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T FIEFMHE DRI SRR 2R AR R RY
EIRIERE TR TR

AXE ITHE MAEE HBRYE WEFE #wHA Fzg HhE FRROHET
(T KSR S4B, BLER 400715)

WE U R @ (oligodendrocytes, OLs) 2 #R4% 22 % 4t (central nervous system, CNS)
EERWRME MR, LA RERFRT L — R I AP R MR R, B4 % L A ALIE (multiple sclerosis,
MS)Fefiz & R & H B,V RIRJR 4m e 48 4a it (oligodendrocyte precursor cells, OPCs) &9 4345 2 74 77
B S AR K IR R 6 —FP B e 7 k. EIRARY /&, OPCs™ 6] OLs 7 18] 5 AL S 2 545 S/ 4% 69 4 R BEATRE
316, 122, OPCs A K I P AR & 5%~8%, X AP BE 15 T AE R + oA Pk, BRI & Az R A RF
TtV R 48 A8 4a i (induced oligodendrocyte precursor cells, iOPCs)# % u&- v 4 45 #5415 7% 74
§76 T RBEREW WILT R ADRIZ T E DA — R 5| RAFHE R ) PIAL, €IEI0PCs A AT 4L
& WROMER B IR KE, B, Z AR HEIERE T miRNAAE S THREFH5 B EET
IOPCs#Y & 77 ik, Fo At TiOPCs#) I A M1 A A= 2 R AT %, 8 e LR mARR M E. BT &
Aol A B F 57 @68 A REE SRS,

XHiE i S R 4 A A0 2 SRR B AL B s R T miRNA; H 4R

Reprogramming Factors Involved in Generation of
Induced Oligodendrocyte Precursor Cells

Ling Wenhui, Wang Mingyu, Xiong Chunxia, Xie Dengfeng, Chen Qiyu, Chu Xinyue, Li Yunxin,
Qiu Xiaoyan, Li Yuemin, Xiao Xiong*
(College of Animal Science and Technology, Southwest University, Chongging 400715, China)

Abstract Oligodendrocytes (OLs) are the major type of myelin-generatingcells in the central nervous
system (CNS), dysfunction of them contributes to a variety of neurological diseases, such as multiple sclerosis
(MS) and congenital leukodystrophies. Transplantation of oligodendrocyte precursor cells (OPCs) is a promising
therapeutic strategy for those demyelinating diseases. After the brain tissue is injured, OPCs will be differentiated
into OLs which can remyelinate the axon, but this kind of repairability is very limited because there are only 5%
to 8% OPCs in the brain. Reprogramming of mammalian cells into induced OPCs (iOPCs) in vitro is a promising
strategy for remyelination, but some problems such as lower productive efficiency and long-time culture for
generation of them in vitro need to be solved or improved. Therefore, different induced factors (including defined

transcription factors, miRNAs and small molecules), problems and application prospects of iOPCs were reviewed
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in this paper in order to provide the theoretical and technological guidances for disease modeling, new drug

development and regenerative medicine research.
Keywords

miRNA; reprogramming

P R AN BE N T A RAMGE S
& ARG N RS I 4E+F 2 o0 2. Bl 1 B2k Bl
IRebarG 2 P BOR 2 B, 5140 ) L8 i) 10 e 2 R
AR A2 R A ARE (multiple sclerosis,
MS) ARG 38 = A R o HH 2> 98B Joit 248 A 4H 4 A
(oligodendrocyte precursor cells, OPCs)Z 44 1 i 1
/D3R 4B (oligodendrocytes, OLs) & FHAX #1282
Z 4 (central nervous system, CNS)H 1] = % pl i
M. BT R PN OPCs Al & e/ HLAE BN i o 4
FRoz 12 1 5E sl 1k PIRAS , Bk, et fe , 8
OPCsF3 4 il OLs i 1148 52 45 40 i 85 1) 8 /1 73
HRR. Yangd Mimid Ak shit ik 3P S K 7. b
S o 4 o % 5% IRl -1- 2(oligodendrocyte transcription
factor 2, Olig 2) 5|k 5E XY 10 [(sex determining
region Y)-Box10, Sox 10]F1%%45 25 I 536(zinc finger
protein 536, Zfp 536)¥4 /N ERUE G B AT 4E 41 A (mouse
embryonic fibroblasts, MEFs)FH K 5tV i Rl 214 4 g
(rat embryonic fibroblasts, REFs)¥% 1k il A5 54 /b
i R A A AH 41 Y (induced oligodendrocyte precursor
cells, iOPCs), Rl A EHL BT TG0 A K VR )T
SRt 7 AMRYE . Fan5EPhl I 44 S R miRNA
BT H /) BV B T 41 B2 (mouse embryonic stem
cells, mESCs)4 4k B A iOPCs, 4 i £ ik BE B I 7Y
NI S, HRT A48 OLs, Ja 3 mlie— 24
RO A RRER I B B A AR b, g
BUPAEIRE ). S, A7 5 A RS BT 402 (human
endometrial-derived stromal cells, hEnSCs)®!. ANi5S
£ HET-41 i (human induced pluripotent stem cells,
hiPSCs)“\ #1248 T4l i (neural stem cells, NSCs)"!
S5 WA AE 9 A4 RiOPCs I 48 i 5 3 (B ). (H A2,
1OPCs [ AE FUAT) A7 AE — L8 i A5 A o (1) 17 8, 457) T 6
TR BEAR LR AR RIS TR IR K . AU,
A B — DR g R R R AL, AR A
SRR T A, 1R AIOPCSHI A AR . ik, A&
LR T IOPCsHE d #E v v i = R 1 (46
sk . miRNAFI/N G FH) 5 55) . LA o] /AN

induced oligodendrocyte precursor cells (iOPCs); oligodendrocytes (OLs); transcription factor;

AT, B A2 N BLRE B O I AR AR BT IR
T e TR R S RN 25 W T e 25 U5 T SR L ER R R BR 2
%o

1 %REF
1.1 Olig2

OligJ& T- Bl 1 42 Jie —Fh —12 i€ (basic helix-loop-
helix, bHLH)# 5 X 1 5<%, HOlig 1#10lig 27EH
&R A g ik, TOlig 3ECNSH 25 1 H.
PRI, SRE1E R G TR RS, BRI,
Olig 2 % 5O0PCsH) F- W5 [ 0t k. fEIR G
()51 % B L2, Olig 238 i B4 3% Ngn 1 Al Ngn2 %
R, #EAAIE B o H AN A IR M X, e iz s
P22 TG I frie HARE T AH 40 i 17032 sh 40 & 6 1) 4
fbo {EOPCsE A1, Olig 245 #3122 & R 147
KA L ERRAK, TEOPCs[AIZ B4 I0 7 il FE v 22
RAIRVATHE IR . W AN 22 2R 147 RS NN AR,
Z & o TCIETE i, 1HIX FE A 252 OPCs ¥ T
B pS3RENE B i W 1 i o T8 4 ol A S Rk [ B
PEZ5 9 (R BBUR Y, 7K F 1Olig 268 85 48 HipS3 1)
KR, S PR Ui FERERE 2% 240lig 28k
Z, T i TR AN i ey S R A A KA 1k B
KA T Olig 234 7T LGS #4 5 K 1 Nkx 2.2,
fRAEHBEFOPCsHI T M. AR AN SR B, i RIA
Olig 27] LAINIEmESCs 73 A4 NiOPCs RS, 23230
KIEEFE G, P2/ T4t I 2(neural/glial antigen 2, NG
2)1OPCsH A i R 2% 7] 1580%"; iOPCsidk fi 1E 44 4k
AR R R 52 s I 4M P (mature oligodendrocytes,
mOLs)!"); Copray%!"hd it i 3 12 Olig 278 FFNSCsfk
A0 53 AR ImOLs, B AE Ji5 3 28 A 1 1A M P 1 )i 15 i
B, SRRV S S R R
BRI AR, T DB S 3L (B A S . DR,
i %32 Olig 2 7] f ESCs Al NSCs%%: 5 45 F1 /iy mOLs,
Z 5 N BE I AR
1.2 Sox 10

AL Sox K e L FESox AL B, C. D E+ F.
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MEFs: /I B SR 2T 4E 40 i mESCs: /N BUIE NG T-40 J; hiPSCs: A5 51 2 BT 41 Jil; hEnSCs: A 7-5 P9 I 2 BT 4l s NSCs: #2841
iNSCs: 53 PR 2 T2 NIH/3T3: /I RGBT 4E A 25 iOPCs: 5 S P/ IR BT 40 A AR, OLs: b S B4 ; PDGF-AA: M/ ML
KT AA; OSZ: Olig 2. Sox 10F1Zfp 536%% 34 FF; NOS: Nkx 6.2, Olig 2H1Sox 10#%3%F ¥ .

MEFs: mouse embryonic fibroblasts; mESCs: mouse embryonic stem cells; hiPSCs: human induced pluripotent stem cells; hEnSCs: human

endometrial-derived stromal cells; NSCs: neural stem cells; iNSCs: induced neural stem cells; NIH/3T3: mouse embryonic fibroblast line; iOPCs:

induced oligodendrocyte precursor cells; OLs: oligodendrocytes; PDGF-AA: platelet-derived growth factor AA; OSZ: transcription factor Olig 2, Sox

10 and Zfp 536; NOS: transcription factor Nkx 6.2, Olig 2 and Sox 10.

Ell iOPCs4H piHY RSP ELRIZIRAR

Fig.1 Strategies for generation of iOPCs via reprogramming in vitro

G- H. TR, H120F0 8 5 4180, Sox X Rk it B Ay
T A% i (high mobility group, HMG) {57 &, Hidw
T 1 8 5T i) LS DNAR SRR 8 7 40 454, IR 3
P HERFEM S HORAS E DT, Hr, Sox E
W5 P 22 I FIOPCs ) 73 4k; Sox DM -G I & 8
LD 2T 28 B () 234K Sox Fil 5 = 1R 2 1) 15 3 T 1
Sox Hif ¥ H JF 40 B (1) 734 . (R, Sox S A& R L
K B R ) — A FE AR T AR

Sox 10J&T-Sox EZXIR, s 5 P 42 i 2%
HEEER SRR T HMEENEREIIMME RS
1) B 2L 20 R 43, FHCNSHE [OLs 4k il # 4 R 4t
(peripheral nervous system, PNS)H [#]Schwann4fi ffid 7~
A, YEFRFRAME RGBS S PEL T BEE
(I A T Sox 10, Sox 10/H = 2 S BUN R4
I 3 22 /> 40 L 5% & IR A5 DA S A 25 Waardenburg
CREIESE . FEOPCsHA i A M Bowh L JFH 4R R
ESox 10, Sox 105Sox 945 & LRIE T OPCsHIAAT
5T #U7; 7E ff I BCET B, Schwanni A H [ Sox
106885 5 Oct 611 [7] 75 5 B¢ 4 4% 55 IR -FKrox 201 %
1%, Krox 205 Sox 106 HH H.45 & 3k — {21k 1 # 4

[ RS, i % iASox 104110lig 27 {#hiPSCs#% 1k,
HCAIOPCs, Ja# 5 K B i #h 22 e 3L 55 IR I, e
A A TT N R TY BB, WangZ52h8 i 43 47 #f
25 i 1A 20 i FIOPCs Hh iz 53¢ R - 1 3 155 15 A T e,
M S E H T 101NOPCs T 7 A B % s R 1, Horp
R Sox 1088518 A 1 28 Fi M4 21 o % 7% B JNiOPCs;
Garcia-LeonZ5M it 1A Sox 105t 7] LATE22 K P A
hiPSCsE K O4 20 i, H. 3 14 #f ¥4 58 1 25 H (myelin
basic protein, MBP). 4534 L OLs 5 #1128 Jo 3t
FE IR, R LA P 2 240 i Ak 5% ) [ A7 AEMBP 4 i,
HH 2 Z80% 86, /EOLs#HE )5, $25iSox 10/
FakA B BE R AZ Z MR IT JURPY. R, Sox
TORERE J0IE 8 4 T2 B AH DG B [T, 2 R E OPCs 4 K
I3 WANBERSTE ) E 3T K.
1.3 Oct4

Oct 4 X 44 POUSF1(POU domain, Class 5, transcription
factor 1), J& TPOUZ % 1) [l 180 % s Rl 2, AE4ERF
ESCslt) 2 RetE 7 g 2R EZ IR, B pdEN
KA B AR L R, 75 5 A IR BT, Oct 45
CLEfEAE T OPEEAME. SEMRFISMI)Z h, TERRAGIA R
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285K, Oct 41EMEE H ) RIE KT T A, B
JGOct HEJRIE AT M R IED, EREMRKE
RN RIS FES, Oct 455 PRI BRI 22 DR P 20 P 4]
R SRR )b B 4 e m R A 9 VR JE 4 R RE T, A
MER G L R B2 Kk, Oct 42246 4
FEF 73 ACESCs i 3 EL T A -, 01175 5 i
A £) 22 Be AN A B U O FL

AR, Oct 438 2 #if 48 15 41 i (neural progenitor
cells, NPCs) ) 5¢ 8 i #2 K 7", OkudaZE28% #i,
T8 I IR B AR R I Oct 4193818 W] LN # 2 4
A ERE, T Oct 41 457 25 22 38 W) ] DL 1) # 22 43
fbo #RTM, Shimozaki%™IE B = [ I Jig 417 il A -+
(leukemia inhibitory factor, LIF){) 75 i 55 750 7
2L FROct 411 1k nl FTESCs A R Hh T i i 28 41 ik
=, HERW IR k. BRI, AN [F)E R E i Bl T i
Oct 4117 1K 7K -F- 7] LA A I ¥ A 38 o Lee 5PV TN,
i %1k Oct 4 H 454 Smafll Mad[A]J5% (Sma and Mad
homologue, SMAD) LA K ¥ Jif 5 i -3 (glycogen
synthasekinase-3, GSK-3)/)N3F- 01l 5f] (SB431542.
LDN-193189. Nogginfil CHIR9902 1)/, 7 ¥
AR LR A1 I CD34 41 i B2 5% 40 N i35 5
4 41 22 4. 41 g (induced neural precursor cells, iNPCs),
iINPCSTE 4 P9 7] 4344 il OLs AR T 155t 240 i, Kim
SECUWAIE B 1 Oct 458 % /1 $MEFsH % 1% NiOPCs,
Ja R R R E A, HRES 4R H IR
B ML OPCsHy 7 M R 1 2 1 A2B5. Il /MR
KR 72 Mk a(platelet-derived growth factor receptor
alpha, PDGFRo)AING 2. iOPCsTEARAN ] LIAE 23 14K,
28 /N B AR N R HE AT DA A0 A2 BemOLs A1 A2 T i J5 48
Ja, A& 5 32 40 B HLAS 22 T8 B
1.4 NK 6[ER&E% X EF 2(NK 6 homeobox
transcription factor 2, Nkx 6.2)

Nkx 6.21F 4 — e XAEH B 7, 58S
P R G0 o3 A DA 2 AR T A L ) R B 5% V)
R, FERIIMA K EH, B RE T HE R
53 Wk 1 % MR Al ¥ (sonic hedgehog, SHH) ] 75 F I ]
M8 INKx 6.2 3R KB, 1 1 i 3R -7 (bone
morphogenetic protein 7, BMP-7)IIJ i] ]Il Nkx 6.2
Riko £E9.5K /N EAG H, Nkx 6.2 /1 i A1 j&
i B 5 SR R N m) Rk, 2 5 (A 42 T AT i B
Z oY B TR R B 5, Nkx 6.2/ &%
S AR e 1, 3 AR AE T mOLsH, R {2 ik

OLsHt#h . HEEHTE B 20 70 il R e o 24 it 32 422
YRR BE SRR 5 7 T A SRR P,
1.5 Zfp 536

Zfp 53652 — il mi BEOR A7 I C2H2 AL 4 4 AR 10,
TEFRZ RS R B Al S E . Zip
S367E KM 2 2 ¥ I XORIT Fo fivi & X 4315 KA,
JEHRAECNSHIE R hRIEF 5 . BRI,
TE4E IR (retinoic acid, RA)5 3 /)N 5l G 87 P 1941 g
4 28 or AL ik FE H, Zoep S36FE % H HIRA M. 25 o 14
(RA response element, RARE)[#% 55 i 14, 13 1y 71 1
FEPIOM T R 22 7e, R RIEZp 536 Il
Teo b, R MR A TT P, teAh, Zp 53618

RN (et OLs IR 734k, I BARMLGIA fp it — Dt
Fo

TE U FL 30 4 41 F A4 A 8 4w F2 4 i0P Cs I 52
W, AN SRR T AR AR SL IS R AL, (22,
FEAEFERT K. RSN @, Hik, @ RHZ
Fhit s R 775 3 1OPCs [ AE Al . Najm &5 PRER H 2
I T AR/ F 84N (Olig 1. Olig 2. Nkx 2.2, Nkx
6.2, Sox 10. ST18. Gm98/MyrfIMyt1)E;3/(Nkx
6.2+ Sox 101 0Olig 2, BRI NSO)FR fill 14: % e [K 1 )ik
RIE, IhHUKE MEFs A/ 5 A% £ 45 41 B (mouse
lung fibroblasts, MLFs)H 4 #£ h{ NiOPCs, J& & e 7t
PR AN FESAR AN 431k . K5 iOPCsH% 48 F| Shiverer
ANERRT R, T BRI R R 2 EECE R, K
iOPCs#% 48 22 Shiverer/) i F) & 36 A AE B, & M)A A+
B 22, JEAE S 08 1 A B = A2 B0U% B8 4 Yang
S0 200 B 2 AL I KA Olig 2. Sox 10F1Zfp
536(0SZ)| 7] ¥4 MEFs FIREFs & 4 £ 1§ JNiOPCs,
Ja B AAUAETEAS . BRI 5 5 1 5 I AAOPCsHH
6L, & RE 8 LE AR Hh 4 A TE BimOLs.  [F]Ff, #4iOPCs
% tH 2l Shiverer/N B K H1, 7T T B BB 35 LeeEVR
I, NSOLLOSZH HE H % FEMEFs i NiOPCs, Hi #
(R FEAL R K21 N80% . OSZ T Fil T REFs ) 5 4 F2,
HAOPCs AL AL K29 990%; Lide Ok H Ak 55
AR 5 (B-F 2L i) [Poly(B-aminoesters), PBAE]4l>K
WURLA F0lig 1/10lig 213 IE, rIH A4 41 iy
(human neural stem cells, hANSCs)# %4734k il NOLs,
XN R TR R B A PR R MR T IR BE T — N
A, AISEMIANCRIE. I, BRI T E E A
B RV 5 IR B Ak 1Y) 22 4= 1 X F-1OPCs A A= i AT v A
HABEERRm.



A SCREE: A T TR SRS AR M AE 4 B A ) EE AR R T O Tt e 1651

2 miRNA

miRNARE — B WM. N (422 nt). JF
i FIRNA, H A 5% )5 U B3R € mRNAR/E ™,
miRNABE I 5 10 41 iy 1 2 1 3 Rk (W AT A B B, R
YR A B R NS, P ars e . A
oAb, ST AN T AR T2 RS A . TEOLsY
KB EFEF, miRNAT] P8 TOLsHIE R 3 5 71 HE
BT S R . BRBR e MR R T4, I Rk Ry e
I miRNA . §8 5 Th 1 4 W6 7L 3 47 41 B 28 2 A2 B
iOPCsE{OLs.
2.1 miR-219

miR-2192Z0Ls/r L i F2 H & KA [ miRNA, A
W EOPCs 58 2 OLs 7344 Fr 4 75 I Al 1~ miR-219
AT LB B4 i) 2 #EOPCsH 5 (144 ¥ 15: PDGFRa.
Sox 6. X k#EJ3(forkhead box J3, FoxJ3)Fl&E{E 5 H
238(Zinc Finger Protein 238, ZFP 238), M £ OPCs
I3 AMOLs™, Ak, miR-219f8 15 75 — & 72 &
& 2 OPCsHmiRNASR 2K FT 51 i 19 7 4 Bl B+,
miR-219F T~ i ] DL [m) 1 b 0 Tavdi i, @ ik #0
IR 22 T6 I 34k 3 T T B 2B AL,

hEnSCs/& — Ml K&E3R1G. BA MK %k 5t
A RSAKR T 410 . Ebrahimi-Barough%5 P FH 1895 554K,
1A 3 A miR-219¥hEnSCs # 2 #2 AiOPCs; Nazari
1O 3E 1o o 22 TAmIR-219 %, T 1 ¥ hiPSCs 7 1k i,
NiOPCs, J&# 7 #i% Olig 2. Sox 10. PDGFRaA!l
A2B5% OPCsHs S PEEE (1, iOPCs& = FR AR
P& (triiodothyronine, T3 ) 417 5 1] 434k i 9 - 1A 1)
OLs; Fan%5 PV H, miR-219#86% 38 i 4 % Foxj3 Al
Zbtb181% 5 mESCs ] #1481 22 41 i 43 fL. 4= 1% iOPCs,
¥ iOPCsFEAH 1) 2 0UHA CUBR L BE — B 3 B2
Jid 88 5 /N R IDE AR AR S5, iOPCs T LA [ ik I 4 A 3
R It — b b i, FRIAMBP, BeaE /N BRI ABE
J1. B, £miR-219%5 5 /= 4 [iOPCs A 1] BA{E
HERERS AR, 0 H., B BELENE M BE R i 2 i 14 58 Py 5
PENPCsHI IG5, T B vh 22 Dy fg, S = sl A A
RN RE
2.2 miR-338

miR-3387EmOLs. A i A4 fh £ 1y i 08,
Z 50LsM b LA AW 2 R G BRI &, 128 HE
P AR . R REH, 3 BIOLsIE 1) %
miRNAZmiR-338, 1 7E K 155 2 (I 2 miR-219%
FEAEFH . miR-338W] LU it B 240 1 OLs L 1) 67 1

153K PDGFRa.. ZFP 238, FGF 2. Sox 6411 Hes5 (]
F K A2 BEOLsI) 43 1L, #EDicerl5{Olig 15845 1]
BEE, miR-338M0 3R 1K 3 N, EMSE 3 H ik P
it Z miR-338FImiR-219/# K1k, HHAmiR-3387ECNS
TERCEER I R R AR L R I 7, (H 2, miR-338(1)
B = 2 I HImiR-2 19948 BUARBE AN 1) R AL, KRB
BB 12 e /). Ebrahimi-Barough®5™:R I 185 B¢
AR FhEnSCsit FiEmiR-338, Y6 K Jm AL ik
OLsi ZFr & A% a1A2BS5 . PDGFafISox 10. A1,
miR-338 1) 1 FHIBTOLs AR A it A2, ez I Ap
LA FEOPCs [ OLs ) 43 4L,
2.3 HfmiRNA

miR-1387E % 5 53 P Hh {12 HEOPCs [ OLs 7 1. 1]
LB B, 4558 A2 B OLsAE W8 78 40 i 5582,
FAhZE, HET T BmOLsEY . miR-1387E /N R ifF & {4 h
Fikkw, 5 /NRICIZAT NS, TatroZF 52t
FLAR W], miR-1387] 41| £t d 5 i3 i 1 (acyl protein
thioesterase 1, APT1)3RIA , fH/NER BI1E12 J19855
LiuZEC30& I, A4 P9 4 28 (1) F5 A4 @ miR-138 & R
55T HE 5 SIRT 130471845 : miR-138 i (L 2Ly L 5h )
(28 A=, T SIRT 1] 3@ L i miR-138 I T Ak I
PHIEShZ A E A . R, miR-138MISIRT IR R 1 HoA
GRS AE AT [ . Ak, miR-7athfEOPCs
rhE BERIE, N BRI IR K2 5t BENPCsH i A miR-Ta
SR FFOLTE 5 4H M 1) A= B, 49 i miR-7afr) Dy G U s
OLsf# sk B3 7 s o, ik, miR-7a
13 3 B8 95 (2 BEOPCs I i #4054, miR-9f¥) ik 7K
75 HEE B —51 i 85 8 F122(peripheral myelin
protein 22, PMP22)[] & ik 2 FiAH 5. 1y 7% A2 PMP22
R F ) Schwann4f Jitg o ) Bk = miR-9, [A i, 1R A 7]
fie /2 miR-9 5 PMP22 13" A 1 1% X 38 AH B 1E FH JF &
W H 3 AP, miR-23/2OLsH & & 55 —FimiRNA,
miR-23 7] DU 8 15 22 218 /757 2 B2 25 11 I (serine-
threonine protein kinase, STK) 12254 J5 % 4 25 [ F
(mitogen-activated protein kinase, MAPK )i % K {iE i3t 5E
BRSO A5, miR-23 1 E R AT {2 HEOLsIH AR

mOLs it F2 71, miR-23afImiR-23bfK) % ik & Ak £ 1
N7 5fE, i ek Horh 2 — 5 n] {2 i OLs ) B 7P
TEMSHREAZH, miR-1451 3Rk & 570 =, L ERIE
Al RE I A RE R T B R, 31X 0] B MS A BE S 15
2RI — > B R RS,
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H A, 444 25 2 A5 4 40 i 50 22 6 40 0 A Bl
1OPCs 1) 5 I = R FH 10 7 S5 7 B 18 5 2 3 A4 A
FH R R BimiRNAR RIA (K ). R, SMIE
B BN LG AR R A 2 ARG i B R A P R
3454 Bl IIIOPCs FAT W FE [ B0 P, AT PR 1) 1 34
FEImAR BRI ST . AR R EA R AR 224 B 5 T
RIUEEA P10 52 BIAMT 2 K . 5 R 2
HARBLFE TR 2.0 W (polyethyleneimine, PED)™, fi§
JRAACOTRI AR IURL 4, (H 8 FL A e R AR B .
ArsiantiZE 2R B, K FHPEIL A% 10 i 14 S 4k 8k gl 2K
WUk gL L6 BB 41 (baby hamster syrian kidney
cells, BHK2 1)}, PEIfF)Z 3 nT LU ik i 74k A F A
TR I pHAR AL R, T3 B0A Bl A I AR E,
TE A T VA T AR 2B A RN AR IR R R R A 3K, B v FL A
GBI, TR — T2 4 B4R S g AR R R X
¥t R P B AR IR YT AR B, N TR
BB S AT I B 2 SR

3 INDTHIR
3.0 MMRIE% K EFAAPDGF-AA)

PDGF-AAZOPCsH ¥ (1) — /N5 1[0 2257
5, E R W FENSCs M OLs 7 171 734k WF 78 K B,
SR F#h 28 BESH 8 B 10420 il £ 1) SR AF 5 77 34 (B 104
neuroblastoma cell conditioned medium, B104CM)#] LA
fEBENSCs ) 47t FOPCs 1 FH ), {H /&, B104CM
H 5 W L BRI i3E T OPCsIRII E, 2= AT AN ¢
4 . HuZER B, B10440 g o 17 76 & /K7 1)
PDGF-AA mRNA, HBI104CMH 4 & ik ¥ {1 PDGEF-
AATE . AG12957EPDGFRAE 5 3 B (1) — b 571,
RE % B ITB104CMi%5 SINSCs 1k il AOPCs I id 2.
I 4, PDGF-AA SR [ 7E 1R &1 ] S0 48 i 4 5 1
19 ¥ 1/2(extracellular signal-regulated kinases 1 and
2, Erk1/2). i i Bk UL 2 33 3 (phosphatidylinositol-3
kinase, PI3K)fIp3815 5 i@, 24B104CM. PDGF-AA
ENSCsHL B IR, AI{E#E H 1] OPCsil R 731k, PRI,
PDGF-AAR] LGl It BEErk. PI3K. p3845(s Sl %
W FTINSCs 73l NOPCs .

3.2 SHH

SHHZ A #fi tHL 40 i 1) 22 73 R, B ALAE P&
b R A4 A TS . SHHGE 1 0% SHHAS 5 18 %,
A 38 i Y P o 22 78 F7 K] 1 (brain derived neurotrophic
factor, BDNF)[1) 1, 3k 1My {2 2k #ih £ 7 (1) 38 5 A1 43

fb. TEOPCsiE & 4 f 1) & & i #2 1, SHHJZ 2 i3k
OPCsJ¥ i Fl1 38 58 1) 5 B8 R ¥, 4 SHHEE R T i 5L
SHHAE 5 2K & I, OPCsK M 3G T8 IR 2 %6 78 1 h 4
AARZSIT, i i 0 5 88 A OPCs 1) 2B B 8t Tt
PR 1k 1 1 (sulfatase 1, Sulf 1)/ 3% 4, Sulf 16E% HO%
SHH{E 518 %, SHHA] L% 54§ I8 00 (1) 32 shph
JC H 41 B (progenitor of motor neuron, pMN)3 3 ik
Olig 2% 5 K1, M A8 — K OPCs, LLJEfEIRK
— BN 8] ] OPCs ¥ AR Jl A7 A8 B e T SHH V) i 11T
RAH AENE FEOPCs I 4E R, b4, 76 I8 G & & i
1, SHHAEWS 12 OPCsH10lig 12/ 315, fEBA K,
SEHA, SHHA 5 4T OPCs 7= A= Al 55 LA K He 7 1 B
Tt A 5 2 P = 0 B 28 3 7 12 0 e ¥ T A
F . BianZ58% B, 4 SHH5 i 2F 4 40 o 28 K H 7
2(fibroblast growth factor 2, FGF-2)f1PDGF-AABE A
R, AT5 S22 b AT 41 fd (neural epithelia-
like stem cells, NESCs) 5 4 F£ il NiOPCs, J& % BEAE
A — 2 5 N BB I g 71 OLs.

3.3 AAHMAEKCEF (fibroblast growth
factor, FGF)

FGFTE I #OPCs 1) 34 58 Al 4 A0 %5 J5 TH B A &
FAE . FGFAE % %5 SNSCsH Olig 23 R ) £ 15,
fE1FNSCs[1IOPCsHE 5 73, 75 I MG 2 AE s —
WOPCsZ )5, FGF{E 5 Uk s, WUE WFGF(E 5
TE 52 VK 1% 2 FR P i (receptor tyrosine kinases, RTKs)
I T T BOEMAPKAIErk 1/Eck2 35 g, 2 T e 3k 7
OPCs[{H 5 5T R Bk /1. HeAh, FGFIE Al DL i 411
HHIBMPAE 518 6 514575 )35 2 AH 4k 2E i OPCs™, T
0 Erk 1/Erk 245 5 38 % ) 2> H BLOLs ) Sk 2%, 1X 3%
BHFGFX TOLsiff R L 2 X EH 2. B IRFGFH
SHHYJ 8 A2 OPCsITE i S5 Al 734k, (HZ, 1A
HPSEEGR A, MFGFE R T & BRIt B 30
(SHHAE 538 2% (1) B i 550 42 76 ek BB s 42
BRIFOLs 7 [A) 4040 A4 P 5258t 7 300 B A & SHH R
KB/, MAETEFGFR, JLH 2 Bt 22 0 10 A B
OLs. [k, fK#i T FGF [ OLst 5 41 i A& pig ik 72 4h
ST SHHEA/E FHUY, ChenZEU% 3, 1 Schwann4H
Jit 53 A F) FGF-2 1 PDGF-A A 1] 75 5 OPCs 1) 18 4 Al
T#. F, A T f#PDGF-AA. SHHMIFGF4% —
RIVIN IR A, AUE B T3R5 OPCs ) 1
FAFIE AL AU, T H A f B 2 05 1 75 A v o7 F it
BT A
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Table 1 Strategies for generation of iOPCs and nerve lineage cells via in vitro programming mediated by

reprogramming factors and vectors

AR HEmFRR T VIUE A EHEER) 225 3k
Carrier types Reprogramming factors Initial cells Target cells References
Viral vector Lentiviral vector Olig 2 mESCs iOPCs [13]
Sox 10 hiPSCs OLs 1]
Olig 2 and Sox 10 hiPSCs iOPCs [19]
Oct 4 Human blood iNPCs [30]
CD34"cell
Nkx 6.2, Sox 10 and Olig 2 MEFs/MLFs iOPCs [38]
Olig 2, Sox 10 and Zfp 536 MEFs/REFs iOPCs [1
miR-219 hEnSCs iOPCs [3]
hiPSCs 2]
mESCs
miR-338 hEnSCs OLs [49]
Retrovirus vector Oct 4 MEFs iOPCs [31]
Non-viral Poly (B-amino ester) Olig 1 and Olig 2 hNSCs OLs [40]
vector (PBAE)-based
nanoparticle
Electroporation Olig 2 NSCs mOLs [14]
Free-carrier / Biological materials NIH/3T3 cell iNSCs [72]
(gelatin, nano-HA, pig brain extract)
/ Small molecules NESCs iOPCs [68]

(SHH, FGF-2, PDGF-AA)

Nano-HA: 4K FE 3B AT, SHH: TR 75 FGF: IRETEAIRLE K I 1 PDGF-AA: II/MRIFAE K 15 mESCs: /N UG T-41IM; hiPSCs: A 1%
SUEZRET AR, MEFs: /N RERG LT 4E41 fil; REFs: K EEAR AT 4E4HA; MLFs: /N BRI T 4E4B; hEnSCs: AT+ P IRJE i 41 fiY; hNSCs:
NN T2, NSCs: #1284l ffd; NIH/3T3 cells: /b BUR AR IET 440 AL 2 ; NESCs: #0248 b ST R; i0PCs: 5 3 1% 2 9 i it 40 Ao 440 g
OLs: /> FRIE 41 MY; iNPCs: 153 PEARZAH AN ML, mOLs: Ji /b B 40 INSCs: 55 P 28 T4 -

Nano-HA: nano-hydroxyapatite; SHH: sonic hedgehog; FGF: fibroblast growth factor; PDGF-AA: platelet-derived growth factor AA; mESCs: mouse
embryonic stem cells; hiPSCs: human induced pluripotent stem cells; MEFs: mouse embryonic fibroblasts; REFs: rat embryonic fibroblasts; MLFs:

mouse lung fibroblasts; hEnSCs: human endometrial-derived stromal cells; hNSCs: human neural stem cells; NSCs: neural stem cells; NIH/3T3 cells:

mouse embryonic fibroblast cells line; NESCs: neural epithelia-like stem cells; iOPCs: induced oligodendrocyte pecursor cells; OLs: oligodendrocytes;

iNPCs: induced neural progenitor cells; mOLs: mature oligodendrocytes; iNSCs: induced neural stem cells.

4 PESRE

FHOPCs 7K 1T 2K AIOLs & CNS HF 55 B2 1) fie A 4
Y, ©REBE S 2 U R TE B, (RIEMEAS
SHtREE S BT RAOPCsHI &1+ A IR, J&
ROPCsHIZRTF A — 2 PPk . 8 R IA HE 4w
FERF, S E S NSCs. mESCs. REFs. MEFs
FThEnSCs%5 41 i #% {1t i HiOPCsHE R 41 M, iOPCsHt
RN RIS AR B, ] LAk — 0 AR, T Ak
Z 2R RER, SRR /N R e 12, (et
KA REBG 5 I ThREM . A, A5 7R 1
OPCsERIOPCsHE 18 FH 144 Gl 4R F A, X 4R
ASIR N O) B 17311 R 7= A o A S L b
BURISR AL T R 47 0w 50 7750, 1 e AT ae v e
BESHIE S . BRSO S5 1 245900 97 14 A v vy e AR Y

IR 250 R T, R, iOPCsTE AR 22 &
T AR AL KE) 2 DL 25 Ok S T B T R P 82 FH i

H5%, H ATIOPCsH) AE B B FH AT A7 7E — L& |
A R UL ()R E AR B AR A2 i Zh B P£1OPCs
) R BARIRAR, AN 25% /5 445 (2)iOPCsTE A A1 8%
I J BRAKS, H0 T BE DR AR 1 AR, 1T HL, AR R
{OPCs HH 3 IR TR 4476 1 2 40 M, A& 140 M (1 7%
FEIRYT; (3)% B iOPCs MU BRI B LU iR s —, K
Z AT A R TR R IE; (TER NG TR
Barb, ey 52 ILAOPCs I i R G A E M 40462 (S)
WAl {2 BHOPCs K JFOLs I M 14l BRI Th EEAL 2 (6)
FERE #3KOlig 2. Sox 10. Nkx 6.2PL & miRNAZE &
AR T, KZRH T W5 8K F10PCs ) AE
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Table 2 Action mechanisms and functions of major reprogramming factors involved in generation of iOPCs

HHER T FEHIBLEE Thie SR
Reprogramming factors Action mechanisms Functions References
Olig 2 Activating Ngnl and Ngn2 genes Regulating the proliferation and differentiation of [11]
OPCs
Sox 10 Activating MCS5-Sox 10 enhancer region Inducing the myelination [21]
Combining with its target
Oct 6 to induce the expression of Krox 20
Oct 4 Regulating SMAD and GSK-3p signal Promoting the proliferation and self-renewal of OPCs [30]
pathway
Zfp 536 Binding to RARE in the promoters of Negatively regulating the differentiation of neuron [37]
downstream genes
miR-9 Interacting with 3'untranslated region of Inhibiting the differentiation of OLs [55]
PMP22 and down-regulating its expression
miR-23 Activating the STK and MAPK pathways Promoting the maturity of OLs [56]
which promote the expression of myelin
genes
miR-219 Inhibiting Fox;j3 and Zbtb18 genes Regulating the proliferation and differentiation of [42]
OPCs
miR-338 Inhibiting Sox6 and Hes5 genes Regulating the proliferation and differentiation of [50]
OPCs
PDGF-AA Activating PI3Kand Erkl/2/P38 genes Promoting the proliferation and self-renewal of OPCs [63]
SHH Activating SHH signal pathway and Regulating the proliferation and differentiation of [64]
promoting the expression of BDNF' gene nerve cells and axonal formation
Sulf 1 Promoting the expression of Olig 1/2 genes  Activating the motor neuron-to-OPCs fate switch [66]
FGF Activating MAPK kinase and Erk1/Erk2 Promoting the proliferation and migration of OPCs [69]

kinase

SHH: EMEF T; FGF: LT 4EA A K 1, PDGF-AA: ML/ KB TAA; MCS: Z2W0FHMR~F 541, SMAD: SmafiMad|F]J54; GSK-3B: i
JRA BUBRAEG-3B; RA: 4EHEZ; RARE: RAMZ Jift; PMP22: 41 E#EHHE H; STK: 2202/ 75 2 M2 8 FMG; FoxJ3: XCKAHEI3; Erk1/2: 4HH14ME
SRR 1/2; PISK: WG TEALIE B4R 3; BDNF: fiXIE 0 27 32 8 1, MAPK: 2258 J5U% 4k 25 (1 36 Sulf 1: BRERERAE1; OPCs: /b 28 JKe ot 4 i AL

i) O

SHH: sonic hedgehog; FGF: fibroblast growth factor; PDGF-AA: platelet-derived growth factor AA; MCS: multi-species conserved sequences; SMAD:
Sma and Mad homologue; GSK-3p: glycogen synthasekinase-3f; RA: retinoic acid; RARE: RA response element; PMP22: peripheral myelin protein

22; STK: serine-threonine protein kinase; FoxJ3: forkhead box J3; Erk1/2: extracellular signal-regulated kinases 1 and 2; PI3K:phosphatidylinositol-3

kinase; BDNF: brain derived neurotrophic factor; MAPK: mitogen-activated protein kinase; Sulf 1: sulfatase 1; OPCs: oligodendrocyte precursor cells.

B, AFAERCR ™ B A e A e i, BRI T L AEIR IR
RN H . B i KantawongZ5 SR F A . 4K
¥2 JL % 7K 1 (nano-hydroxyapatite, Nano-HA) 1 f# fit
FEH ) B ) AR DAL, FETOR B R T E AL
Kl FRIE. ABMERRAZESE SRR T, ST
T NIH/3T34H L [ A 221 2 40 JUINSCs A6 4k, Jm
A] DLt — 25 43 Ak BN OLs, 3X 15 5 1 B ik 2% 4 1k
THTRES . DR, FEARSRIIBE A, B — DR
Y A2 K 1 D e AT LI (3R 2), P4k 25 4 A% A
THIH A, Finll 2K T B2 HE TN TP g &
A7V, PR AR B AN S E R AR AR, K
1OPCstA N FEHE 5 B A SR . o A F2 R R AN

THREMT TUE, o Bt Bl 50 R B A VR T SR BT N %
oy R R T SRS
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