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[ Abstract] Optic nerve injury by trauma would lead to secondary retinal ganglion cell (RGC) death and
axonal loss,which are the causes of irreversible visual impairment and even blindness. Currently, there is still no
effective clinical treatment to cure optic nerve injury owing to limited regeneration or recovery and complex death
mechanism in RGCs. Recently, stem cell therapy has been proposed as a viable treatment strategy for optic nerve
injury. Adult stem cells, especially mesenchymal stem cells (MSCs) have been widely studied in animal models and
tested in clinical trials for optic neuropathies. MSCs could promote RGC survival and axonal regeneration by their
neuroprotective effects,including neurotrophic factor and exosome secretion, cell-cell contact and immunomodulation.
The neuroprotective properties of MSCs could further be enhanced by preconditioning. In addition, MSCs are also able
to be induced and transdifferentiate into RGC for potential cell replacement therapy. This article reviews the
applications of MSCs in optic nerve injury treatment and their related mechanisms, summarizes the strategies to
enhance the neuroprotective effects of human MSCs and discusses the future prospects of MSCs for optic nerve injury
treatment to present the diversified function of MSCs, which will help formulate a more complete and reliable treatment
strategy for MSC application in traumatic optic nerve injury in the future.
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23 AHEAT R T, PUTSE TR AR L AR, DL 4R SR 4 AU
HRIER DIRE. HA iR BIsh, Hd E A 2y R s
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5 A0 M 94 T BRI IR BT OB 4 MO B T VBRBE T A R T
VAR R BT T SR AR R 7 M O I FE T H R ST T A
BET- & A B o A TIR 45 #) 5% 1 #) & 9 (sterile alpha and

Toll/interleukin-1 receptor motif-containing 1,SARM1) 3BT .
R TR TS .

x1 MEARRECEEHNESEFTEMXERHEET

Y M BE T 1R YN LT 252 A8 b PSS SEClERES
AR g T 21 J6d 0% 4 Bax , Caspase-3
SN T B E Caspase-8 , Caspase-3
TP M IR 41 k24 RIP1 RIP3 MLKL
AR 41 i AT T e PARP-1
BRIETS RN Gpx4

ZRORL A 3 375 21 o 1 4 Cyclophilin D
BUAE Y FET

4V 24 it 1 4 Cathepsin B Cathepsin D
LT 2 Jfd e 234 NLRP3 , Caspase-1
H WP AE T 5 P9 %5 3 T 1 Atg5 Beclin-1

B WE LT — MFG-E8 .VNR
SARMI1 fH LT — Sarm-1

FPH T iS5 P 25 TR K L 2ok ) i ik 14 A W1 fy
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1 :Bax: Bel-2 4 ¢ X %K [ ; Caspase : *: it K 4 if ; RIP : 32 (& 46 H.4F H
1 MLKL IR A3 2 00 45 14 30RE 28 115 :J6; PARP . & ADP #
BHIR G 5 Gpxd: &4 e H AR &1L ¥ B 4; Cyclophilin D: 35 & 4 D;
Cathepsin: 21 4175 [ i ; NLRP3 : % 1 B2 45 4 5 8 1k 45 W 38 B 2 1 K ik
3;Atg5: A MEAHE K 55 Beclin-1: A WA K 1 1; MFG-E8: FLJI§ BR &
K AERK I F-8; VNR: ZLAS BR 2 1 52 14 ; Sarm-1: %4 LI o F1 TIR 4544
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L1 Ao 2008 T Capoptosis) | 32 77 76 T 40 ML ) 4=
B B R R, BT A0 D A R 2 i O T R P DR R T
AN 2 M A T 2 o 40 N o T AR SR SE IR T (tumor necrosis
factor, TNF) ZX i 8 4 32 UK 80T 055 42 . TNF BT 45 2 & 2L
Fas 1 5C 8 12 32 P30 1y 9 4 303 Wk K 2 11 ( Caspase ) -8°7
Caspase-8 B H35 Al Wi T W #Y Caspase-3, Caspase-3 A 3§ 1) i
il 1300 F 4 g N0 5T, B A S B BT T A TR AR I O T
B AR WAL 2 1h Bel-2 ZERER 1 40 5 ) 2ok (A AP IR T I 1
T PRI SRR by e AR P 2 0 o R R I, N D A
FE A T8 SR T Bel-2 K Bel-2 M6 X H A (Bax) &
AT B Bax B0 R S FEZORL A S BE A Bax — Bk
14 R 25 4 |, 3 R (A S 58 3T 3 T 1, A0 M € K C oy ok
PR ER R R A G C Y Apaf-1 454 B R — 4>
LR AL, BIJE T /N P TN ACRT HE TS Caspase K&,
B4 Caspase-3, 5| KA ="

1.1.2 "R HISRIE 20 i 3R FE (necrosis ) & H IA 04 J&
TCF B4 IS0 T A B, g 26 1 25 ) S 2 i I e o 1k i, A
i S R, SR T I S R R IR AT RO A D S T R AT T
20 A T EORE AR I 1 R Y SE T R BE T S N TR A
ANATHTFEE S DL M I BE v A 75 35 AT 98 4% i L], OF 42 B iR BB
TR AR GEFR 0 AT 845 B 40 JfE 3K JE ( programmed necrosis) o H Hf
Jir e B2 55 1 22 A D B8 T ) T 9 4 400 O IR BE & AR A R TR AR
FE MR 20 I BE T L 8K PE T ZRORL R IR 7 T AR 1 40 D BB
T A A AR T
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L1.2.1 FEFMHIRIT ¥ IR FE (necroptosis ) & fir H AL %
P 1 TT AR A IR FE O 2 HAR AR R IR BE M E i, 321k
M HAE I 1 ( receptor-interacting protein 1,RIP1) RIP3 [ #
P2 Ak T TS TR A 1S R R 45 A4 SR B ) (mixed lineage kinase
domain-like protein, MLKL) g 2 1k , i 7 35 5E /N (A 19 T8 I, 3
TR [ 4 R B R A R A R PR s e L b
B R 0 7 P 2% 20 L H R B/ R 1) T A 75 B Akt/mTOR
SUTLIIE SR

1.1.2.2 {REVEA AT M 40 I 58 T ( parthanatos ) J&
— B K Wi F £ B ADP #% ¥ R & B [ poly ( ADP-ribose )
polymerases , PARP ] 45 1% 411 Jfd 35 € J5 =, DNA 2 45 #A hy &
1 S O AR M PE T R B B RIOIE Y . PARP-1 I &
SECLY) PAR Kk 3 2 NAD (3 FE UL BE 2 34 A . PARP-1
51 A1 I8 2175 5 [ F (apoptosis induce factor, ATF) Hi 28 i {4
B IR SR A 4545, B AL A-ATF 5 51K, 3 A 40 i 2% 4%
17 DNA, HE T 36 )8 e € 5% [ 46 , 40 st vt
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Hl 3R B4 72 7Y . Caspase-1 3 BB 41 40 il 4 2 (interleukin,, IL)
& 18 (pro-1L-1B) YJEI % J TL-18, %6 ¥k B 7 IL-1B o] i i
Gasdermin D 7K 1 FL BB 40 MO 4h , 51 % 3 Je 9 S ot ™ o
1.1.2.7 40 A vPEseT: A AN B A K R B L
240 i T 9 A T b U A 6, RS A0 e P B
T2 3% A 3 W0 03 i 28 v R AT R o 3 A B T ok 0 A
L5300 , B Ak 20 B 6 T AR, o B NS B 2 S B
WA SE T (autophagic cell death) . 2 S P4 ) J5 23 38 5 1 W/
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BT
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JG3~5 d Thi. 04 NS, Sanchez-Migallon %) % 81
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L3 g ST 4 DA LR S G S L B I T R RGC R R
PR

FH M T O, S840 1 R 22 45 0 S5 RGC BB Tk J8E e, T 6 S
WIBET B L SET- ML R 45 (1) . Bk, 2% TR 51 RGC,
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AT % 4 4 A L e S R 2 R TR R T AR L AL &
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RBR Aridla fEATRMRHE RCC MG7E TG ™ 0 X BFJE /R Aridla
ML 24505 )5 I RGC A7 T B TR T AL sl SRR
JP U o E b fiT 4 ] T ((pigment epithelium-derived factor,
PEDF ) K Rl 3 Jof 35 58 1A% I 132 565 I AH DG 2 2 ofdoid Rk )5 L 18
WA 25 4 J5 RS2 w5 RGC A7 3% 28, I 18 55 /) JBe 5T 41 Jig 711
TV 5 A0 M

o URBEREITHR Atg5
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U S A
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. PEEEHE
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B 1 #ME5R45E RGCHETRBRNS 1ML 2215
Ji 1.d P ,RGC P MLKL #3407 ; 451443 )5 55 2 K, Cathepsin B 8 #7 ;
545 3 K, AtgS  Bax Casp8 , Casp3 \PARP1 ik K | 7F; 8t {4
JE A 5 R, R AR /N 5 A A G s B A5 7 K RGC I LR T
M, ZRETSRES S T MM L5 56 B RGC JET: MLKL:
TR A 1% 7 B 45 49 38R 7R 175 Cathepsin B 41 U (1 i B; Atg5: B Wi
FHIEFEE 55 Bax: Bel-2 A 3¢ X 2 [4; Casp: 2 ik K & [ ; PARPL:
ADP Hl R A5 1

BRIz A, — 2 K 9K 40 DR T 1% B2 Tt B 2 AR 3 A
FH L, FF AL HERL I 28 2R . Fischer 25" % BULE WLM AR i )5, ih
IL-6 F1a] %5 M TL-6R St f 3% 42 2H Al 1 40 g A 5 ( Hyper-IL-6) 1Y
e % K BE I 7% JAK/STAT3 #1 PI3K/AKT/mTOR {5 2 i
e, A8 TR 5 K AR AR N S 5 o P 40 2R K T
A3 5 1M 9% ) <5 3 A K A F 2025 19 RGC 75 35 412 aff il 28 1
A AR P B A T B A N A K PR T R 3 R R R B A R
W5 RGC ML H R E M 8 IR K R i R i A4, X 5
RGC 1 A K B F Z K c-Met 351 [ & Akt F1 MAPK 5
2 1 G A DT L Cen 25T 1 % T Sk B 5 4 P 1 4
B 48 32 I F (cillary neurotrophic factor, CNTF) 31 [&] st #11 il
RhoA £ A F 3k I 2 ik RGC 77 1 J 4 28 F 2k 5 HL 4, Yang 21
I AR R BB I PR I R R R, TR )G 2 A T A%
PRBCYRE'S 9> RGC P T 3% S0 Ak I RN 58 AE [ Vo #F
M5 R G, W 418 B AR 32 B R OE B I Y 8 5 X
1§ 25 P 2 BEAT IR, RGC 1 A7 3 2 1 il 28 i T 2 15 21 i
0 EAT IR BT — AT R A 3R T R 2 45 403 v A
(943 T %, 0 SR AR 1 i /AR S v T

EI R, 18 SR 2T A0 A 1 2 RS B 25 9 97 16 13 4 1o
FGH T BIRIT IR G 6T T 2R A RO S
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3.1 [u]FE 5T T 40 A R

[f] 78 5 T 40 g ( mesenchymal stem cell,MSC) J&—25 B H
KEFRE N Z 1 B R R T, FETZM AT K
SASUR WBBE NG B HE B IR T R
AN AN AL 2 A R SRR S A U S BB Y
15 LG TR BE AR S R R A o R R
MSC figiz A 22 O 3 15 IR 52 B g S5 AL 2000 w28 1, 43 s
Z R M R 5, e e T R T RN B R SRR, TR B 2R st
JEREH , B A B IAF 1 1 48 00 R 28 fik ) 4% R 48, R E R U Re ok
e AR e 417 oAb, MSCH AT S 3 10 5k % 40 7 412 %
9t R R T A AR 1 8 7 S AR AN 75 2 G 3 00 ol 50 A 47 0 T Rk e
AT AR RAR R, B 40 A A R 5 2 3 DR A B T A
B IG5 | W R R A AU . Rk, MSC i 2 1l a4k BT R s A
SRR 22 (R 4P 55 ) B Ry 1 4 L B AR K YR YT 0, BRI ER
WA XS 25 5, IR i EL A PR A A I 35, A8 5 5| e 9 328 HE IR S ik
RSB T 7E 40 MR T R A B 2 TR A2 3 T2 64
3.2 MSC 7E Aot A0 b 2 B A5 2 s b 1 F 5T 3k

MSC N RAFRIRITIEH1, B 2 b T M & 38 405 19 i
PREGHIEFE , U H & 1E S0 0 P 0 bt 22 5405 9 05 P, A0 366 0L ot 42 5%
JEAR 05 B e s B R R 2 BF 9% BT, MSC AL AE A e BE
RGC WIFETG , i AR AL F il 28 P26, W PR & 4 45 1B S 4 it 17
IR IT IR
3.2.1  MSC Xt oM P A 2 B4 B PR B VE T 6 A 131 BA B i
JHBFSE rh, Cen 2517 fin W0 b 28 5 I 45 103 BRLE 47 B Tl A I 3 S5
3 wl( 3k 5x10* A~) AZF JH B 4 PR MSC, 45 3L i /R MSC Al 31
=R M 2 E 3% 7 ( brain-derived neurotrophic factor,
BDNF) 4 53 i I 41 i RGC 773 il 28 7546 5 Bb A, 14 oh 55 35 3%
B, S A B4 s U5 P MSC 5 4 g JIES A1 A R Ay 3 5% 57 T 34 i
RGC )77 15 A 28 58 4 . Mead 2517 [f) 352 32 W0 d 22 % IR T
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