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Astrocytes as therapeutic targets after spinal cord injury

HUANG Xiao, GU Ya-Kun, CHENG Xue-Yan, SU Zhi-Da"
Institute of Neuroscience and Key Laboratory of Molecular Neurobiology of Ministry of Education, The Second Military Medical Uni-
versity, Shanghai 200433, China

Abstract: Spinal cord injury (SCI) is a challenging medical problem in the field of neurology, showing high incidence rate, disability
rate, treatment cost and low-aged trend. Despite the clinical application of drug intervention, surgical treatment and modern rehabilitation
training, no ideal curative effect has been achieved. Therefore, future study is necessary to clarify detailed pathological mechanism of
SCI and identify the potential target cells for therapeutic intervention. In the central nervous system (CNS), astrocytes are the most
abundant and widely distributed glial cells which play multiple key roles in maintaining homeostasis of the CNS in physiological and
pathological conditions. Increasing evidence indicates that astrocytes are ideal therapeutic target cells for SCI. Here, we review current
knowledge of the roles of astrocytes in the pathological reaction after SCI, astroglial transplantation and astrocyte reprogramming.
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KA TI. SEFARUEIMARBEZNEE —F
FICREVRTT 15, A A BEAR 7 k. DRI,
T BEAEIRANIRZR SCIi BEAL M i it b -4 24
TRYT NG, REALR TR IR T FR A .
AR, R P AX 4 R4 (central ner-
vous system, CNS) 1[I T BEIZHT# EAL . IR
YI i/ CNS i — R E B R4, 25 CNS 1)
H R A B R R . AR SCI R, 4473 A i
TV T IO 240 4 o B v 7 A S B A PR AR L R
K, AT MBCE R FUEIR, Mifiszm SCI
AR N WERRE, B AR A S A
J R % Uk /N R TR JEIR (I R, AT 32 SCI 145347
BE Y, HAh, BEAE N E g R B R A R 2
FIR I, ¥ 2R RN B b & oA 3
FVAST SCI ) —Fl 5 50
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1 EFRMEEEI SRR EIEThEE
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AUTBURPARSE = Fh 1 2GR FERG N, BRI R
A5 EMRMALNRA T ZER, ek
B LLA ONS IEH 2R BT B 0 45 15 R 3% 5 2 A
FI (B 14). BRI 20 i B 0% A ki I, i
JeiR it RE B SO B, FERUH B BT S
22 70 B I A F2 TR 5 240 D 1 8 ik A RIURE TBORE I,
R A ] 2 VR P R v R RS AL R D e
JeBERIfEE B SIAb, R A AR A M 42 T
RPSCRPAE 7. B A MR VR 2 K
1M HAT 73 SCHI S, A i FRSHAE A 22 7o 1A Mo A 3L
TR 8], R RARARME T R, R SR
Aoy R 2 TO IR . A2 O BTG Bl AT 51 RS )R
ML AR SRS XA S MR FR g ML R e R IR

Structural and trophic
support for neurons

Modulation of synaptic
transmission

Promotion of the myelinating
activity of oligodendrocytes

Astrocyte

Astrocyte
Blood vessel
Astrocyte-neuron-blood Tripartite synapse
vessel unit

Fig. 1. Physiological functions of astrocytes. 4: Astrocytes perform many essential functions in healthy CNS, including maintenance

of neuronal energy and metabolism, structural and trophic support for neurons, vasomodulation, modulation of synaptic transmission,

regulation of intercellular ion concentration, and promotion of the myelinating activity of oligodendrocytes. B: Astrocytes contribute to

forming some functional structures (e.g. gap junction, blood-brain barrier, astrocyte-neuron-blood vessel unit and tripartite synapse).



796 HEBEEEIR Acta Physiologica Sinica, December 25, 2017, 69(6): 794-804

i PR 4 I A R T 2 o 44 L 1) 7 22 SRS P
L, IR 0T 2 £ A 8 T I 24 R I R 2 R
MNEAEER R TR — M52, i i 45
22 1M R GUAR L ML A RE S A QU RE A e Rk
HEREER Y. R FEFRE SRS R+,
R RN B EERER, IS5
2 - RS BAL IS4 B, fERIZ TR IR AR R rhon
N BT I o 24 i mT AR S A T2 1 R B, 388 hn %
ful FE R OB, I S A T B A T L R 1,
STV 5T 40 B T AR 5 240 B 1 S ST AT A
RGN, M 4ERE CNS I A2 &S . W4l A 45
AR IO, iR RABE IR 2R, RE
B BRI A MR, I B R E B, 1%
BER - BABEEIGIA IR T #2058 IR E R
FasE, N BT B R A BOm BR RaE Y i
Ab, AT R 0T 20 P e i i 2D 9% R I 44
TSRS . 48 0 1Y) WIS B BE AR A ORI ATP, A
MR BRI . SR1, 1% ATP R B AR T
RN, T RAER T ERR RN, R
T P 3E L 73 1 L 41 ] 7 (leukemia inhibitory
factor, LIF) {2 i /b 58 i o 40 o s 4k, U

IR R 40 L 2 5 B — LE R BRI D) RE 45 1)
(Bl 1B). EMN, RIERBIAIMAEMZ(E L ki
B EEAER . B0 20 i A e i 4% R %
% (gap junction) JE R — AR, /N1 TR 1 4%
B T Bl TR MR BRI T A
RRESE R, T AT RS S5 86 B EOR Y EE B . 18
WIHOLT, MEI - BRIP4 M TR I R AR R
FEEE AT B R A B 5. #R & Ju 2 [l
ST 5 A B 2 T L% e 28 70 R T e S5 &4 i 2 (1]
Al DLd I R A B F AT A EAE R, B AT
55 5 T 1 0 240 Ptz () A T DAAS 0 i v e 3 e
555 T BRBCRE T M f 4 i, Bt 1
REIEI S ML ERE X Y, IR 4
a5 46 28 0 5 ik I AR 9 ik J % v 2 R) R OR R, T
F— > B IR AT AR A« T S5 #h 20 o IEAN JE FL)
T 1 53 40 G 2H A 1) RF Bk 45 W “ZHHR
fih (tripartite synapse), %45 A HI 2L 18 AR Z)
WEERE, I AoV B TR o 4 e BERE A b xof 2 it A7 3
U AR, B, R
2 57 24 L B 0 52 e i P8 20 imr g, s 2SI AR
2.1 A, BRI S 5 T L - v 57
(blood-brain barrier, BBB) Al & i B 4l il - #1450 -

ML BT (astrocyte-neuron-blood vessel unit).

2 BB RAEMASCIENHER M

2.1 ERKRMEEWARIEEER

SN i S B A (reactive astrogliosis) & B TG
52 I S5 8% o AR SR RS 7 A ) — R B 1R Ak
RAS, X SCI Wi AT A B S R HEEH .
SCI J&, 40 A AT AT 2271 il i 41 4R R 5 1% B e IR
MR IRA L FERFUEIR N, e 3 A 40 i A%
BRI, PR, £ SCLRHE R,
B A M s, slEMmER. &%, 1
§EREJ142 5 L& GFAP. Nestin, Vimentin %5 £ Fh4]
MEr B I ARIA B, X RS AN B A 4 47 1 B R
FE. A B BRI BT 2 5, sAAE
T R B i R e 1

Ji2 5 B SR T B e SCI g B It 42 (1) — > 385 i 2 3
Ro FERUE CNS f, BIRR A fEsg A, o
HEZMm CNS EE S5 HA. B4, EhERRR
L REIE 2. A, B, XEKIMHNREE
A E L, TR PR IR PUE R 45
A AR 20 Bl TRAR ME B0, TR 28 T A TR il —
WER s M JLUR, TR R B 40 I AT LSy
WU ) (tenascin), PN R 45 5 4 A2 K Rl 1 ephrin-
B2, DLW £ 3R 2 E 2R KE (heparan sulphate
proteoglycan, HSPG). i fi% 1z JTk 2= & 1 22 # (dermatan
sulphate proteoglycan, DSPG). i ff i 2 & A R HE
(keratan sulphate proteoglycan, KSPG). iz i H &
5 H % B (chondroitin sulphate proteoglycan, CSPG)
S REEAZHE DY, WH GRS EA, N
MR ZE FEAR T il — M 2 B . DRI, & fe e
TR T 240 L PR — S8 AR ) 2 R PR AT TR 4% A A 2
BT CNS R i) — A E 2. SRR,
WA B TR I ot 4B B A s el g Joi e R T el R B
T A ER TR I o 4 4 W ) PP 22 P AR AR 43 K
T AR 22 4040 Jia B 22 B AR © Yuan S50 9T 2O,
ZP{E (curcumin) 7] LLE A T NF-«B {5 5 il i#%
v 3L PRI ki R A N T RS i |
4y Wy B MCP-1, RANTES 1 CXCL10 % a1k
R, /b EREAA AN T 403z, B &4 SCI
A0 B0 (R HERE S OBE 5 400 2 S5 9L IR ) TR R R o 22
A4Sy T CSPG fIF=2E B, S Ah, A R A R
(triptolide) 1% 11F S AT LA i) B2 T Jise Jot 440 e 1) 9t 46
FGAE S, 4040 J5 IR BB IR BT, AT AR
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BRI AR IR E Y. kit 2ELN R
JASA R AR T R BRI, Li SRR 4
LA 1140 Mdivi-1 7] DL BE BT B2 8 5 5 240 i 1) 248
A3, S ER TR BE JoT 24H M P 3 A A B 5 e IR T B
MTIERE SCL S [ pp 24l o8 FAE & hg s | &,
[FFE, {3 FH 240 i J 39940 77 Flavopiridol ) L& &
R PR SL IR (PLGA) 9K UKL AE 52 15 ¥ A 45 S B il
Flavopiridol, ] DL B2 % I Joit 40 Jfd 1) 164 B 73 22,
FHk b HoA A AE R, WTEIE SCI i A1 B9,
Cafferty %5 ¥ CSPG 1] [ fi# I chondroitinase ABC
(ChABC) W #7E GFAP JH3I+ &, &t EEKR
YR PR R SRR, 45 R R ChABC Rl A Rl
R fi# SCI Ja 1% 4k 2 TR I Jog 48 i 7= A 1) CSPG, A
2 33 b 5% B AR R 2 Th gk 2 PP MicroRNAs
(miRNAs) 3 ioh i 55 1 42 %of A5 [R] 2 34 ke 1) 8 220 4y
YEH . BFFCiEoR, &4 SCIR miR-17-5p (#2635 &
L, 250 SRR ESE, 1 Dicerl
H K] G B — Fob = A2 Bl B miRNA BT 75 B, 5 B
Dicer] W] LARE W7 /I 5 5 W4 £ 516 %) B2 % Ji ot
A B A Y ghAb, R Z 14N R T R R
4t TSG-6. PCBP2. TCTP. # 5% A T Nanog 5
AEEH. A E A CDK6 S ik 52
TR S A M A B4 58 DA B R B SR T A, ARG T
BRI g HE I A ) B AR IR g — PR
)\Eﬂﬁ [29—33]O
2.2 ERERMEMFENAESCUREEPRI{ER

145 hk, MAETEPIBEHLHIAE, HT LA E
MRHE BV FAMA K. fEL A E a5
SEIRA T, K RCE TS A R R R 4 A
T 3 EE , X AP A 5 JAK-STAT3 {5 510 B A K,
T 5 PR SO ) 2 TR ot 24 B i B P i) ey DA i
ST TR . AR PR PR E I A (central pain syn-
drome, CPS) /& SCI J5 &3 [ # WAIR, £ K B 31
B Als SCI F B8 1t Fivs o o 50 22 M A T A 2
i, 5 AT HER VI BR AR KRB AL, —F R
HHEAE T N5 %8 i R (spinothalamic tract, STT) f#!
ZUHEN, HEATEERER SR E et A B
B2 Joi3 200 L ) ¥ A LA K A8 IR e e F- (GLT1) RIS
FR P, I H/MNE RIS SCT 5] i 53 Hr x4
PR I, 1T A2 T JoT 24 P T A7 W 450 o X A 7 e
EOCH AR B SCIJE, B 5 40 M 1) sigma-1
SRR, P HAERIER RO CX43 Fik L,
M5 3R o B TR I S 200 PR ) AR 4 ) 4 (S

797

BIR ) BERIESE: / i PR ) (H R ) Bl
CX43 B RK (43Gap26) ¥ RE W% i 3 il #% SCI fir 5]
A B
2.3 ERKRAAFBEHBERFIER

AR G [P i — ELA N T IR 0T 40 v A6 T
P PR ST IR A B R P A, (H A 2 AN IX 2
—MBERBEELRE, BRI 44 i
TE B 98 R 1] DA 4+ A B 2 CNS 1958 3 1, [
5 R e 2 H 2, Al LA A 32 A v O AE AN
BB HEE, A E IR SRS L R A
Anderson SEHFIT RN, H0H R BB IR I AN g
Rt FAT R U REAR . BAT B & R 5- R
e REM RS = PR EEM SR A MR,
T R BUE IR T B RT LA ik s el R F A . bt
FLIEFE H, SCI i CSPG Ik B2 T i R 4 = A B9
AR, BB AR sh 2 o Ry 1 H CH0ESE,
T A R TR 5 4 B 2 53 W 2% o DR 1SR B 4 SRR AN
4P 2 545 i 22 o6 B2, Teshigawara 250} 5% &
15 ¥ Denosomin R DL 3 J2 ¥ i o3 4H A ) 38 B,
P T, PR AEE i Vimentin Y22 TR IR
AN B Y, T 40 24T AR BT Y Vimentin
50N N4 28 8 E 1 Vimentin /A BT 2
S, B R DMERE SCI 5 R #4858 P 2R A 22 Ty
REME Y, AN, AR A T R R 40 B T A Y A
S HRIE T EEAER, e 7 R R &
K2 540040 Ja & 8 hE [ B2, 3k A] DU = A= f 48
DR DA R A 2278 35 R SR R 220 5 5 A
SR TR ot 40 B3 mT LA A I 4] PR (leukemia
inhibitory factor, LIF). ‘& &% & 4 5 H (bone mor-
phogenetic protein, BMP) LA & /% 6 (interleukin-6,
IL-6) &5 — L4 iy K+ 2 5 1 45 # & T 40 i (neural
stem cells, NSCs) 704k, 1,

3 ERRRAMBEESCLAT PHIER

H T BT A /e A 8 S & T R B A
MEENEN, MR AR R TR i 40 f ks
A B T2 3 SCI 5 4 FAE 1B E . Joosten 2%
FA R D B AR o A i A 2 T e It 4 B % A 21
FERROMGERE T, R EHaEt
RPN sh g E . Pencalet 2 F 1A 7
T GFP {18 75 B JL AR 35 77 1 B K IR 2
BTV R 5T A B e AT AR, AR 5 X 28 GFP R
10 MR BT 4N R RS AR B 2 1 e, 45 SRR
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P M 1) B2 T I 40 FRLAE 32 P R B N o] AR L 3T
¥, $E7n e e SCLIRTT ol e i 72 I A A ™7

WLAER, A5 4R H I Mot PR i) 2 i 4 4 i
(glial-restricted precursors, GRPs) >R ¥ i) & % i J5i 41
s (GRPs-derived astrocytes, GDAs) F£A8 1597 SCI fE
AR BRI . i, Davies 253 H S fEAK 4 H
‘B A K & A -4 (bone morphogenetic protein-4,
BMP-4) %t GRPs #1715 3 70 13K 1F GDAs, Fi%
HEAPEHRRETEN . IXLELFEAE T GDAs BT
e BUEIRIE R, iR b s & o iR A, I
A B R AN S, HARHAT K]
GRPs E A LLACR T AE ™. 5K, Davies %
& CNTF Xf GRPs #E4T 70 L3843 GDAs, {HE2
T IX e GDAs AMYUANHE AR 12E 55 BiE 1 20 4 R P AR R0 Ty
Re A, T HIE £ & SCI Ja HUB A 708 Al s 3t
R, X ERE AR R TG I GRPs JIT 5| 2 9%
S AL, BRI, Fischer %5 7F [FIFE AU SL 36 2614 T
KB CNTF #1 BMP-4 5 3 1l 73 . 3K 13 1f) GDAs —
FEHP BRI E T HE O N M A RITH, HFSRE
i 3 b 20 A 2R AR B A ] T A S BT R4S
GDAs A ANFRHE, HETHATERE. A Rer 2
H %t BMP-4 5 CNTF i 3 il 43 14 IT 43 1] GDAs 7]
RE & T 2 TV JR 5 40 M 0 A R 4 e 1 A, TN
A,Bs /GFAP" BIERRANM, 11 )5 /2 A,B;'/GFAP'
BRI . ik, BMP-4 5 CNTF J0% A H )
G FIE, ATE BOE BMP/Smad i@ P, i
J& % W % JAK-STAT i@ % ™, % 4F, BMP-4 %
T T 43 GDAs H 2 A i U MR 42 8 SR T
(brain derived neurotrophic factor, BDNF), iXFji[XF
TEH ARG K BRI A N AR AE « BMP-4 5
S TS GDAs 1] DA 73 h- 58 [ Periostin,
B REIR A il o A K B,

T BTV J 03 4 R % A8 VR T 6 U5 3740 SCT 1A 7t
FER B, N B IR I 5T 240 A AL ) A ST 8 T
Jeikek 7, RN FIEIR AT N RS2l Jin
S5 F BMP-4 X ity ) Lo SHe P B2 772 i 48 e i 47 24 i
(human GRPs, hGRPs) #4715 7 Fil 7316 3815 A\ GDAs
(human GDAs, hGDAs), #& J5 ¥ hGRPs 5 hGDAs
SRt /N R SCI A, 8 Ji J5 &K I hGRPs 5
hGDAs #SREAEH B8N R EAFTE M) Z1E#, WA
WILES A X 3 P 1) TR B3 48 /N 17, FFEL
BAEERMAEER, R miashae ik
BB & P, Davies %5 th X} SCI Ji5 # # hGRPs 5

hGDAs #HT T 7L, fAi1& 3 hGRPs 5 hGDAs 7F
Rt RAEK . PRSP DL R DI Re K & 5577 11
MERAAEZE R, HERSMATX#HE R GRPs 5
GDAs B 78 45 25400 ¥, 4R 1, Haas 55 Fischer
TN A 2 # 4E BMP-4 58, CNTF 5 % hGRPs i
53 AT 5 hGDAs I8 J& B 42 7% 18 R 1347 T4 4k 1)
hGRPs HJReEH#E N 735, I HABRE(2 it SCI J5 1)
oA B,

FHAb, NEMAG T 4152 (human embryonic stem
cells, hESCs) SV (1) 22 ¥ % i 41 ffl # 16 21| SCI 5 i
WA RE IR i L AF S IR S, HIge 58 AR EE
Jioe JR m B A B 22 . (E, SRR 5 v
hESCs 75 3 73 A0 T 3R A5 10 B2 T 15 4 i 3803 A B A
A, IR 44K KT 1 (fibroblast growth factor-1,
FGF1) B4 44 K K- 2 (fibroblast growth factor-2,
FGF2) 1] DL 5 2 T J 5 40 1) ol 3 2 3R 10092,
Das S5 W/F 50 B, R R iG> IR (1) N 28wk 22 4H 28 g
(human neural progenitor cells, hNPCs) £ i 2| & 4= K
BOEREN, SBHEINFRAREHMAMILL, 117
IR TR A I B 5 %, I HAE
gl 1k 5L EM R IE s M E et Bk, R
ARFA I3 AT LA B T B A P o e B s Sk
AfF 58 R bR A 35 3 1% 2 e T4 B2 (induced plu-
ripotent stem cells, iPSC) K152 T Jfi 4l . Hayashi
SR /N R IPSC 5 3 2 A T A 1) B2 TR I J5i 4 PR A% A
FIRE SCI A, KRR Mizsh Dise A H B15 3
B, ML R M nE . Haidet-Phillips
SR N iPSC SRVE 1) B2 12 112 J5it 4 i w4 240 Jia #% A 2
IEw/ANECERET, RIVEATR DA AN 12 4,
F H. 90% fi % 43 B R 2 i SR i s 2t
— BRI, AR RS /N BRI B A0 )6 BE A
TN APSC K Y5 R J2 T% M Jo 248 i mT DL Sk 35 e 40 e
PR The © BT L, AN RIS IR TR S 41 i Y
Xt SCI HIGIT RURAFAEZE 5, B EHATH
Fo AR RIS A G, &R
e 5P ERIEE K. fEARZ A MRIEY, iPSC H
TWEFF 78 H hESCs Frifiifa i) — RAMCH M &, I
H AT DAK AR 175 5 23 Ak ) 2% B2 T IR S 4, AT
B 7T RERRH.

4 ERRRAREREESCLAT REER
THM) N T AR SR, 45 SCLIRTT
R T A (H, RTINS T AR v i o
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Z WS, LB R, G s HE R A BOR XU &
2 10 G R 5 AR 2 T AR HH B B0 — TUAR P R 1
AR, P ZEARBER SN ) B 520 15 5 %
IR NSCs DL S & FhAN R R AL R4 o6, AT it
b B A P A e HE R 55 1), X SCIVRIT BA
Iz IR AN E . BT, T 2 20 P 2 24 i B g
WSR2 I — R, M T AT A, R
JRe R AN 5 AP 2 e AN M i R, R R b
525 ) 4 AR N4 TT

HET, AR TR 40 1) B g 7 vk 22
P % R+ miRNA F/N o 140G 1) 5 AT £
fE (# 1, % 2), 2006 5, Takahashi £l Yamanaka
B — Wl i i £ ik Oct4, Sox2, Kif4 Fl c-Mye Y
P s R, KR AR5 T 0 BRBCAT 4 41 i B w7 N
iPSC'"), JE3K, Ruiz S0 0S8, X P04 F5EH T
AT DK A T R 4 B S 4 R N iPSC™™, Corti
SENETER A M AR S\ OCT4. Sox2 5
Nanog, &I EATRT A 80K B2 P 5 41 i 3% 1k
9 NSCs, ZEpELFEATEL]] iPSC B, M
1M EE T 7 iPSC e R ) — L AR 52 i, i 5 B0

799

B I Rk . Heins Ze0f U R B, ANEE SRR T
Pax6 it e 47 2 0 i 5 40 B B 4 4 oAb e e T
EAERERE, AREFEE TN S0 R T A
FEFET] ISR F R L0, Flin, 752K
J SR A 5N Ngn2 AT 3R1G B & e Re & e, 1
SN Ascll 8 DIx2 W AT 15 8 2 B RE A& o6, X
U o g AR ARAF I A0 2 e AL B R TN E HLAL, 16 RE
TR e tEph 2 o e R U kB R SR,
R P 26t 57 DR 7t A A P ol 2 TR B ot 4 o 3 47 B 4
F2. Torper 25t 7 7x, FIH Ascll. Brn2 Al Mytll
S =N s IR T DL LR /DN SRR P 1 B i Ji A
MR E AR & e ™, HAh, A AN ST
Sox2 . FE 54 fini P AT P 1R RS /DN B T e o 4
M g FE A TG, X R P R A4 i R AR TR YT
CNS ok 7 A 77,

miRNA 7541l 5 4 Fit R 5 (14 FH T a6 ik 72
FH R TE. Li 54846 H Oct4, Sox2, KIf4 1 c-Myc
DY Fh i 5 A 1% 5 iPSC I i A\ miR-93 A1 miR-
106b, K ILEATREA 242 F iPSC 1P~ 3R Y,
Xu 57 5 &7k, miR-145 ££ [ 3% 56 37 ) hESCs

RSN T BUNT TGS S 10 B4 i 0 4 A2

Table 1. In vitro reprogramming of astrocyte by transcription factor or compound

Induced cells References

Astrocytes Transcription factor or compound
Postnatal mouse cortical astrocytes Ascll, DIx2

Postnatal mouse cortical astrocytes Ngn2

Postnatal mouse cortical astrocytes NeuroD1

Postnatal mouse midbrain astrocytes Ascll

Human astrocytes NeuroD1

Human cortical astrocytes Oct4, Sox2, Nanog

Human astrocytes

Human astrocytes
i-Betl51, ISX-9

LDN193189, SB431542, TTNPB, Tzv,
CHIR99021, DAPT, VPA, SAG, Purmo
VPA, CHIR99021, Repsox, Forskolin,

[71,73]

GABAergic neurons

Glutamatergic neurons L7

Glutamatergic neurons sl

(871

GABAergic neurons

Glutamatergic neurons 156l

Neural stem cells (1
Glutamatergic (88.3%) and
GABAergic (8.2%) neurons
Glutamatergic (70%) and 1831

cholinergic (7%) neurons

[84]

R, F AT SR TR 5T 4 e A A B g P

Table 2. In vivo reprogramming of astrocyte by transcription factor

Transcription factor

Induced cells References

Astrocytes

Adult rat striatal and neocortex astrocytes Ngn2
Adult mouse cortical astrocytes NeuroD1
Adult mouse cortical astrocytes Ngn2
Adult mouse midbrain astrocytes Ascll
Adult mouse striatal astrocytes Sox2
Adult mouse spinal astrocytes Sox2

Human astrocytes

Ascll, Brn2, Mytl1

Neurons
Glutamatergic neurons
Glutamatergic neurons
GABAergic neurons
Neuroblasts
Neuroblasts

Neurons
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KRB, HAESM SRR HREEZE EH. Octd,
Sox2 Ml KIf4 /& miR-145 ) B # /F B #E &, 3
miR-145 ({32357 DL hESCs [ 3 385 85 7 53
HAr 4k, FIBHEHE Octd. Sox2 Fl KIf4 [ ik, X
PEIR T miR-145 55 F e e g g fE (K 1 2 [A) 5 B3
& 7, miRNA T R HEmfE a2 Mgk, o
TR A MIG . HT etk E . KRR
T2 B, fEYN i E g AR I FE P, A2 miRNA 7E
RN RIE LA UM, /> % miRNA 78 #
AR S5 A B AR AL, 1X R B miRNA 7F 5 45
I I ) 40 P LA v I B A e

FHECIE S R 7 A1 miRNA, /N> TA6S 07 40 i
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