Western blot analysis demonstrated that AGT, diseases by immunomodulation, thrombogenesis, and matrix
AT1, ACE, KIM1, and NGAL protein levels in PTECs were = modulation (6). Renal tubule-derived exosomes play a central
markedly reduced when treated with miR-6869-5p inhibitor.  role in mediating kidney fibrosis (35). But whether EVs are
On the contrary, ACE2 levels were increased (Figures 6E-H, involved in obesity-related renal injury remains unknown.

Frontiers in Medicine | www.frontiersin.org 10 September 2021 | Volume 8 | Article 725598


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Liu et al.

miR-6869-5p Mediates RAS Activation in Obesity

PTEC

Proximal renal tubule injury

e

RAS activation%

FIGURE 7 | Scheme depicting the role of plasma EV miR-6869-5p and RAS in obesity-related renal tubule injury. In obesity, plasma EVs transport miR-6869-5p into
PTECs. miR-6869-5p activates RAS and promotes the expression of KIM-1 and NGAL, markers of renal tubule injury. EVs, extracellular vesicles; PTECs, Proximal
tubular epithelial cells; RAS, renin-angiotensin system; KIM-1, kidney injury molecule-1; NGAL, neutrophil gelatinase-associated lipocalin.
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Our study showed that plasma Obese-EVs participate in
RAS activation and renal tubule damage. Specifically, circulating
RAS was activated in obesity. This phenomenon was mainly
manifested by increased plasma renin, angiotensin I, and
angiotensin II in obese patients. At the same time, local RAS
was also activated. We observed increased expression of the
RAS-related components AGT and AT1 in the kidney tissue
of obese mice. Similarly, the expression of the renal tubular
injury markers KIM1 and NGAL also increased. Thus, plasma
Obese-EVs mediate RAS activation and renal tubular injury
in obesity. Therefore, we confirmed that plasma Obese-EVs
are involved in RAS activation and renal tubular damage in
obesity. Finally, we show that plasma Obese-EVs carry miR-6869-
5p, which causes RAS activation and damage to renal tubular
epithelial cells.

Obesity causes various structural, hemodynamic, and
metabolic alterations in the kidney. The changes in renal
hemodynamics during obesity are closely linked to increased
salt sensitivity (36). One important mechanism by which salt
sensitivity was increased in obesity was an activation of the
intrarenal renin-angiotensin-aldosterone system (RAAS) (37).
Our study found obese participants had significantly higher body
mass index, blood pressure, blood glucose, total cholesterol,
triglycerides, and serum uric acid. Compared with the control
group, the serum RAS level had an upward trend. In the kidney
tissues of obese mice, the expression of RAS-related components
(AGT, AT1) increased. These results are consistent with previous
research showing that plasma RAAS concentrations in obese
subjects are raised, are correlated with visceral fat mass, and
are decreased by weight loss (38, 39). In obese individuals,
RAS was activated in renal tissue (40). At the same time, we
found that renal tubular damage markers, KIM1 and NGAL,

increased along with RAS activation in obese kidney tissue,
suggesting that RAS activation might be related to renal tubular
damage in obese individuals. Several studies corroborate
this result. Inhibition of AT1R and AT2R suppresses renal
tubular epithelial cell necroptosis in Ang II-treated renal injury
mice (41).

EVs are cell-derived mixed-populations of vesicles released
by almost all cells into the intercellular microenvironment.
Most of these EVs are located in the blood. Plasma Obese-
EVs can induce RAS activation in PTECs. In our experiment,
we isolated, quantified, and characterized EVs from plasma
in obese and lean participants. Recent evidence suggests a
novel role for EVs as conveyors of information among cells
and across tissues (14, 42). In our study, after treating PTECs
with Obese-EVs, RAS components including AGT, AT1, and
ACE, and renal injury biomarkers, KIM1 and NGAL, were
significantly increased compared with the Lean-EVs group.
Thus, we speculated the plasma EVs could be involved in RAS
activation and renal tubular injury during obesity. Significantly,
EVs facilitate material transfer and functional communication
inside and outside cells (43), partly due to the nucleic acid
molecules carried in EVs, especially miRNA (44, 45). Obese-
EVs contained microRNAs that target RAS mRNAs and are
responsible for RAS activation and renal damage.

Based on these results, miRNA sequencing was performed
to identify the miRNAs that play a crucial role in this process.
In particular, miR-6869-5p was significantly upregulated in
plasma Obese-EVs. Interestingly, the expression of miR-
6869-5p robustly increased when PTECs were treated
with Obese-EVs. Therefore, we hypothesized that plasma
Obese-EVs deliver miR6869-5p into PTECs, but whether
miRNA6869-5p plays an important role in renal tubular damage
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and RAS activation via Obese-EVs transport needs to be
further explored.

We demonstrated RAS activation and tubule damage in
PTECs by using a miR-6869-5p mimic to stimulate PTECs. These
results were consistent with results from treating PTECs with
plasma Obese-EVs. Interestingly, the effect of plasma Obese-EV's
on RAS activation and renal tubule injury was prevented by a
miR-6869-5p inhibitor. Therefore, miR-6869-5p transported by
plasma Obese-EVs causes RAS activation and damage to renal
tubular epithelial cells. To the best of our knowledge, miR-
6869-5p is a newly discovered microRNA involved in regulating
diverse cancer cells (46). Accordingly, it was reported that serum
exosomal miR-6869-5p might serve as a tumor suppressor in
colorectal cancer. The protective effect of miR-6869-5p against
colorectal carcinogenesis is dependent on the TLR4/NF-«kB
signaling pathway (47). At the same time, Wang et al. found
that miR-6869-5p plays beneficial roles in inhibiting glioma cell
proliferation and invasion (48). As yet, the role of EVs and
miR-6869-5p in non-cancerous diseases remained unclear. To
address this gap, we explored the role of miR-6869-5p in obesity
and provided the first evidence that plasma Obese-EVs act as a
paracrine mediator in obesity-related kidney disease.

Our study also has some limitations. First, we need to identify
relevant mRNA targets of miR-6869-5p and clarify the specific
mechanism between miR-6869-5p and RAS activation. Moreover,
miR-6869-5p is the novel microRNA that was first identified in
humans. A future study will address differential miR-6869-5p
expression in animal models and verify our results in vivo. We
will further search for the targeting pathways of miR-6869-5p in
renal tubule RAS activation through the next experiments.

In conclusion, we demonstrate that plasma Obese-EV's induce
renal tubule injury and RAS activation via miR-6869-5p transport
(Figure 7). Thus, miR-6869-5p within plasma Obese-EVs could
be a therapeutic target for local RAAS activation in obesity-
associated kidney disease.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and

REFERENCES

1. Pillon NJ, Loos RJE Marshall SM, Zierath JR. Metabolic consequences
of obesity and type 2 diabetes: balancing genes and environment
for personalized care. Cell. (2021) 184:1530-44. doi: 10.1016/j.cell.2021.
02.012

2. Silva Junior GB, Bentes AC, Daher EE, Matos SM. Obesity and kidney disease.
J Bras Nefrol. (2017) 39:65-9. doi: 10.5935/0101-2800.20170011

3. de Vries AP, Ruggenenti P, Ruan XZ, Praga M, Cruzado JM, Bajema
IM, et al. Fatty kidney: emerging role of ectopic lipid in obesity-
related renal disease. Lancet Diabetes Endocrinol. (2014) 2:417-26.
doi: 10.1016/52213-8587(14)70065-8

4. Tobar A, Ori Y, Benchetrit S, Milo G, Herman-Edelstein M,
Zingerman B, et al. Proximal tubular hypertrophy and enlarged
glomerular and proximal tubular urinary space in obese subjects with
proteinuria. PLoS ONE. (2013) 8:75547. doi: 10.1371/journal.pone.00
75547

accession number(s) can be found below: GenBank database.
The submission number is SUB9882595. The BioProject number
is PRJNA739404.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the First Affiliated
Hospital of Jinan University (Permission No. 2018-041). The
patients/participants provided their written informed consent to
participate in this study. The animal study was reviewed and
approved by the Ethics Committee of the First Affiliated Hospital
of Jinan University (Permission No. 2018-041).

AUTHOR CONTRIBUTIONS

YM and C-CW designed the studies and supervised the project.
H-HL, X-QL, and J-FL performed most of the experiments
and co-wrote the manuscript. S-BH and WY assisted with
the clinical data collection. HL performed the EV isolation
and identification. SC performed the histological analysis. LW
performed the bioinformatics analysis. BH analyzed the data
and provided statistical guidance. All authors contributed to the
article and approved the submitted version.

FUNDING

This research was funded by the Natural Science Foundation
of Guangdong, China (2018A030313527); The Basic
and Applied basic research Foundation of Guangdong
Province, China (2019A1515010176); The Science and
Technology Project of Guangzhou, China (202102010133);
The Science and Technology Project of Shenzhen, China
(JCYJ20190808095615389); and the National Natural Science
Foundation of China (82000686).

ACKNOWLEDGMENTS

We would like to thank Editage (www.editage.cn) for the English
language editing.

5. Szeto HH, Liu S, Soong Y, Alam N, Prusky GT, Seshan SV. Protection of
mitochondria prevents high-fat diet-induced glomerulopathy and proximal
tubular injury. Kidney Int. (2016) 90:997-1011. doi: 10.1016/j.kint.2016.
06.013

6. Karpman D, Stahl AL, Arvidsson I. Extracellular vesicles in renal disease. Nat
Rev Nephrol. (2017) 13:545-62. doi: 10.1038/nrneph.2017.98

7. Pomatto MAC, Gai C, Bussolati B, Camussi G. Extracellular vesicles in renal
pathophysiology. Front Mol Biosci. (2017) 4:37. doi: 10.3389/fmolb.2017.
00037

8. Li XQ, Lerman LO, Meng Y. Potential role of extracellular vesicles in
the pathophysiology of glomerular diseases. Clin Sci. (2020) 134:2741-54.
doi: 10.1042/CS20200766

9. Pazos F. Range of adiposity and cardiorenal syndrome. World ] Diabetes.
(2020) 11:322-50. doi: 10.4239/wjd.v11.i8.322

10. Kalupahana NS, Moustaid-Moussa N. The renin-angiotensin system: a link
between obesity, inflammation and insulin resistance. Obes Rev. (2012)
13:136-49. doi: 10.1111/.1467-789X.2011.00942.x

Frontiers in Medicine | www.frontiersin.org

September 2021 | Volume 8 | Article 725598


http://www.editage.cn
https://doi.org/10.1016/j.cell.2021.02.012
https://doi.org/10.5935/0101-2800.20170011
https://doi.org/10.1016/S2213-8587(14)70065-8
https://doi.org/10.1371/journal.pone.0075547
https://doi.org/10.1016/j.kint.2016.06.013
https://doi.org/10.1038/nrneph.2017.98
https://doi.org/10.3389/fmolb.2017.00037
https://doi.org/10.1042/CS20200766
https://doi.org/10.4239/wjd.v11.i8.322
https://doi.org/10.1111/j.1467-789X.2011.00942.x
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Liu et al.

miR-6869-5p Mediates RAS Activation in Obesity

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ramalingam L, Menikdiwela K, LeMieux M, Dufour JM, Kaur G,
Kalupahana N, et al. The renin angiotensin system, oxidative stress
and mitochondrial function in obesity and insulin resistance. Biochim
Biophys Acta Mol Basis Dis. (2017) 1863:1106-14. doi: 10.1016/j.bbadis.2016.
07.019

Hisada Y, Sugaya T, Yamanouchi M, Uchida H, Fujimura H, Sakurai H, et al.
Angiotensin II plays a pathogenic role in immune-mediated renal injury in
mice. ] Clin Invest. (1999) 103:627-35. doi: 10.1172/JCI2454

QiY, Wang X, Rose KL, MacDonald WH, Zhang B, Schey KL, et al. Activation
of the endogenous renin-angiotensin-aldosterone system or aldosterone
administration increases urinary exosomal sodium channel excretion. ] Am
Soc Nephrol. (2016) 27:646-56. doi: 10.1681/ASN.2014111137

Mathieu M, Martin-Jaular L, Lavieu G, Thery C. Specificities of secretion
and uptake of exosomes and other extracellular vesicles for cell-to-cell
communication. Nat Cell Biol. (2019) 21:9-17. doi: 10.1038/s41556-018-
0250-9

Hubal MJ, Nadler EP, Ferrante SC, Barberio MD, Suh JH, Wang J,
et al. Circulating adipocyte-derived exosomal MicroRNAs associated with
decreased insulin resistance after gastric bypass. Obesity. (2017) 25:102-10.
doi: 10.1002/0by.21709

Eichner NZM, Erdbrugger U, Malin SK. Extracellular vesicles: a novel
target for exercise-mediated reductions in type 2 diabetes and cardiovascular
disease risk. J Diabetes Res. (2018) 2018:7807245. doi: 10.1155/2018/78
07245

Lv LL, Feng Y, Wu M, Wang B, Li ZL, Zhong X, et al. Exosomal miRNA-
19b-3p of tubular epithelial cells promotes M1 macrophage activation in
kidney injury. Cell Death Differ. (2020) 27:210-26. doi: 10.1038/s41418-019-
0349-y

Lu Q, Ma Z, Ding Y, Bedarida T, Chen L, Xie Z, et al. Circulating miR-
103a-3p contributes to angiotensin II-induced renal inflammation and fibrosis
via a SNRK/NF-kappaB/p65 regulatory axis. Nat Commun. (2019) 10:2145.
doi: 10.1038/s41467-019-10116-0
Ying W, Gao H, Dos Reis
JM, Luo Z, et al. MiR-690,
M2-polarized macrophages,
Cell Metab. (2021)

FCG, Bandyopadhyay G, Ofrecio
an exosomal-derived miRNA from
sensitivity in  obese
10.1016/j.cmet.2020.

insulin
doi:

improves
mice. 33:781-90 e5.
12.019

Thery C, Witwer KW, Aikawa E, Alcaraz MJ, Anderson JD, Andriantsitohaina
R, et al. Minimal information for studies of extracellular vesicles
2018 (MISEV2018): a position statement of the International Society
for Extracellular Vesicles and update of the MISEV2014 guidelines.
] Extracell Vesicles. (2018) 7:1535750. doi: 10.1080/20013078.2018.15
35750

Van Deun J, Hendrix A, Consortium E-T. Is your article EV-TRACKed?
] Extracell (2017) 6:1379835. doi: 10.1080/20013078.2017.13
79835

Takov K, Yellon DM, Davidson SM. Comparison of small extracellular
vesicles isolated from plasma by ultracentrifugation or
exclusion chromatography: vyield, purity and functional potential. J
(2019) 8:1560809. doi: 10.1080/20013078.2018.15

Vesicles.

size-
Extracell  Vesicles.
60809

Crescitelli R, Lasser C, Jang SC, Cvjetkovic A, Malmhall C, Karimi N, et al.
Subpopulations of extracellular vesicles from human metastatic melanoma
tissue identified by quantitative proteomics after optimized isolation.
J Extracell Vesicles. (2020) 9:1722433. doi: 10.1080/20013078.2020.17
22433

Hong CS, Funk S, Muller L, Boyiadzis M, Whiteside TL. Isolation
of biologically active and morphologically intact exosomes from
plasma of patients with cancer. ] Extracell Vesicles. (2016) 5:29289.
doi: 10.3402/jev.v5.29289

Meng Y, Eirin A, Zhu XY, O’Brien DR, Lerman A, van Wijnen AJ, et al. The
metabolic syndrome modifies the mRNA expression profile of extracellular
vesicles derived from porcine mesenchymal stem cells. Diabetol Metab Syndr.
(2018) 10:58. doi: 10.1186/s13098-018-0359-9

Meng Y, Eirin A, Zhu XY, Tang H, Chanana P, Lerman A, et al.
The metabolic syndrome alters the miRNA signature of porcine adipose
tissue-derived mesenchymal stem cells. Cytometry A. (2018) 93:93-103.
doi: 10.1002/cyto.a.23165

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

Ugalde CL, Gordon SE, Shambrook M, Nasiri Kenari A, Coleman BM,
Perugini MA, et al. An intact membrane is essential for small extracellular
vesicle-induced modulation of alpha-synuclein fibrillization. J Extracell
Vesicles. (2020) 10:e12034. doi: 10.1002/jev2.12034

Wallis R, Josipovic N, Mizen H, Robles-Tenorio A, Tyler E], Papantonis A,
et al. Isolation methodology is essential to the evaluation of the extracellular
vesicle component of the senescence-associated secretory phenotype. |
Extracell Vesicles. (2021) 10:¢12041. doi: 10.1002/jev2.12041

Zhao M, Liu S, Wang C, Wang Y, Wan M, Liu E et al. Mesenchymal
stem cell-derived extracellular vesicles attenuate mitochondrial damage and
inflammation by stabilizing mitochondrial DNA. ACS Nano. (2021) 15:1519-
38. doi: 10.1021/acsnano.0c08947

Meng Y, Shi C, Hu B, Gong J, Zhong X, Lin X, et al. External
magnetic field promotes homing of magnetized stem cells following
subcutaneous injection. BMC Cell Biol. (2017) 18:24. doi: 10.1186/s12860-017-
0140-1

Meng Y, Eirin A, Zhu XY, Tang H, Hickson L], Lerman A, et al.
Micro-RNAS regulate metabolic syndrome-induced senescence in porcine
adipose tissue-derived mesenchymal stem cells through the P16/MAPK
pathway. Cell Transplant. (2018) 27:1495-503. doi: 10.1177/0963689718
795692

Meng Y, Eirin A, Zhu XY, Tang H, Chanana P, Lerman A, et al.
Obesity-induced ~ mitochondrial ~ dysfunction in  porcine adipose
tissue-derived mesenchymal stem cells. J Cell Physiol. (2018) 233:5926-36.
doi: 10.1002/jcp.26402

Cao H, Cheng Y, Gao H, Zhuang ], Zhang W, Bian Q, et al. In vivo
tracking of mesenchymal stem cell-derived extracellular vesicles improving
mitochondrial function in renal ischemia-reperfusion injury. ACS Nano.
(2020) 14:4014-26. doi: 10.1021/acsnano.9b08207

Wang X, Wilkinson R, Kildey K, Ungerer JPJ, Hill MM, Shah AK,
et al. Molecular and functional profiling of apical versus basolateral small
extracellular vesicles derived from primary human proximal tubular epithelial
cells under inflammatory conditions. J Extracell Vesicles. (2021) 10:e12064.
doi: 10.1002/jev2.12064

Liu X, Miao J, Wang C, Zhou S, Chen S, Ren Q, et al. Tubule-derived exosomes
play a central role in fibroblast activation and kidney fibrosis. Kidney Int.
(2020) 97:1181-95. doi: 10.1016/j.kint.2019.11.026

Tsuboi N, Okabayashi Y, Shimizu A, Yokoo T. The renal pathology of obesity.
Kidney Int Rep. (2017) 2:251-60. doi: 10.1016/j.ekir.2017.01.007

Li G, Lin Y, Luo R, Chen S, Wang E Zheng P, et al. Intrarenal renin-
angiotensin system mediates fatty acid-induced ER stress in the kidney. Am
] Physiol Renal Physiol. (2016) 310:F351-63. doi: 10.1152/ajprenal.00223.
2015

Engeli S, Bohnke J, Gorzelniak K, Janke J, Schling P, Bader M, et al. Weight loss
and the renin-angiotensin-aldosterone system. Hypertension. (2005) 45:356—-
62. doi: 10.1161/01.HYP.0000154361.47683.d3

Tuck ML, Sowers J, Dornfeld L, Kledzik G, Maxwell, M. The effect of
weight reduction on blood pressure, plasma renin activity, and plasma
aldosterone levels in obese patients. N Engl ] Med. (1981) 304:930.
doi: 10.1056/NEJM198104163041602

Ohsawa M, Tamura K, Wakui H, Maeda A, Dejima T, Kanaoka T,
et al. Deletion of the angiotensin II type 1 receptor-associated protein
enhances renal sodium reabsorption and exacerbates angiotensin II-mediated
hypertension. Kidney Int. (2014) 86:570-81. doi: 10.1038/ki.2014.95

Zhu Y, Cui H, Lv J, Liang H, Zheng Y, Wang S, et al. AT1 and AT?2 receptors
modulate renal tubular cell necroptosis in angiotensin II-infused renal injury
mice. Sci Rep. (2019) 9:19450. doi: 10.1038/s41598-019-55550-8

Tkach M, Thery C. Communication by extracellular vesicles: where we are and
where we need to go. Cell. (2016) 164:1226-32. doi: 10.1016/j.cell.2016.01.043
Thakur BK, Zhang H, Becker A, Matei I, Huang Y, Costa-Silva B, et al. Double-
stranded DNA in exosomes: a novel biomarker in cancer detection. Cell Res.
(2014) 24:766-9. doi: 10.1038/cr.2014.44

Ferrante SC, Nadler EP, Pillai DK, Hubal MJ, Wang Z, Wang JM, et al.
Adipocyte-derived exosomal miRNAs: a novel mechanism for obesity-related
disease. Pediatr Res. (2015) 77:447-54. doi: 10.1038/pr.2014.202

Thomou T, Mori MA, Dreyfuss JM, Konishi M, Sakaguchi M, Wolfrum C,
et al. Adipose-derived circulating miRNAs regulate gene expression in other
tissues. Nature. (2017) 542:450-5. doi: 10.1038/nature21365

Frontiers in Medicine | www.frontiersin.org

September 2021 | Volume 8 | Article 725598


https://doi.org/10.1016/j.bbadis.2016.07.019
https://doi.org/10.1172/JCI2454
https://doi.org/10.1681/ASN.2014111137
https://doi.org/10.1038/s41556-018-0250-9
https://doi.org/10.1002/oby.21709
https://doi.org/10.1155/2018/7807245
https://doi.org/10.1038/s41418-019-0349-y
https://doi.org/10.1038/s41467-019-10116-0
https://doi.org/10.1016/j.cmet.2020.12.019
https://doi.org/10.1080/20013078.2018.1535750
https://doi.org/10.1080/20013078.2017.1379835
https://doi.org/10.1080/20013078.2018.1560809
https://doi.org/10.1080/20013078.2020.1722433
https://doi.org/10.3402/jev.v5.29289
https://doi.org/10.1186/s13098-018-0359-9
https://doi.org/10.1002/cyto.a.23165
https://doi.org/10.1002/jev2.12034
https://doi.org/10.1002/jev2.12041
https://doi.org/10.1021/acsnano.0c08947
https://doi.org/10.1186/s12860-017-0140-1
https://doi.org/10.1177/0963689718795692
https://doi.org/10.1002/jcp.26402
https://doi.org/10.1021/acsnano.9b08207
https://doi.org/10.1002/jev2.12064
https://doi.org/10.1016/j.kint.2019.11.026
https://doi.org/10.1016/j.ekir.2017.01.007
https://doi.org/10.1152/ajprenal.00223.2015
https://doi.org/10.1161/01.HYP.0000154361.47683.d3
https://doi.org/10.1056/NEJM198104163041602
https://doi.org/10.1038/ki.2014.95
https://doi.org/10.1038/s41598-019-55550-8
https://doi.org/10.1016/j.cell.2016.01.043
https://doi.org/10.1038/cr.2014.44
https://doi.org/10.1038/pr.2014.202
https://doi.org/10.1038/nature21365
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Liu et al.

miR-6869-5p Mediates RAS Activation in Obesity

46. Yan S, Han B, Gao S, Wang X, Wang Z, Wang F, et al. Exosome- encapsulated
microRNAs as circulating biomarkers for colorectal cancer. Oncotarget. (2017)
8:60149-58. doi: 10.18632/oncotarget.18557

Yan S, Liu G, Jin C, Wang Z, Duan Q, Xu J, et al. MicroRNA-6869-5p
acts as a tumor suppressor via targeting TLR4/NF-kappaB signaling pathway
in colorectal cancer. J Cell Physiol. (2018) 233:6660-8. doi: 10.1002/jcp.
26316

Wang E, Zhang H, Liu B, Liu W, Zhang Z. miR-6869-5p inhibits glioma cell
proliferation and invasion via targeting PGK1. Mediators Inflamm. (2020)
2020:9752372. doi: 10.1155/2020/9752372

47.

48.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Liu, Li, Liu, Cui, Liu, Hu, Huang, Wang, Yang, Wang and Meng.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Medicine | www.frontiersin.org

14

September 2021 | Volume 8 | Article 725598


https://doi.org/10.18632/oncotarget.18557
https://doi.org/10.1002/jcp.26316
https://doi.org/10.1155/2020/9752372
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	miR-6869-5p Transported by Plasma Extracellular Vesicles Mediates Renal Tubule Injury and Renin-Angiotensin System Activation in Obesity
	Introduction
	Materials and Methods
	Patients
	Cell Culture
	Animals
	Plasma EV Isolation and Characterization
	In vitro EV Treatment
	MicroRNA Sequencing and Data Analysis
	In vitro miR-6869-5p Transfection
	qRT-PCR Assays
	Western Blotting
	Immunohistochemistry
	Statistics

	Results
	The Presence of Renal Tubule Damage and RAS Activation in Obesity
	Identification of Plasma EVs From Obese Patients
	Effects of Plasma EVs on Renal Tubule Injury and RAS Activation in Obesity
	Detection of miRNAs in EVs From Obese Patient Plasma
	Obese-EVs Can Deliver miR-6869-5p Into PTECs
	Plasma Obese-EVs Induce Renal Tubule Injury and RAS Activation in PTECs via miR-6869-5p Transfer

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


