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The Therapeutic Effect of hPSC Derived Oligodendrocyte Precursor Cells
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Abstract SCI (spinal cord injury) is a devastating CNS (central nervous system) disorder that often results
in severe functional impairments. Due to the incomplete understanding of its underlying pathophysiological mecha-
nisms, SCI remains a global medical challenge. In recent years, the in-depth understanding of the role of OPC
(oligodendrocyte progenitor cell) in the CNS has led to the emergence of cell therapy as a promising strategy. Ex-
tensive animal experiments have shown that OPC transplantation into injured spinal cord promotes remyelination
and significantly improves motor function. This review provides a foundation of knowledge regarding OPC-based
treatment for SCI, summarizes the existing research findings, and identifies the challenges encountered in clinical
applications. It serves as a basis for further research and development of effective therapeutic strategies.
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Fig.1 Pathological events at different stages of spinal cord injury
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AT eS| EEOPCE KA Ty it 2 i AT A2 B2 Ml
SCLJa I B Ho 2 SN LA B 98 9E S 87 A AT g
FEUMEERY . 24 15 #6 BF % (blood-spinal cord bar-
rier, BSCB)Z#ilf , CNSH) H & Hi il , 0475 84 sk
4 & H (myelin basic protein, MBP). i #5+H 5< k
K F(myelin-associated glycoprotein, MAG) A&
% OLFE 2 1 (myelin-oligodendrocyte glycoprote-
in, MOG), #RE I EI RGNGIA T, Be W fil KR5S 1k
PS5 Tk EL 200 i A B bk EC 4 AR ) s L (R A B I
3| 32 451 1) BSCB % i # F1 OL & e 4 3 17201, 4l
an, AW LW MBP R LU G MBP S B T4
53T 2 y(interferon «y, TFN-y) A1 i 83 ¥R 3E A 1
a(tumor necrosis factor o, TNF-a)), M JE 20 H &
G 8 IO T BB RE B P12 TFN -y )™ B8 451 55 It 0
il th OPC IS HE AR 55 ), M i 77 & 1) IFN-y .
F: %55 OPCI T2, TFN-yAJ USRI M 1AL/ 5 5
L ) 77 A TR TR 2 R TR BELAS OPCHE 73 A1
WAL, ELHE /N I 5T 20 M AE A 1R 98 0 48 i 6T O LA
B A ELECRE A, [R] I RE TR 2% 4 B R R P AR
e, M S EBE A OL I 45475 9. TNF-am] if5
FOLMIFET: LL L OPCHI I T - BEAS 4 427281,
AN, SCJaE = A (1) s B4 22 TR i o3 48 i 4 i
Z R AL R Sy, BLFE CSPGL 3R -1, 5B
JRIR - LF 4k s A, e R aiIL-1BA0IL-6, DAL
B R CXCL10, 1X L8R 23 nl i i % ppog 42 fH
1 RER A AEP(E]2) .
1.2 OPCiATrSCIHET
AT R Fi AR T OPCRR 1 FEAR 3kl 5 il 4 F
A TJT N AR i L AME BAT B3 BRI I 14I . o)
Hhfie J1. 5P JoH AR RN G2 55 68 (B13).
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OPCHHE | IEH 132 477 K R H R BEH , KK 2%
M N BRIP40, HF B K Rissh D
KRR ROGE. BRILZA, FERFEE LT, OPC
WA o 1 W& oo AGRe 7. Blan, /N BRI
L)k 73 OPCH] LAAr by y-2d B T IR BE M £ 5™,
M55 77 (1K B AR OPCHHL RE RS 434k N IE Tujl
PR TORELEI ™, (HAERM R, PR, S
% He T4 (induced pluripotent stem cell, iPSC)>KE
OPCLERE J5 — B3 BENS 704k Jyph 42 5B
122 542 AAENR  OPCRILNIN-HE-D-
K14 Z R (N-methyl-D-aspartate, NMDA). a-
R 3-FR AR -5 AR 4 B e Y R (0-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid, AMPA)
Fy-2 2 T R A% (y-aminobutyric acid type A, GA-
BAA)SAAR, M HLAefg 522 o sl ar R fiE e, JFAE
V4% OPCHE AN 73 A J7 TH R 5 B EAEHI B, A ohsi
521, 18 H kainate il AMPA SZ 4 W] 41| OPC 14
58, i {5 F NMDA Il NMDA %% 4 v] {2 i3 OPC 431k,
FIBERIZ . BT OPCH K] AMPAFI NMDASZ /445
T B RE AR B, X se g R W], OPC
REBSHE R B M A TTHIE T . AHHLHI AT Re
e A A PR 7 i /SRR A A AR K R T (platelet-derived
growth factor, PDGF)IRE I, 55 fid B8] 2 o f Al
57, AIM{ERE OPCHISE AT AL 4, SR, H i
KT OPCEMIZE TC 2 1] () R AMTE Fil 5 B 8 1A 2 1)
R EEARIEANIFRE . AL, X TR flE b
OPCX} CNSH5 A% % Uk, MIMAS e AT REAE X 1 42
e 22 70 R A IR DU A L S B o
[FFE, OPCXI#& ot RATHEIER . HARTH
1) NG2 R A A 1] ey SR A AT 0 P e 7 A 5 B
OPCIEFIE LTI H, CAF AT SRR D2 A AN
M2 TR H 2, LSS M4 s 7 LT, 40 TGF-B2.
Jib P P 275 F: IR 1 (brain-derived neurotrophic factor,
BDNF). Mg A K E T LR 4yt s
TR T XL AT MHATTIE TR IS A
RAK, HRRS H5ME TR, A, &
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1B+ IL-6+ TNF-of1FN-yo N AETANHE 5 W TNF-ofIIFN-y 25 2 RE R 1o B: OPCAZ EIIAT 22 43 4 JFURES AV IR -7 R 8k, 32047 358 58 5 [ 453 0 2 o7
IL#, S AOLIF it — 0 B A REHALOL. TESCLS, S BLPE R TS DT AR M1ZY /N ot 280t A5 52 1 T24H A 43 b 1) B8] - W 3 o 413k OPC Yy
TR MO M RRBR DTS B T R . AL, AR S R BRI MBI R B, WIMAG. MOGAHIBMP. Hf#HT T P AT OPCHIIEIH
A3 Ak, BB H T LA 2 B BSCB, S0 EETLEEI’JTWB/?H‘E%HH@ X B A A e 0 SR PET AR AN AR, R 2% B A
TEIAAOLAET . JUAR, M0 FBSCBIL 23 5] AN 214k i A IR FHAFOPC o1k

A reactive astrocytes release various factors, including CSPG, endothelin-1, hyaluronic acid, fibronectin, IL-1f, IL-6, and CXCL10. M1 microglia
secrete IL-1pB, IL-6, TNF-a, and IFN-y. Reactive T cells secrete inflammatory cytokines such as TNF-a and IFN-y. B: OPC responds to mitogens and
chemotactic factors, undergoes proliferation and migration toward the site of injury, differentiates into OLs, and further matures into myelinating OLs.
After SCI, factors secreted by reactive astrocytes, M1 microglia, and reactive T cells can hinder the process of remyelination by inhibiting OPC migra-
tion, proliferation, differentiation, and maturation. Additionally, demyelination generates myelin debris and myelin proteins, such as MAG, MOG, and
BMP. Myelin debris impairs OPC proliferation and differentiation, while myelin proteins can cross the damaged BSCB and activate antigen-specific T
and B lymphocytes. This leads to the production of reactive T cells and antibodies against myelin proteins, ultimately resulting in myelin destruction
and OL death. Moreover, the compromised BSCB also introduces fibrinogen, which inhibits OPC differentiation.

E2 FMOPCHEHHFAE Y 51 H FE RARE TR [14-15,17-40]1£2%)
Fig.2 Negative factors affecting OPC myelin regeneration (modified from the references [14-15,17-40])

T BT R I, OPC ] I 73 W i 28 T0 4 S AN S fioie
VTR ER T a] R R

g LRTR, B OPCA BE 73t 40 WA 42 1A
L PR E TR DU S A oA B A R AL
— PRI T 1 SR AR 8 B IR IR T SCTL.
123 ZEAT CNSHifsi )5, OPCHEE 2 i
RIS, AT RE AR R B 2 RE . OPCH] LARIA
IL-BAIMHC-1. MHC-TIZ G 1/ 15 701, M figidk
RIEMIFEFR Y, FEIFN-yFIRIB T, OPCR A= Sy 4i
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WHOPCHIZE K AL, TOPC I A 45 Fh 2 e R A I, MEDIARER TRIRAS, JF 0 WARR R TR IR 1 R 28 3 PR SR 3 e 22 72 21 KR )y
fit. C: OPCZ 5 40 3% [ L1 5 B 7B « OPC R] LA 43 b i Ak A K [R]-F-B2(transforming growth factor beta 2, TGF-B2), 1l 4 AE M /N S5 4i i A 35 4k,
M RAEHUR O . IR, 2455 55 T IFN-yIty, OPCHT AERILH 5 e Z AN KAVRHIE, WIFRIEAMHCS T, BLEE SRS TN . HhAh, OPCHT LIy ik
e 28 A5~ InIL-1B, et AR 7R

A: pluripotency of OPC. OPC possess the potential to differentiate into myelinating oligodendrocytes, astrocytes, and neurons under specific circum-
stances. B: the reciprocal regulation between neurons and OPC. Neurons influence the growth and differentiation of OPC, while OPC, in turn, regulate
the growth of neuronal axons, monitor neuronal status, and secrete neurotrophic and neuromodulatory factors to modulate neuronal growth and func-
tion. C: an example for OPC participate in immune response regulation. OPC can secrete TGF-B2 (transforming growth factor beta 2) to inhibit the ac-
tivation of pro-inflammatory microglia, thereby exerting anti-inflammatory effects. However, when exposed to IFN-y, OPC may exhibit immune-related
characteristics such as the expression of major MHC molecules for antigen presentation to T cells. Additionally, OPC can secrete pro-inflammatory fac-
tors like IL-1PB, promoting inflammation.

B3 OPCHYETTEN
Fig.3 Therapeutic potential of OPC
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YHHAT R, endn s in T fECNS N B A8, 155k
ANiEHE . RS FRANKLINZ SR 5, I OPC
B HEM L =AW B T CNSHBE S
Ao TEBE I B, OPCIENRIE KA, JAEH
HASERE 1, TEAEZEH B, OPCTERALIA T II/ER T
TR RGO 2 5, OPCIB 40 JE 3, 704k Ry
OL, JERuhEHY . R4 H afiaf 7t , BRI OPCTILIE
TE5E % (1) CNS N AFTE BT RS 0, 4R, 4R A 2
BEHY X Ik, OPCR I H B 3 (4735 R Tt s L /%

FIRZAR X IR O, I R IR E AR I OPC A 5 52
FIJ5 BRI R 520, A 5240 X3 N A7 T AT, 1A
RO MR CNSH . REIER OPCHI BEZ )
5 1 YRPE OPCIBL I B Bk A it Rl 7T A=, (H 4 1
TUIREEXT R AR (1) OPCHIFZ I LA K 2 75 5 N YR OPC
SR 1 B8 REARAL, PG ANTF I

HH T OPC. OLFIEEHHXT 40 (1A 53 1) 5 FE AUk
P, OPCEAERIN ML E L EE, OPCTEN S Fy
BRI 2 I 5 21 . KEIRSTEADZ: 43 5]
FERER SCL TR A0 H Ja # A MR 48l (human
embryonic stem cell, hRESC)KJR ) OPC, W %2 H] | i /7
AR BE S A AN R S B R ) e, (H7E 10N A
Ja RS2 IR A R B FP R . 2T OPC,
NISHIMURA %5 1 i BLAE 12 14 A SCTH , NSCHIFS 1
FE TR, X T BURIR R | 7 #24E NSCH)IE
DA M2 B! S A A R S 3 . IR R IR T
18 11 191 SCON 2 48 48 A7 3% B9 AN R 20 . OGATAR®

#* 1 OPCIATTSCIHITNSE
Table 1 Animal experiments on OPC therapy for SCI

AR LY BEALE BREAIRE O BERES BREA BHRUR E= BN
Cell type Animal Injury site  Transplanted Transplanta- Locations Results Reference
cell volume tion time
point
miPSC- SD rats T9 5.0x10° 7 days after Injured site Increased the formation of [71]
OPC injury myelin sheaths; alleviation of
motor function and sensory
function
miPSC- SD rats T9-T11 1.0x10° 7 days after The rostral and tail end  Improve motor recovery and [72]
OPC injury of the injury relieve mechanical allodynia
hESC-OPC  Athymic CS5 2.4x10° 7 days after The spinal cord paren-  Significantly improved loco- [73]
nude injury chyma adjacent to the motor performance; reduced
rats injury site parenchymal cavitation and
increased sparing of myelin-
ated axons
hESC-OPC  Lewis T8 1.0x10° 2 hours after The grey matter Functional improvements in [74]
rats injury posterior to the central ~ SSEP amplitudes and laten-
canal; 4 mm above and  cies
1 mm to the left of the
epicenter; 4 mm below
and 1 mm to the right
of the epicenter
Newborn SD rats T9-T10 7.5%10° 5 days after The site of injury Improved axonal conduction [75]
(PO) SD rats injury and spinal cord function in
OPC the injured spinal cord
2-day-old SD rats T10 1.0x10° 7 days after Lesioned cord Enhanced myelination in the [76]
neonatal SD injury lesioned area and substantial
rats OPC improvement of motor func-

tion and nerve conduction
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Cell type Animal Injury site  Transplanted Transplanta- Locations Results Reference
cell volume tion time
point
hESC-OPC SD rats T8-T11 2.5%10° or 7 days after The midline of the Enhanced remyelination and [77]
1.5%10° injury spinal cord at a depth promoted improvement of
10 months of 1.2 mm into one site  motor function
after injury 4 mm cranial to the No enhanced re-myelination
lesion epicenter and or locomotor recovery
one site 4 mm caudal
to the lesion epicenter
hESC-OPC SD rats T8-T11 1.5x10° 7 days after The cranial end of Robust remyelination [78]
injury the laminectomy and
the caudal end of the
laminectomy
hESC-OPC SD rats C5 1.5x10° 7 days after 1.2 mm into one site Attenuated lesion pathogen- [44]
injury cranial and one site esis and improved recovery of
caudal to the lesion forelimb function
epicenter
hESC-OPC SD rats T8 5.0x10°, 3 and 24 1.0 mm into the white OPCs survived for a mini- [46]
1.5x10° hours after matter at T7 and T9; mum of 8 days after injury
injury 1.5 mm into the gray and integration into the spinal
matter at the T8 epi- cord with contusion injury
center without disruption to the
parenchyma; increased neuro-
logical responses
hESC-OPC  Athymic  T10 2.4%10° 6-8 days after ~ The dorsal spinal pa- Myelination in vivo and did [79]
nude or 2.4x10° injury renchyma adjacent to not cause any adverse clinical
rats the contusion epicenter ~ observations, toxicities, al-
lodynia or tumors
2-3-day-old  Lewis C3 6.0x10* 3 days after Lesion site The reversed functional defi- [80]
Lewis rat rats injury cits associated with demyelin-
OPC ation
hESC-OPC Rats T8 6.3x10° 2 hours after Lesion site; 4 mm OPCs survive and proliferate;  [81]
injury cranial and caudal to improvement of conduction
the lesion center marked by the increased
SSEP amplitude
P2 rat brain  SD rats T9 5.0x10° 7 days after Lesion center A significant improvement in ~ [82]
derived injury hindlimb performance
0-2A cells
hiPSC-OPC  Rats T8 5.0x10% 24 hours after  Lesion site Reduced cavitation, scars [83]
injury formation, and microglial pro-
liferation; remyelination in the
lesion; BBB scores improve-
ment after the first month
miPSC- Rats T10 5.0x10% 7 days after 2.5 mm rostral or Reduced cavitation, promoted ~ [84]
A2B5°0PC injury caudal to the epicentre  improvement of motor func-

of the injured site

tion

miPSC-OPC: /)% S 2 e T4 f7 A2 120 28 5 5 B PR 41 ii; hESC-OPC: ARG 41 i 177 A2 1) 2 98 1 J5 A /R 41 ifS; SD rats: Sprague-Dawley K
f; SSEP: #RJEi%5 & HL; BBBiT-%3: Basso Beattie Bresnahani¥-4); O-2A cell: 2> 28[58 Ji AN i 2 784 2 A2 i Joa 4 B AL 41 g ; hiPSC-OPC: N3 2 RET
2 AT AE 12 S o BT AR 2

miPSC-OPC: mouse induced pluripotent stem cell-derived oligodendrocyte progenitor cells; hESC-OPC: human embryonic stem cell-derived oligoden-

drocyte progenitor cells; SD rats: Sprague-Dawley rats; SSEP: somatosensory evoked potential; BBB score: Basso Beattie Bresnahan score; O-2A cell:

oligodendrocyte-type-2 astrocyte progenitor cells; hiPSC-OPC: human induced pluripotent stem cell-derived oligodendrocyte progenitor cells.
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IHTINNTE SRR, 2SR 5E T 5 Pl AE R T,
WITNF-0. IFN-y. H HEE R THRER I a5
OPC. OLJHT:; 15 i 1, JI o 3t A Bl e Hh B, v
BH (-5 R F A A OPCIT 204k ; TN MEIA, Fl 5
KE WPUBEEE A SN 2 505 Tk 2 1) 3= B f
155 DRI, S S A DN g A B P A PR B A N )
LR A JORE SN I 59 AN B S5 AR e Joi 4 A 18 5
SR, A7 JLIHT T ARIE T OPCAE SCLAE IR 1 1K)
TSR . N, ALLIAIBA HeS8I7E SCIiE 24 higtE |
hiPSCKJE OPC, ML 2] T A FEAMAZIG . 0 7)BE
A 1B IhRENGE MR IR R S 2 U
BIRBAT/ES 5 2 W5 T T OPCRAE I MEZ R T &
EIAARIET, (XA 2 S0 20 i 1) K A G AN A0
PAS TG E R B VY, SR, [EENERE, K%
O T OPCREEIRYT SCIRSEER A 78 - HAE 7R 2
PEHA . SEBR_E, ALLIRA BT 5T 45 33 FE OPCAE SCI
SRR R AT, (EEIREGE SR T IR SR
PERARS A AR L ] g AT 22

AL 3E 16 OPCREAT 5 [K 4 46 DL 2 OPC 5 HoAthy
25BN BRI FH 45 7 V2R B 1= OPCYR YT SCIHI R -
W 3 ik miR-2 19/ OPCHS A B SCIF AL Ji5 & H
FH 2 5 Ak ik MBP I R S8 R 40 i, LA
PRHETT R, 3 RIBRARII 2 E F2 R (ciliary neu-
rotrophic factor, CNTF){JOPCH# 1 A\ SCIA AL A {i¢
MR AR IO REMR Z Y, hiPSC-OPC 5 A i
Jik A 1z 2 LB 5 RS AR R 1 T SCUR I Th e & ),
8 % OPC 5 H B T (Sonic hedgehog, Shh)iEt 4
J7 SCIZN I AL LL B A% A OPC B S A Shhify JT
ZJE B S REMR B K0 FRRAIE 23 0 R 5 47 1791,
XU LGS R, a5 DR G R AN S VR T R SR
m%, o LAk — P | OPCYRYT SCIRIIT 2% 2R, 1E
SR N FH 2 78 23 VA L B XU Al PR S
LKy

TF R IR1F KT OPCII 7% LA 2 I R 8 FH (1) 75
R&ERFEE, NZLEET UM (human pluripotent stem
cell, hPSC) A H JG PR 5E I 7T L 22 [m) 4040 (R R 12, ik
NG IRIGIT BT s OPCHY B R BRI —. 8, @
TR, OPCHEAAR P 11 1 48 & B AU mT DASE AR & H
KEMIOPCHERL . filtn, /8 FHFGFs IR s BR AL FE, SR
J& II\Shh, 3% I APDGFo b4 K A2 32/ 941 i i 5
AT R B AR K DR T A IR BRI R 1 5 v, AT 3k
3 OPCLL K OLP, th AT DAIE ik 2 3 4 2 U7 V2 a0 7

hPSCH i % ik SOX10%5 R AR b e s A 1 5 AE N
FRET 440 i vh et ik OCT4 M 5 /87 T 16 FH 25 05 1k
AT OPCP2, N\ 4N i B 2 W 4w A2 9 OPC U
TN HE Ty, AR AT SRAEAE IMRE e AR () RS D K 3R A5
AR ) L, TR R 2 /i 75 Bk — 25 0 9
2.2 OPC;ATrSCIMIGKRIFERE

OPCHE SCIZN AR A A (1) 56 O 48 o H H
Z W IRIAIT I /1. Lineage Cell Therapeutics /& 55—
FAE SCUK AR5 H N ] hESC-OPCIfJ/A 7] . hESC-
OPCH¢¥]2& H Geron CorporationA & &I, B 5
FE 20134 1% o 74 T 40 M 55 72 % ik 45 1 Asterias
Biotherapeutics(BioTime ] ¥ A 1] ). #£20194BioTime
K T Asterias Biotherapeutics -4 5 44 A Lineage
Cell Therapeutics. H #1, A THITEAL = M LCTOPC1 HH
OPC. £ F 1A ZH i LA K /b & B 28 o 4t i A
A R PRI P SR R 2E i, 1277 R U SCIVAYT 1)
M) 2 s i RS 28 BTh 78 A
22.1 OPCI#9& &ML OPCLIHF K AT LIE i 3
20054, 4 NISTOR%E W Yidig th 7 —F AL hESC
HERE = 72 OPCIM 514 (K 4). ¥ hESC-OPCH A 2|
—AMRER R B S RN R S, AT F
HOE BRI B, R WX S i R Th g vE R A,
b )5 At A1 14 hESC-OPCAEAE A K B SCIE L o, Jf:
UEH 7 LAE SCUE F AR 18] 25 136 7 38 10778, %t
hESC-OPCHIHFE/> HT2 BH , ‘B 4113814 midkine. JiF
YN AE KR F. SR A TGF-B2AIBDNE, 3 H%
It 55 e SR AR

20104, 3 i {5 F 0UHE SCTE Y X hESC-OPCidk
7T — UG RATRE AL, 45 R EonTEH 245 )
REVK S T HUAS T B3 8", B)S, GeronA A3k
47 7 hESC-OPCI#) Il K5 (NCT01217008) . #i%
1 EH T 2047 S 56 A A0 5 281 B e 2 o 7 T I W 7 T
PIPRHT o SR, B IRObR AE R AE T FIA A 0 T HE 123
VIRE LI ER T IR S H R, B2 F20104E6 H filke 7 Ik
IRBREI, RIGH U —4F 5, 482 IRIT R
HRGE T IR I TR G R . A,
H - 5% 4 RSB 2 [ 2 DR 05T, IR0 JE Skl 48
1R 0T AR R, 1% RIS T 4016 OPCIY)
R S A =R N S S i SR LY/ Y A
T R BN R B AN JE DARSEADL N 2K 1) SCIAS [ [A] T
T2 WHESG, 1ZAF A T — Mk Fvitronec-
tinfi7 A= 1 F5 BV TR A 1 0 4 56 03 A T SR hES C AR
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1999 —

—

Present a method for obtaining OPC from hESCs and transplantation into the shiverer model
Ly Transplantation of hESC-OPCs into adult rat SCI model and found therapeutic potential at
3 Summarize current findings and present new data on hESC-OPC transplantation effects in the host

Highlight the importance of a demyelinating pathology as a prerequisite for the function of

= Demonstrate that hRESC-OPCs express functional levels of neurotrophic factors
> Determined the immunological properties of grafted hESC-OPCs
—> Assess potential treatments in cervical SCI models after transplantation of hRESC-OPC

—> Conducted a phase 1 safety study of hESC-OPC in patients with subacute spinal cord injury (NCT01217008)

Describe a defined culture system that uses a vitronectin-derived synthetic peptide acrylate surfacein
combination with a defined culture medium for hESC growth and differentiation to OPCs

—> Characterized the preclinical safety profile of a hESC-OPC in support of its useas a treatment for SCI

Conducted a phase I/Ila dose escalation study of AST-OPC1 in subjects with subacute cervical

Provided a preclinical efficacy and safety testing of the OPCs in a model of cervical SCI for

2005 > of dysmyelination
2005 . .
early time points
= 2005 environment
2
g g 2006 [=> transplanted myelinogenic cells
& S 2006
5]
£ &
5 = 2007
)
2010
\ 2010
2012 =Y~
2013 -~ 2013
172]
f-,:’ e 2015
E3 &
589 2015
2 R SCI (NCT02302157)
<< @«
2z 2017
o clinical use
2019 —Y—
N 2021

—> A final proof-of-safety direct injection of hESC-OPC into the uninjured spinalcord prior to
translation to the human clinical trials

—> Release the phase I safety study results

—> Release the phase I/Ila dose-escalation study

Lineage cell
therapeutics
(LCTOPC1)

v

El4 LCTOPCI(JCHI#HHFRAIGRNOPCIFIAST-OPC1)/= & HIFft & [ 5E (1R #E 3C ik [43-44,57,73,77-79,93-98] £ 14)
Fig.4 LCTOPCI1 (previously known as GRNOPC1 and AST-OPC1) product development history
(modified from the references [43-44,57,73,77-79,93-98])

K K [MOPCH3 A PR R 24 1R 3 i P 2 o Jie ).

1E Asterias Biotherapeutics!8 1) Geron 14 i 7
77 )5 , AST-OPCI1(# £y GRNOPC1)7E K iR SCIE %Y
HRFEAT I e A PR EE VSRR T B0 5 A 1 i 5
SCLE#H 1) IR RIAES 1 5 35 7. 20154, OPC1H)
I/l 7] & B AF 7T (NCT02302157) T 4a 34T . Bt o,
1£20174F, OPC1EAR SR A SCUSE A Hh 1 s IR HiT T
Rz VIR s R R, 1 — B 3R T IR IR
36, 7E20214F, KOPC1(HIGRNOPC1E{LCTOPC1)
EARVE S B 2 B RLT N SEERE R R R
BE, ME R &M e MR, IR
HAGAT TIER 7. 2, Sk H ARG R 4]
ER, DA U/ITa i 701 0k MG i 7 R 425 SR ), B IE
B 7 OPCI1 N T A3 SCIf) 2 A PR A 35 B39 3%
.

H 1, Lineage Cell Therapeutics{E{r#FOPC1IHE
TEPERFRS, B8 T AR E T TR B R, A
FEFF R T —FoBT I B A By S 55 2B 7 RS K
shn. A g R LA P I R TGS O
222 OPCl#ylsRik%:  Lineage Cell Therapeu-
tics Bl S6OPC LT T PTG R AES . 55— DI %
PR A, % BN R TR 14 R WA T3

B TR Z T AE 5¢ 4 1) SCLE & #E4T OPC IR IT 1 %
Gk, 545 5% OPCL)E , Al i v 5] 4
PEANHNETT 60K, I I 5 OPCI S T
DA Y I8 1) G2 P01 AF D (1A IS4 P A0 2% A B
FEEE, SKRVEAS OPCLI 2 Ak, bAl, il i B V43
THROZBNVEr W& SCIH LR 2 43 [ Brodn AR 25
MANREMISGEREE . &5 RRY, £ 105 LA
TIREIRIE « Pt . BHEHE— D55 5k A IR T R
MRIZE R EIR, 80%1 E#H RILH T2M5 5 4. X
T 90 1 KB HE T OPCI M2 A 5 dis, WA T &
0] AR G i 521X P Mo SR R, A R FHAR K
IA1040Y,

HTFImR B2 2 85 8, Lineage /A3 1
— T X P 2k 25HE SCTAY 1/Ta 4 771 & 3 18 4 56 .
HH bR VB E 245 5 21 8 42K 22 [8) () 5 I [
WA T FIR I OPC LA YT I 224, B4E T Sk
FUME SCLEEH EW I SNl UL, AR I8 B VEAG
T OPCHRYT e & IRe A . JLHH 552544 C4-7
AIS ABUBZ 2 i, #5252 1 3 AR E R OPCl
BT, I8 TG E M e 5w B2 60K, RrillA R
FAARE DR . TR LAEBE U A, JERIE T 567
FAHR B 32 R, HoA 24 E B4 (— 4
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A T A MR R ) — 48 R A AR R R ) B RS
TR A, e B ) A B I AR O, HX 6 ) i I S A
o RMELRVEI5 VEHAH SC B OPC AR K R 453475
L NBIEI A, 96% 2 5F & The 7 11 H I
R EGE, BAESEE—IKE T — iz
TIRE, 32% 0N L 2 B DL b 1R 22 T g 23
EARE R, XN AFAE—E KR FRPE, A0 455k
Z X5 OPCAH I I 8 27 B D BE o4 35 1R AT VA 1Y)
X HRAH, (R = At o 5 ) BT ARV SRR P (WM T AR S
HEOBIIEZH, DA AR = 5 OPC 1A O B #0280 27 2 3
FRIPFAG

H #ll, Lineage flINeurgain Technologies’é & 1E X
Neurgain [ 8 52 11673 45 (parenchymal delivery
injection, PDD) RAHEAT IR AR . ZRRM BT H
FR) 2 7E AN LE FRE IR ) A7 100 S K 4 B N B
FEF AR AE o 75 457 1R PP A B8 B ARG 40 PR v N 45
I IR A e . XU AT AR 04 B ) £ 2024
F2F13H, KE i 2 i B B R HEHE 1 Linea-
ge ResearchJHi 2 IS B IER . %18 IE S HITAL
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.

3 HEERE

N R S T A AR SR 7 AR AR CRE
B el e nshs . SR, T SCla WM
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FILASIENE S "SI BT 75 45 S35 2 BH , TEmG 145 3h )
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T8, (TR HE RIS, T3 BT G ), S8R0, 1X
Foft G 325 U0 T R 2 1 55 R ) S R I 5| R AN T
JERYLEE ] U, SN, OPCHISRYEIREH E 2, T
1697 SCIF 40254, OPCHE DL CNSZH 2 kU5 3545,
A EATTEAR KRR AR T A4 B 5 PR 3R an 4 i
WA, BeAh, BHARERY . FREA AL A AL A
FEILF R CNSZHZURIE OPCIA 20 P BLAR
i N A it Gt i 2T 4 20 B T 2 B g A2 R OPC I T ik
T I, Be8 e e HE e LA AR iy PR
PHAE ] 3L, (EAFAE P2 A% IR XU AR &, X
DAHEAT I A . o i ) 48 B8 9 R 1) 26 5 1 AT i =
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it ik, Hor ik OPCHL AT — 52 R EUR KUK 11,
TR 5 B AT A I R E 4% . AT, MUhPSCH L
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*&2

Table 2 Current problems and suggestions of OPC therapy

TRV, ] hESCHEATBF 7T I (146 B
] AN E AR, A2 R, A HiPSCEH A i fA
-4 i 7= A R 4 BT I D A BBk AR . AR, R
BN dE G S Az 35 LA RIS R,
T B B A Bl R, R o ) 2 SRR i ) 1A
FREREALY) . ZaE A FENR, TS
A I F R A T Y, IR A bR HE, T T
fREF AR R . 0 H AR RRIFAIMME , Rk
b AR LA TH VP AR U R 255 FE L A8 BRERZ A R A
AT HENT(FR2).

SCIFIVRYT /& A BRPE M = 228k, 1 OPCYT ¥
Pept T A AR, IEIRATHE ARG IR S
ZAEH] T OPCHRAH T {1 2k il S s P A=, (R ik i2 3))
IhReE, JF HAE L7 TR I R IR, %
AR RIRIER . WG B Y B, A 44
. IR IO — PR R OPCAEIRYT SCIH
a7 R B e T IR SE AL . (H OPCIYR YT AR
22 AV o T 70 58 2 I I PRI 98 R AT SR E . 2R
1M, OPCIRYT M5 — LEfE S, A 44k

E ﬁfjopcﬁiﬁﬁ[lﬁvl Hl‘] I‘E‘I;EEIE_%Ei}‘(lﬂ,%,%,l(}ﬁ,ll(],]IS-IlS]

[73,93,98,106,110,115-118]

T i F 1]

Problems faced

A

Suggestions

The application of cell transplantation is limited in the chronic stage

Considering the pluripotency of hPSCs-OPCs, including the poten-
tial risk of generating other heterogeneous cell types, there may be
safety concerns such as tumorigenicity

Cell purity issues, such as residual hPSCs or other cell types, can
potentially result in immune rejection or tumor formation; imple-
menting immunosuppression may be associated with potential risks,
including compromised immune function, increased susceptibility to
infections, and other related complications

The exact mechanism of OPCs transplantation therapy remains
unclear; the migration, engraftment, and retention mechanisms of
OPCs in the CNS are not yet fully elucidated

The differentiation of hPSC into OPCs is time-consuming and
resource-intensive, which poses significant limitations for clinical
research applications

Cell delivery faces challenges such as the difficulty in controlling

distribution and the risk of secondary damage

Ethical issues

Combining cell transplantation with strategies aimed at alleviating factors
that impede the efficacy of cell therapy

Prior to cell transplantation, rigorous quality control measures are necessary
to ensure the safety and functional status of OPCs

New technologies need to be developed to further enhance purity and
reduce the immunogenicity of hPSCs-OPCs

Need to gain a deeper understanding of the mechanisms underlying the
therapeutic effects of OPCs and their behavior following transplantation;
Need to develop accurate methods for monitoring the dynamic development
of transplanted OPCs in vivo

Need to develop faster and more efficient differentiation methods, such as
optimizing culture conditions and utilizing small mole-cule-based transdif-
ferentiation techniques

One could consider directly injecting cells into the site of spinal cord injury,
optimizing the injection system to enhance accuracy and stability, as well as
developing innovative cell delivery technologies

Both donors and recipients should provide voluntary informed consent,
undergo ethical review, and ensure absence of conflicts of interest; the
decision-making process should consider a comprehensive assessment of

risk-benefit, ethical implications, and technical feasibility
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