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Protective effect of astrocyte exosomes on hypoxic-ischemic neurons
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Abstract: Objective  To study the effect of astrocyte exosomes on hypoxic-ischemic neurons. Methods  Rat
astrocytes were cultured in vitro, and differential centrifugation was used to obtain the exosomes from the cell
supernatant. Transmission electron microscopy, Nanosight, and Western blot were used for the identification of
exosomes. BCA method was used to measure the concentration of exosomes. Rat neurons were cultured in vitro and
then divided into control group, exosome group, oxygen glucose deprivation (OGD) group, and OGD+exosome group
(n=3 each). The OGD and OGD+exosome groups were cultured in glucose-free medium under the hypoxic condition.
The exosome and OGD+exosome groups were treated with exosomes at a final concentration of 22 pg/mL. The control
and OGD groups were given an equal volume of phosphate-buffered saline. ELISA was used to measure the level of
lactate dehydrogenase (LDH) in neurons. The terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling
was used to measure the apoptotic index of neurons. Results The identification of exosomes showed that the exosomes
extracted by differential centrifugation had the features of exosomes. Compared with the control and exosome groups,
the OGD group had significant increases in LDH level and apoptotic index (P<0.05). Compared with the OGD group,
the OGD+exosome group had significant reductions in LDH level and apoptotic index (P<0.05). Conclusions The
exosomes from astrocytes have a protective effect on neurons with hypoxic-ischemic injury.
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A L sk & sk I P KR (hypoxic-ischemic
encephalopathy, HIE ) 231 2E JLII Y & WL, HE
HIE B LRRIEREGS, AT R ILE S HBAAL
B DIRERENS , S E A R G sE

A1 UM A0 R T B A AR, EAR
2y 30~200 nm, AMUATHEEFE T, IR, IR
HEATANE R 15 S 128, I HA R TIRE, WY
T Z R0 IR YT . HAR 30~110 nm AU MR
AT LAH L 05 B, P RE AR YT HIE AHT ik,
AW A BB IG5 40 RT3 b 22 ) Joi ok fr 4
HRRBHZE R SR P, AFCRP O R A5 2 o 430
HMUMAR S LA Ty B — D B SEAIESE . AR ST
b A R TR o 4 A7 A A o R AR A 28 T i fR A
YEFS, SR ER R AU 1 o 38 B TR YT 5 i B AT
W
1 HESH®
1.1 FERFS5UEF
X7 DMEM fmbERE 2L . DMEM JoHi G 574 |
Neurobasal 5383 . e 4- ML%E . PBS. B27. X4t
H0.25% JpREE FBHR (SEE GIBCO A F]) 5 258
2R . DNA i I ( DNAsel ) | FLERI 208G (LDH)
R & . PKH67 ZekL (52 SIGMA A F]) 5 Jesh
WMATGR A M (€ SBIAH ) 5 TUNEL -4
Mk & (95 [E PROMEGA /A ) 5 BCAH &

( BB RAEWHARARAT] ) 5 $T B-actin FT
A B E AW ISR IC L =E PR LB B
IeG Pk (LA IEREAE M HARA RTAE L] ) 5 /)
FRPTREL ALIX B e iR . /NRPTK R CD63 H
seREPUA (56 BIO-RAD A+ ) 3 ECL A0t6H (b
WX EEYHEARARAR) .

I AR (EEDEAR) 3
T fE R G 7246 ( HAS =3A R ) 2Ot Es (H
A Nickon 23] ) 5 (s Ay . RIRECHL (12
Eppendorf A7) ) 5 R B AL, MmOl
BLOE (RE &AW ) AMMARARK I ( 5
Malvern 23 ] ) 5 3R P4 Jis P9t Mt 458 Jid WL 9k (SDS-
PAGE) , MEFHIKRGMRAEERRE RS (£H
BIO-RAD AH] ) .

1.2 HpakESR
B #r A= 1 d Sprague-Dawley (SD) K B K i

B2, SRR, A 0.25% JREE AU DL & 30 pg/ml 11
DNAse I 7648 i 55 3246 th I AL 15 min J5 % X5 1L
W, FIMASEATECE A R T AN R TR (5
B DMEM+10% fit 2F L3 +1% W4T ) 21k 4k,
1 mL BIREFHERATIEH S, FE R Ui
JE W E iSRG g (70 pm 4NRENR ), B LU L
AR 2 W, DL bl BRI R UK L HRE . i )E
Y1 BB B IR AT E AR, P 2.0x 10°
A Ml 1 %5 B H2 b 21 22 RO 2R AL 95 19 T-75 15
I (EIER AN ) A 24 FLAR (#FZo0)
A 37°C. 5% CO, ¥EFRAf™, 2 d Pl 1 1k,
1.3 SMipEREL

FH PBS 4 P e B A i v 2 1k, HH 10% 11
TCHMI AR LT 15 752 B AR 10% AR 2 il 3 15 7 2k
Ak 1G% 48~72 h J5 AR AN i W, SR A 223K
B IR BUR R AN, BT B DA R TR
4CHKRAF TR, HAD TR K D, Bk
AW R AR O HL 1200 r/min 10 min F1
3200 r/min 20 min 25 0 H0RE B FIZLANAR ;b iE W
KL P& B 0L 15000 r/min 45 min B E40H06
FRA AN IMENL; R 022 pum (5 g% 08 b
W D182 B0 HL 30000 r/min 90 min 45 B AR %
s PBS EEEL.LEMTEEE O 1K &a
FH 50~100 pL PBS B ETUEATT -80°CH&H
1.4 SMMEETE

BB 4% Z2 R EEINBK, TH
5L FHBEMAE, 75 THIAEE P EE 20 ming PBS
HUE, 1% X _EWH 5 min; Z8M/KEVEIL 8 Ik,
FEIK 2 min, FHBERE IR (pH=7) #F 5 min,
PRI H A 4E Z UK B E 10 ming WEZ R
&, FCE 5~10 min J5HUES TOUEL O,

Nanosight FLA2 70T s SEHE—UPE T A A
fh, 212 TE A PBS HE AR, kS
FErE, R TR IR A, e AR
FRAERLTE_EAUSI

Western blot: ¥ £ B 19 4F W6 1K i 47 SDS-
PAGE, FfiJ5 %% 2 PVDF B, AR W3k &4 1 h
JE A SIIMA$T ALIX . CD63 Fl P-actin Hifdk, 4°CHF
B, EUEE IR S A B bR IC i T,
KA ECL Z6 B, R R RS HT .
1.5 BCA ZHMSMNMEE QiR E

B 10 pL A is A 5 45 1 W ZE KR AT, inEl 96
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UM BUbRUMESE A0, 1, 2, 4, 8, 12, 16,
20 pL s 96 FLAR,, A2 20 pL [ HXZEKEMNME
TR E N 0.5 pe/ul. H & E & TAER B Fl A
PL50:1 M ERBIIR ST, DABEFL 200 pL S ABRAE S,
FREFIUAE b O B A ke e S = A ), ik
A 30°CK IR EE I B 20~30 min J5 & T EFFRIL, %
BRI A AS62 nm, EMOEEEE . ARSEARIE S
WG EE(E bRl 2, FRAR B bm o th S it b
WHRRE TR T (mg/mL) .
1.6 HATEEHNFEEEISHHE

P25 T BE 2R K 6~7 d J5 4 X BRAH . APl
], AFERZF (OGD) 4 M OGD+ Fh ik 4
OGD 41 F1 OGD+ ZMNIBALH W F< 55 32 5L, FH B4
(1% 0,, 5% CO,) [HIJCHE DMED B3 323350k 2 Kk,
TETCHE DMEM 3557 5L 554 N alCA 37 CHVE IS S48
SR 2 h 5, RHER IR AEUE 2 WOF 4T 1E
WAL TR R Y, SNBRAIH OGD+ SNIBMAZL 1Y
AL FE 22 pg/mlL BIHMIBA,  HoAth 9 21 2R 1 45
AT PBS b3, Z S BIFEIE S5/ T aheds o .
1.7 ELISA %%l LDH 7k FE R #HZ TR TS
i

Pl 22 04 SN IR AL B 24 h S5, B4 |3
P& FL 50 pl = m A 96 FLAR, 44 3 44 L.
¥ NADH L1 O, 2. 4. 6. 8, 10 puL & il A 96 £L
M, 7R 50 L (49 LDH 43 #F 2% vl b /o 4%
LDH 4317 5% vh i FN JE TR A LA 2401 1 L TR
G395, DAEEFL 50 pl 2 AREIIRE S A AR o 5
H1, 2~3 min J5 i E TR, R EWOCE R
A450 nm, WMERIGWOEEEE, ZJ5%5E S min I E
LR, ELERE S WO R (B b o it e R B, A3

BOE 2 UOE Ry el AR A I o IO B (B 2 1
P, AR bRt 2t S LDH (B, &
feanp e A 3 RIBCH A%, Sl 3 HLatffl.
1.8 TUNEL #&ill# e oA T

A TCAINERAEFR 24 h )i, Wk FIER,
F5 R TUNEL 12501 &0 100 B 5 A6 0 pf 28 T 08 T 10
BRI, PBSIEYE, 4% 25 W [ e 40,
PBS W5k, 0.2%Triton ZE/E, PBS W UE, A2 nh
WAL FRAR MG, TN CTAT R E % vhRE G E 1 h,
0 TUNEL 2K 113 15 min 2112V, PBS T ¥k,
JIA DAPL W H 5~10 min, PBSVHYE, HH, 966
WA NS, BN E A 3 RO A,
% 3 A
1.9 HITFESH

K FH SPSS 24.0 et 844 X B 2547 48 12
rHTe TR RER I £ RiEE (xxs) &
N, ZAE R R T 2200, AN
FL R SNK-g i Jr 22 A55EF, Z4lm i
K H Kruskal-Wallis A £ 55, 20 [8) 5 P LE 55k
Bonferroni 1%, P<0.05 NZESRASTHE L,

2 #R

2.1 SMNIMEERE

375 SR HL B 2 AR R A I A 2 28 B AR TR
FE 251 Nanosight 25 S i 7% A1 36 4 b7 42 - 34 {8
A 1139 nm, H 92.7% i F 20~200 nm &5 [F 4 ;
Western blot £ 5 il /= AN IAMA SR T8 41 5 Sl 1A 26 i
Fric¥) CD63 Fi Alix, ULIE 1
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Fidz (nm)

Alix m_ 100 KDa
C ' e
CeTri

CD63 50 KDa
w—

1 EMBRRERMMELEEER KA B

HLBE ((x42000) 4558 R BB IMBIRRF A 2 AR TDIRIE S

(Fi3kFis) ;5 € B: Nanosight 455 B8 ANBAR AR 92.7% 13 F
20~200 nm JEE N ; B C: Western blot 25 5 5 7R Z WA 4 32 T #5417
£ CD63 Hl Alix.,

2.2 BCA EWwNIMNMEEBRIRE
MR 4 b o B 10 A5 F £ el Oy R
Y=0.7742X+0.0065, R’=0.99364, [m])4 )5 #¢4 4iit
27 (F=780.565, P<0.001) , AJLAIAK 562 nm
Ak B R ' AR B, R B 2 TR LR IRl G &R
LI 2,
SEUN A CINE iy i NP VR TN el i 7 )
1.11 mg/ml.,
2.3 MHZTLETIHEREN
KA P40 LDH E i 28 A i 2- i L
(P<0.001) . S5xRE4AH L, OGD 41 LDH fH &
FHIM (P<0.05) , UiBH OGD BB HIAE R 35 4
WAL S5 REZAAA L, LDH (H22 RSt X
(P>0.05) , ULHASMIMATE S ZICAZ OGD i)
HEFHACR ATREA I 2 ; 5 OGD A AH L, OGD+

AN LDH {H I F AR (P<0.05) , BiBHAMN®
PRRE W/ OGD A2 cHiifi, W 1.

0.6+
Y=0.7742X+0.0065
R*=0.99364
059 pcooot
o
£
&
£
)
®
I
e}
0 . T T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
562 nm Ab B EAE

2 BCAZEMEZEBRE R Eatrifethgdl sz
HISEPRELIR, RP=0.99364 FrRINGRE (7] LIFESY 99.36% K 1k

FHEKBRAREEMHZT LDH K ERIF T4t

(n=3, x+s)

=1

LDH

ALl (milliunits/mL) ALt
XFHRZ 0.101 +0.015 0.088 = 0.040
SR 0.100 = 0.014 0.066 + 0.030
0GD 4 0.277 +0.022"" 0.258 + 0.066""
OGD+ FNIMAZ 0.225 +0.015™ 0.147 + 0.065°

F(H) {8 250.630 (22.161)

P1H <0.001 <0.001

W am SXF A L, P<0.05; b5 oMb i,
P<0.05; ¢ 785 OGD 4148, P<0.05,

2.4 MAZITTIATHEN

BN T IR ER A G F 2 XL
(P<0.001) . SXFREAAHL, OGD 4 #1457 £k
WEW (P<0.05) , LW OGD #E A VE 1 5
SR SRR A L, AT IR B2E R G
B (P>0.05) , ULEHSMBRTEMZITARZ OGD
B E AR W REAR B 5 5 OGD 4l b,
OGD+ FNIMARJH T-H8 50 B AL (P<0.05) , Wt
B AN IMARE B 508/ OGD & Tty , Wk 1,
K3,
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DAPI TUNEL Merge
Xt R
Sh iRz
0GD 4
OGD+ SN AL

3 TUNEL jE#m#&ZTAT (x100)
TUNEL'DAPI* 4iijits .

s

3 itig
KBS REAEBABINSET, 55
MM IET, DFREH, Sl
7 R E AL AW T RBEE R T AR AR,
MOk Z R ZBRAT- 25 T HIE ) &4k R
AR, IR EC T HIE 137 B S P,
Ophelders 2 " $5 it , BRI & LSS, #Rbk
S A 2 VR () 70 5 40 B 4 P A A T A A )
g, M HIE 77 % 1Y 5 8 fiE . Zhang % 1
% SRR ST 5T 240 M A A RT DA T A 22 T o A
W, X ATREF miR-17-92 F&. AR BN, F
T T 20 B A1 A T AT A 1 il 45343 S 0
ZRVERN, P8 B B A R, e i 5 K
Mz shIhae ", WA A, ST
AT, AN BRI A AN IAMA miR-124-3p S 3G,
AT APl 2 R S, A ki 22 Al 28 A R 1
IR ARGEIESE T AN AN fh 2 R G A R E
AR A 28 R G0 SO AR, B R 5 4 i 1
AT R S I 28 5T 7 A AR R L, 23R

W AR Sk €y TUNEL Z00E; i Gt @Rk a akon

REOCEMMIT, SXHRA R, OGD AT 88, 0GD HZIMNBIRLFE S, JHT-50 /.

(NE = <3E 0] I

BEAE AT 7 B TR o 40 ol it 22 i A
O 278 SR N TS5 500 T 5 AR 2 R G H
fb 4 A AR, X Be {55 X 4R A 22
RGBSR EZMM ", Zhang 55 " Kk B9 40
MRS RIS, RS T T BRI B4
LM A=, RS A %) B 5 4 i T BT EL 7 miR-
19 A AU AR, 388 3 410 ) [ 0 Wt R g — 5
( phosphatase and tensin homolog, PTEN ){i5 518 4,
sEEAL P T CCL-2 Rk, HE N30 i 482 240 i 1Y
AT AT SR, X LB B 2T R A
SNIBHARTT LLZE SR A 1 s 1, B RRTE R R R R
18 BT I I3 240 A ) R i 48 VR s 2 11 BT AR
P, BT REXT I AR AT A R E T Y, s
W EE R BIE BB A0 M S MWMA TT LR HE 2 Fh D fE
17 32 SE A AL ] 2 5 70 i AU ke i pf 2250 b K #2 2)
REIE s Z it — D05

AHFFE TS0 R M 22704 OGD 4b3H 2 h fiE
PRI R AR, TR R ST A0 DA T A
ik, FATANRIEK AL OGD 4B 2h 5
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X HE AT B S i 22 5, i A B IR S I AR A,
BeA B R R 25, MJC OGD Y 2 I 5 it 40 fifd
ARIUI WA FH 552 50 2 A 5 dte A a0 ot i 463 473 194 9
BRI o ARG R FH 22 3 B 0o v R SR R AR K 5%
EE TR B IO 20 T S R B AN IR, 3 K A
TRAE T 200 OGD 4LARTX BEZH, K628 51 BoR
OGD 2 e 4 AMNMARLL BS LDH (A 40 08 741
S5 BB A R, IR, ARFITAs R4S,
B TP B I A0 it 7= A (R AN R AT BBz 385 5 o 5t
P2 TE = A AR, E R TR B S5 200 Bt A R 2
IS T e Pl 75 ZEt— 2 oY

gE AR, IR I 4N A b A T i/ Bl A
B E SR 2T IR T . X —F5E & BA HIE #f
AR T B S ALE], SR Y R T 2R
BCA HIE J697 BHT R

(2 % x k]
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