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B RGCs Jin A M b PR35 97 40, 38 32 CCK -8 k4G 1 4% 40
RGCs 4l 34 58 3% 77, qPCR 354 I 45 41 RGCs ' BDNF |
Caspase—3 ] mRNA 3 K /K -, Western Blot i il 4% 24
RGCs 7 BDNF , Caspase—3 Y2 22 3R K,

SR .CCK-8 VAR & B, EX 4L, 5 24 h B4
B IG SR B 48 h B A I GE S 77 T (P<0.05) , #E48 h
if, 5 AN 40,80, 120 mmHg #5240 A1 Eb | A SN A 5
HHYE 13 T3 P<0.05) . qPCR A & B, 5% IR
ZH He 8,40 mmHg 41" BDNF mRNA 235 T, {H L 2% &
(P>0.05),80.120 mmHg 41t BDNF mRNA 223k F [ (2
P<0.05) ., JJE 40,80 mmHg 41 i A #M b1 J5 RGCs HY
BDNF mRNA F£ik# T+ (3 P<0.05) , JinF& 120 mmHg 41
INASMIBA G RGCs ) BDNF mRNA %3k EFF (H 2 R
(P>0.05) , 5XF R4, I 40 mmHg Hrh Caspase—3
B mRNA ik BEJbH, H I 2% (P>0.05), il & 80,
120 mmHgZ "' Caspase —3 mRNA £ K ¥ EF+ (¥ P<
0.05), JiJE 40,80 mmHgZH fin A SN AR IA 7 J5 RGCs 1)
Caspase—3 mRNA 35 T (P<0.05) , iTE 120 mmHg 44
INASNBAKIG ST 5 RGCs Caspase—3 Y mRNA ik FF%,

{HIE2E 5 (P>0.05) . Western Blot K il % B, 5 XJ Hi2H [
I 40 mmHg 41 h BDNF & 1 %35 T, (HIL 2 R
(P>0.05) , & 80,120 mmHg4 1 BDNF #5 1 % 315 F %
(¥ P<0.001) , SEERIZHARLL, A SMBAIR YT S5 BDNF
BEHRBY LT P<0.05), SXTRRAL L, i 5 45 15
HIZHH Caspase—3 5 H 15 BT (¥ P<0.05) ; SR
AR, I ASMBMAIEIT J5 45 2H Caspase—3 & I Rk ¥ F
[ (1) P<0.05) .
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Abstract

o AIM. To assess the protective effect of adipose tissue-
derived mesenchymal stem cells (ADSCs) exosomes on
injured retinal ganglion cells (RGCs) by establishing an in
vitro rat RGC pressure injury model.

¢ METHODS: ADSCs were cultured, and exosomes were
extracted from the supernatant and identified. Rat RGCs
were divided into a control group, pressure model groups
(40, 80, 120 mmHg), and exosome-treated groups under
different pressures. Cell proliferation activity was assessed
using the CCK-8 assay. The mRNA expression levels of
brain-derived neurotrophic factor (BDNF) and Caspase-3
in RGCs were detected by gPCR, and protein levels were
measured by Western Blot.

e RESULTS: The CCK - 8 assay showed that cell
proliferation activity in the control group increased
significantly at 48 h compared to 24 h (P<0.05). At 48 h,
cell viability in the exosome - treated groups increased
significantly compared to the 40, 80, and 120 mmHg
pressure model groups (all P< 0.05). gPCR results
indicated that BDNF mRNA expression decreased in the
40 mmHg pressure model group without statistical
significance (P>0.05), and significantly decreased in the
80 and 120 mmHg pressure model groups (all P<0.05).
BDNF mRNA expression significantly increased in the 40
and 80 mmHg pressure model groups after exosome
treatment (both P<0.05), and increased in the 120 mmHg
pressure model group without statistical significance ( P>
0.05). Caspase - 3 mRNA expression increased in the
40 mmHg pressure model group without statistical
significance ( P>0.05), and significantly increased in the 80
and 120 mmHg pressure model groups (all P<0.05).
Caspase- 3 mRNA expression significantly decreased in
the 40 and 80 mmHg pressure model groups after
exosome treatment ( P< 0.05), and decreased in the
120 mmHg pressure model group without statistical
significance ( P>0.05). Western Blot analysis showed that
BDNF protein expression decreased in the 40 mmHg
pressure model group without statistical significance ( P>
0.05), and significantly decreased in the 80 and 120 mmHg
pressure model groups (all P<0.001). After exosome
treatment, BDNF protein expression significantly
increased compared to the pressure model groups (all P<
0. 05 ). Caspase - 3 protein expression increased
significantly in all pressure model groups compared to the
control group (all P<0.05), and significantly decreased in
all exosome - treated groups compared to the model
groups (all P<0.05).

¢ CONCLUSION . ADSCs-derived exosomes enhance cell
proliferation and viability in cultured rat RGCs in vitro
under different pressure-induced injuries, enhance BDNF
mRNA and protein expression levels, and reduce
Caspase-3 mRNA and protein expression levels,
suggesting that ADSCs - derived exosomes have a
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protective effect on pressure-injured in cultured rat RGCs
in vitro.
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JEIH . 2020 AEFEARER 50 2 R DL B NHE, 3 DGR 2 2k B
S R Y RO IR A a3 A 0 3 RE 5 2 TR
X JBE 41 2 45 2 B ( vetinal ganglion cells, RGCs) #E 1= &
P, 5] 75 J5 T2l it ( mesenchymal stem cells, MSCs) B A
536 RGCs TS RE, (H 120 i #% A B AT ) IR, JC k7
G AT 2 18 ) BRS040 B AT 3 5 5% 43 A AL 1
Gy U Z Bl 2 M R F DR B RGCs, MSCs 43 W6 19 50 3% 1
(exosomes , EXO) il 12 55 73 Wb T 6E 1% 186 = W 6 Pk 4 7,
S0 it ] 38 THOR & #5 MSCs (VR R W 1) 72 5 T 4
it ( adipose tissue—derived stromal cells, ADSCs) VE R E W
L BRI (] 50 08 T 20 M — , 7T 3 5 5% 43 WAL il 43 1k A1k
WA T A 455 i U5 4 22 %8 37 A F (brain derived neurotrophic
factor, BDNF ) 76 P (1) 2 F bl 22 5 22 I ), R 98 R AN
JE 0 2H 28 4 12 1) 1 A0 L S0 o A S e B A 2 b o s i T
20 K Y 500 A%, i H ADSCs 551 48 1|] 7 R+ 41 i
( bone marrow mesenchymal stem cells, BMSCs) # L 245 &
SRIIGAERE ST B, FRATTEERE ADSCs AN A
5,3 A I A ADSCs S A J5 1A S0 5 55 TR 1 4 K
B RGCs 4l B 34 58 3% /7 . BDNF S T X F Caspase -3
MR IR HFR ADSCs HMIBR X AR HP 85 37 5 ) S BUKR
L RGCs #t y RAVE
1 RN %
1.1 88 ADSCs (3K F PGS P4 Rk A BRA A
CP-R198) Kl RGCs (M3 A BB Vi $E4: i B0 A R
/NF],CP-R122) . DMEM 5 3% 3  Neurobasal ¥ 37 3 B27
BINFA ( 3& B Gibeo 24 F]) BT P 22 i 4R 1 ¥ (MK A
Bovogen 3 H] ) CH R R E MNP 0.25% R H -
EDTA ( L 8 %1 Biolnd 7 7)), CCK - 8 & 7 & ( 3% H
Proteintech Group 3 7] ), Trizol Reagent RNA $2 B i 51
2xRealstar Green Fast Mixture with ROXIT . BCA & [ i &
AE G & (AL BEE Ol A YR A R A W ) . SDS-PAGE
B PR 0 & (BB E s RAEMBEARARAH) |
B KB B-actin EN % NN ITEEE 75 e ) JAnti—Caspase—3 $T
& Anti-BDNF Hi{A (E[E Abcam AF])
1.2 Fik
1.2.1 {k5MEFT ADSCs HU & LB K17 ADSCs 3
TTEM M2 T75 i, BT 37 C 5% CO, K 5748 h &5
I5 AR A F 80%-90% J A TAE IR, 5 & 3-5 18
A A K LA Ll 80% , WL T 7 5 A0 i B 5 Ak
A& i PBS W5 VL, B 58 42 15 95 Ak B4 Oy TG i v B SR Ak 4k
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e85 48 h WE EIEWGELL 1200 ©/min B0 20 min,
WO AR T80 CHYIUKAE .

122 RERFEEMBE Bl m L 4 CHKMUT,
300xg B 0> 10 min, KUK E 3 2 000xg.4 °C 10 min;
10 000xg 4 °C .30 min;4 °C 100 000 g.150 min B5.L>, %
Fr B3, TS PBS B85 11K 4 °C 100 000 g,150 min
M E.L, £ EEHUGER PBS A, R HUS 1SN R
I 3% 37 RIVKG I 55 3 A A7 - 80 °C . 2R FHR #3182 Y (2 ) 1 ik
175 551 EEL T S BB 0 2% B2 Western EJV 35 A6; 0] &7 10h 448 2 TAT (1)
SRS FhRE (CDY .CD63 . CD81)

1.2.3 £7 RGCs HRFEAR &S HAELEF RGCs K
YRTFE) RGCs, A Neurobasal 5242 5% 752 55 (10% iR 2 1. 15
FBS 1% XL 2% B27 #hFE5 1% -2 WEME) | B H 4%
FhF T25 Bi 8, N 1x10° cell/mL, 37 °C,5% CO,
BRI

MRYE LR F7 RGCs: X B4 1E % K5 3% RGCs, LAY

20 AAT TN E E (T B =5 A R e ZE B B SR,
TR =0T AT TG 12830 =S o) —
BT ) N5 IR 0 00 3 30, B R B GR 2 B (H))
HEAT %5 PN A, A Fs 0 43 313K 21 40 80,120 mmHg, #5242
8 hJi , BUH K5 3R, T IEH AR5 3% 4444 (37 °C ,5% CO,)
KR ARAR AR SRR 5 48 h, 43 i CAE 45 2 A M A7 )5 2k U
ANMAIE T A AR INTE 8 h 5, LA SN IBA | SR iA
e i BCA BEIE MR A 1.37 mg/mL, #54F 1 mL K555
FEAA 100 pg ANA , J7 2% 0 BB R 5
1.2.4 CCK-8 M ZAMAiES KX B4l RGCs 7o
AL G EE, LLAEFL 100 WL B 708 40 i 42 F0 T 96 FLAR
o AR S UL ARG 24 48 h ABIITS 1. B E I TR B
FEREFRIT ) 255, 38 2 CCK -8 SZ6 A6 M 45 71 20 K34 97 4
PMITE T
1.2.5 qPCR # il % ¢ RGCs & BDNF X Caspase—3 HjJ
MRNA FRiEK T Trizol ¥ W2 B4 4 RGCs 1Y 41 fifd &
RNA, 2 RNA ¥ % )5 4% B qPCR 7 & B 40 A7 380
g A5 W ¢DNA, & it 51 ¥ Caspase — 3 - F. 5" -
AAGGAGCAGCTTTGTGTGTG — 3°, Caspase — 3 — R; 5° -
TGTCTCAATGCCACAGTCCA - 3°, BDNF - F, 5 -
TAATGCAGCATGATGGGAAA - 3°, BDNF - R: 5 -
TCACAGTGAAAGCACCTTGC-3’, UL GAPDH i P £ it 17
PCR Y3, SRR 2722 %R,
1.2. 6 Western Blot # Ml & 22 RGCs # BDNF X
Caspase-3HIEAFRIEKTE RIPA 247 0 H2 B 4n iy
SR, BCA ¥R & 8 R B FE AR P A B REGE o
W LIRSS 95 C A @it i 5 min, MR & FE 5 38 o
SDS-PAGEHL K #5 F 1 5% = PVDF JI5,5% BSA w1 J5
S, 23 5 A BDNF $iddk K Caspase—3 Pk 4 CIE o
LR HIMA PR & E T B,

Biib2f 20 B Ad ] SPSS25.0 K GraphPad Prism 9.4.1
G AT G T A AL B T EORE SR Y B b o 22
(x%s) Ron, Z 4@ S 5IE LR B R Jr 2000
(ANOVA) 2N Z LR LSD—¢ R, W2 1] Lb 4%
PR REA ¢ ¥ 3, P<0.05 NESH G5 L,
2R
2.1 ADSCs MBS KRR INBRLES H 5 T B

A5 B B0 2K P A IR/ A BAT SR 302
LEK IS5 F o8 B, M H AR A9 (E 60 - 120 nm ZE A5
(E 1A), Western Blot #:illl ADSCs #b i 44 45 5 P 45 A1
CD9 .CD63,CD81 AL B FHPE (K 1B) .

2.2 fk5h RGCs #53% BRI T 3-4 h JF 4R I
BEIWGRE IS A 5 BDE | 5 2SR b i R AR S
IR AR D], 12 h AT 0R 78 S 25008 A HLANAS 25
KEA—MZERK T, 24 h QR ARE R, R K, JF
IREARER A REERKMAR(E 2),

2.3 AESFALEIEF TH RGCs EEE NG
YAfLIE SR 24 h W A] DAY ZH 55X RRZ AR LG, BEE R T Y
B AR ARFE T, R R AN S T0 TR M BE LR AT A
L PRI e S IR 2 R A K, 120 mmHg PET- e £, AL
PRIG YT 20 5 A5 T A LA W O A0 B A8 T 0 /b 4 i o R b
M, 40 mmHg+exo & 80 mmHg+exo HH NI B, HEEH K
ﬁfgﬁiﬂglﬂ@ﬂ@/}\ﬂﬂ 120 mmHg+exo 21 20 it 2% A
120 mmHg #RYZH I Jo I k2, DLIET 3 4,

CD9 W  23kDa
CDG3 - 34k Da

CD81 s 26kDa

B-actin (P 42kDa

B 1 ADSCs AMNBERARETE A A EE B ALK
TS R 1 A
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FRAIZ ;D40 mmHg+exo 4 ; E:80 mmHg+exo 41 ;F: 120 mmHg+exo 41,

2.4 CCK8 il & A RGCs MAiE I X IR P i
3524 .48 h 1Y) RGCs iy OD M 0.663 £0.046,1.284 +
0.122, 22 A G 3 X (P<0.05) ., 7F 48 h i %F IR 4H |
JIE 40 .80 .120 mmHg ) RGCs 14 OD {4 1.284+0.122
0.887+0.074,0.581+0.041 ,0.332+£0.041, % G G it &
X (F=113.802,P=0.001) , WL 5, 5% 40 mmHg #55 %!
HA A SMNBAIEIF G OD {54 0.985+0.006 , 4 il iif
N T ZRAG TR E L (P<0.05) . 5/ 80 mmHg
BAYZH AR LG, INASMIMAIG T 5 OD A R 0.703+0.054 , 4
MG B, ZRAFRITEE XL (P<0.05), 5%
120 mmHgFE R AH Eb , i ASMIBMAIAR YT J5 OD {E40.475+
0.029, 40 i% ) b, 2R A S FE L (P=0.001),

2.5 qPCR # il & 4 RGCs # BDNF X Caspase—-3 HJ
mRNA RixZE{k

2.5.1 &A™ BDNF mRNA RixZ4  XFHR4 i)k 40,
80,120 mmHg 21 RGCs ' BDNF mRNA &3k & 43 5l 4
1.000+0.000 ,0.906+0.140 ,0.769+0.126 ,0.534+0.006 , 2% 5+
HE 2 FE X (F=13.775,P<0.05) , 5% A A L, i &
40 mmHg J5 RGCs #* BDNF mRNA 35 T, H 2R T4
248 L (P>0.05) , & 80,120 mmHg /7 RGCs 1 BDNF
mRNA Ik TR, 22 7 A 51155 L (P<0.05,P<0.001) ,
LI 40 mmHg BERVLLA L, I ASMBRIARYTY IF RGCs T
BDNF mRNA ik (1.423+0.167) BT+, Z R A5 F 5
M (t=-4.112,P=0.016) , 5/ 80 mmHg AL AH I,
HIASMBAAIATY JF RGCs ' BDNF mRNA ik & (1.148+
0.182) I, 2R A G4 X (1=-2.961,P=0.042) ,
50 120 mmHg SRV AR o, A SMIBARIETY F RGCs
o' BDNF mRNA ik & (0.795+0.163) b T, {H2 R TG4
P X (1=-2.760,P=0.051) ,

2.5.2 & 4Ah Caspase-3 mRNA FKixZ4L X RAH )k
40.80.,120 mmHg H RGCs F Caspase—3 mRNA FKIhEH4
B4 1.000+0.000, 1.378 +0.285 . 4.700 + 0.498 . 8.870 +
3.837, 2544 %5 L (F=10.651,P<0.05), 5XfHg
ZHAH L, N 40 mmHg J5 RGCs 28] Caspase—3 mRNA ik
I EZER IS L(P>0.05) , il 80,120 mmHg
J& RGCs Caspase—3 mRNA %ﬁiﬂ,%ﬁﬁ%l‘f?%
L(P<0.05,P=0.001), S5/IJE 40 mmHg B RIZHAA L, fin
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1. 569

1. 04

OD1&
] .

0.5+ a

0.0-

B 5 IHRASEERIA 48 h HEEEE AERE
*P<0.05 vs X FREH

AGN WK V6 J7 J5 RGCs 1 Caspase — 3 mRNA £ ik &
(0.892+0.067) TR, 2R HHIT¥#E L (1=2.870,P =
0.045) . 5% 80 mmHg #AVZAH LE, A SP W AR T
J& RGCs ' Caspase—3 mRNA ik & (2.162+0.406) T [,
ZRAGRITFE L (1=6.844,P=0.002), 5k
120 mmHg A% Y 20 41 Fb, fin A 4h W 1R 36 97 J5 RGCs
Caspase—3 mRNA A (5.188+0.249) T, H 2= 7 TLH
PEE X (1=1.658,P=0.173) .

2.6 Western Blot #:il| %% ¢ RGCs # BDNF K Caspase-3
HMEARETL

2.6.1 %4 BDNF EEFRIZETWH SXTHA LR, Nk
40 mmHg Ji7 RGCs ) BDNF 2 (R IL A F R, H2ERT
Giit#m L (P>0.05), % 80,120 mmHg 5 RGCs 1)
BDNFEHREH T, 25 A% %8 L (¥ P<
0.001) , WKl 6 . 7A, AN[AIE T8 RGCs R YT 411 BDNF 2
MRk SERIA iR, Rk m ¥ LI, 2R A5 E
X (#] P<0.05) , LI 7B,

2.6.2 FH Caspase-3 EARIETH SXTHRA LI,
JIJE 40,80 .120 mmHg A2 1 Caspase—3 TE [ #£ A I
TH EZREH S ¥ X (P=0.001,<0.001,<0.001), U
& 8A, AFIEJIH RGCs R YT 4l Caspase—3 #H Rk
SRR, R EY TR, Z5F A% B L (P=
0.001,P<0.05,P<0.05) , "%l 8B,
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Caspase-3 # S8 S5 S W% 8 8 32kDa
BDNF e S Qi s Sww #on mwe | S5kDa

B-actin A wp WP WD SN S - 2iDa

Control 40 40+exo

80

80+exo 120 120+exo (mmHg)

6 %54 BDNF F Caspase-3 HIE A RILLEE,

0. 4
0.3
0.2 b

0.1+

BDNF ZEARIEKTE >

E7

0. 8
b
0. 6 T

0. 44 b

nl

Caspase3 & B FRik K F >
Caspase3 EERIEKF 5

o

BDNF EEHRIEKF

0. 8

e
o
1

0. 4+

0.2+

0.0~

R -
B Y
0.3 R
a
a
0.2+
0. 14
0.0~
40 80 120
& 77 (nmlg)

FEMAH BDNF BE B RIEKFHERE  A."P<0.01 vs XIBY;B.*P<0.05 vs HEI4H

R A
= T4l

40 80

F& 77 (mmHg)

120

B 8 &% RGCs th Caspase-3 EARIKKFEMIRE  A."P<0.01 vs XL ;B."P<0.05," P<0.01 vs FLHIL],

31tie

Cordeiro %5 3 =t AT WA 43 T IE 92 T 1o IR K BRUASE
AUt RGCs MIPAT:, RGCs MANATSET- 80 1 #HOLIR &
FORABI I RER A o MG A A 5 0E 52 35 B A s oA 12 S
FoH MSCs, W] i RGCs il 28 77 1% R AEGL 11 2% | & & 4
It A MSCs B A 2 5 SO0 I IR 55 | it A T
SEIFRAEN . MSCs BR T ZREMEIE S 41, Hoo 4y Wb T fik
WA RS LB B L 2 —" T 4l 4 I Y
G SR A5 3 WA RE I G B

ARSI TR AN [ R ) R K5 5 RGCs, A6 il 4% 245 240 Jfd
Caspase—3 . BDNF 1945 4 A1 mRNA 323k, DL % 41 M 18 58 15
JIKHE RGCs M i fE B, AT R, R JE RGCs
RIS J1 TR, Caspase—3 1) mRNA K 3K [ 19 ik i 2%
T, X ST/ B AR 22 855 R RN A T A 78 i RGCs 3240
Jo K B LS Caspase—3 B FRIE—8Y | IR A 9T &
B 1451 J5 RGCs H BDNF () mRNA K (1 £k F
K%, Bl R 38 0, RGC FET- i — 25 4 &2 BDNF R ik il
— TR, X AT HEJE N RGCs 32455 1A 41 A 38F 14 A1
DG HE R TR U sk 2 240 i ) 7 A ) 5 B B g 1 7 Ak

T AN M SRR D) RE A, S BN A BB R R 32
BEL, AT S 300 2885 35 I8 Az (R e (HAE TR
NTEF 58 v, Jn . 40 mmHg 20 5 %5 B8 28 41 [t RGCs 1Y
Caspase—3 mRNA ik [ FHHE R &3, BDNF i) mRNA &
BOAMRIE TR R E X 682K /N5 3 RCCs
it BT R,

5 HAth MSCs A H , ADSCs Y = S48 5 A A 41k I8 F
B HZUICEE RN 7 25 5 1k L AT B, [RIRE ADSCs 4M ik
&G IHREF B 2RI fe a7 AT LA
W7 HERIZHFN ADSCs A AMATR TT 241 RGCs 1 241 it 3 B 7%
J1LA K Caspase—3 B9 mRNA K8 FI3RIK7K -, A I 140
i) RGCs IMASMIMASS , 345835 71 Tt , Caspase—3 # ik
FEAIG, X R W AN 7 40 1) RGCs A R AET, Ak
WA RO E R AT W AT T 9104 . BDNF
VR Zs 8 F2 N T 2 — X RGCs BR3P 4 1 B 8 UE 52
B LA R it RGCs 4l 28 386 17 12 B 21 40 W s,
v s, 8 7 00 X B 424 200 )2 A P9 A% 2 A B et
ARSI I LA (6] R 1 4405 B9 RGCs I A SN IMAIG T
HIJ5 BDNF [ ik, & B A SR I6 97 5, RGCs

1699



EfRIRRIRE 204 FENH $£24% F£1H
815 :029- 82245172 85205906

http://ies.ijo.cn
B8 F{57%§.1J0.2000@ 163.com

BDNF ) mRNA K 8 H 3 35 8 0, A 52 5 78 fn &
120 mmHgf) RGCs 41 ASMAAIA YT 5, BDNF £ mRNA
FIETHE, Caspase—3 BY mRNA F£A[EMK, B2 RS IT
2278 S, e SR T RGCs ZEMIE 120 mmHg AF A T-3 £ |
AN G BEE ST B9 BDNF K Caspase—3 FJ 541
HBRSE, AT KB MSCs A I Y Zh s A (4 2 37 1
FIRE S E SR A OC, /I BUSE 56 A il 2 B T AR A
o TE ST ADSCs Ah i 44 IS A A5 il 58 1 A 52 56 i kB
ADSCs A1 s 4 Hh A7 7 2 Fh bl 2 78 35 I - 3 s =
BMSCs, ADSCs #1125 &8 T 4l }fl ( dental pulp stem cells,
DPSCs) W] i it 55 73 WA BIL ] 73 Wb 4 45 BDNF 7 N 1) 2 Ff pof
ZEFREFE AW AR T E) TR ) TSR T 40
(umbilical cord mesenchymal stem cells, UMSCs ) 4h i {4 5
Y BDNF, 31 - BDNF -TrkB 3 J% X% K B i M A A0 o 1)
RGCs BAEMRYER™ Bk SERFIT 45 R K W] ADSCs 41
PRX IR BOR B RGCs #5241 (9 4 47/ I 7T iE 5 BDNF
A, BDNF 3 3534 I 2 B Ay 0 WA 4% 114 1 2 5 7% 2 30
i S HARAlT B AR 6 Vo) 1 R R W I — AR TS, A0
I FF R 24, Caspase-3 REE N H P —NET-HF
Rik, HL A TEHARIC (A AMNB AR A 2B A2 ek
/b RGCs JAT 30 E e — AP WP 58 e b i 8 i 9 X 7 19
FIBRHE

L5 LR A ADSCs A WA A W] 2 55 AR S0 55 57 s )
B RGCs FIANMLNG 73, H i BDNF (1) mRNA B 2 1 3%
ik FEAK Caspase—3 B mRNA M5, ADSCs ZMA
X I1 5 BOR B RGCs Wy 15 A7 Of 47 4 T, ml i 5 36 hm
BDNF (1335 B/ 8 T~ [ Caspase—3 B R EAT K, H
WESEEG A RIS, 7 3l ) 5 56 v i ke 2 B, HAAAE:
PRI B e -t A5 1 1 — 20 BT, S 4 BAT R BR 1
W, 2 J5 B AT TR N7 R e MR A AR 3 S A o 1
HMIBA , i — 2B IE ADSCs AMAMA X W8 28 1) D47 7
BITHMBAAE T RGCs Hh RE LR 5E 3R P 203 B e il o
AR 250 19 53 5 BILTR] , S 75 DG HR A LR 2850 BRI T 4
U R
SE
[1] GBD Blindness and Vision Impairment Collaborators, Vision Loss
Expert Group of the Global Burden of Disease Study. Causes of blindness
and vision impairment in 2020 and trends over 30 years, and prevalence
of avoidable blindness in relation to VISION 2020; the right to sight: an
analysis for the global burden of disease study. Lancet Glob Health,
2021,9(2) : e144—e160.
[2] Jutley G, Luk SM, Dehabadi MH, et al. Management of glaucoma
as a neurodegenerative disease. Neurodegener Dis Manag, 2017,7(2) .
157-172.
[3] Naji A, Eitoku M, Favier B, et al. Biological functions of
mesenchymal stem cells and clinical implications. Cell Mol Life Sci,
2019,76(17) :3323-3348.
(4] L@, Fmirr, s, 5. B 5o 8T 240 ik A (458
1 miR-210 A 5 K BUEBEHL0 5 1 o 2 09 PR . B S 2,
2022,42(1) :15-24,36

1700

[5] Mead B, Logan A, Berry M, et al. Paracrine — mediated
neuroprotection and neuritogenesis of axotomised retinal ganglion cells by
human dental pulp stem cells: comparison with human bone marrow and
adipose — derived mesenchymal stem cells. PLoS One, 2014, 9
(10) :e109305.

[6] Zhang Y, Khan D, Delling J, et al. Mechanisms underlying the
osteo— and adipo—differentiation of human mesenchymal stem cells. Sci
World J, 2012,2012.793823.

[7] Lotfy A, Salama M, Zahran F, et al. Characterization of
mesenchymal stem cells derived from rat bone marrow and adipose tissue ;
a comparative study. Int J Stem Cells, 2014,7(2) :135-142.

[8] WPHs, Woie e, XUa8e, & B BEN SR T40 M S ML IR I
2R 20 O SO R 2 PRI A . AU TRRBFSE, 2019,23(21)
3316-3322.

[9] Cordeiro MF, Normando EM, Cardoso MJ, et al. Real—time imaging
of single neuronal cell apoptosis in patients with glaucoma. Brain, 2017,
140(6) :1757-1767.

[10] Johnson TV, Bull ND, Hunt DP, et al. Neuroprotective effects of
intravitreal mesenchymal stem cell transplantation in experimental
glaucoma. Invest Ophthalmol Vis Sci, 2010,51(4) :2051-2059.

[11] Kuriyan AE, Albini TA, Townsend JH, et al. Vision loss after
intravitreal injection of autologous “stem cells” for AMD. N Engl J] Med,
2017,376(11) :1047-1053.

[12] Liang XT, Ding Y, Zhang YL, et al. Paracrine mechanisms of
mesenchymal stem cell —based therapy: current status and perspectives.
Cell Transplant, 2014,23(9) :1045-1059.

[13] Joo HS, Suh JH, Lee HJ, et al. Current knowledge and future
perspectives on mesenchymal stem cell — derived exosomes as a new
therapeutic agent. Int J Mol Sci, 2020,21(3) .727.

[14] Liu YY, Yan H, Chen S, et al. Caspase—3 inhibitor Z-DEVD-
FMK enhances retinal ganglion cell survival and vision restoration after
rabbit traumatic optic nerve injury. Restor Neurol Neurosci, 2015, 33
(2) :205-220.

[15] Guo Y, Johnson EC, Cepurna WO, et al. Early gene expression
changes in the retinal ganglion cell layer of a rat glaucoma model. Invest
Ophthalmol Vis Sci, 2011,52(3) :1460-1473.

[16] Bunnell BA. Adipose tissue — derived mesenchymal stem cells.
Cells, 2021,10(12) :3433.

[ 17] Herzog KH, von Bartheld CS. Contributions of the optic tectum and
the retina as sources of brain — derived neurotrophic factor for retinal
ganglion cells in the chick embryo. J Neurosci, 1998, 18 ( 8):
2891-2906.

[18] Perez MTR, Caminos E. Expression of brain—derived neurotrophic
factor and of its functional receptor in neonatal and adult rat retina.
Neurosci Lett, 1995,183(1-2) :96-99.

[19] Bucan V, Vaslaitis D, Peck CT, et al. Effect of exosomes from rat
adipose—derived mesenchymal stem cells on neurite outgrowth and sciatic
nerve regeneration after crush injury. Mol Neurobiol, 2019,56 (3):
1812-1824.

[20] Gao X, He GH, Zhang XT, et al. Protective effect of human
umbilical cord mesenchymal stem cell —derived exosomes on rat retinal
neurons in hyperglycemia through the brain—derived neurotrophic factor/
TrkB pathway. Int J Ophthalmol, 2021,14(11) :1683-1689.



