STEEE
' i [H) 78 JoT 40 B A U5 ) T A 6 TR S/ R 2
- BB /N bR 41 A5 407 B 52 Wil

Y A, S RF

UHBEIER 5058610 78 5 40k Sh ik (BMSCs-Exo) X 460/ 5 %, (H/R) ¥5 51 B /N b i 4 i
(HK-2) 5 AR VE R R FHlH 755k AN ST E BMSCs-Exo, i 5T BT M 82 L& , Western
blot Kl 44 K s AR SR, A PHK67 £4 05 Y brit AN BRI 22 HK-2 40N 5 . ¥
HK-2 41 53 XTI (NC) | IE 3 H-+4 MU (Exo) «H/R #5541 (H/R) . H/R+#M A 4L (H/R+Ex0) , K
CCK-8 VAR AN E 77, I s M A M 4 ML VR T, V& 1 48 (ROS) H eyl &G I ROS /KF, Ak Rk
AH A R & 52 7 8 (MDA) (&8t H ik (GSH) & & . gRT-PCR. Western blot 5 41 J3 5 46 0 4 i
FWERR £ A Beclinl FIFRIEKT . £5R  RIh3k7E BMSCs-Exo JEM 8 '€ 4 HK-2 40, 5 NC
ZHARLE, H/R 2H HK-2 20 3% /7. GSH /KF 2 ZBEK, M T-% .ROS\MDA /K FREEFAE AP < 0.05); 5
H/R #LAHLL, H/R+Exo A4S /1. GSH /KT N R E 158, J1T-% . ROS. MDA /KFREGI P <0.05: 5
NC AL, H/R 2H Beclinl SRk F+15, 75 H/R I SMBAAE G, H/R+Exo 4 Beclinl ik B3 [ K 35 P <
0.05). #53 BMSCs-Exo figiliid i Beclinl 3% H/R % 51 HK-2 KI5
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Protective effect of bone marrow mesenchymal stem cell-derived exosomes on HK-2 cells with hypoxia-re-
oxygenation injury through regulating Beclinl expression

HONG Mengqi, YU Qiyan, LI Xinke, ZHAO Yu(Ningbo Ninth Hospital, Ningbo 315020, Zhejiang, China)
[Abstract]lObjective To investigate the protective effect and molecular mechanism of bone marrow mesenchymal
stem cells (BMSCs)-derived exosomes against hypoxia-reoxygenation (H/R) injury in human tubular epithelial cells
(HK-2). Methods BMSCs Exo were extracted using an extracellular vesicle kit, and their morphology was ob-
served under transmission electron microscopy. Western blot was used to detect specific marker proteins on the sur-
face of the extracellular vesicles. PHK67 green fluorescence was used to label the extracellular vesicles and observe
the uptake phenomenon of HK-2 cells. HK-2 cells were divided into control group (NC), normal group+exosome gro-
up (Exo), H/R induction group (H/R), and H/R+exosome group (H/R+Ex0). CCK-8 assay was used to detect cell vi-
ability; flow cytometry was used to detect cell apoptosis rate; immunofluorescence staining was used to detect reactive
oxygen species (ROS) level; oxidative stress-related detection kits were used to determine MDA, GSH content;quan-
titative real time polymerase chain reaction(QRT-PCR), Western blot, immunofluorescence staining were used to de-
tect the expression level of Beclinl in the HK-2 cells. Results BMSCs Exo was successfully obtained and could be
taken up by HK-2 cells. Compared with NC group, cell viability and GSH level in H/R group significantly decreased,
while cell apoptosis, ROS, MDA significantly improved (all P << 0.05). Compared with H/R group, cell viability,
GSH level group were significantly improved and cell apoptosis, ROS, MDA were significantly decreased in H/R+E
xo0 group (all P < 0. 05) . Compared with NC group, the expression level of Beclinl in H/R group was significantly im-
proved, after treatment with exosomes in H/R group, the expression level of Beclin! significantly decreased in H/R +

Exo group (all P < 0.05). Conclusions BMSCs-Exo can alleviate H/R-induced injury of HK-2 cells by downregu-
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lating the expression of Beclinl.
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S B 45145 (acute kidney injury, AKD 52 —Ff 5
DhRe PRI T BT B IR PR R B AE, T8t T B ok
1M /75 7F (ischemia/reperfusion injury, I/R) . ¥ & &
A 51 AR s B I P E Y345 £ (ischemia reper-
fusion injury, IRD 42 5|2 AKI EZE 7K 2 —, FE7E'H
JEZH 23 =4S B MR A N 5, S B 240405 I =L 1)
— PR B AR E IR R TP B B ANVE B
PR R0 2 B AKT FIRZ 05 AKT HJiZ KA
VRTTATIAR A2 1 PR = AR T I PR R o EEE R 370
¥y 35 b, AKT BT 2 A8 50%~ 70% . AKT 45
B SO R St e RUTE 8, SR )5 B A
T AKI RAEFIRE R 73 F AL AR AN B . DL,
PRG-I R LAI SR T 38 A, BVFBEZE AKT B3
R — 2R FOR R TT B A%

B 7] 78 5 T-41 i (bone marrow-derived mes-
enchymal stem cells, BMSCs) HA H K EH. 5
N2 H I RE SRR B I AR BRI T 5
I, BMSCs RJ ji st 55 73 K B 41 i[5 - SMA pk
(Exos) , (e 340 M3 8 9/ T2 % e 4 2R
W22 W 9T 3R BH i R 1) 78 5T T 40 Ok IR A WA A
(BMSCs-Exo) 1EIfY7 BRI K P R S A7 1 A o
RFEHEER. Autsidd HR 53 NS /N
B2 40 (HK-2) 451457 , WL %¢ BMSCs-Exo % HK-2 41
SEAL LR AR T IR R0, FRR T BMSCs-Exo X
HK-2 28 fa 45753 (1 vl e, AR IE a1 R .

1 EREHE

L1 4 N'BE/NVE B4 HK-2 W 3 X0 s
FEMBHE AR AR, N BMSCs 4 FH 38k AE
VIR PR 2

1.2 FZAK DMEM/F12 55975 \MEM K5 774k
REG G A M35 6 B BB 2R A A B A BR A 7
Beclinl $ii/&0E B # [E Immunoway; Bel-2 {4 .Bax
PR B LR T RAEMRH A R 2] s I =EPi R
M E AR AR i =Pt 1L EPT/ N BRI = e
fitebric — Ul H 22 [ Barthox A5 P (MDA)
IR B 5 e K (GSHD A&7 &0 H RE 5L

FERRAE ) TR T HT s W AR (ROS) %6kl &
I H Elabscience.
1.3 J5ik
1.3.1 BMSCs-Exo [J% & K& BMSCs 4 4=
K2 80%~ 90%fit & /5, FH PBS Jiisk, RJEETCIL
i& DMEM/F12 155557 24 h, WS4BiusssE FiGH) 50ml
B, 4°C,300 g, B0 10 min. WEE EIEWL T
4°C,3000g, B§.C» 10min, FR-RYEE EiFJE 4°C,10000g
250 30 min. WG FIE 6 022 pm S8R
Ve ARSI B, FR IR iR b
T AN BGR =4 ¢ 1 BEL, a3 B S B 4
EIEWB ISR SR BT, 55 R0, B
BRI min, iCE T 4COKFE B 16h. K
B RAEOET 47C, 10 000g, B 60 min, &L
JE RTAE B O RE W SRR AR TTIE , BUD & PBS
HEWRITE O ULEY), WA ¥ E R AER 2
B 15 ml (B OET . 1.5 ml BOET 4°C,
12 000g %5.C» 2 min, fR 8 HIGW. &Jak Liswd
8, VB B A NI A R

Vg S A T T 5 IR IR R 2 P B R IR A
P A R VAR L 7€ 1 min, JEARIR TS 06 H AR
W, 7RIS T W P RSOIR . Ah AR
R F Westevn Blot 7.
1.3.2 HK-2 4ifafssae &l RIAARE 75t
RFAF R 72 HK-2, 6 HK-2 4HFRE 25 10%
a4 1y i) DMEM #5530k BLE PKH67 TAFW,
W GEERRAMNBAIR A, 37 CROGIEE Smin, 1A
BAEAEFR 1% BSA Z 1B E , FRRBRISMBAA, Tk
[ 1.3.1. ¥ PKH67 FricoMBiA S HK-2 4 it
[FEE 24 h, FH %G E E HK-2 200,
DAPI Z44% Smin, 2% W8 T4

7E H/R 4bBErfR, HK-2 4R ET 1% 0.v 5%
CO, 1 94% N, ISR AE T 24 h, AR5 AR (21%
0,.5% CO, F1 74% Ny 12 ho $4 525643 w41 (NC
20D ANIARLH (Exo 2H) | 42 A (H/R 40D Je ik
A E AN (H/R+Exo 20) ; Hrbxf I 4 HK-2
YHLTE IEH B N B 9%, SMAMARH LS T 40 pg/ml 1)
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BMSCs-Exo 4bEE 24 h, S5 5 5= 4 7E H/R 44 N1z
F&, BEEEINBARELE HR 500 FE R G4 T
BMSCs-Exo 4b# 24 h.

1.3.3  CCK-8 kil 4G /1 BN EH g fu b T
96 FLHR, 15 751 0 e EAT AN S0 21 I Ab B B 25 IH %
FEW FEALIMAN CCK-8 7l 20pl; 4k4209F & 2h, H1ZT)
REBEAR AN 2L AR, WK E N 450 nm,
Fo A 5 HK-2 AHARAXTE 7 A0S 77 (Y%)=(5K
I2H A A2 A/ IR A2 HZH A)x100%.
1.3.4  Fa4ifu okl 4 T Ko 4 HK-2
MR T 6 FLAR Y, BRI RS AT 40 M o 2H K ik
H AR EUCEEAN, PBS iETE 3 K. RG0SR
Annexin V-FITC/PI 377 &5 B 45, K H 7t 20 4i f X
G 20 B T o 2 PR T 2R (%) = TR T 4 A (%) +
G S99 T 41 B (%) o

1.3.5 MDA.GSH &&ME #&MRIFEFER D IR B
HK-2 4 f5 , Y40 2 EP & v, 3 IR e Ui B
BEATREM, MDA GSH 5 52 A U 45 FH B A (3032 T
DGR, F M kAT B s ab B

1.3.6 JEMER (RO W K50 4H 1) HK-2 41 fig
FERD TG A HBIE 1 6 FLAR, 3 FRd e
BEAT AN 3 2 S AL BE o A ] ROS 506k &, 2%
HeHRER 27, 7 - R A RN R — LB R (DCFH-
DA) Fric 40 H 1) ROS, 37°C, 6 5 4 i
30 min, A JG LA ARG FR Pk 2 ~ 3 Ik, LAFi s
FBAE NP A () DCFH-DA, BUH 40 B I€ A, il
FIERIE A B EEAE DO BT N AT M IR
1.3.7 qRT-PCR i | Trizol if 71| \ HK-2 4H g 2 HY
& RNA, J0llE RNA WREE. 5105558 ¢cDNA, 7
FHT — 20 CUKFIIRAT o T S AT MR A AT PCR
Pih, yHE%4:95°C 5 min, 95°C 10 s,60°C 30 s,
72°C 30 s, 3% 35 MEIR . 514/F514: Beclinl, 1E[7]
5’-AATGGTGGCTTTCCTGGACT-3", Jx [1 5’-
TGAGAG CTTTTGTCCACTGC-3; B-actin, 1E[f] 57 -
CTGAACCCTAAGGCCAACCG-3’, [ [ 5’-GA-
CCAGAGGCATACAGGGACAA-3" . L2 < Jij5E
FHXT mRNA 7KF, 4 H B F B-actin 1A NS
1.3.8 Western Blot 5236 i RIPA 2Ry ZL 1
HK-2 408, W& A, kT BCA E&
1. 4 SDS-PAGE #E/i LIk 7 & J5 % % 2 PDVF Jii
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b, 5% MR- Whd A 1 h, TBST ¥EfE 10 min, &
53 K H 2 20 I TBON AT g AR G2 1 Be-
clin1 (1 : 1 000) 2 GAPDH $if4 (1 & 10 000 [{¥A
1, 4 CREPRIE A 7§ TBST P 10 min, L 3 1k, =
TR E 1gG —Hr(1 £ 10 00001 h, TBST ¥fiE 10 min,
HI 3 BJE M2 R GRE AR AR G iR
K H Image J 543047 8 K FEAE 5347

1.3.9 HEuotsiss  # o 4 HK-2 40 il T
JEEB AR A A Fr 1) 6 FLAR H, B3I i fa i3 47 4
720 e AbER, F PBS 3235 3 IR, H 4% 2 5 i
[ii] 52 € F 20 min, PBS &2¥HE F 3 ¥K; 0.5% Triton-
x-100 25 J5L383% 20 min, PBS 12 VeI 3 W, 22 F
_EJn 5% BSA, 37°CEf 4] 30 min; PBS IR ¥EH H 3 K,
B Beclinl —$i(1 & 200), 4 C#EIEH L% PBS
Vel 3 UG N ehmic M 2Ed i —Hidl @ 100),
37 ‘CH#GHFE 30 min, DAPI H 4% 5 min, 7% 2
BRI AT LS IR

1.4 itk SR SPSS 22.0 AT 4140 #r
THER TR LA Bbr i 2 R0, SR MO AR ¢ 1656,
ZH A LR R 2= 7 Z 0. P < 0.05 Ron %
SAEGEE L.

2 R

2.1 AN % e R E S S BMSCs-
Exo 1 DLiG M ZEIR 4514, 2 FTE, B4 100 nm,
KANFFE NIRRT AR , UL 1A; Western Blot
SR BRI EIREEA CD63 & HSP70 {E
BMSCs-Exo HiE#ik, WKl 1B; HK-2 400 A %
BMSCs-Exo, WL.K 1C.

22 AMBEIIE] H/R SR HK-2 40T
CCK-8 Z5 5 7R, 5 NC AL, Exo 41035 fi3 s,
1M H/R 411 HK-2 40 i3 ) 2 & BE % 5 H/R 4LH
Et, 0\ 40 pg/ml ) BMSCs-Exo J&, 413G /758 %
B (P < 0.05) . AN RER, 5 NCHH
b, Exo ZHf#) HK-2 40 TR FEA%, 1 H/R 24110
HK-2 20 2564 & 5 H/R 4 AH B, H/R+Exo 41
N T- R RS P < 0.05, LK 2.

2.3 AbAARXT H/R 53 (1) HK-2 40 St
9% 9 AR R, 5 NC LA L, H/R 41 ROS ik /K
PEZE TR (P < 0.05); 5 H/R 4AHLE, H/R+Exo 4H
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ROS /K FPEL (P < 0.05), WK 3A ~ B, 5 NC 4l REAREEZEME P <0.05; 5 H/R ALK, H/
AHEE, H/R ZH 40 ) MDA 7K -F- 5535 FH &, GSH /KF- - R+Exo 2H Beclinl f{IRIAEZE NP <0.05), LA 4.
WE TSP <0.05; 5 HRAME, HR+Exo 4H
A0 MDA 7K-F 525 B, GSH KV Tt s (33 P
< 0.05, I 3¢ ~D. HK-2 2 A 0] B A — PP i, BRI IR B 95
24 AMNMAINH] H/R S0 HK-2 4000 Beclinl ft)  THOLIFAKM . BIER IRI 250 AKTL, TS 2
Fi& 5 NC AL, Exo 4 Beclinl ) mRNA K& MBS R AW ZE B H AT 2w TAE
[ 635 FEAIC (P < 0.05), T H/R 40 Beclinl [l mRNA 48, JF HABRYE LS R A $ 214 201 259k 155 Al

3 T

) _”=}'-' .r"""* -~ B C
: 5~ 20 -
) Tl 4 PKH67 DAPI Merge
Ay BMSCs BMSCs-Exo
i = -
= CD63 S 56 ¢ p

& HSP70 70 KD

VE: A Ni%E S LB %2 BMSCs-Exo CEL9 X : 100 nm) ; B S Western E[17ZFyEAG I #hih 445 AR 4 CD63 K HSP70 [1)461% ; C N L9 e &

TRES ARSI HK-2 40 P9 &SN (x400) . BMSCs & %7 785 141 i, BMSCs-Exo 8 il i) 78 J5 240 fa KI5 4 M s 4
1AM % R L

NC 4 Exo 41 H/R 4 H/R+Exo 4
YA = 7 1 7
A B 110" = q1 Q2 10 rq @ 0 2 10 rq Q@
150 - 10° = 1.04% | 5.77% 10° =193% | 529% 10° 5980, | 925% 10° = 1.09% H 6.75%
~ : 10° - | 10° - | 10° | 10° -
N ; — ! L u
-3\55100 ml & » et 10° "*’.,L i el 0 .
10° £ 10° - o L gt
s 50 — a8 0 19 & T [ 10’ -3 &% Q4 10 s B
2 . | | . | 90.8% | 2.41% *90 3% 251A) 0 +90.8% 84.5% 0 r88.8% 3.41%
g 0 e | — 1 — oA A NS it
$c% Y -1 0 10° 10° 100 ~1 0 10° 10° 107 -1 0 10° 10° 100 —1 0 10° 10° 10’

) Wk
\N@Qj@ Annecxin V-FITC

VE: A N CCK-8 A HK-2 4 g 1935 /7: B A Annexin V -FITC/PI 7t 20 4H i AAS I HK-2 48 0 ()98 T b 5]
2 HK-2 4 77 K& g8 T vk

A NC 4 Exo 2 H/R#A H/R+Exo 4.

ROS

B 80 - C 4 D 60 =
60 |- 3 |= L] —
a ~ 40 -
X &0 ~
S g &0
40 32 i £
= g z S
iEjf 20 s T
= S )
= 6]
0 .’ 0 0 S
NC 4 Exo /R H/Réﬂ H/R+Exo 41 NC 41 Exo 4l H/R#4l H/R+Exo 4 NC 4 Exo %l H/R4 H/R+Exo 4

A ~ B ARSI HK-2 411 ROS HI/KF K& ILFw & 517 C ~ D 2 MDA.GSH &fI HK-2 4ifd MDA & GSH [1/KF
3 HK-2 4 Ak R Jo vk i
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B i 4 4 s 4 i i
Zolk = NC ,J} Ex(? 20 H/R 4 H/R+Exo 41 15 l_ -
< ! = Beclinl ; . NS e | 55KD A= I = =
P _ —— —— =
24 . — | . W
;TE) 2 = 1 [ B—actm — T — 45 KD E 0.5 1 - I - I I
S | ) (BNE E- 8 EEN
NC #H Exo 41 H/R 4 H/R+Exo 41 NC 44 Exo #41 H/R4HH/R+Exo 41
NC 4. Exo % H/R 1 H/R+Exo 2 E
D | e 2§ 0 .. T E ol & )
e - | - o |® o]
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3 60 |
DAPI i e
540k [
P I i
X 20 §=
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Merge 0

C 4 Exo4l H/R# H/R+Exo#4

Z

7E: A N RT-qPCR #&:ill HK-2 41l Beclinl mRNA [¥]33&; B ~ C ¥ Western Blot ENiZF Al HK-2 4l Beclinl 2 (Af{15£i%; D ~ E N

PG BRI HK-2 418 Beclinl fI3EIA (x400)

4 HK-2 4l Beclinl {12834 K]

TBIT AKIL. 353 B /N 2 I FLah A Bk it 5 1] )
FEAR AR, £ B R J5 5 8 o 1 A8 S XA, 30T g
HEK-2 X R4 R 5 il 2 2L HE v B ) R0 , 3 A3 v
HK-2 BCARETT AKT B 24050 PRk, 75 24 mt
FUH RUBAERT 5240 HK-2 176 b

Exo 2 HH 4 4 1) 22 FE i 4R 5 A 45 5 Jo R
TR AT T B SR R o RS . s
H i RNA FIE SR 73» fe 8 02 2R 20 i 2 1) )
W, FRLE 2 P A BURTE BT AR R FEAE L Y H AT
ORI Z Fh A M 35 8 4 Wk Exo, A (] 78 5T -4 g
(mesenchymal stem cells, MSCs) 7\ N2 43 Exo
REJJds Ay L 4, G40 WA 1 Exo £E 25 Fhs i 1)
T¥ R AN 3k Jee Hh A 1y T8 AR £

MSCs HIE 1 /M (mesenchymal stem cell-de-
rived exosomes, MSCs-Exo) 1] A4 48 F [ B « {12
BB, A5 % g T SR SE R VR IT IR,
IR R I, FAE A Co LA 47 1 g 4 1
BT AEAL T B R0 ™ 45 . BT 9T I BMSCs-Exo
AR H/R 551 HOC2 24 114407 ) 15 5 R 4 3k (1)
HMPRFET . FNERESE HR %31 Beclin-1,
ATG13 M Bel-2 FRILH T 534 —IAT 78 A B
IS =N Tl it w1 )i B4R LS i BOR T E e S N oI ES i 2 A
5 I R R AR RIS 5 3 1R B {H 2 X BMSCs-

Exo 7E AKI HH[ERIATE L K A FH B AH SSHRE A
B IR BMSCs-Exo i i 18 52 40 ff J 40 2345145
FIRR DI VE F B ALRIBEATIR A 2T, BE AR R XE VA R
kit S NNE =

FULRE VR FSE AKT ) = BEEUE ML 2
—o BEILE, AARRE RV AL A HK-2
YT A5 B2 _E B 4T RN B S SR R R B
MW 011 Jf 72 A K ROIS o 3% 88 1o 7% 1k 8L 43 T i L 3
B — 48 20 BRIV 4 L S8 PR R 1k LA R 38 I 4
JF ) DNA S ALA i oo S8 Ak, idb— 2B (e B /N
YHMIFET: ", ROS 24 5 AT 98 fE FF SR A7 7E, Ik
RAE R TR E TR RIE™ KL
R, H/R % 510 HK-2 i i 7 95 B B, 41
TR B FFE, 328 HK-2 R T . R, 46000
ROS.MDA 7K>F-Ft &, GSH 7K F-B&{, # 7~ HK-2 4
JH P SR AL SIS N BA b 35 REAI A6 32 05 13 2 o 1T BM
SCs-Exo AW H/R 531 HK-2 49 T2 &
AP TR . HETECRER 2 PUFER I, AR
B AWA B G ERNR . BEAMPESES
YIS E ML), (BB ROS (774 £ A {4
H AL, T BEEA IR e 2 B AR T A
5T LA Beclinl 158 H bR R, IR AR R AL B
Mgt o ) B, SE R, H/R 5511 HK-2 41
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$27~n BMSCs-Exo FJfigil il % HK-2 44 ik
IR A3 A L ) W, AT s HK-2 48 i 453475
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W47 AKL R AE R EALEE, 09 DL (A 78
TN AN A AKT VAT $R AL SEIG (4
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