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The Role of Astrocyte Reprogramming in Brain Injury

LI Xin, DU Yao, RAN Li, ZHOU Ningna*
(Department of Pharmacology, Yunnan University of Traditional Chinese Medicine, Kunming 650500, China)

Abstract The neuron death and apoptosis after brain injury lead to limb, language and cognitive
dysfunction. Therefore, it is critical to repair neuron after brain injury. Recent research shows that astrocyte can
be converted into neuron through reprogramming, including dedifferentiation and trans-differentiation, which
opens a new avenue for neuron repair. The dedifferentiation induces astrocytes to form neurosphere in vitro but
cannot develop into functional neurons after being transplanted in vivo. Trans-differentiation includes direct trans-
differentiation and indirect lineage reprogramming. While the indirect lineage reprogramming needs very long
time to generate neurons and have the risk of tumorgenesis, in vivo direct trans-differentiation could be the safe
and effective method to induce neurogenesis. This article reviewed the role of astrocyte or reactive astrocyte
reprogramming in neurorepair.
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WS BUR A SR AYER S0, B IR, 55
DI ReFanG 55 J5 BUE, ™ E g A5 &, X —IaIT R
F— B AR RE T

STV 5 2 it (astrocyte, Ast)F2 ik 2H 23 b $ &
B2 AR AR Y, KL &4 u & 1450,
AR T, AstE ERAEME J0 R HSGE R] /E IR
FNV), SCRPARZE 28 R 4544, [RIIN 9 b 22 o AR
JEADRIE F73CHF, 1B BRI A MR 23 2 R, ZEFr o
NIRRT EY, Asttl 2 & uiE s 5 IS 24
G PN, BRI, AstRe R R 7. /Ny
T WA S AHRNA(mircoRNA, miRNA) 5 F A4
i Y F£(cell reprogramming)’% {1t 4 #f 48 J6 B pH 48 B
4 fl(neuroblast)™' 4547 J5 AstR A G AL, BRI
N B I 5 41 Y (reactive astrocyte, RA). RATR]{E
AN AR R R IGO0, KA g R T B
L BRI oy A R 2 ot Sef i 4 4 YR T o BE
s — A . RSO I AR Ast S RA K B g R 13E
ITERR, DUPAR T RAH 9 B2 10 5 3, AR 45 1) va
TR AL SR

1 ERRRMAMERIZHINE

2 o 7 g £ 2 18 7E — 58 2610 T B 4H A 1 i
TGRSR, B AL A B R A TR, S8
R - X T p U O 211 8 B e 1 e Y 3
KB IAFIY B 5 R 7 HIE . 3% AstE 4
& 1) 3% s PR 5 R Ji7 4 48 JE [F] (proneural gene), 1X 46%%
S5 PR 73 3o 55 (recruit) F A 5 5% 3 B0 BRAM I -7
S TP ) S L IR A 4 g AR, i,
S5 R F-Ngn2 8k Ascl & B2 H A X 38k 4% 62 )5 1 56 0K
Z (pioneer factors), BEAS A= HAWE R G a) T1FH S
Hi1 22 7T B R B S0, Ngn2 AT Ascl 1 2 Bl 12 2 e
—3K — 12 e 2 19 (basic-helix-loop-helix, bBHLH)Z 1]
R O, bHLH 8 1 45 0 1 32 B2 5 R IR 3 1) 46 4 33
E-box(CAN NTG)Z5 & T il S IR — SRAREEF1, Ngn2
FEECAG ATGHL i 45 &1, i@ 1 15 T NeuroD#% 5%
BRIk 1 2 11 3R IA M), 72 AR 48 IR e # 48
Ascll ] 3= FL 5 CAGCTGAL i g5 A1, il il 75 DI
R E S, P2 A GABARERMIZ T,

B T S R4, Asti & IR AR T I B R 1
Wod 2 5l i H gm FE 0 HZ R R, AstH KPR
Y FE A TE R BEAE DL T R AR 10, X 3R A 4545 5 I AR
SR A7 AE SR At 22 Y5 1 72 7 s {5 5032, 1

B & — A 2 0 BB (multi-step) (1) 1 #2, BRI E A& 4w
ZURVERE 7B e b OE EA BAA sh AU, 5
KPR F BT 4 B A A kKR, &
Ay pha ot BT R I, AE KR40 5 IRAH
Shh(sonic hedgehog)Z Kl £ 15 L i, i€ #FRA K] 3G 5
SR BRI TY Ji, 16 45 1 M B Shh {5 5 8 i rh OC 4
HHAsmofm, FIJRIIRA I N 1G58 S AR HP Y i o 22
BRIEE 1P, F3 41, Speesift i 212 72 R A, 7ERA
HH Fy-secretase Il fill 71| N-[N-(3,5-difluorophenacetyl)-I-
alanyl]-S-phenylglycine t-butylester(DAPT)T Fil 5l
FrNotch1 52 14, < k2D 14 58 [ 3215 5L 8 H (nestin)
RA% &, LW Notch(s 5 il B§ FERA I fifg 3 25 kS
FEEAEH,; 3P 7RI, TERATRE 1 2 BE4H
iR B 20 B A 1) B R I R Y, Noteh Sz 44 i
P G5 R SEINICD SR 2 ) 2D, $2 75 #1 i Noteh {5 5 il %
TP ERARIMAPEVERE PR,

? ERMRRAREREN S

2 F2 10 77 OB 2 4 f(dedifferentiation) Fll 4%
53 (trans-differentiate) 4 Fi -

o RIBCE A — e F A TR %
RAVFFAE 3 T A M, w3k — 2D 38 5 50 4 o R
YU, RACEARAPNES TR 564 T BeTE A 4 3R,
PR BRAE P AT GH AR S 3 1 5% 1) — R I 24,
HA BT B RE 1M 2 18 7 AiE e, BB PR E
TG~ R TR A AR A D TR o A8 B (L 1) o

B oy A dR — PR JE SR IR ) 48 i B 22 RE 40 iR
[Fa) [ JU 2 AN [] VR J22 SR AL 1) 53 — i Rl A 24 fif s 22
RE T4t i 2 1 () ad R2 020 3 A AL R FR 1S 3 g £2
(lineage reprogramming)®’ . Astff] # 7046 70 N H
#2873 1k (direct trans-differentiation, DT)A [H] 21 5
#:4k, (indirect lineage reprogramming, ILC)*(}&2).
AStELHZ G oA T] B M A . TR R A%
72 F AstiR [B] 3 5 5L fRR A, G 3 Ay 22 ) o Je] g
1% 5 (intermediate state), i it 3 T2 55 4 48 BE 4T g
(neuroblasts) FF7EIE B A AF N FAL PR 22 TR

5 LRI, Astlalizilk R 540 r AN itk
FEBA 2 58IR B (pluripotent)?” . HE#H 70ib 5
B R AR L, B o A BE AT AR AR P R A
AIFEARSN R AR, TRl RE T SRt BRI R, I
H BB AR 8 A MR T B nT REE, R A%
P JEE IR e e A T P
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Fig.1 Astrocyte dedifferentiation
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A: astrocyte direct trans-differentiation; B: astrocyte indirect lineage reprogramming.
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Fig.2 Astrocyte trans-differentiation or lineage reprogramming

3 EEERRRAKRERE

TE 5 R TV R 4 i 75 76 5 N E SR DR B
miRNASE T 3 2 5 i AR i 20 (R D).
3.1 EEAstiAINERIE

Berninger&5 527 B H 2E 5 5~7 K /N BROK G Bz 2
R Ast, 73 530 A1) FH 455 i Ngn2 LD Ie2 5 DR ) 300 36 5% 0
gL e Ast, T NNgn2FE K B AstRe s B8 4L N
BHIRREZ TG, F b Z 41 870%, 113 ANDIx2%:
(R ) Astil] 32 2 7= HE GABARE M & TG, bR 2108
36%. X LT A T B A B AR BRI, e AR S
YErAL, IF AR TR I A A e T R fil, BA )
REPERZ . Z U R AP 5T 3k R I, KRR FL R
F 2 ASUENgn2 ()75 5 T RE B 70 B AR
REFRZE T, Felb R 2890%, #HiE & et ae =43l
YERAL, JEEADIREME. Chenfif 7t 2 F 100 #% 5%
I B K NeuroD 1 3% [R ' NAR A5 77 1 N AstH, 753
H AR FR5 KRG, 90%AStE 3% 704k R 4 A NG R
REM & JLFIGABAREM & 0. Ak, Astf) b2 A
A X I E R, WL R, o RIE 5%

K FBrm2 1] if5 5/ BUR AR Astig 20tk o Thag MR &
JG, H H AR K X 35 1) Astis AL RO [F], 2 X
B AstH) % 73 A2 K T8 5 X 380K T A i (midbrain)
X PR FRFE SR T4h, Astt BEEmiRNASEA
KA B 4. Javan®E P i miRNA302/367(miR-
302/367)-GFP1)1g i 75 7% G NAst)a, 445 M AstE.
A A TG

B FH 93 B 8% G ik 3R 08 B ¢ I 7 L4 FERA
(75 SAFAE B AE B 24 7 IR XU 25 e ol 3
I PR 149 FH AT 552 310 7 Bl 3 B O R0 A4 4
R R B0/ TG V] ¥ BV IR 40 H g 72
HNMZATG. Chens P F MCMZH 4 (LDN193189,
SB431542. TTNPB. Tzv. CHIR99021. valproic
acid. DAPT. SAGAHIPurmo), 1% il /5 5t Ji& 4b ¥ A
Ast, X FPALIE 7 VE T EOE M AAE 5 B, 7E8~10K
P D 1 K67 %% P B2 T I 4 i B 2 AR 9 4 48 0,
IX L 3 AN IR 0 48 0 R 2 88% N A A IR M 48 e,
8% NGABARE M 4 70, v fA s 54 H, HaeE
J T i M 2 Ml D 4% o K 3K T A A 48 T RS A 3 /N
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IR N, ARSI 1N ), JRRE RS BN R AR A
JRTEAER ), PeifE BIIE S, /N T A (ISX-9.
i-Betl51. valproic acid. forskolin. Chir99021. Repsox)
REMS 1753 70% 1) NAStELI AL Sy 4 T, IR L8 704k,
IR ZE TP 70% N A Z IR REM 22 T, 7% 9 IE B AE
PREE T, B AL HE BN B A BESAFIE 14 H DAL

AR ) AN o> TG YA A A F R R, 7
By A AN TR B B, Gn i S04 o) £ 5 B 10 A
T RBEHEA LSRR, War AR5, fE
Astla] # 2 T8 ) A R v, ANE N 73 T 2H A T
55 AN [R R YA ) 40 i 5% 534K, 4VCR (valproic acid.
Chir9902 11 Repsox) 1] 175 F /Iy R Ui Astéi 73 6 A i
&0, H e E L 925%, #5175 F NIRAstH A fg fiff
HIBRA R AW, & I Aforskolin. i-Bet15171
ISX-9, A W {E IR, HenHRLINT0%, X
BB EL S AL IR AR 22 T0H A 70% N A Z R REAT 2 T, 7%
NIRBE E 22 6P, 534, MCMAL & 1l 55 5 16 ) Lk
AstiE o4k, B - R L) 967%, X B At &
TCHLIH 88% N AR 42 TT, 8% NGABAREM 4
7T, (B FIMCMA 5175 3 ik Astf% 704k, 2T
BOREA AT,
3.2 EFAstiFNERE

NiuZEUIT 78 T, /N BRI 2 23 b Ast 3 N 3%
Pl ¥-SOX2J5, SOX2 ) 5it il 4 55 17 2 1 W] 1 Astif 7
N2 BRI B (induced adult neuroblast, iANBs),
FI F i 2275 3% K FBDNFE 4 2% 25 4 BE AL 041
AR S R & 0. = AR R E T
A DARR S 75 2, B s PR 1 1 R IA 7 AR AN TR Y
PTG, SOX215 5 Ast) i #2 A [A] 82 1% R A1),
Cheng 5P 22 1k Ascll 1) I i 85 R 1K 84k F A\ 3
T LRI /N BRI A 2R Ast N, Ascll )i 32 1A ] {# Ast E.
B AL NGABARE M TT, H % 9t G (o R
D, R B 3R IE Ascl 1] AStYE #4 43 A6 R #2850 1 [A]
AR IE ML AH 41 il (neural progenitor cell)bricd), th
BAHENY BEIRES, 30 AstfE A4 4 v] R A B3 57
. miRNAWAEET T Astif) B 04k, 1EH5 i miR-
302/367-GFP 111895 #5355 2/ RECIRIR Y, ORI
W AStELER B 70 oA 22 50

4 Bxd5ifh e & R E RS B4R E4nAE
W53, RAFIYEAS 9\ LA R A 3R A 0
SV EE ENEE NS Sl IR

HLE gm0 PR A S TR B A (3R D).
4.1 IR ERAGINESRTE

TEM AT RIECT, 2R 70 RA BT #E A\ 41 i
JAH, KA, JRRes L A B 2 ok Ee
IR E R TR SR ER . WFFE R, I o
JFEL il (stab wound) A1 K i 7 20 ok ZE (middle cerebral
artery occulation, MCAO) /5, 77 & H #2445 X 3 FIRA,
FE &P B TR 5k T A D BUIRARE W TE B 42 3K,
TP 2 BRBR A Astils 1 1211 Jfd (reactive astrocyte-
derived neural stem/progenitor cells, Rad-NSCs), 7] 7
WAMEAR2~3UR, HH17542% Rad-NSCsHE/H L A Ast.
/b T 5T A B M 42 TG, K Rad-NSCs# A8 [m] 7, B A4
28K, B AFL AR N 73 B LRy e ve B AR AT =
) 74k, AEAE R AR N A BE = A gl 12,
42 WA ERAKHERIE

1R N IREE S ARSI IA TS AFAE 22 57, Frisen%5 71
KL, RAREFE 1A N & AR F) 2 1% & F4k: FIYFPFRId
AstiFEFER/INE, TEMCAO & X fili 4 43047 G s ¢
Jeeth, RIEBIL70% YFPARIC A AstTE 32 H1m2 K
R 2 1k R P A SR R T Asel 1, 28 Ji5 Ascl 1 [ AstsR
LT RN B 7% (cluster), 22141 £ BE4H i (neuroblast)
FRCIDCX, 7 J5 2145 31% DCX 40 i fE 1
NeuN HIMZE 6. 1 Sun®ElP* s, fEMCAOJERA
RERS A A FLHERE 70 7 AR 4 J0: MCAOJE 45 K R
755 6 1A GFP ) pGfa2-eGEPJi ki bric Ast, FH %0 5% 9¢
SRR H LY AT R, KIALAT47% RANZ
PR3 RIT U RIE PP L T AN bR ic Y Nestin & #H 4 TT
¥k R 7PaXe, SBTRITIATRIL AR B4 Tohr 1D
YITuj-1, 14F128 K R IEFFL TCAREYINeuN, F AL
PRZE TG A I 90% Y 4R L5 _E A 2 i B AR
AR, JF Hixsepp g op A& 5 IR W A b 2o
— R & BORURETECM 4238 T BE 0 o A B2 BT A
J&, 7N BRI Y RA T 2 8 3¢ B F-NeuroD 1 4% T H.
B & e, RESH A o Re AR S R
B, FFRETE BE & H R [l g 04

5 HuEiEEREE &ARRMFRAI T
FRR SR I 9317, AStERRA B4 o] K 2 o 45 £
WAL AR T, T I (201 S A B
RS, AR VF 2 R AR e 8 %6, IR 1
JERATT % 50 M7t B 2 16 (78 B 2 1 RSB0
REJI IR BR, (H FUB 5% RARENS R 2E 540 L2,
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Table 1 The normal astrocyte and reactive astrocyte reprogramming
RS IR H iR SEaiiliich PHRBIER S5 30k
In vivolin vitro Original cell Reprogramming type Target cell Inducing factor Reference

Normal brain

In vitro Mouse Ast DT

In vitro Rat Ast DT

In vitro Human Ast DT

In vitro Mouse Ast DT

In vitro Human Ast DT

In vitro Human Ast DT

In vitro Human Ast DT

In vivo Mouse Ast ILC

In vivo Mouse Ast DT

In vivo Mouse Ast DT

Injured brain

In vitro Mouse RA Dedifferentiation
In vitro Mouse RA Dedifferentiation
In vivo Mouse RA ILC

In vivo Rat RA DT

Invivo Mouse RA DT

GABAergic neuron Ngn2, DIx2 [32]
Glutamate neuron
Glutamate neuron Ngn2 [35]
GABAergic neuron ~ NeuroD1 [14]
GABAergic neuron Brn2 [6]
Serotonin neuron
Glutamate neuron
GABAergic neuron miR-302/367 [8]
Glutamate neuron
Glutamate neuron 1SX-9, i-Bet151, valproic acid,  [36]
Serotonin neuron forskolin, Chir99021, Repsox
Glutamate neuron LDN193189, SB431542, [9]
GABAergic neuron TTNPB, Tzv, CHIR99021,

VPA, DAPT, SAG, Purmo
neuron SOX2 [7]
GABAergic neuron Ascll [38]
neuron miR-302/367 [8]
neurosphere Stab wound [11]
neurosphere MCAO [12]
neuron MCAO [13]
neuron MCAO [39,41]
neuron Stab wound and NeuroD1 [14]

DT: B934k, ILC: (a3 R L.

DT: direct trans-differentiation; ILC: indirect lineage reprogramming.

HIX L 2 BRFE A 0] B AE B 2L R UG AR N, B
REAFIE — I H UL b, HARE AR et R A
F 550 = AR AR 2 ERFE A B4R ) 8 7735, FH T T4
P Ba T AT AT UG, N TSR
AstA] B 5E [ 75 73 0 O 4 2 TR BE R 42 TG ERGABA
REAP 2 T BB RE 42 7T, R L 70%, HiX
W67 A b 22 0 A% A ] BRU i 9 B A 48 e fL AR P R
PE, JEREE B G B R A e S IA B b, TR R Ak
HRAZDACHILL, AstE B8 0 M & s R HE
[B] 4% A 1) 7 VR ABhSF- B8 B AT AT M, (H AStRS 72 7 I
TE B IR EE T B R, R IR K B LE W] R S BN
PSR GLP Y,  HL R T 7R85 75 A2 R 46 40 e
(original cell) ) Jk PR 7 Jog M 3 20 R 055 A 11k 335 5%
IR 7 458 JEE K], G 77 A AR e 22 24 i ) 20 2% R ot 4TS
IR B BUHE AR A E G A ) B BIE S AR F AL
WA — & & 3, BRI R A N T b i 75k — 20
BTt FHECZT, BEEAER N AR IE ) AstiE 4010

9 JIT T PR 42 T A M A0 405 I 3R AT T AR R 48 T o 1] R
HERITER.

Fiki 453 19 JE RATEAR N 1) B8 9w A2, AN e 46 2 %
At 8], T HL A 28 G 40 B vEE £ S 20 PR RS A 1) 2 R
R R AR AT TR TR . R AT R T2
FR . RAIRFEE &R AE S 2P EIA(0~3 ) 46
KA, PR U B2 T i (A 3); TTRA B2
a3 A 7 AR S AR A 8 T I R SR 23 T (1K]3),
Eb )2 1 22 6 A i R B 2 4 i, g EL IAD 20 R A1k
TR rp O A R 2 BEAH A BUR M, 23 0 e
SR U1, TR IR A R AR N BB 3% 73 A AE S B 3
bR EAAERRE, B47% RARERIE
2T A4 AR IC Y Nestin, 1H R 12% Nestin® RA
AE R AR B A, AN, 1040 fE 2 A A 45 X
5 B 1l (glia limitians) i, RA YRR BAHEE TG
F1%) FFr 5 BB T 25 ot PR ) T2 s PR IR TR, PRI 152 5 iR
fill 7 BE il A 22 38T A2 (neurogenesis) Y = B i A5 14
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Functional

% %  neurons

Neurons(NeuN)

Neuroblasts
ature neurons (DCX)
Glia limitians 2 W (MAP-2, NeuN) &

Brain injury \

Reactive astrocytes

(Nestin, Pax?\

P
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Transi—amplifying
Cells (Ascll)

Astrocytes

___________________

___________________

-------------------

Immature neurons
(Tuj-1) K e

Glia scar and fibrotic scar

B3 ity fE B BRI IR BT A B T AR BR 4B R Y 3% 40 1

Fig.3 Scar formation and reactive astrocyte trans-differentiation after brain injury

3). W UL, EARTEG454% J5 VT e B BIRARE 73 AL
Z T NIEIEEE LS, (H A E R )2 AR, 12
HRARX —NIEEE SR I B R E 2,

H A, F A ¥ 5% K 5 FImiRNATE /& P %5 FRA
A N 4 0 IS T — 8 BURUS, H T 5
I A ) B SR DR A % P S Y () e e v s FE R A, A
FEAR PN 39 0 B 3% D] 1 1) 308 W R 18 I gt A% o503 1Y)
AR 4T 3 HL % s PR 119 51 N B 77 EEAF 3R
o TR R BRI R B G 0 B AR BB R, B
B A0 R SR B, OB I R S B 1E AR A
o, T A B e s R - B 3Rk, (Rl i ko i 8 A
J& , 71546 N\ 987% (insertional mutagenesis). % 3%
P (transgene reactivation) f1%% B K 1A (residual
expression) Ff] KU =JE 455 25 T I 75 SR AH
X B 22 A, R LA AR IR, ELR e B R R 1 R
B, A NE R E R R YL Btk Ah, B
ZemiRNAZCE B, {5 H AT miRNAF) 5\ 5 25 75
VEREAR, BAEMERUR, FEZ RGP, R A
S AT BUmiRNAE HER ARG 73040 1) PR PR A& AL,
FEBNY) 258 TRl AT, (RAEIR IR A T AR I U .
I, B R A E VB D) T AR P YR ERA R 73 16 2,
IREE 73T B, DA 3 N R PRI S D 6E 1, X 3240
XIRIMEE A EEAEH

124 R 1k, AEEER E YRR I A A, — e
DImiRNAEG [ (1) o ik B R 7, 75— Fie
FIFH N FHAEE S E R F—MErR
RUBAN T BYRTEME R EAR, BT T 16N, 5
DR RN B ik O XU o (HmiRNATE 1 P4 2 22 19
e, B LR BRI . Rk, R, K
A K7 FImiRNASE [ 8, [FmiRNA ) f# FH
AH N DLUEE R 1 30K B A R A S DR s 1k
FI20 M P IR RER K, BCRAEE AR, R,
TEAst H 4 F2 HH A K DimiRNABL EE H 1T 20
WL EMFE TR RN THETFES
SRAEM A B AT A ERAR A VAN, M e T
SN, P HCR A MR b, DA A A e Y 4
FRBAIS, 5T i RAT . BOAREBRPS, 755 5
HEgmFELFEA T E G NAMNEEE, T B A T
T FE I S DR ), B G R IO e A R
U B AN G O SRR A B S 5 E g AR, HLERSE )
O E A 22 T SRR AT Rk, N Ak
GV EA TS IR PRGN A A A8 SRR AR T e,
FIFH /N 755 5 AstE Ga 2 10 75 1 MO RECE AR NAIE A
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