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pg/mL) 5 TM 34 2 5¢ 4 Jo & P69 vl . Bk A X i R & 20 6 0,98 % kAl LC3B 89 Rk L. o 4
Exo5 TM (4 #stwme A =KFeHm, R 1.2.4 pg/mL TM ¥ 434 HKC 3 58 & b 5F 2R B AR #i
P AR R E TM ¥4t F HKC A, FEmie aEi2 8%, 5 TM (1 pg/mL TM & 2) i, TM &
2 A Am A 75.100,150,200 pg/ml Exo J& 2m ie 3 75 & 4 B3 3% ; %0 R A AR XA L, TM+Exo 48
AEAREREZEG LC3B Ak K-F LA, TM 4o 8 = % 4 (13.36+1.47) %, TM+Exo 41 %48 o 8 = %
(7.75£0.62) %, ZF A AT FEL(P<0.05), £if HMARF@RE Exofei@d Lifwmme a4, 8% TM
# %4 HKC A,

[XgiR] B L@ AR T @RSk M g mieh T REX

[(REZESEE] R329 [X#EtRiRfm] A [XEHS] 1671-8348(2023)15-2255-06

Inhibitory effect of exosomes derived from umbilical cord mesenchymal stem

cells on apoptosis of renal tubular epithelial cells through autophagy”
LEI Yan'?,ZHAN Shihuai® ,YANG Lan"'? ,WANG Jiawei'*?,
WANG Shuiliang"*,ZHAO Meng"* ,ZHANG Shengxing'*>
(1. Fujian Stem Cell Clinical Application Center ;2. Fujian Provincial Key Laboratory of Aptamer
Technology ;3. Basic Medical Laboratory,The 900th Hospital of the Joint Logistics
Sup port Force of the People’s Liberation Army of China s Fuzhou ,Fujian 351100,China)

[ Abstract] Objective To investigate the impact of exosomes (Exo) derived from mesenchymal stem
cells on tunicamycin (TM)-induced apoptosis in human renal tubular epithelial cells (HKC). Methods Differ-
ent concentrations (0,1,2,4 pg/mL) of TM induced apoptosis in HKC cells. The cell proliferation activity
was detected using the CCK-8 method. Western blotting and flow cytometry were used to detect cell apopto-
sis. The gene and protein expression levels of autophagy proteins LC3B, Atg5,and Beclinl were also assessed.
Isolate Exo from umbilical cord mesenchymal stem cells,identify surface markers using flow cytometry, and
investigate the impact of co-treatment with various concentrations of Exo (0,50,75,100,150,200 ug/mL) and
TM on cell viability. The expression of LC3B was detected using flow cytometry and immunofluorescence. The
effect of co-treatment of Exo and TM on the level of apoptosis was analyzed. Results 1,2,and 4 pg/mL of
TM could all inhibit HKC proliferation in a concentration-dependent manner. Different concentrations of TM
can induce apoptosis in HKC and activate the autophagy signaling pathway. Compared to the TM group (trea-
ted with 1 pg/mL TM) , the cell proliferation activity was significantly enhanced after adding 75,100,150,and

200 pg/mL of Exo to the TM treatment. Immunofluorescence and flow cytometry analyses showed that the

* BETE AREA QAR I H (2022J011085) 5 Ik B ff BE AR BASE 900 B Bt Bt P4 28 t 75 4F B 7 % 00 (2020Q07) . fEEE A &I
(1987 =) EAFH I B+ EEMNF UG R T H M T2h.  ©  BEES . Emailifzzyyzsh@126. com,
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expression level of the autophagy marker protein LC3B was upregulated in the TM+ Exo group. The apoptosis
rate of the TM group was (13. 36 1. 47) % , while that of the TM+ exosome group was (7. 75+0.62) %,

showing a statistically significant difference (P <C0. 05). Conclusion

Mesenchymal stem cell-derived Exo can

slow down thioacetamide-induced HKC apoptosis by up-regulating autophagy.

[ Key words |

apoptosis;tunicamycin

BT 1) 78 5t 1 40 M 5 A9 20 i K Chuman um-
bilical cord mesenchymal stem cells derived exo-
somes, hUC-MSCs-Exo) A] LA ¥ iz # 12 | Jig J5UF 2
BT, 25 A0 18] /A5 B A8 i, A 5 MSCs Al B Y 2H
YU UiisE A ThEE " . & B4 Cacute kidney
injury , AKD J&—Ff DL B T 58 980 1R S 4 Ak 1) A o 7 o ik
A8 B S I PR V3 4 457 (renal ischemia reperfusion inju-
ry, IRD VB PRI A AE S ] S50 AKIY . B A5
W] MSCs-Exo F#54H7 19 miRNA 18 6 98 42 5 JIiE
5t R T A5 A% D/ A0 OB R A G L AT A
ST s Exo th A 5 A A B i R 2R K
TR LA BT A AR T AR A AR K 7B (transfor-
ming growth factor-B, TGF-pE 5 H KW EFEE AT
i kI AEST, MSCs-Exo A DL i 4 5
ATLI6L X4 o 40 Mg 8 Wi, 750 B 0 4A 25 9 Fr 30y
AKI™, R4 MSCs-Exo &R H B IE 4 4 75 . (1
MSCs-Exo X ¥ /N | 2 40 it (human renal tubular
epithelial cells, HKC) B1E AMLHI A T 2E .

1 MBEFE
1.1 #H#
1L1.1 XA

K B & (tunicamycin, TM) Il F i + Enzo Life
Sciences A ], DMEM DF12,.DMEM i # 5% 73 3L 14
T 3% E Hyclone A %], J§ 4 I i (fetal bovine ser-
um,FBS) . $i{& PARP,LC3B, Atg5.Beclinl ,-actin,
R E R GgG) M 1gG ¥y T 3£ [F Cell Sig-
naling Technology 2 A, Wi = $L & CD63. CD9,
CD81, filt fk 7§ 1E (Propidium Iodide, P1) % %}, FITC
Annexin Vi 246 I 32 5] & W F 38 [ Biolenged 2%
] ; Pierce™ BCA # [ & ik 7 &4 F 26 E Thermo
AN, WAk 52 & 6 (enhanced chemiluminescence,
ECLE [ & 0 W T 5 E Advansta 2> 7], CCK-8
200 i 3 A ARG 0 3R] & 0 T D MedChem 242 R, Ex-
oQuick-TC &5 & W T £ E SBI A A .

1.1.2 @

293T 4 g #1 HKC W T o (6 BL 2 Be 1 i 20 i A=
W25 T s hUC-MSC iy i 48 1 40 i o7 ] C AR 4
ARWFFE LS I P3 AN .

1.2 7%
1.2.1 @i

renal tubular epithelial cells; mesenchymal stem cell-derived exosomes;cell autophagy;cell

HKC ¥32F 10% FBS 1 i 0 B 772 3 7, 4 1
BT S WB BN 5% CO, AR Y 37 CR 48
Fi, hUC-MSCs #; 3% F &% 10% FBS [ 1% B 55 5%
e,

1.2.2 CCK-8 ¥ 4m fe 38 78 & 1

HKC BREEEIH A5 5 T 38 dn . 5 000 A4/ fL 3%
FpF 96 LA K H £ 0. 5% FBS DMEM = i 5 77 5t
e TM B B AN R B (01,24 png/mL) 100 pL
fL.24 h JFRALIMA 10 pL 9 CCK-8 3K, B 35 F i
ETHEFRANEF 2 hof 96 fLACE T Bbr AL E Ll
FE 450 nm ZhIE G EE A . LA Con 4124 100 % . W 4 fifg 77
16 % = QR 4L O6 A/ Con AW BE D X100 %,
1.2.3 Exo® %%

P 40 pL Exo 5 5 pL B R 8 S0k =5 i 3L i
B 15 min, A 100 pmol/L B4 I 7 1& 8 F (bovine
serum albumin, BSA)E W 5 pL, EE M F 15 min,
A 1 mL #0825 sh &L 75 7 (phosphate buffered sa-
line, PBS) & 75 min, 580 r/min . 5 min, & FF
o ¥ Exo B4 A& F A 1 mL 100 mmol/L
FH 2 R T W IR 30 min, 8850 PBS Pk 2 1K
Je s HEAE 350 pL PBS A, 848 50 pl 9 2 T U
diL A CD9.,CD63,CD81 [y —Hi (1 : 200) 67 &
45 min, B0 55 7 B i i xS0 MR A
1.2.4 ZrREZZE A4 R M (real-time quan-
titative polymerase chain reaction, qRT-PCR) # #|
mRNA # % ik

Wk TM 4b 38 4 . TRIzol ¥ 42 B 41 il &
RNAESFEAR 1 pg W55 58 ¢cDNA, DA B-actin
N2, il LC3B, Atg5 . Beclinl £ mRNA [y 335,
HEEWGIWIFII W FE 1, PCR K& J: SYBR 5
pL. 5% 5 pmol/L 0.5 uL,cDNA 2 yL.ddH,0 3.5
pL, PCR ¥ #9857 R .94 CHIZAZM: 10 min, 94 CAEM:
15 5,58 ‘CiE k 30 5,72 “CHEMH 30 5,30 KAEFF. mR-
NA fy kL 272 it a.

*x1 qRT-PCR 3185 41 5 51

SR
3K BIHIE (5 ~3")
- K JiE (bp)
Atgh F.5-CAGTTTTGGGCCATCAACCG-3' 210

R:5-AAGTGTGTGCAGCTGTCCAT-3'
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Hx 1 qRT-PCR ¥ 35| 4 B 5!

L BRI
e I FFI(5 ~3") K (bp)
Beclinl F:5'-TGCCGTTATACTGTTCTGGGG-3' 208
R:5 - TTGATGGAATAGGAGCCGCC-3'
LC3B F.5-AAGCTGCTTCTCACCCTTGT-3' 202
R:5-GAGAAGACCTTCAAGCAGCG-3'
Bactin F:5'-AGAGCTACGAGCTGCCTGAC-3' 212

R:5'-AGCACTGTGTTGGCGTACAG-3

1.2.5 & & Ji ¥ it 7% (Western blotting) # | & &
KA

WA ] b B2 B 2 A . 42 BCA SRR HUE
30 g BT VR R AT SR TN A TG g B A vRL UK L O
HHERM _MOME L. =T 4% BSA f£IR I
HE1h)E. 511000 WEEM—H 4 CHELRK.
TBST YL 5 min/3 ¥, NS [6] L 451 3 B 1) BRAR 2o
AP B (HRP) AR ) — i, ER W HF 1 h. &
TBST.PBS & ¥ 5 min/3 K J5 . A ECL & i
5 = B %, 5% J5 8 ] Bio-Rad 2\ &) f) Quantity One %
PRI AT 25 25 K BEAE (3 IREE R P 5N S B
actin FEFT AL IE FNE5 R 434 .
1.2. 6 7% X @ e 4 2 # K ({luorescence-activated
cell sorting, FACS) ¥l m i, 8 =

HKC 28 J5 i 1 1k J5 W 4R 40 M T 0 700% 1) PBS
VRO AR R G 4 Al 100 pL A, 4
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HIMA 5 uL FITC Annexin V#6444 15 min )5,
A S pL PT YA 5 min, S J5 BB A 400 pL 45
AW RS B AT LA
1.2.7 W% R AN

HKC 2 4 40 4b ¥, 406 22 W == 05 [ 5@ 30
min, PBS Y% 3 W IMASUER B E A 2 h, 3 1 ¢
200 HL il fm LC3B iy — 4L 4 CMEHF %K. & 0. 1%
Triton X-100 [ PBS ¥k i% 3 W A Z bt Bt &
1 h,PBS ¥t )5 .1 mg/mL DAPI 44 5 min, %)% 1
T HE 2%

1.3 %itagam

K SPSS 16. 0 Geit 2 3 kAT B s ab 2. 3t
HORDL 7 s SRR AL L BCR T ¢ R s TR RE
DIARE 1 43 b 22 AL 0E) FL AR T X7 R, AP <<
0.05 N ZEFAGI¥EL.

2 & *
2.1 TM# % HKC AH#

1.2.4 pg/mL TM &b 3 1 40 M 77 35 5 53 5 R
52.9%0.46.2%.35.9% . H5 Con I HL#K, 25 HA
it 38 X (P<C0.05) , TM At Bt 41 1 41 ffa 3% 5 (&
1A, JHT-2E 1 PARP By 383K 5k JE A0 1k 19 iR
(F 1B . #iaRdn i AR A A - 45 R Bow . 1.2.4
pg/mL TM 4b B 248 Jf 98 1 2 43 5] o (18.56+
1.88)%.,(22. 801, 37) % M (28. 55 £2. T %, 5
ConHHL B ZRHAL I ¥ E L (P <0.05), 1L
K 1C.

1.0
= Con ° T™:1 pg/mL
Eg_ VAL (100. 00%) VIR (0. 00%) S viLe1. aa%) VIR(18. 56%)
T
i *
205 I * g
g7 £° £
S 3 S
pm o o
<
<
Q
04
Con 1 2 4 o S R—
102 10° 10* 10° 106 107 02 10° 10 10° 10¢ 107
A ™ (pg/m ) B525-A B525-A
T™M:2 pg/mL T™: 4 pg/mL
qViL (7. 20%) VIR (22. 80%) o V1L (1. 45% VIR (28. 55%)
g1
™ (pg/mL ) g
Con 1 2 4 " . § i
PARP 3 3
[&] (&}
o
IS IS
B -actin «
B ]
o 1 o 4
102 103 104 10° 106 107 102 10° 10* 10°
C B525-A B525-A

AR HE TM X 240 38 58395 P 149 5% 0 s B: Western blotting 4 I 40 fg 8 =% 4 PARP; C. PT B 3L 46 ) 40 M3 9 125 © . P<<0. 05. 5 Con 4

L.

B 1 TM S HKC AT ER
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2.2 TMi# % HKC g4

1.2.4 pg/mL TM 4k H5 ¥y 24 #E B AR & 1k
M LC3B &1k, H AWM CHE T Atgd Ml Beclinl Y
FRWH R L8 2A) . 55 Con 41,1 pg/mL
TM 43 (TM 4H) H W 3 LC3B fy 3£ ik L 6. 08
1%, Atgh B3k 1A 5. 25 £%, Beclinl ) ik 1A
12.62 4% (& 2B), TM # S HKC [ M {5 = 8 1% ¥

TM(pg/ml ) 7.0r
Con 1 2 4

X
LC3B #®

<C

2,55k

£ 9.
Atgh @

™

[&]

-
Beclini

ot 0

AB actin o Con
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2.3 hUC-MSCs-Exo # 4 8 5 % 2

it 24 B R A 25 R B 7R . hUC-MSCs-Exo H?
CD9(81. 0%) ,CD63(86. 6 %) Fi1 CD81(82. 4 %) FH
PG ) H B M e 3k, BH M 63k Rk 81, 0246.86. 624,
82.4% (&l 3A), hUC-MSCs-Exo % NTA ki % 4y
By K/NZk 100 nm (& 3B),

ok 14 *x 6 *ok
< #®
= =<
Z 2
7r €3
c 7o)
= )
= +
o <
o
@ -
0 0
™ Con TM Con TM

A:TM 55 HKC &4 BB B: AWML LC3B. Beclinl F1 Atgs Fik/AKF; ** . P<<0. 05,5 Con 41 %5,

& 2

2022-4-20 EXO0-BEADS

2022-4-20 EX0-CB-CD9

™™ & HKC BIE

2022-4-20 EX0-CB-CD63

2022-4-20 EX0-CB-CD81

Ht-44 =TT
10? 10° 104 10°
PE-A
100

90

80

70

60

SRR

0
B O 1.00

10,00
RIfE (nm)

A:FACS % %E Exo fi4rF CD63,.CD9.CD81 25 ; B. hUC-MSCs-Exo NTA Ri42 47 .

& 3

2.4 hUC-MSCs-Exo {2 HKC g4

5 TM 4 (1 pg/mL TM &3 A, %53 F2 b
A 75.100,150,200 pg/mL Exo B8 7E 41 1 % 58 3%
M. ZSHASEITFE X (P <<0.05), ILE 4A,
FACS # W TM #1 LC3B 40 Jifd BH 1 1 32 35 % K
(14.83+2.87) %, TM+Exo #1 (150 pg/mL Exo 4t

hUC-MSCs-Exo S B E5EEBR

FOLC3B 4l i BH 1 1) 235 %60 (25. 28 £1.03) Y0, B
HELBERAH G258 L (P<C0.05), WK 4B.4C,
Y D g R R, 5 TM 4l ki, TM+
Exo 41 LC3B #y%¢ 6 BH 1 40 i B & 3% &, 25 S 47 523t
2T (P <C0.05), WK 4D,

2.5 hUC-MSCs-Exo #7411 TM # %8 48 je 8 =
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5TM 4% . TM+Exo i T-%& 4 PARP 1%
FIRTHELILE A, A A g R EoR . TM
MR- R (1. 37+ 70O % . & F TM+Exo

1.0
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I (7.7240.38) Y%, ERA G FE L (P<0.05),
LK 5B,

- Con:ALL Events

TM:ALL Events TM+Exo:ALL Events

V1L (98. 23%)

Count

0.5

24 hHKCHRRRTEE R (%)

VIR(1. 77%)

300

V1L (78.57%)

VIR (26. 43%,

_V1L(81.é9%) VIR(18. 11%)

Count
Count

B
0
T™:1pg/mL - + + + + + +
A Exo - - 50 75 100 150 200ug
*
301

DAPI

LC3BLHREFATEZE (%)
>

c 0" Gon ™ TM+Exo

uoy

WL

OXJ+\L

A CCK-8 ¥l Exo X 4 Jitl 3% 78 1% ¥ (9 %2 s BLC: FACS K LC3B (9 #3k s D 98t 3 B K 10 40 JiiL B W 43 F LC3B 12858 iF (200X), D
i, a:Con 41 DAPI 4 #% e {6 ;b Con 4 LC3B R o eyt s c.a b BRI M ;d: TM 41 DAPT 4 i e ftse. TM 4 LC3B i 9 e fh;f.d e
[# (B sg: TM+Exo 20 DAPT 40 i 4% Y 4 5 h: TM+Exo 41 LC3B s Ut o si.g h A E M, * . P<<0. 05,5 TM 41 b4,

& 4 hUC-MSCs-Exo ¥t 48 Rt B & 9 5 Mg
S Con:All Events S TM:Al |l Events 5 TM+Exo:All Events
Fi Q1-UL (1. 48%) Q1-UR (0. 02%) ~ 3Q1-UL (6. 70%) Q1—U_R (?. 21%) ~ 3Q1-UL (3. 25%) Q1-UR (3. 94%)
S S | =3
+ é << <C
c | |
Con ™ TM+Exo |3 i g %
© & =% =2
PARP ]
5] E 5] 5
3 01-LL(98.51%) Q1-LR (0. 00%) T3 01-LL(80. 94%) Q1-LR (4. 15%) T A 01-LL (89 01%) T
Bractin NS SN S 107 10° 10¢  10° 106 107 102 10° 10*  10° 106 107 102710° 10¢ 105 106 107
B525-A B525-A B525-A

A B

A:Western blotting & Il ## 7= 2 1 PARP; B Jit 2 240 M A A6 I 40 i o =

& 5

3 it ®

Hif, PR AR C S8 T 28/ AKT B L WL
FU RV R = RNV A N 11 A a7 = M= I o )
PRz 450405 2 a5 A% 2 ol 728 B DR B P LR /NS A i R
ST RH 7 B e A L BUAR AKT (9 & LR S IR AH ]
{H B 2R LA /N8 20 MO 4 1 (U T2 L SR 38D 38 WA W 3t
ST B D RE A0 A Ry 32 EE SRR AE L T B /N AN
WTofE AKL B &4k Bl e Y. ARBESE

hUC-MSCs-Exo i £ B 1= 89 2% i

H1,1.2.4 pg/mL TM Ab B2 HKC 24 h J5 ¥ g 30 i 40
i 348 3 P L O S KO A M 5 I A e A A T 2 2R
WHR TM g5 5 HKC 1,

W58 i 38 - MSCs-41 if #h %% 30 38 3 /% 3% miRNAs
¥ %S ERKL/2 ik, {2 #F i s HKC [ 4%
%, hUC-MSCs-Exo il i3 1% 38 & 9% A § 14-3-3¢,
AW S R AR ATG-161L A 5 AEH . {2
i HKC AW, 755 40 A2 S NI AP0 Ea 75 5 1
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AKT, 5 S0 B 98 12 9% 9l 2> R RE e I, fig 42 2F B ) g
REN , AWFSEFEW, hUC-MSCs-Exo 5 TM 4t 4k
PHLAE B I 3 o 20 A 1S GRS 1 L 5 5 HKC A Wb i 4
F LC3B.Atg5.Beclinl BY3% 1k i ; 40 i G 2 9 6 Al
it 2 4 PR A 4 A T 23 SR 38 R W hUC-MSCs-Exo fig i#
THWEEA LC3B MERAHE LiF, £RP hUC-
MSCs-Exo REFTE H W {5 = 38 1 .

MSCs-Exo 7E{67 AKI Jyiid s ZE M 2t T
“TCHN YT T Y . MISCs-21 it 41 4 ] LA i 1
P35 A AL 8 TR S E R R Y I A A A A R B LR
A R B R 2% R AKTVYY L BFSE R BT, hUC-
MSCs-Exo il i # il MAPK/ERK {55 i #% 19 #UIE »
AT B HKC =M%, hUC-MSCs-Exo 3@ 1 | 7
miR-146b 7K -, DT 0 il 4% K 7 kB {6 P A9 5 %
S+ B S AR e 5 A ¢ AKT /N BRI 375 AL TF A
IR 25 5 A0 B /N A O T, 32 7R hUC-MSCs-
Exo R E 20/ e 3 0E A 06 AKT () —Fh &8 iR 97 24
P A S WA B A N U HE A miRNA %
S5 40 v, X AKT B A K 8 B0 R B IR T A B AT 4
feE VY. BF 98 & B, hUC-MSCs-Exo i it #5 #F
miR-21, I p38 MAPK {553 % , Jall 5 52 & N Bz 2
ML PR 5 PN 98 o DA T PR B R I PN B 24 L B 57 B A1
(40 B T . AR B 58 . hUC-MSCs-Exo 4b
HKC ERT- %Rl (11. 37+ 1. 700 % FE| (7. 72+
0.38) % .38 hUC-MSCs-Exo HE3 1 34 3 41 g [ 1
MEgE TMiEF MM T . T 4B Exo f
&5 A W IR % U) A 1 Z i miRNA, 41 miR-
181-5p.miR-29 .miR-30d-5p .miR-221/222 &2

25 ik . MSCs-Exo i i i 5§ HKC A W &
A4 A 08 T (H B AT F A WS AKT By 0F 5% %
JE& A By Bt » Exo s S FTIE T B W ) OC B 5
i A B B 4R 9E Exo WP 436 E W A HE e O 50
T RMPFRE L

S % Uk
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