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ABSTRACT

Purpose: The administration of cisplatin is limited due to its nephrotoxicity, and prevention of this
nephrotoxicity of cisplatinis difficult. Mesenchymalstem cell (MSC)derived exosomeshave beenimplicated as
anoveltherapeuticapproachfor tissueinjury.

Results:In vitro, the NRKcells pre-incubated with HUMS@exosomesincreasedthe Cpinhibited cell viability,
proliferation activity, andthe cellproportion in Gl-phaseandinhibited Cpinducedcellapoptosis.Furthermore
the expressionlevels of apoptotic marker proteins Bim, Bad, Bax, cleaved caspase3, and cleaved caspased
inducedby Cpin the NRKcellswere decreasedby pre-incubatingwith HUMS@exosomes.

Conclusion:Our findings indicated that the exosomesfrom HUMSCgan effectively increasethe survival rate
and inhibit cellapoptosisof NRKcells. Therdore, pre-treatment of HUMS@xosomesmay be a new method to
improve the therapeutic effect of cisplatin.

Patients and methods: Exosomeswere isolated from human umbilical cord derived mesenchymalstem cells
(HUMSCs)Coculture of normal rat renal tubular epithelial cells (NRK)and the absorption of exogenou:
exosomesby NRKcells were examined in vitro. Then the NRKcells were incubated with exosomesfrom
HUMSCsand cisplatin (Cp). Cells were harvested for MTT assay, cloning formation, flow cytometry, and
Westernblot.

INTRODUCTION allergic reactions, nephrotoxicity, etc.,

of which

Kidney is the main metabolic and excretory organ of
drugs, and is also the main target of drug toxicity. It has
been reported that 34.2% of acute renal faidure 20 %

of endstage kidney disease are caused by side effects of
drugs, respectivelyl]. Cisplatin (Cp) is an inorganic
platinumbased chemotherapy drug. At present, Cp is
widely used in the treatment of various malignant
tumors, including malignant toors of the head and
neck, lung cancer, ovarian cancer, testicular cancer,
bladder cancer [2], and its efficacy is proportional to the
dose [3]. However, limiting its full clinical potential is
that it has various significant side effects, such as
myelosupression, peripheral neuropathy, ototoxicity,

nephrotoxicity is its most serious side effect [4].
Clinically, a single dose of cisplatin (50~100 mé&m
causes the incidence of nephrotoxicity to be ab hig
1/3 [5]. Therefore, the prevention and treatment of
nephrotoxicity during chemotherapy is one of the urgent
problems to be solved in clinical practice.

Mesenchymal stem cells (MSCs) are pluripotent stem
cells derived from mesoderm and have the gbiid
multi-directionally differentiate into fat, osteogenesis,
cartilage and neuron, which are present in various
tissues and organs of the body [6]. MSCs can homing to
the injury site in vivo and promote tissue damage repair
by differentiation into damage cells and paracrine
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pathways [7]. As an important substance in the
secretion of paracrine cells, exosomes play a significant
role in promoting cartilage regeneration, reducing
ischemiareperfusion injury and liver and kidney
damage [8i11]. Exosomes are idiogically active
extracellular vesicles secreted by living cells, ranging in
size from 30 to 200 nm, which contain abundant
biologically active substances such as miRNA, mRNA,
and proteir{12]. Therefore, exosomes can participate in
the regulation of manlife activities, and play a greater
role in information transmission, disease diagnosis and
treatment[13, 14]. Studies have shown that exosomes
can effectively reduce the nephrotoxicity of glycerol,
gentamicin and cyclosporine by inhibiting oxidative
stress[15, 16]. The research implies that exosomes from
MSCs may be a novel stem eblised therapy for
kidney diseases.

Therefore, exosomes may be able to reducéin@pced
kidney damage. In this work, we selected HUMSC
derived exosomes, which confirméht it can protect
and prevent Ginduced kidney damage. Furthermore,
we investigated the protective mechanism ofi@juced
renal tubular cytotoxicity by exosomes, and provided
experimental evidence for further clinical research.

RESULTS
identification of exosomes

Characterization and
derived from HUMSCs

The particle size parameters of the exosomes were
measured by TEM and DLS. The results showed that
the exosomes were microvesicles with a diameter of 80
to 110 nm(Figure 1A), and the peak size of the particle
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Figure 1ldentification of exosomes from Human umbilical cord derived mesenchymal stem cells (HUMB(3pservation of
the shape and size of exosomes by transmission electron micros&pyleasurenent of the size of exosomes by dynamic light scattering.
(O Zeta potential of the exosome®)(The expression of CD9 and CD63, the surface markers of exosomes by Western blot.
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size distribution was 103 nm (Figure 1B). The zeta
potential of the exosomes wag4.15+3.1 mV (Figure
1C). Western blot results showed that the exosomes
surface markers CD9 and CD63 were highly expressed
(Figure 1D). These results suggest that HUMSC
exosomes were successfully separated.

The exosomes wereaken up by NRK cells

NRK cells and the exosomes wereagdtured for 6 h.
The confocal microscopy observation results showed
that Dil-labelled exosomes (red) were taken up by NRK
cells, successfully (Figure 22B).

Exosomes protect against the injury b NRK cells
induced by Cp

The viability of NRK cells cecultured with exosomes were

inhibited by 10 &M, 20 &M,
of Cp (Figure 3A). The colony formation of NRK cells
was tested after treating with Cp, Exolh+Cp, Exo6h+Cp,
Exol2h+Cp, and Exo24h+Cp, respectively. Carag
with the Control group, the number of cell colony in the
Cp group was decreased. However, relative to the Cp
group, the number of cell colony was upregulated in the
Exo6h+Cp, Exo12h+Cp, and Exo24h+Cp groups (Figure
3B, 3C), indicating that HUMS@xosanes relieved Gp
induced injury of NRK cells.
Exosomes attenuates Cp induced NRK cells
apoptosis

The apoptosis of NRK cells was tested after treating
with  Exolh+Cp, Exo6h+Cp, Exo0l12h+Cp, and
Ex024h+Cp. Compared with the Control group, the
apoptosis levelsof the Cp group were upregulated

tested
e M, and

after
160

treati

e M

of

ng
Cpa

wi t h (Fgure BA). Hbvievee, kilative t the Bp grdup, the M,
r e s papoptosis leeels were ddwnmeguldéd Tn the &x01h+CQp,s

illustrated that NRK cells coultured with exosomes for
12 hand 24 h facilitated the viability, while which was

A Dil (Exos)

6h

Exo6h+Cp, Exo012h+Cp,

and Exo024h+Cp groups

Hoechst 33342

(Figure 4A).

Merge

B = [J 0h B Gh
o
QN
e = 6
S &
»n O
QO -
& 5 4
(o] X 8
= @ " *
o8,
o
=
=
oL—— . I"‘"_ll
D 3 '
N » K
Q 4:‘;: Q\O
\
%‘-
N
&
>

Figure 2.He exosomes were takemp by NRK(A) After NRK ceaultured with exosomes, the location of Dil (red), the marker of
exosomes, and nucleus (blue) were observed by confocal micros®)pyh¢ changes of fluorescence intensity of Dil were analyzed by
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Exosomes regulates the expression of apoptotic
marker proteins in NRK cells treated with Cp

To further clarify the protective mechanism of
HUMSC-exosomes on apoptosis of kidney cells, the
expression levels of apoptotic marker proteins Bax, Bid,
Bim, Bcl-2, cleaved caspast and cleaved caspaSe
were measured by Western blot. Compared with the
Control group, the level of B& was decreased and the
levels of Bax, Bid, Bim, cleaved caspéieand cleaved
caspas® were upregulated in the Cp group (Figure
4B). However, relative to the Cp group, the levels of
Bcl-2 were upregulated and the levels of Bax, Bid, Bim,
cleaved caspas and cleaved caspa8e were
downregulated in the Cp group in the Exolh+Cp,

(Figure 4B. It was illustrated that HUMS@&xosomes
inhibited the NRK cells apoptosis induced by Cp.

Exosomes regulates the cell cycle progression of
NRK cells

The changes of cell cycle progression were measured
after treating with Exolh+Cp, Exo6h+Cp, Ex012h+Cp,
and Exo24h+Cp. Compared with the Control group, the
proportion of the cells in Gphase in the Cp group was
decreased (Figure 5) and that of the cells in thel@ie
was increased (Figure 5). However, relative to the Cp
group, the proportion of the celis Gl-phase in the
Exo024h+Cp group was increased (Figure 5), suggesting
that HUMSGexosomes could improve cycle progression

Exo6h+Cp, Exo0l12h+Cp, and Exo024h+Cp groups of NRK cells.
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Figure 3. Cell viability and colony formation detectiotd) After NRK caultured with exosomes and Cp, the percentage of cell
viability was measured by MTT assay; *, p < 0.05, **, p < 0.01, ***, p < 0B)0dnq O The changes of colony number were measured by
colony formation assay. *, p < 0.05 vs. Control; #, p < 0.05 vs. Exo1hpGp0&5 vs. Exo6h+Cp; $, p < 0.05 vs. Exo12h+Cp.
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DISCUSSION

Cp is a potent anticancer agent and its mechanism of
action may be related to its high intracellular reactants.
In an aqueous environment in a cell, Cp forms a
conjugate with intracellular glutathione, protein, RNA,
and DNA, and crosslinks with the puribase of DNA,
interfering with DNA repair mechanisms, leading to
DNA damage, further induction. Thus, it induces cancer
cells to be apoptotic, but they are also toxic to normal
cells [17]. Cp and its hydrated or hydroxyl metabolites
are excreted primarilyhtough the kidneys. Because of
low molecular weight and no charge of Cp, the free Cp
in plasma is easily filtered by the glomerulus, which
results in a concentration of 5 times that in the proximal
tubular epithelial cells. It is consequently more serssitiv

to the toxic effects of Cp, and the nephrotoxicity of Cp
is most serious. However, the nephrotoxicity caused by
Cp is currently lacking effective prevention and
treatment methodgl8]. In the present study, Cp with
gradually elevated concentration deaed the viability
and colony formation of the NRK with dosiependent.

It was indicated that Cp was highly toxic to the NRK.
Furthermore, studies have shown that Cp damages
proximal tubular epithelial cells, leading to apoptosis of
renal tubular cells maiy involved in mitochondria
mediated endogenous pathways, death receptor
mediated exogenous pathways and endoplasmic
reticulum stress pathways [19]. We also verified the
induction effect of Cp on NRK apoptosis in the present
study, which was consistent Witprevious research
results.
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In recent years, as the main biological component of
paracrine secretion of stem cells, exosomes reduce the
possibility of stem cells forming tumons vivo because
they do not have the ability to divide and differentiate
[20, 21]. Compared with mesenchymal stem cell
transplantation therapy, exosomes have relative
stability. Exosomes are distinguished by their size from
other vesicles secreted by mesenchymal stem cells,
ranging from 36200 nm in diameter to densities
ranging from 110 to 1.20 g/mL [12]. The key step in
the present study is the extraction of exosomes. The
present study used the low temperature it speed
centrifugation method to obtain relatively pure
exosomes. Under electron microscope, the exosomes
were mostly concentrated at 8010 nm, and can
express CD9 and CD63 marker surface proteins.
Consistent with the biological characteristics and
identification criteria of exosomes, it indicated that the
exosomes of HUMSCs were successfully isolated.
Furthermore, in ig and mouse models of myocardial
ischemiareperfusion injury in mice, Timmest al [22]
found that the medium reduced myocardial infarct size
by 60% and 50%, respectively, when intravenously
injected into conditioned medium of mesenchymal stem
cells. Itwas further confirmed that the size of the active
medium acting was in the range of-800 nm. The
study found that mesenchymal stem cell conditioned
medium can reduce myocardial infarct size in mice, but
conditioned medium without exosomes does not have
this function [23]. All of the above studies have
demonstrated that mesenchymal stem cells mainly
function through exosomes in their supernatants. In the
present study, notably, when exosomes were co
cultured with Cptreated NRK, the cell viability of NRK
was remarkably higher than that of the-Bgatment
alone. In addition, by increasing the culture time of
exosomes and NRK, it was found that the proliferative
capacity of NRK was positively correlated with the
culture time of exosomes. These results ssiggkthat
exosomes from HUMSCs promoted renal endothelial
cell proliferation.

In order to explore the protection of the exosomes on
Cp-induced NRK cell injury, its effect on apoptosis
was observed. The results showed that the apoptosis
rate of NRK cells vas upregulated after Cp treatment,
and the expression of apoptosis markers Bax, Bid, Bim,
Caspas3 and-9 were upregulated. Notably, after the
exosomes were added to the -i@duced NR, the
apoptotic rate increased significantly, and the
expressions of Ba Bid, Bim, and Caspa3 and-9
were all dowraregulated, and the expression of Bcl
was upregulated. It was indicated that exosomes
promoted the proliferation of NRK cells and inhibit
the apoptosis of cells, which consistent with previous
results in exsomes regulating apoptosis and

proliferation of endothelial cell§24]. Our further
results showed that the cells incubated with exosomes
alleviated cell cycle inhibition caused by Cp. In recent
years, a large number of studies have shown that
exosome miRNAs play an important role in the
occurrence and development of diseases. Exosomes can
selectively encapsulate miRNAs and stably transfer
miRNAs to recipient cells and function [25].
Additionally, in diseases such as lung cancer, lung
inflammation, and pulmonary fibrosis, exosome
mMiRNAs regulate the expression of many proliferation
related and/or apoptosislated geneq25i27]. For
example, cardiac stem calerived exosomes miRl
inhibited cardiomyocyte apoptosis by targeting binding
to programmed cEl death factor 4 [28]. We
hypothesized that the protective effect of exosomes on
NRK cells may be related to the regulation of cell
proliferation and apoptosielated genes by the
miRNAs they carry. However, this speculation still
needs further experimeitverification.

The clinical application of exosomes depends on the
technical breakthrough @xosomebased drug delivery
system. At present, exosomes have been found to play
an important role in various health and disease models
through the transmissiomf molecular information.
Exosomes are recognized as biomarkers and prognostic
factors of diseases and have important clinical
diagnostic and therapeutic significance. In addition,
they have the potential to be used clinically as a vehicle
for gene and drg delivery. Exosomes themselves are
quite inert, but when they fuse with the cell membrane,
they can deliver the materials and signals they carry to
the recipient cell and change its biological function.
Therefore, exosomes are potential carriers for
nananeter drug delivery or gene therapy. As natural
carriers of functional small RNAs and proteins,
exosomes can be used to deliver various ribonucleic
acid molecules, peptides and synthetic drugs in the field
of drug delivery.

In this study, the functionallgxosomal miRNAs have
not been screened and explored. In the later stage, we
will screen for miRNAs in the process of regulating the
function of renal tubular epithelial cells by miRNA
microarray or high throughput sequencing technology.
In summary, exosoes from HUMSCs can significantly
reduce Cpgnduced NRK cell injury, which may be
related to the upegulation of Bcl2 in renal tubular
cells and inhibition of Bax, Bid, and Bim expressions,
thereby inhibiting downstream casp#sand caspase
activation.Exosomes may be an ideal Cp nephrotoxicity
control drug and deserve further study. And these
findings provide a basis for the future use of exosomes
as a new biological therapeutic approach for renal
diseases and injuries.
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CONCLUSION 1 minute. Then the excess liquid was gemdmoved
using filter paper. After that, the sample was negatively

In this study, theunctionally exosomal miRNAs have stained with 3% sodium phosphotungstate solution (pH

not been screened and explored. In the later stage, we 6.8) for 5 minutes at RT. After gently washing with

will screen for miRNAs in the process of regulating the ~ double distilled water, the sample was-d@ied at room

function of renal tubular epithelial cells by miRNA temperature, and observedder a transmission electron

microarray or high throughput sequencing technology. —microscope. In addition, dynamic light scattering (DLS)

In sunmary, exosomes from HUMSCs can significanty was used to detect the size

reduce Cgnduced NRK cell injury, which may be of the exosomes were separated and purified, and

related to the upegulation of Bcl2 in renal tubular diluted with PBS solution to measure the size using a

cells and inhibition of Bax, Bid, and Bim expressions,  Malvern lagr particle size analyzer.

thereby inhibiting downstream casp&sand caspase

activation. Exosomes may be an ideal Cp nephrotoxicity =~ Western blot

control drug and deserve further study. And these

findings provide a basis for the future use of exosomes Western Blot was used to identify the expressions of

as a new biological therapeutic approach for renal CD9 and CD63 on the surface of exosomes and the

diseases and injuries. expressions of Bax, Bid, Bim, B&, cleaved caspask
and cleaved caspaSein NRK cells. Total proteins

MATERIALS AND METHO DS were dotained using lysis buffer, and then quantitated
by bicinchoninic acid kit (Beyotime, Shanghai, China).

Cell culture Following sample separating and transferring into

PVDF membranes, membranes were immerged in 5%

HUMSCs were purchased from Cyagen Biosciences nonfat milk. Next, primary antibodies of CD9, CDS,
(Guangzhou, China). HUMSCs were culture in DMEM ~ Bax, Bid, Bim, Bck2, cleaved caspask cleaved

containing 10% fetal bovine serum at 37 °C andin 5% Caspas® (1: 800, -Adic &m)000, and
CO; incubator. Furthermore, normal rat renal tubular ~ Beyotime), respectively, were used for immunoblotting
epithelial cells (NRK) were purchaseidom Procell of the membranes overnight at 4°C. After the incubation

(Wuhan, China) and were cultured in DMEM with _second antibody (1:5000, Jackson, USA), the
(PM150210) containing 10% fetal bovine serum at 37 protein  levels ~were detected by enhanced

°C and in 5% C®incubator. chemiluminescence (ECL, Millipore, USA).
Exosomes separation Observation of cell uptake by laser confocal
microscopy

The culture supernatant of HUMSCs ir64enerations

was collected and the exosomes were extracted Dil (Thermo Fisher Scientific, Invitrogen, catalog
according to the instructions of the Invitrogen 4478359  number: D282) was used to mark the exosomes. After
Total Exosome Isolation Reagent (Gibco, Invitrogen, Staining for 30 m, the exosomes were washed with

UK). Briefly, the culture supernatant was transferred to  PBS and collected by centrifugation at 10000 g for 60

a highspeed centrifuge tube, centrifuge at 4°C, 2000 g min to obtain the DiHabeled exosomes. NRK cells

for 30 min, the supernatant was talemd transferred to were planted in confocal dishes. After the cells were

a new highspeed centrifuge tube, and the cell @attached over ni {pbeted exdaddmese g/ m
supernatant was added (cell supernatant: reagent = 2:1). were addeda the dish, and after 1, 4, 8, 12, and 24 h of

After fully mixing with vortex, the mixture was placed culture, the cells were washed with PBS and fixed with

in a refrigerator and incubated at 4 °C overnight. After 4% paraformaldehyde for 30 min. Subsequently, after
centrifugation at 4°C, 10000 g for 60 min, the washing with PBS, the cells were permeabilized for 15

precipitate was resuspendeldnysing 02 Jritogl 0. Nyigleuscwere gtainpaths  a s
suspension of exosomes and store@at°C. Hoechst33342, and photographed using laser confocal
after washing with PBS.
Identification of exosomes
Cell viability by MTT ( thiazolyl blue tetrazolium
Transmission electron microscope (TEM) was used to bromide)
observe the mor phol ogy of exXxosomes. 10 ¢l of t he
exosomes were separated and purified, and diluted with NRK cells were preéncubated with exosomes from
an equal volume of balanced salt PBS solution. The HUMSCs for 1 h, 6 h, 12 h, and 24h, followed by
sample was added dropwise to a sarmeeled copper treatment with Cp at 5, 10,
mesh, and was allowed to stand at room temperature for 96-well plates. After ceculturing 24h, cell viability was
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measured using the MTT assay. MTT solution {5) g AUTHOR CONTRIBUTIONS

was added at 10 eL/ well. After incubating for 4 h, t!
supernatant was removed, 1Zofigyingliperformed M@r@nor\ﬁ;ﬁoﬁexp@rﬁnérﬁs@nd
to each well, and the cells were gently shaken for 30 s.  analyzed the data; Shuyi Cao performed the molecular
100 el of each well was ardstigatiens; Zengyingli @esighed @nd €odrdinaed®
label, and then the absorbance value Y@D570 nm the research; Shugao rote the paper.

was measured by a microplate reader. The percentage of

cell activity was used as an evaluation index for the CONFELICTS OF INTEREST

effect of nanoparticles on cell viability. The calculation

formula was: percentage of cell activity (%) = (OD  The author reports no conflicts of interest in this work.
value of each well in thénfected group- blank OD

value) / (Control group OD meanblank OD value) x FUNDING

100%, control group cell activity percentage was 100%.

This research did not receive any specific grant from
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profit sectors.

Colony formation assay

NRK cells in the Control, Cp, Exolh+Cp, Exo6h+Cp,
Exo12h+Cp, and Exo24h+Cp. groups were respelstiv
mixed with 0.3% Noble agar in 10% FBS supplemented
DMEM, which were seeded as the upper agar layer of
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