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Abstract

Introduction: Chronic and progressive damage to
the kidney by inflammatory processes, may lead to
an increase in the extracellular matrix production,
a condition known as renal fibrosis. The current
study aims to evaluate if the extracellular vesicles
(EVs) derived from autophagic adipose-derived
mesenchymal stem cells (ADMSCs) can reduce
the inflammation and extracellular matrix
accumulation in damaged kidney tissue.

Methods: Autophagy was induced in ADMSCs
using 2uM concentration curcumin and was
confirmed by evaluating LC3B, ATG7, and Beclinl
using real-time polymerase chain reaction (PCR)
and Western blot. An in vitro renal fibrotic model
was established in HEK-293 cells exposed to H202 (0.8mM) for 24 and 72 hours. The fibrotic
model was confirmed through evaluation of collagen I, transforming growth factor-beta 1
(TGF-P1), E-cadherin, and vimentin genes expression using real-time PCR, collagen I protein by
ELISA. After induction of fibrosis for 24 and 72 hours, the HEK cells were treated with NEVs
(non-autophagy EVs) (50uM) or AEVs (autophagy EVs) (50uM) at 48, 96, and 124 hours, and
then the samples were collected at 72 and 148 hours. Expression of collagen I, TGF-p1, E-cadherin,
and vimentin Genes was evaluated via RT-PCR, and protein levels of IL1, TNF-a, IL4, IL10 using
ELISA.

Results: Induction of autophagy using curcumin (2uM) for 24 hours significantly increased
LC3B, Beclinl, and ATG7 in the ADMSCs. Upregulation in anti-fibrotic (E-cadherin) and anti-
inflammatory (IL4, IL10) gene expression was significantly different in the fibrotic model treated
by AEVs compared to NEVs. Also, the downregulation of fibrotic (TGF-B1, vimentin, collagen I)
and pro-inflammatory (IL1, TNFa) gene expression was significantly different in AEVs compared
with those treated by NEVs.

Conclusion: Our findings suggest that AEVs can be considered as a therapeutic modality for renal
fibrosis in the future.
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Introduction

Chronic kidney disease (CKD) has a prevalence of up to
10% worldwide and usually is secondary to diseases such
as diabetes, glomerulonephritis, interstitial renal disease,
and high blood pressure. As a result of decreased renal
function, uremic toxins accumulate in the blood. It also
leads to high blood pressure, acidosis, and hyperkalemia,
hypocalcaemia and much more." Also, the progression of
CKD can lead to interstitial and glomerular fibrosis.?

Previous studies have referred to four main processes
involved in the formation of renal fibrosis. Damage to
kidney tissue due to diseases such as glomerulonephritis
and other inflammatory diseases, and more importantly
diabetes and blood pressure, activates inflammatory
cells and results in secretion of inflammatory mediators
(IL6, IL1, and TNF-a).>* Activation of main factors
and signaling mediators involved in renal pathology,
such as connective tissue growth factor, nuclear factor-
kappa B, transforming growth factor-beta 1 (TGF-p1),
plasminogen activator inhibitor-1, and TGF-P1, plays
an important role in fibrosis.”> Due to the epithelial
to mesenchymal transition and (EMT)/endothelial-
mesenchymal transition process, epithelial and endothelial
cells change into mesenchymal cells and myofibroblasts.®
These myofibroblasts, as primary collagen-producing
cells, produce scar tissues by expressing the Snail gene, as
a result of an imbalance in the synthesis and degradation
of extracellular matrix elements.®” One of the factors that
can lead to fibrosis is hydrogen peroxide (H202). By
producing oxidative stress, H202 can increase neutrophil
permeability, inflammatory mediators, cell stimulation,
lipid peroxidation, cell death, intracellular calcium
deposition, and eventually acute kidney damage, and
CKD.*! An increase in the intracellular calcium leads to
increased expression of apoptotic genes and decreased
expression of anti-apoptotic genes.!® Activation of various
factors and signals due to oxidative stress can lead to EMT
and fibrosis in the kidney.

Currently, the available treatments for patients with
renal fibrosis are kidney transplantation, dialysis, and
conservative treatment using medications that deal with
the complications of renal failure.'*'* These approaches
have high costs, side effects, and problems of transplant
rejection in kidney transplant patients. Considering the
previous studies, it can be noted that methods such as cell
therapy, especially using mesenchymal stem cells (MSCs),
have fewer side effects compared with those associated
with medications. One of the characteristics of MSCs
is their immunomodulatory nature, which is used for
reducing damage to kidney tissue, both in vitro and in vivo.
For example, MSCs reduce EMT and pro-inflammatory
factors, such as IL6, and TNF-a can decrease fibrosis.!>!¢

In addition to the various cytokines and growth factors
secreted by MSCs, extracellular vehicles (EVs) are also
abundant in the supernatant. EVs, including exosome,
microvesicle, and apoptotic bodies, differ in size and

manufacturing mechanism."”'® EVs are released from the
cell under physiologic and pathophysiologic conditions
and play a key role in intercellular communication and
processes, such as coagulation, thrombosis, angiogenesis,
immune modulation, and inflammation. They act as
carriers for the transporting cytokines, chemokine,
growth factors, proteins, lipids, and various types of RNA
molecules.’ EVs facilitate the repair of damaged kidney
tissue by communicating with other kidney cells.>* The
results of some previous studies have shown that the use of
MSC-EV in CKD and renal fibrosis reduced the expression
of collagen IVal, metalloproteinase,” TGF-B1, smooth
muscle alpha-actin (a-SMA), Serum creatinine, BUN,
urine albumin-creatinine ratio, and inflammation of the
kidneys.?**! EV increased the expression of E-cadherin,
and renal function,’ It have shown to be able to inhibit
EMT and to decrease the production of extracellular
matrix and fibrosis.*>*!

Another potential treatment for kidney disease is the
induction of autophagy in MSCs. As a biological process,
autophagy can break the old cells down, decrease the
accumulated intracellular collagen fibers, and degrade
excess TGF-B1 inside the cell, which leads to reduced
inflammation responses and fibrosis.”? Degrading
TGF-B1, prevents its effect on the EMT process and
the production of excess collagen outside of the cell.?**
Through the TGF-B1 signaling pathway and by inhibiting
the mammalian target of rapamycin (mTOR) complex,
autophagy can bring about the expression of genes
related to the autophagy process, such as Beclin 1, and
Microtubule-associated ~ protein  1A/1B-light chain
3 (LC3A, and LC3B).* Curcumin, as an autophagy-
inducing drug, has anti-oxidant and anti-inflammatory
characteristics, that can inhibit the process of fibrosis in
the kidney.?**

In this study, by using curcumin, autophagy was induced
in adipose-derived mesenchymal stem cells (ADMSCs)
and extracellular vesicles were isolated. A model of renal
fibrosis was developed in vitro using H202 in HEK cells
and the fibrosis was treated with ADMSCs-autophagy
EVs.

Materials and Methods
Material
Human Embryonic Kidney 293 cell line (HEK- 293) was
purchased from the cell bank of Royan Institute for Stem
Cell Biology and Technology (RI-SCBT). We used fetal
bovine serum (FBS), penicillin and streptomycin and
osteogenic differentiation medium Gibco (Gibco Life
Technologies, Germany). Anti-LC3B, anti-Beclin 1, Anti-
CD63, Anti- CD9, anti-CD81 antibodies, Anti- Calnexin
antibodies, anti-beta actin-loading control antibodies,
goat anti-rabbit IgG H&L (HRP) and anti-beta actin-
loading control antibodies were purchased from Abcam,
USA.

In addition, we used BCA Protein Quantification kit
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(Novagen, Iran), Calcein-AM (Bio legend, USA), and
MTT solution (Life Technologies, England), difluoride
(PVDF) membrane (Bio-Rad Laboratories, CA, USA)
PBS Tween (Thermo Fisher Scientific, Massachusetts,
USA), Minimum Essential Medium (MEM, Thermo
Fisher Scientific, Massachusetts, USA) and Anti- Atg7
(cell signal, USA). We purchased Human IL-1, collagen
I, Human IL-4, Human IL10, TNF-a, TRI Reagent alkaline
phosphatase, alizarin red dye, oil red dye, Curcumin,
H202, BSA, PBS, glutaraldehyde, and 5% BSA from
Sigma (Sigma Aldrich, USA).

Isolation and characterization of ADMSCs

The ADMSCs were cultured in MEM containing 10%
FBS and 1% penicillin and streptomycin at 37°C with 5%
CO2. Specific markers of MSCs, including CD34-, CD45-,
CD90 +, CD105 +, and CD73 +, were identified using flow
cytometry. To confirm the mesenchymal origin, some cells
were moved to osteogenic or adipogenic medium for 14
and 21 days respectively. Differentiated cells were stained
for alkaline phosphatase (ALP) using alizarin red dye for
osteogenic differentiation and oil red dye for Adipogenic
differentiation.”

Induction of Autophagy in ADMSCs

Curcumin was used as an inducer of autophagy. To
determine the optimal dose, the ADMSCs were treated
with different concentrations of curcumin (1, 2, 5, 10, 15,
17,20, 25, 30 uM) for 24 hours in a proper culture media.”
The percentage of the surviving cells was evaluated using
MTT assay after 24, 48, and 72 hours. We evaluated the
markers related to autophagy (LC3II, Beclinl, and ATG7)
using real-time polymerase chain reaction (PCR). We
also measured the expression level of specific proteins
such as LC3II, Beclin 1, and ATG7 using Western blot,
LC3II and Beclinl using Immunofluorescence staining,
and autophagic vacuole using Transmission electron
microscopy (TEM).

Immunofluorescence staining

Following treatments with curcumin after 24 hours,
the ADMSCs were fixed with 4% paraformaldehyde
for 15 minutes. The cells were washed three times with
cold PBS Tween each time for 5 minutes. In the next
step for permeabilization, we used 0.5% Triton-X 100
for 15 minutes. The cells were washed 3 times with PBS
Tween, each time for 5 minutes. Then, cell blocking
was performed with 1% BSA for 30 minutes. Cells were
incubated over night with anti-LC3B (1/200) and anti-
Beclin 1 1/2000 at 4°C. The supernatant was discarded,
and the cell monolayer was washed with PBS Tween for
3 times, each time for 5 minutes. In the next step, goat
anti-rabbit IgG secondary antibody, Alexa Fluor Plus 488
conjugates (green) was diluted in the dark with a ratio
of 1.200 in PBS and added to each plate containing cells
for 1 hour. The supernatant was removed, and the cells

were washed with PBS Tween 3 times, each time for 5
minutes. Then, to stain the cell nucleus, 4, 6-diamidino2-
phenylindole (DAPI) was used for 1 minute. The results
of the reactions were then observed under a fluorescence
microscope (Olympus ix 71).%

Transmission electron microscopy

ADMSCs were divided into curcumin and control
groups. ADMSCs were centrifuged (1500 rpm, 5 minutes)
following treatment with curcumin for 24 hours and the
cell pellet was initially fixed with 2.5% glutaraldehyde for
7 days. Then, it was washed twice with PBS for 20 minutes
and post-fixed in the dark with 1% OsO4 for 2 hours. Next,
it was dehydrated using graded ethanol for 20 minutes
and embedded in a resin block and thinned to less than
100 nm on an ultramicrotome. The sections were stained
with lead citrate and uranyl acetate. The ultrastructural
evaluation was observed using transmission electron
microscopy (LEO 906 Germany, 100 kV).*

Isolation and characterization of EVs from human
ADMSCs

ADMSCs cells were divided into two groups receiving
2uM curcumin or without receiving curcumin and were
cultured in a-MEM containing 10% FBS and 1% penicillin,
and streptomycin at 37°C with 5% CO2. ADMSCs were
seeded into T75 flasks and when the cells reached 80%
confluence, the treatment group received curcumin
(2uM) for 24 hours. The condition media from each
group (control and curcumin group) were centrifuged at
800 x g for 5 minutes and then the pellet was discarded.
In the second stage, the media surface was centrifuged at
5000 x g for 10-15 minutes. Finally, the supernatant was
ultra-centrifuged twice at 20000 x g for 30 minutes. Then,
the sedimented extracellular vesicles were suspended in 1
mL of PBS. Next, we evaluated of the markers related to
autophagy, including Anti-Atg7, Anti- LC3, Anti- Beclin
1. The evaluation of EVs characterization including Anti-
CD9, Anti-CD63, Anti-CD81, Anti-Calnexin antibodies,
and anti-beta actin-loading control antibodies was also
performed using Western blot analysis. Particles sizes were
measured via dynamic light scattering (DLS) technique
and the BCA Protein concentration of EV lysates was
determined using the BCA Protein Quantification kit.!

Incorporation of the EVs into HEK-293 cells

Purified ADMSCs-EVs were labeled with Calcein-AM
as previously described. Membrane permeant labels such
as Calcein AM can be used to label the lumen of EVs.
Once calcein-AM enters the EVs, it will be hydrolyzed
by esterases present in the EV lumen. Calcein is a
fluorescent and membrane-permeable live-cell labeling
dye and the label will be trapped inside EVs. This protocol
was performed using the Gray et al method.** First, we
dissolved the calcine in DMSO. For every 100 pg EVs,
about 4-5 pl of calcein AM was needed. To uptake the EV's
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in HEK-293 the following steps were required:

1. Calcein AM was solubilized in DMSO to produce a
10x solution (1 mM). Next, this stock solution was
diluted in PBS to a final concentration of 0.5x as a
working solution.

2. Extracellular vesicle pellets were resuspended in 100
uL calcein-AM working solution.

3. The labeled EVs were incubated at 37°C for 20
minutes to allow for intra-vesicular esterase activity
to render the calcein-AM fluorescent.

4. The labeled EVs suspensions were incubated with
cells for 48 hours.

5. Cells were washed with PBS, fixed in 4% PFA, stained
with DAPI, and imaged using common FITC channel
(calcein excitation max 495 nm/emission max 516
nm).

Scanning electron microscope (SEM)

First, the EVs were fixed with glutaraldehyde 2.5%. Then,
they were washed twice with PBS for 20 minutes. The
samples were sputter-coated with a thin layer of gold and
were dried by lyophilizer for 48 hours after preparation
for Scanning Electron Microscope (SEM360, Cambridge,
UK).*

Induction of fibrosis in HEK-293 cells

HEK-293 was cultured in high glucose Dulbecco's
Modified Eagle's Medium (HG-DMEM) supplemented
with 1% penicillin and streptomycin and 10% FBS on
six-well culture plates and treated with different doses
of H202 (1-10 mM/mL) after 24 and 72 hours with 70%
confluence cultures.® Then, the appropriate dose was
selected using LD50 with MTT assay. Next, the cells were
divided into four groups: 1) control group (incubated
in HG-DMEM containing 10% FBS), 2) Fibrosis group
(exposed to H202 at a concentration of 0.8 mM/mL),
3) Normal EVs treatment group (which was exposed
to H202 and treated by non-autophagy EVs (NEVs)
(50pM)), and 4) Autophagic EVs treatment group (which
was exposed to H202 and treated by AEVs (50uM)). The
cells were then collected after 24 and 96 hours for real-
time PCR for vimentin, E-cadherin, TGF-f1, collagen I
genes, and enzyme-linked immunosorbent assay (ELISA)
analysis for collagen I.

MTT assay

The Cells (HEK-293 or ADMSCs) were seeded into 96-
well plates with 80000 cells in passage 3 and incubated for
24,48, and 72 hours with the a-MEM medium in ADMSCs
and DMEM/High glucose HEK-293 cells. The ADMSCs
were treated with curcumin (1, 2, 5, 10, 15, 17, 20, 25, 30
uM) and HEK-293 stimulated with H202 (1-10 mM/mL)
after 24 hours. Then, 24 hours after receiving curcumin
and H202, the supernatant was removed. To each well, 10
uL of MTT solution (5 mg/mL concentration) was added
and they were kept in a 37° incubator for 4 hours. Then,

the supernatant of each well was removed. To dissolve
the formazan crystals, 100 uL of isopropyl alcohol was
added to each well. Then, the contents of each well were
transferred from the plate to another well and the light
absorption of each well was quantified by measuring at a
wavelength of 570 nm using the ELISA reader to calculate
the reading and the percentage of cell life.**

Western blot analysis

Western blot analysis was performed to measure the

expression of autophagic proteins from ADMSCs following

treatment with curcumin for 24 hours and EVs marker
after ADMSCs-EVs extraction. The expression of proteins
from the curcumin group was compared with that of the
control group. The cell plate (EVs, ADMSCs), divided into
control and curcumin groups, was first washed with PBS.

RIPA buffer was used for cell pellet lysis with equal volume

and 5-10 times using Laemmli sample buffer. Lysates were

added to the cell pellet inside the microtube. The sample
was then vortexed. After ensuring cell destruction, the

sample was centrifuged at 4°C for 14 minutes at 14000

x g. Protein concentration for autophagy was determined

using the Bradford protein quantification kit and protein

concentration of EV lysates was determined using the

BCA. Western blotting steps for surface markers of EVs

(CD9, CD63, CD81) and autophagic markers LC3B,

Beclinl, and Atg7 includes the following steps:

1. Transfer of proteins to membranes 0.2 pm Immune-
Blot™ polyvinylidene difluoride (PVDF) membrane

2. Membrane blocking with 5% BSA

3. Addition of primary antibodies Anti-Atg7, Anti-
LC3B, Anti-Beclin 1, Anti-CD63, Anti-CD9, Anti-
CD81 antibodies, Anti-Calnexin antibodies, and
anti-beta actin-loading control antibodies for 1 hour
at room temperature

4. Addition of secondary antibodies with goat anti-
rabbit IgG H&L (HRP)

5. Addition of substrate and detection of specific
antibody proteins using GelDoc device or
radiographic film. Protein band density was also
measured using 2010a gel analyzer software.”

Enzyme-linked immunosorbent assay

After following treatment with H202 at 24 and 72 hours,
HEK-293 cells were prepared and all the reagents and work
standards were performed according to the instructions
of the kit for human IL-1B, collagen I, human IL-4,
human IL10, TNF-a. We added 200 uL of the sample and
standard to each appropriate well and incubated at room
temperature for 2 hours. Then, the plate was emptied and
washed three times with 400 pL of Wash Buffer. Next, we
added 200 pL of antibody IL-1f3, TNF-a, collagen I, IL4,
and IL10 to the conjugated solution and incubated it at
room temperature for 1 hour. Then they were emptied
and washed three times with 400 pL of Wash Buffer in the
plate kit. Next, 200 uL of TMB development solution was
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added to each well and incubated for 20 minutes. Also, 50
uL of Stop solutions was added to each well, and optical
density was read via ELISA reader at the wavelength of
450 nm. Standard optical absorption and samples were
included in Excel and the concentrations were calculated
and obtained based on the slope of the line.*

Real-time PCR

HEK-293 cells were treated with H202 for 24 and 72
hours and ADMSCs were induced with curcumin after
24 hours. Then the samples were collected and the whole
RNA was extracted from the cells (ADMSCs, HEK-293)
using TRI Reagent according to the company guidelines.
Quantity and quality were evaluated using a Nanodrop
spectrophotometer and RNA integrity was evaluated
with RNA gel electrophoresis on 1% agarose gel and
the results were visualized using a gel documentation
system.”’ cDNA was produced from 2 pg total RNA using
PrimeScript™ RT Reagent Kit. The final volume reaction
mixture was 20 puL and the reaction mixture contained
10 mL TAKARA SYBR Green Master Mix, 10 pM of
each primer (forward and reverse), and 2 uL of diluted
cDNA. A determined copy number of PCR standard
and real-time PCR was used. Sequences of the specitic
set of primers for autophagy genes (LC3B, ATG7, and
Beclinl), pro-inflammatory factors (IL1b, TNF-a), anti-
inflammatory factors (IL4, IL10), and fibrosis marker
(vimentin, TGF-P1, E cadherin, and collagen I) were used
in this study (Table 1). The expression of selected genes

Table 1. Primer sequnces

Product size
(bp)

116

Gene name Sequence [3">5]

LC3B F: 5'GTCTGTCCACTTGGCTAAC3'
R: 5'CACACGGTAGTTACAATAATGTC3'

ATG7 F: 5'TTAGTAGTGCCTTGGATGTTG3' 117
R:5'CAGAGTCACCATTGTAGTAATAAC3’

Beclini F: 5'TGGCACAATCAATAACTTCAGG3’ 150
: 5’GGAACAAGTCGGTATCTCTGA3'

: 5'GTGGAGCAGGTGAAGAATG3’

o : 5'TGTAGGCTTCTATGTAGTTGATG3’ 100
TGF-81 : 5'CTCACGCCTGTAATCCTAGCA3 162
L4 : 5’GCAGTTCTACAGCCACCAT3 199

: 5’GATCGTCTTTAGCCTTTCCAAG3’

R
F
R
F
R: 5'CCACCTTAGCCTCCAGAGTAG3’
F
R
F

Vimentin : 5’GATGTTGACAATGCGTCTCTG3' 137
R: 5’ACATGCTGTTCCTGAATCTGAG3’

E-cadherin F:5'CTTATGATTCTCTGCTCGTGTTTG3’ 118
R:5'CATTCGTTCAAGTAGTCATAGTCC3’

F:5'GTTCTTCATTCACTAAGGAAGG3’
GAPDH R:5'CAAGAGCATCATTGAACTTCAC3' 130

Collagen1 F:5'GTGATTGAATACAAAACCACCAAG3' 122
g R: 5’"GTTTACAGGAAGCAGACAGG3'

IL-1b F:5'TACATCAGCACCTCTCAAGCA3' 138
R: 5'CACATTCAGCACAGGACTCTC 3'

TNFa F: 5'CTGTGAGGAGGACGAACATC3' 99
R: 5'TTGAGCCAGAAGAGGTTGAG 3

Abbreviation: F: forward, R: reverse.

was normalized relative to the GAPDH gene. Also, gene
expression levels were calculated using the 2-[AACT]
formula.”

Results

Characterization of human ADMSCs

ADMSCs could differentiate into osteoblasts and
adipocytes lineages using osteogenic, adipogenic,
induction indicating their multipotent capacity media
(Fig. 1A, 1B, 1C). Also, Flow cytometry was performed to
confirm the identity of the ADMSCs. Cultured ADMSCs
expressed high levels of the MSC-specific markers CD73
(65.4%), CD105 (86.5%), and CD90 (95.8%), but these
cells were negative for the hematopoietic markers CD34
and CD45 (Fig. 1D-G).

Autophagy induction increased ADMSCs survival

To induce autophagy, the ADMSCs were treated with
some doses of curcumin (1, 2, 5, 10, 15, 17, 20, 25, 30 uM)
for 24, 48, and 72 hours. The lethal dose (20, 25, 30 uM)
and LD50 dose (15 uM) were determined. Among these,
a 2 uM Concentration of curcumin had the highest cell
proliferation induction (P<0.001) compared with that of
the control group (P<0.001) in 72 hours, and a dose of
5uM (P <0.05, P <0.01) in 24 and 72 hours. To make sure
about the accuracy of the results, we continued the study
with different concentrations of 1, 2, and 5 uM (Fig. 2A,
2B, 2C).
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Fig. 1. Alizarin Red and oil red staining of ADMSCs for osteogenesis and
adipogenesis formation. ADMSCs were treated under osteogenic and
adipogenic conditions for 21 days (A, B, C). (D, E, F, G) Specific markers
of MSCs including CD34-, CD45-, CD90 +, CD105 +, and CD73 + were
identified by flow cytometry. ADMSCs: adipose mesenchymal stem cell.
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Fig. 2. Results show significant viability or significant difference in cell viability (dose 1, 2, 5 uM) with respect to the untreated control (A, B, C). Dose 1 uM at 24
h has significant difference with dose 1 yM at 72 h, dose 2 pM has significant difference at 24 h with dose 2 at 72 h, and Dose 5 pM has significant difference
at 48 h with dose 5 at 72 h. (D, E, F, G, H) show significant gene expression (LC3B and Beclin1 ATG7), protein band and protein level by western blot (LC3B,
Beclin1, B actin & Atg7) (dose 1, 2, 5 pM) with respect to the untreated control. Dose 1 at 24h has no significant difference in Ic3 and Beclin1 gene expression
with control group, dose 2 has no significant difference at 24 h with control group in LC3B, Beclin1 & Atg7, and Dose 5 has s significant difference at 24 h with

control group (*P<0.05; **P<0.01; ***P<0.001; * ***P<0.0001).

Confirmation of autophagic ADMSCs induction with real-
time PCR, Western blot, indirect immunofluorescence/IF,
and TEM

To evaluate the autophagy markers such as Beclinl, LC3B,
and ATG7, we used real-time PCR and Western blot. For
this purpose, the ADMSCs were treated with curcumin
at 1, 2, and 5 uM doses for 24 hours. The concentration
of 1 uM was not significantly different in the level of
autophagy proteins Beclinl, LC3B, and ATG7 compared
with those in the control group. Only gene expression of
ATG7 (P<0.01) in 1uM concentration was significantly
different compared to that of the control group. At 2
uM concentration of curcumin, the genes expression of
Beclin1 (P<0.0001), LC3B (P<0.05), and ATG7 (P<0.0001)
as well as proteins expression Beclinl (P<0.0001), LC3B
(P<0.0001), and ATG7 (P<0.0001) showed significantly
higher numbers compared with those of the control
group. Also, at 2 pM concentration, we observed the
upregulation of gene expression of Beclinl (P<0.0001),
LC3B (P<0.001), and ATG7 (P<0.0001) which were
significantly different compared with 5uM concentration.

At 2 pM concentration, no significant difference was
observed in gene expression of LC3B compared tol pM
concentration. At 2 uM concentration, upregulation in
Beclinl protein expression was significantly different
compared with that of 5uM concentration (P<0.01). Also,
at 2 uM concentration, it was found that upregulation in
Beclinl (P<0.001), LC3B (P<0.0001), and ATG7 (P<0.01)
proteins expression was significantly different compared
with that for 1uM concentration. Furthermore, 5uM
concentration was significantly different in the level of
autophagy proteins Beclinl (P<0.01), LC3B (P<0.0001),
and ATG7 (P<0.01) compared to those of the control group
but its protein level (ATG7, LC3B) was not significantly
different compared to 2 uM concentration (Fig. 2D, 2E,
2F, 2G, 2H). Because of the observed upregulation in
genes and protein expression in 2 uM concentration
compared with other concentrations and the control
group, the study was continued with 2 uM concentration.
Morphology of ADMSCs was observed and it appeared
to be round in a concentration of 5 uM (Fig. 3A, 3B, 3C,
3D). To evaluate the autophagy markers in the ADMSCs,
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which were treated with curcumin at doses of 2uM for 24
hours, IF staining was done against LC3B and Beclinl.
LC3B appeared in the nucleus and Beclinl was observed
to have nucleocytoplasmic distribution (Fig. 3E, 3E 3G,
3H). By induction of autophagy with curcumin (2 uM),
a significant difference was observed in an autophagic
vacuole inside the cell cytoplasm using TEM in the
autophagy group compared to the control group (Fig. 31,
3], 3K).

Characterization of EVs marker and expression of
autophagy gene in the AEVs

The evaluation of protein expression related to autophagy
(LC3B, Beclinl, and ATG7 antibodies) in AEVs, NEVs,
and EVs characterization (CD9, CD63, CDS81, and
Calnexin antibodies) was performed using Western blot
analysis. Increased protein levels of LC3B, Beclinl, and
ATG7 were observed in the curcumin (2uM) recipient
group (ADMSCs-AEVs) compared to ADMSCs-NEVs
(Fig. 4A, 4B, 4C, 4D). Proteins expression related to EV's

(CD9, CD63, and CD81) were found in both groups
(ADMSCs-AEVs and ADMSCs-NEVs) (Fig. 4E, 4F
4G, 4H). B-Actin was used as an internal control. After
isolation of the EVs, protein concentration was measured
with BCA. Their size was first measured using DLS.
Also, the intensities of ADMSCs-AEVs (Z average (nm)
638.58, PDI: 0.15416) and ADMSCs-NEVs (Z average
(nm) 468.62, PDI: 0.12095) were observed. The size of
ADMSCs-AEVs was larger than ADMSCs-NEVs (Fig. 41,
4]). EVs were seen in round shape with SEM (Fig. 4K).
The EVs were detected in HEK-293 cells by Calcein (Fig.
4L, 4M, 4N). Each 1 pL condition media of ADMSCs
contained 103 cells equivalent to EVs which yielded about
2.7 mg/mL protein.

Viability of HEK-293 by MTT assay in 24 hours

Cell survival was measured after 24 hours of H202
stimulation using an MTT assay. At concentrations of
0.2 and 0.3 mM/mL H202, the viability of HEK-293 was
significantly different compared to the control group

Fig. 3. Autophagy induced in ADMSCs with curcumin. (A). control, (B): ADMSCs received 1uyM curcumin, (C): ADMSCs received 2uM curcumin, (D): ADMSCs
received 5 yM curcumin, morphology of the cells is rounded in D. The antibody Beclin1 had nuclear and cytoplasmic expression with DAPI (E, F). Antibodies
LC3B were expressed in the nucleus with DAPI (G, H). (I, J), and (K) induction of autophagy, an autophagic vacuole was observed inside the cell cytoplasm
with TEM. ADMSCs: adipose mesenchymal stem cell, TEM: Transmission electron microscopes.
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Fig. 4. (A, B, C) show significant protein expression by western blot (LC3B, Beclin1, b actin & Atg7) in ADMSC-NEV (dose 2) with respect to ADMSC- AEVs.
(4E, 4F, 4G) show CD81, CD 63, and CD9 in ADMSC- AEVs and ADMSC-NEVs. (D, H): protein band of LC3B, Beclin1, b actin, Atg7, CD81, CD 63, CD9. (I)
shows intensity of ADMSC- AEVs (Z average (nm) 638.58, PDI: 0.15416), (J): picture show intensity of ADMSC- NEVs (Z average (nm) 468.62, PDI: 0.12095)
EVs with DLS. (K) shows round shape of EVs with SEM. (L, M, and N) show uptake EVs in HEK-293, L: HEK cells with calcein, M: DAPI, N: merge. EVs:
Extracellular vesicles, NEVs: non autophagy EVs, AEVs: autophagy EVs, DLS: Dynamic light scattering, SEM: Scanning Electron Microscope,

(P<0.05). But no significant difference was observed at 0.1
mM/mL. Also, there was a significant difference at 0.4, 0.5,
and 0.6 mM/mL concentrations of H202 compared with
the control group (P<0.01). Cell survival at concentrations
of 0.1 mM/mL to 0.6 mM/mL was above 50% (Fig. 5A).
For the fibrosis model in this study, the cell survival
rate was considered to be less than 50%. The viability of
HEK-293 cells at 0.8 mM/mL concentration of H202 was
observed to be 0.47% and the lethal dose of the H202 was
determined at a concentration of 1 mM/mL. Mortality in
the concentration of 0.7 to 0.9 mM/mL was significant
compared with that in the control group (P<0.001
and P<0.0001 respectively). Cell survival rate at three
concentrations (0.7, 0.8, and 0.9 mM/mL) was around
50% and long morphology was observed in HEK-293. The
study was continued with these three concentrations.

Progressive interstitial fibrosis developed after repeated
H202 treatment from 4-72 hours

In this study, fibrosis indicators were collagen I, TGE-p,
and EMT marker (vimentin, E cadherin). The study had

three stages. In the first stage, to cause initial injury, HEK-
293 was stimulated with (0.8mM) H202 at 4 hours and
then the samples were collected to analyze fibrosis genes
with real-time PCR. In the second stage, to cause fibrosis,
HEK-293 was treated with (0.7, 0.8, and 0.9 mM) H202
at 24 hours, then the samples were collected to analyze
collagen I using ELISA, and the final concentration was
determined. In the third stage to create stable fibrosis,
HEK-293 was treated with two repeated doses of (0.8mM)
H202 at 24 and 72 hours. Then, the cell samples were
collected after 96 hours to analyze fibrosis genes with real-
time PCR and collagen I using ELISA. In the first stage
at 4 hours incubation with H202, the mean expression
of the vimentin gene at the concentrations of 0.8 and
0.9 mM was significantly higher compared with those of
the control group (P<0.001 and P<0.0001, respectively).
But at 0.7 mM concentration of H202, no significant
difference was observed. Also, the mean expressions of
the E-cadherin gene at 0.8 mM concentration (P<0. 01)
and at 0.9 mM concentration (P<0.0001) were found to
be significantly higher compared with those of the control
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group. However, at a 0.7 mM concentration, no significant
difference observed. In addition, the mean expressions
of the collagen I gene was significant only at 0.9 mM
concentration (P<0.05) compared with the control group.
Mean expressions of the TGF-P1 gene at a concentration
of 0.8 mM (P<0. 01) and at a concentration of 0.9 mM
(P<0.01) were significantly higher compared with those
in the control group but at a concentration of 0.7 mM no
significant difference was noted (Fig. 5B).

In the second stage at 24 hours incubation with H202,
the protein level of collagen I was measured among the
three concentrations of H202 (0.7, 0.8, and 0.9 mM)
using the ELISA technique. The mean protein level
of collagen I at a concentration of 0.8 mM (P<0.001)
and at a concentration of 0.9 mM (P<0.0001) was
significantly higher compared with that in the control
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group. Nevertheless, at a concentration of 0.7 mM, it was
not significant compared with that in the control group
(Fig. 5C). Therefore, the optimum concentration was
determined to be 0.8 mM H2O2. In the third stage, after
72 hours incubation with 0.8 mM H202, the sample was
collected for 96 hours. The protein level of collagen I at 0.8
mM concentration of H202 (P<0. 001) was found to be
significant compared with 24 hours (P=0.0008). Finally,
the protein level of collagen I at 96 hours was significantly
higher (P<0.0001) compared with that of the controls. The
results showed that the increase in fibrosis is completely
dose- and time-dependent (Fig. 5D). The morphology of
the cells after receiving H202, under the EMT process,
was elongated only in concentrations of 0.8 and 0.9 mM/
mL (Fig. 5 E, 5F, 5G, 5H).

. Vimentin
= Ecadherin
= collagen!
= TGFB1

A A A
tote? &9 o*e? & P

¢ V4

SIS
A A AV
PO

S
&
LR

Concentration of H202 (0.8mM/ml)

Fig. 5. (A): show Viability of HEK-293 with MTT assay. Significant difference in Viability cell in HEK-293 in (doses 0.7mM, 0.8 mM, and 0.9mM) with respect
to control after 24h H202. (B): gene expression of vimentin, E-cadherin, TGF-B1, collagen |, (dose 0.8mM) at 4 h. (C): increase in protein level of collagen
l'in (dose 0.7mM), (dose 0.8mM), (dose 0.9mM) at 24h by ELISA, (D): increase in protein level of collagen | in (dose 0.8mM) at 24h and 72h by ELISA (*
P<0.05; **P<0, 01; ***P<0.001; ****P<0.0001). HEK -293 were stimulated with H202. (E); control (F) (0.7mM), (G) (0.8 mM), (H) (0.9 mM) for 4 h and 24 h.

(Scale bar= 200uM, 50 pM).
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The impact of EVs treatment on the model of renal
fibrosis (24 hours) after 48 hours incubation with EVs

In the second stage after 24 hours incubation of HEK-293
with 0.8 mM H202, initial treatment with AEV's (50 pg/
mL) and NEVs (50 ug/mL) was performed. At 48 hours,
a sample was collected. The results showed that initial
treatment with AEVs and NEVs prevented the progression
ofinjury by downregulation in genes expression of TGF-f1,
collagen I, and vimentin, inflammatory gene expression
(IL1 and TNF-a), and upregulation in genes expression
of E cadherin and anti-inflammatory gene expression
(IL4, IL10) in AEVs and NEVs groups compared with
the fibrosis group. Moreover, these findings showed a
significant increase in E-cadherin, and IL10 as well as a
significant decrease in TNF-a in the AEVs group, and a
non-significant increase in IL4, TGF-P1, and collagen I,
compared with the NEV's group (Fig. 6A, 6B).

The impact of EVs treatment on the in vitro model of
renal fibrosis (72 hours) after 124 hours incubation with
EVs

To create stable conditions of fibrosis in the in vitro model
and to observe the effective performance of EVs, we
treated the cells with 0.8mM concentration H202 at 24
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and 72 hours. The results showed that the fibrosis with
0.8mM H202, created during 72 hours, was more stable
in HEK-293 cells due to the production of more collagen
I protein, upregulation in genes expression of TGF-f1,
collagen I, vimentin, IL1, and TNF-a, and downregulation
in genes expression of IL4, IL10, and E cadherin compared
to 24 hours incubation with H202. HEK-293 was treated
with doses of AEVs and NEVs (50 pg/mL) for 96 and 124
hours. After 124 hours treatment with EVs, we observed a
significant increase in the gene expression of E cadherin,
IL4, and IL10, and a decrease in collagen I, TGF-f1, IL-
13, vimentin, and TNF-a in AEVs and NEVs groups,
compared to the fibrosis group. Furthermore, a significant
difference in E cadherin, TGF-B1, TNF-a, IL-1p, IL4, and
IL10 genes expressions were observed in the AVEs group
in comparison to the NEVs group. The results showed
significant differences in the protein levels of collagen I,
TNF-a,IL-1p3,1L4,and IL10 in AEVs, and NEVs compared
to those in the fibrosis group and no significant difference
in IL-1p, the IL4 protein level in AEVs compared with
NEVs (Fig. 6C, 6D, 6E).

Discussion
CKD is caused by a variety of disorders including genetic
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Fig. 6. At 24 h and 72 h after fibrosis and treatment with EV. The results showed that it prevented the progression of injury by reducing the expression of
(TGF-B1, collagen |, and vimentin) and reducing inflammatory in (A, B) at 24 h and (C, E, D) in 72 h. Images show the treatment of Fibrosis HEK-293 cells

with EVs. (F): Control, (G): fibrosis, (H): Fibrosis+ AEVSs, (l): Fibrosis+ NEVs.
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and congenital abnormalities, side effects of medications,
urinary obstruction, diabetes, hypertension, vasculitis,
and much more, all leading to renal fibrosis if not
appropriately treated. In recent years, therapeutic methods
like surgery and medication have been used to repair or
replace damaged kidneys. However, transplant rejection,
side effects of medications, and high costs for patient care
have been observed. One of the potential strategies for
treating the renal injury is MSCs, EVs and the Autophagy
process. Recent studies have evaluated the therapeutic role
of MSC and EVs in renal fibrosis. In this study, we used
autophagic EVs to improve renal fibrosis for the first time.
Induction of autophagy in the cell can result in reducing
inflammation and degradation of extracellular matrix
elements.

We created a model of renal fibrosis using H202
(0.1-1 mM) exposed to the cells for 4, 24, and 72 hours.
According to Kavsak et al, the transition of the phenotype
of epithelial cells to myofibroblasts in the kidney (spindle
morphology) via the EMT process, results in an imbalance
in the synthesis and breakdown of accumulated collagen
I.° We showed that due to treatment with H202 at high
concentrations, the morphology of HEK-293 cells changes
to a spindle shape and expression of inflammatory factors
(IL1, TNF-a) and collagen I increased. This may be due
to the oxidative stress caused by H202 which increased
inflammatory mediators, neutrophil permeability,
cell stimulation, lipid peroxidation, cell death, and
intracellular calcium.®'" Increased collagen production
can be secondary to increased inflammation. According
to Li et al, to induce fibrosis and primary damage to
the kidney, the renal cells should be treated with H202
for 4 hours.”®* However, our study showed that 4-hour
treatment with H202 can cause primary damage but
not fibrosis to HEK-293. For the first time, we showed a
stable and progressive in-vitro model of renal fibrosis. We
also increased the duration and frequency of H202 and
showed that the fibrosis created during 72 hours was more
stable in HEK-293 cells than that in 24 hours. Moreover,
we found that it leads to more collagen I production
compared to the first 24 hours.

A method introduced by Han et al, was used to induce
autophagy.* We used various concentrations of curcumin
for this purpose. In consistence with Han et al who showed
that pre-treatment with curcumin could increase the
survival of HUVECs treated with H202,*" we showed that
curcumin could increase proliferation of ADMSC only at
a concentration of 2 uM. In consistence with Pirmoradi et
al, the effect of curcumin at doses of 1 uM and 5uM was
an increase in proliferation, a decrease in aging, and an
increase in TERT expression in ADMSCs cells.*’ However,
our results showed that curcumin could increase the
proliferation of ADMSCs only at a concentration of 2 uM.
The proliferation effects of curcumin may depend on the
concentration, duration of treatment, and type of stem
cells.* According to Yang et al, curcumin acts as a double-

edged blade for stem cells,**** and high doses of curcumin
have toxic effects on them. They showed that a dose of 10
uM starts to be toxic. We also showed that doses of 15 pM
and 17 uM to 30 uM were lethal. Here, we examined all
concentrations of curcumin used in the recent studies to
tind the best concentration for increasing proliferation and
increasing autophagy. According to Wang et al, curcumin
is effective in reducing collagen I and inflammatory
factors and increasing anti-inflammatory factors in cells.
We also showed that curcumin (2uM) could be effective
in the improvement of fibrosis by reducing collagen I,
inflammatory factors (IL1, TNF-a), and increasing anti-
inflammatory factors (IL10, IL4). We showed that using
curcumin in a specific dose (2 uM) could induce autophagy
and increase protein expression and gene expression of
LC3B, ATG7, and Beclinl. Therefore, the results of our
study proved that curcumin only at a concentration of at 2
uM could lead to cell proliferation and induce autophagy
while preserving the morphology of cells, which is an
important finding. According to Ebrahim et al, in the
process of autophagy, lysozyme enzymes are released to
autophagolysosome. This can result in the breakdown of
intracellular collagen and TGF-P1 accumulated in the cell
and reduced TGF-P1 level can prevent the EMT process.
It eventually reduces excess collagen outside the cell.
We also showed that during the process of induction of
autophagy, an autophagic vacuole can be found inside the
cytoplasm of the cell with TEM. In consistence with the
previous studies, we observed therapeutic effects of EVs
in AKI or renal fibrosis by showing inhibition of apoptosis
and reduction of hypertension and inflammatory
factor.*** We also showed that treatment with AEVs and
NEVs at 24 hours after exposure to H202 could prevent
the progression of injury by reducing the expression of
TGF-B1, collagen I, vimentin, IL-1B, and TNF-a and
increasing E cadherin and anti-inflammatory factors
(IL4, IL10). According to Wang et al, treatment with EV's
following induction of autophagy in kidney cells, effectively
reduces the toxic effects of cisplatin.® We also showed
that the effect of autophagic EVs in preventing injury
in 24 hours. EVs and curcumin pre-treatment inhibited
mTOR phosphorylation, activated autophagy, and
inhibited inflammatory cytokines in renal epithelial cells
in response to injury.’! According to the previous result,
EVs reduce oxidative stress and inhibit apoptosis.'®*-
Our results also showed treatment with AEVs and NEVs
at 96 and 124 hours after H202 in HEK-293 increased
the expression of E cadherin, vimentin, IL4, IL10 and
decreased expression in collagen I, TGF-p1, IL-1B, and
TNF-a. Our results, for the first time, showed that AEV's
could improve fibrosis and the autophagy process can be
effective in improving fibrosis by inhibiting inflammatory
factors and degrading intracellular collagen I. According
to Ebrahim et al, EVs from BM-MSCs could reduce
fibronectin and TGF-B1 in the animal model of diabetic
nephropathy.*® Alfarano et al reported that injection
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of microvesicles from bone marrow MSCs increases
E-cadherin expression and decreases a-SMA expression.™
We also showed that treatment of damaged HEK-293
with NEVs could increase E-cadherin expression and
decrease vimentin expression, which is consistent with the
results reported by previous studies. Furthermore, several
studies showed that MSC-EVs reduce inflammatory
factors and increase anti-inflammatory factors,””-** which
are consistent with our findings. Autophagy of AEVs
was more effective in reducing fibrosis, compared with
NEVs, after receiving H202 (24 and 72 hours). Previous
studies have shown that, in the first stage, large EVs have
strong procoagulant properties. Also, experimental and
clinical studies have shown that MPs/MVs play a major
role in the pathophysiology of inflammatory disorders
which is related to their effect through the induction of
regulatory T cells with immunomodulatory effects.’* We
also extracted large EVs (20 k) from condition media of
ADMSCs autophagy. Previous studies also pointed to
the importance of large EVs due to the presence of ROS
metabolic enzymes that regulate ROS signaling pathways
in target cells.” For the first time, our results showed that
large AEV's can reduce inflammatory factors in fibrosis.
Large EVs origin is from the cell membrane and the role
of the cell membrane in the transmission of intracellular
contents is important. It explains why EVs play a very
important role in reducing fibrosis. The effect of AEVs
in reducing inflammatory factors is more prominent
compared to NEVs.

Conclusion

The results of our study showed that ADMSCs-AEVs
effectively reduced inflammatory factors, and collagen
I, and increased anti-inflammatory factors compared
with NEVs in fibrotic HEK-293. Based on these results,
AEVs can improve in vitro fibrosis in HEK-293. One of
the reasons for the improvement of fibrosis is the effect
of curcumin-induced autophagy in EVs. These findings
suggest that AEVs derived from human ADMSCs can be
used as a therapeutic modality for kidney fibrosis.
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