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Abstract

self-renewal and multilineage differentiation. Since the first bone marrow transplantation in 1956 and the initial

HSCs (hematopoietic stem cells) are a class of adult tissue stem cells with the capacity for

report of HSCs in 1961, both clinical practice and basic research on HSCs have advanced for more than six de-
cades. As a form of personalized cellular therapy, HSC transplantation exerts dual effects of hematopoietic recon-
stitution and immune modulation, and has become one of the curative strategies for hematologic malignancies.
With continuous progress in ex vivo expansion, gene editing, induced differentiation, and chimeric antigen recep-
tor technologies, HSC-based gene therapy has emerged as an effective treatment approach for congenital genetic
disorders and autoimmune diseases. The development and regulatory approval of several HSC-based products
have driven the field from a personalized technology toward productization. This review summarizes the current
applications and clinical outcomes of approved and investigational HSC-based products, highlights the key chal-
lenges in advancing HSCs toward drug development, and provides perspectives for further translational research,
which may also serve as a reference and paradigm for the development and clinical application of other adult tis-
sue stem cell-based therapies.
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YeREiE I R G A A TS AL R RE I R AT 41
FOfEfR . H 20140 RIS 40 B #2 46 (hematopoi-
etic stem cell transplantation, HSCT)+; R iZ 5 i #4 BA
kK, HSCT L AR YT 2 Pl R G s . 67>
SEARRR 7 AR BRSSP
AR L e agt A P I o B A T Bz — . iR ¥
ML RIFEANF], HSCT ] 73 Frili A0 AN s i

PR B HT SN FE I, (LG T (A B 58 R R HSCEFr
R IR S 5t T A EA MR

R HSCTAEIG IR b DU 2 25 B, (H LR
R I A PR B 5, HEaE RIEA KR 2
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5 IR F% A ) T 28 PR A O 2 s v T s o R, 7%
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disease, GVHD). HYs. M a5 & R ENIRZ
BE ARG R ENEEZR R A, B
HSC B A J5 I RRE KBS AR BUIC, (H 48 i % &
HIR, ¥ FEEANEB M s E 2218 . H3, HSC
B S A A1 4 388 0 T R 4 45 55 ) AT AR B 58 4 i
e, BRI T I AR RESE B9

B EIRBRER, RN R R R IR 2
PR VERR L TT %6 AEALESRIFE DT, A&
M ERAEE R @ W RIRIR T T B ERE S ER
I 2 ARCD B REAR OCIE RAE, FEAE TS
AN SRS AW AL, [FII R &P )5 5244 (chimaeric
antigen receptor, CAR)Z 1M [1) f 2 4 ey V% IEAE 4R
RHHSCTECA N . fEA S &= 5 DhRe 7, s
M HGHEAR . FE K e DL /N 42 HSC H 3 E
S EE R I T R R IR AT . AR,
FI %5 5 2 66 T4 Jf (induced pluripotent stem cells,
iPSCs) R4 3 b 3543 HSCHI R IETEHET, BN
1 R 2 148 TG PR PR 4 A%

AMEFEH, T2 HSCTA B ik & 5 HAthAH ¢
FRBAA N, B T3 258 2 E A — AR 1 48
MIIEITHOA , IR BN — 0 O B A A o o I
K, 5% ] AR B AR gk vt T DL SR 5 ) 5 A I
HSCH FE R 25, 3 2R T 75 E 5 i F%
TP IR 2% 90 05 1 ek g R0 85 AR 5 2 U i I 1) %
N FH/DER)LE -1 g 2L A . 3R E H A
WMARA — KL= kit . R, HSCHE A —
b Ty e e B2 e S VR R A R B4R, DACAE O 32 By
F1R) 24 L 245 2 A i ROREE 8 R4 I B 22 4 M D) REAT 2K
TR EMF R . A SCK B R G T 5 A
HSCIE PR SRR . F5 T 3% DR g B 5 R A5
FA T BT HSCR i BA S HSCRRGZ THI I Y 3 2k
GRAE—2RIR, BERA TR e H R e 2 HSC
HH G 4 B ] 55 Wi R 2 FH ()38 SR, HE ) HSC 4k 225
R 2 it

1 B IMHSCHIIER R A S AL SRR
1.1 ETFRFHEIMHSCRE /ML R

I A1 I D BB HSCoR U, R L 4 928 54k
R B AU AL A s I 2 98 s i ) 32 oM
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HIHSCF= i, B35 Hemacord (21 25 I A0, 2011
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e I s vHE A i AR L SR Y B B A . HE ST,
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)R 5 D Re i = RAIE. BIREIREHRAKE
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e LA [ 40 B o B B A M AN RIS 4 . 3ATE
SABIE TC B IR R GEEAENT 1 I 7 I o AN () 3 if 4 P A
ik 2045 U A7 3 HH 1R Tl BE FH % s AR A R B
WFFCR I, PR AT I 1) SE 4K 2 5 U A7 ML i 440
fil (hematopoietic stem and progenitor cell, HSPC)¥:
WIEERET) TR, 20 JE R R GRS 8 . 3R
A3 — DR IR 1A U 22 AR B % MR
VENURAF 205 e ARE E 1T B, (8 AF 1048
i ML HSPCHIEE ¥ TE L RE /1453 LLER K52, 5E R T M\
“HA B MR ISR thAh, 1R
FB AR PRI MR, RERIORY B 1M
HSPCERIAR T RE , 4 FF HAEN 5 A A% 40 i 731k
FIVERE . (1SRRI , KRR T 5 7 I S %
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B, YRR TR MLAE S e VR T 5 P A R 2 AR M A
SR STV /0, HEBN 1 H AR B 1) s it
ETHIEAL .
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MEEFTA AR . AN T AR T R
F, BUAA0L B 8 A B (1) 355 7% R G055 g 38 o
R A I PR R AT 5 e A& HSCARAME 7R 5918
F AR AN B AL AL, “HSCRUZ] 1) g 1Z 0 M
MR E P . TR B i A g AR . HhiR
HARKMER, 5T RIS IR 59 38 AR 1 i 1
RV N B VIR SRAT I L UE, AR
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4 J5 HSCE M I K Dh e e e A s 241,
ATl A % 5 AR (A% L ) R

2 BRI B AL [ B S A4 5 Al i 4 T
Omisirge T 202344 3¢ [E FDARLAE . 1%7 1 H)
P9t /i (nicotinamide, NAM)TEAAR &3 fift 7 i SR (1
HSPC, Jf4£ J5 2L R iR 5e Hh ik B 7y 14 727
Ae R 2 R B8 FH T 75 A7 e i DR HSCT ) I R g 2
O HAZ OISR AR T gk g 52 . RIS
SR IX — R R A R IR O D AR A BRI
PRANE SR 1 W0 2 0 (PR SCRF o 1% a1 3R
R KIRAS 1 5 TR Hh 4 38 5% 1 HSPC Il PR B FH 1Y
B0, HARM 2 B b 0 3 2 BRSO At
A G S (A R AL SRR AL T E 54850 .

Omisirge [ 3RAL A 4E—BEIH % . £ X% Omis-
irge 19 DHAIG R RS B 5 LU 147 189 20 504 i 1 A
A HEAT JEEE 1 [y 520k B AL I PR A N R P 1%
IS LN 1L AT PP AG 8 A 1740 g seonf L, SR
FH XAy 55 7 000 (R NAM Y39 f7%F I A B4y ok 4b
PRIGE A ) IE AL, 973G 72 M0 0 S G A% A I A (total
nucleated cell, TNC)H1 CD34-4H ifd £ 53 334 0 486
EAT24% , AL R 9 3.1x107/kgH13.5%10%kg,
H5 rh MR 4 i R i /INBR R N B TR AR OG, R AE2
FENGERFREZ RGN, 1ZRI0SE R T P 1Y
JBF AN A AN K 3 I AR RS AR 37 18 i 1.
PR, 325, £ %) Omisirge ) /ILHA I PR
IO I0E 7 Omisirge/E AL ED I/ 4T M. %
I RIS FL AN\ 36451 e NS L0 83, 938 )5
Omisirge™ CD34 4 g & 14 0 334% , A7 i 7 &
N 6.3x10%kg. HARY HXIRAM L, Omisirge &%
AER T AR 20 BRI I INASCRELN BT[] (H AT AL\ B ]
A5 R 34K), 45T, NK. B, DCEEN
e B, LR RS
WRRZHAR Y, Bon A2 A R U, B
Omisirge ¥ TTTHA B AL AT GRS itk — 20 R FE A
AT RN BB 5T 1. Omisirged 1 J5 ) CD34*
S0 M O N 13065, I E K5 B G Ak E I AE
X RN, R R I N RORE N IS TR] 35 L
X R i 4 I 10K A, R e 2 I 2 PR A, U
BRI D L. AL 2 GVHD K A4
RELREZER, REEREEHM. BEMmNE,
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T ) B BRIk R

Ak, OmisirgefEAN il 3 1] A 1 R 13k 45
B R . JOSEPHAEHIIE 1 241 Xk i 4 H 4 Ff
A RS P BT I AR 5 8 F Omisirge B4, KB AE G H
AT AN /N B 8] 430 6.5 R A1 35.5K, H.
FE EEINE ., 75— H, M Omisirget&
1 IE BE PR AL B S IR 40 iR BT I AR A B RN
O, R A M AE RS A S 7RIS B CAE N AR AE T
IX R R PG A2 R, Omisirgel?) N A vu [l A &
MG LY 47 i 22 L 2R e 56 o A 9 R 5 A
s BT -

Yk 3 [ AE RS TR T g i = s, B T
HAR T3 TN AL G UM TR ST B4 7k
ZemcelprofJH 244 LRl . UM17152 —Fh g it
HSCH K F /Ny FEEh A, ol R4 38 W ik &
1 C3Z /& (endothelial protein C receptor, EPCR)FH 4
J At L HSC, FF4ERFHAC I = @i e ). Zemcelpro
J7 A FH R UE T [F) — 4 s L 22 B UML7 19 38 (1)
CD34" 4l il (dorocubicel) 5 A H 1 1) CD34 4f filg &
[ AL, A& —FhOET A R DR AT 40 B i 7)o L O
I PRAUIEHE 2K B P9 30 T I PRBIE 55, 78 50491 i J& I
G0 E R B & HnE Zemcelprof5 , PIAE A
A7 BTG FE A A2 00 R 67 %1 63%, RIELE
TPS3RAAME M FHH K. ZIRBHEEEFEEBA
FErh, DTS S0 40% I R AE A7, IR BRoR HAE A
BT e B A WEE R U N E N,
UMI71 B RAE A LI, 1 AMAFR i 1 (0 R50rE
AN, ESCFROE H 2 ) oy Ead . BRI, 52
FERMHEG 12 NI Ta s . sk 2 A &
T3 B 1 S SIS AR T AR G IR A, B AR
(IR 2 AN /D () B GVHD! T, fE LS SR
TR Hr e, UML719 38 ey I A R R R R
MET:Z W2 R K, L GVHD LB KA A7 % (GVHD-
free relapse-free survival, GRFS) & &, H 2L
TUCEC T Rt E M U8 H Al 7 v IE A AR
HIE FE 2 BRHLAm [E X BTl

Omisirge 5 ZemcelproZ AR MY 1% i 47 ifn 7=
st (15 R I FH PR G B FR A L3R TAIER 20 I,
br %6 UM171. SR1. PGEfii44). Notch/DLL4-
VCAM I TR 855 55 A4 A4 3 SRR TR A PR HEE . {H
FHERKRZ, UMLTLRI R A5 ABR T 5 7 1
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Table 1 Overview of approved UCB-derived HSC therapeutic products
EA 1 AU I FRAE LA (HIEHESE G TS
Name Cell source  Mechanism of action Indications Approval agency Manufacturer
(approval year)
Omisirge Cord blood  Nicotinamide-modified alloge- ~ Hematopoietic system US FDA (2023) Gamida Cell
(omidubicel-onlv) neic HSC therapy disorders
Zemcelpro Cord blood UM171 amplification alloge- Hematopoietic system EC (2025) ExCellThera,

(Dorocubicel) neic HSC therapy

disorders Cordex Biologics

FDA: 5[ 1 i 24 i i B LR BC: BRI ZR R 2
FDA: U.S. Food and Drug Administration; EC: European Commission.

JTHE T, UML71 4% UE B BE % 72 1800 B % S I A2
ek DNATR 1 5 AR, FdI g is T, [&m
WEERE SR HSCHI LA 5 se i Z R0, 1X— 2%
A o 7 ISR AR NN BE /T, Bl
FEFHIEEIT K 2 eV 597 R4t 7 AT RE.
1, UMI71RIER] CAY 48 TR GE A oy e Bl R 7
AR, HAE AR KR HSCERERNE T 7= i Ak H i by
FIAEAS % 1M LA Notchfit f& b5 P 57 #F 5 Joft 25 2 1
NSRS, IEE MKW nIgniE. nT R A
HSCHRAMERF 59 L L0 S ng . AR |, IX L5
45V G W& HSCHEN “2:ih (1 — [ BOk ML
— 1 RLUE R E 177 A 2 5 2 77 IR AT Il
ke

zi I, Omisirge 5 ZemcelproHiZE 2EH#E1E, AT
[ R v e B 1 | - e 2 A % e 0
PRATAT P o Wi 28 o U 6 A2 1l 5 A S 3 B e 1) o 1
W, Ja#F WA GG EF P RR T KIAEfERR
aie A DDA HSCF= Ak IS 58 = 47 14 I8
W] 1 I RITE ™, N e S T 2 A SR ms (14 P 2 [
BT LR EMR SR IR 7 R a K.
1.3 ETRFIMREHSCY G &

TE/NBNAL AL 438, N 28 HSC R 7E G s S /)N
AR AN I B . 200, /MR & S i
Z, WS RS 1A T sh Wi i) s N R4 /45
B SR, REskba /N BRI iR
Fiv 5 NRA A M RUIG, HE DU T & I R 2
A EIEEARGH AL /28 B - BT Omisirge®s ORI 7
ARSI 7 /38 77 i, 2 R sh P it e, L[R2
FHHSCRLZI ISR 5 N —RER S A Bt
B NJEAG . AEERAESCHR B & 5 R &
IEAETE L. 75 KB4 o 2 Sk B A2 ) 9t 77 T
P TN S8 B T S BE R B 4 B A &, K

SEIN T EE S R B KRR IR (5500 %) H A T
RGD(CD47 " Ragl™ 112rg™") Ja B 5 [ 5 (T/B/NK
M sk, H BRGNS 52 ); &6 m)
TEBETACEERIAS M 77 &, SEBL T NHSPCTERE A &K
i) (>200K) 7K AN (>90%) F1 2 3% R (AT B.
NK. fi&. Btz LRE)EGE,; HIESSERBEN
KA MNE a0 B A 4 Thae ™. %ot 76
T T G 92 T B A 1 AR IR SR TR U, R
NUEAE A 8 s RIS i) 26 N S I B 92 48
Jf (W1 HSC. CAR-T. TCR-T. CAR-NK%%). I
YL (NLLARRE . NI/, B RIS B i as < N
TR HS B BE T AR

2 ERFERBRAHSCH R A SiEK
R F

P B8 L DR 2 B R I AN 28, B2 T HSCHY)
FER G iE = A BRI . 7E Bk HSCRAE 1k
A -l R T R T , FER RT R ek
I I DR % A IF 3R A5 M i e v, 32 S Tt AL ek
Joa L3S P-4y P T IR SROIR 48 i B2 1M 1R 2 RR T
FE] N A0 35 A A DG TT VA B R At AR B HSC A
DRI 25 M S B M R 2k N 1 RV A0 09 11 R 2 FH e
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KU AERMLE . EROES WERERS L, AR
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gene autotemcel, beti-cel)il i 125 8 2 4A 5 T 4h
7o R B ) B-BR 8 KAk T T 9T TDT, fn i
F HSCE:PRVE I7 M R IR 2 & 1m) 1 5K B 3R 4tk B
e 20184, Froehs 2Pa A2 S 4E T Lenti Globin
BB305 344 1 53 1 R 25 2R - 7 22 44 Hn i A% 2
B- b+ i 27 UL (B-transfusion-dependent beta-thalas-
semia, B-TDT)EEHH, L EH ALK IHH
& CD34 A M i [l i J , W 35 ek /b L &2 2 4 i 1
K HA % AR, HL SR e At R4 Y. X — iR
LR T Zynteglo Itk ifE, 158 H By B M MR R
IHSCHERS ik . BN S8 UEoK FFHGB-212 1
HARE T 22, %R AN 184 B-TDTHE , Hh 24
g LR AL (W1 BO/BY)TDT. fEH#:5% CD34 4 i zh
5 | busulfanif B 7l AL BE K beti-cel [ %1 )5, 16451 (89%)
S AE A i U7 T 48 H BT R % i B ot if 2T
FHEHAKPFRKIATR B9 g/dLUL F o R4, &
R BE LI A E A R, HIFRKRAE
5 beti-cel ELFZEAH G A R FAEBET:, $EnH
T RUFmN 21 . IR RN B H R E 7K
15 TSAFEIIBE YT v, DA W0 5 i I 1 4 A1t A
Wz aet., SREIR, ZyntegloMUBETE Z BB A
PR TR B LA K, SO P EE -t g
AMEE R T — P Hm RN, ARGER
TBIT .
4k Zynteglox J5, Casgevy(Exagamglogene
autotemcel, exa-cel) RN 47 & %5 % T CRISPR
() HSCHE RIVE T B E N Im PR R o %97 08
A UIHIBCL1TALL AR 5 V38 98 1 X4k, A B oxt
5 LI 2L 45 (1 (HbF, fetal hemoglobin) 1], M
T SE 3 HbF F 30 2. 7E SRR 41 e s (SCD, sickle
cell disease) B35 1, 2941 T P-4k 3 H A3 28 B AE VR T
Ja = VER B R ME HZE G RP, £ -T2 1
CasgevyifiJT ¥ 5244 B-TD T3 Il PRI ik,
FON GO HA 354 g kAT 1 2/ 16 H IBE T
WETCRF A o0 AT 2 BRI G IR B2 ik h . A5 2R
W 91%(32/35) W B E R %7k G B /D IS
124 SRS T AR, T35 if £ 2 7K S 4EFRFAE
13.1 g/dL, H %4t 544 3 AHSPCR AT 2412,
Casgevy 120234 11 7 3R15 ¢ [B 2 i A0 g FE = i i
H J&j(Medicines and Healthcare products Regulatory
Agency, MHRA)[ft &k L rml, EH T=12% .
TEAE S M I PHLZE /5 R SCD R &, DL A Z

HLAM G Rt H W TDTE . b5, XEFDAT
20234F 12 7 fibE HH T~ SCD, BR#HZ4 i & R (Eu-
ropean Medicines Agency, EMA)I|7E 202442 H 454
Tt —DHEHAE . X2 FDA T IR HE R H 22 K g
BEARMITE, br&E IR T OUR X — > B

Zyntegloj Casgevy AR 4R IR, b 555 2 K] 2
BEIX — R PR 22 A HSC L [RIVA I A I 28 1) i PR
. BT R ANMIER] T HSCHE RV 97 78 MK
AR P ATATE , ARSI IR R R 2 e 1 A
fiith o
22 EEMERROEERTT

£ 27 DL 5 DRVR T I, DR HSC I 22 K] 9
P AR R IT B T A . Ho
Strimvelis T-20164F 3k /3 EMAHIL#E, FELEH FH=
HLAFH A 7] A 257 110 ) L 25 3 i Mot 2, Il ok g =
IP6A H )% 5 ff (adenosine deaminase—severe combined
immunodeficiency, ADA-SCID)&E# , BN 2B A
£ % ADA-SCIDH) H A& T 40 L Ry, BA 6
PR o AR TT RIS 2 K ADAZE [RIE 1 100 4% 5%
TR T NS A1k CD34 HSPC, 7E% /% busulfan
THALIE Ji5 (B 5, AT SEIL )% RGN K I Th e B 4 .
I R S B8 U5 s 1 — 2B 50k 7T BT S
gt TS 430 B FH Kt s, R Az EE TS
I [R]IS 3 5,048 (e 7y B B s i 1548 ), Ffy
BEWEE, B LT AR 715 88%. K
ZHURE R 218 R AL DS B 20 0 R AAAAE
KRR Th e I DL S o e s, IR H R
P B8 KHAE R ik R, BRI CD34 i
& DS R IR TT R S A e kB B O
FHIG o XL R IA SR 1 77 5 AR X7 28 )
EMEVER, AR L S 3697 Bk R T7 %
R TEESE,

MK S, Strimvelis B9 15 PR N 5 K 3 B U5
SIRRW], H R HSCHE K 2 59775 E ADA-SCID i
Frh B AT RO R XU 3R A b, 2 AR
BEZIMARBERT R REF A R FHT
R, (H BRI A HSCHERR YT B4 | &%
fith, o5 2 297 e m iR 5 W e se fit 1
KPS
2.3 FHEARBIAIHSCERE AT R A R

bt A 2 8] g T2 b 0k R G P D
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Table 3 Overview of approved gene-editing-based HSC therapeutic products
EA i AR5 YE AL FEALE LT AL GILHEF ) i3
Name Cell source Mechanism of action Indications Approval agency Manufacturer
(approval year)
Strimvelis Bone marrow, autolo- ADA gene addition via ADA-SCID EMA (2016) GlaxoSmithKline/
(GSK2696273) gous CD34" cells YRV Orchard Therapeutics/
Telethon Foundation
Zynteglo Peripheral blood, au- PA-T87Q-globin gene ad- TDT EMA (2019), US FDA Bluebird Bio
(betibeglogene  tologous CD34" cells dition via LV (2022)
autotemcel )
Lenmeldy Peripheral blood, au- ARSA gene addition via MLD EMA (2020), US FDA  Orchard Therapeutics
(atidarsagene au-  tologous CD34" cells LV (2024)
totemcel)
Skysona Peripheral blood, au- ABCDI gene addition via CALD EMA (2021), US FDA Bluebird Bio
(elivaldogene au-  tologous CD34" cells LV (2022)
totemcel )
Lyfgenia Peripheral blood, au-  B*™°-globin gene addi- SCD US FDA (2023) Bluebird Bio
(lovotibeglogene  tologous CD34" cells tion via LV
autotemcel)
Casgevy Peripheral blood, au- CRISPR-Cas9 knockout SCD/TDT EMA, UK MHRA, Vertex Pharmaceuti-
(exagamglogene tologous CD34" cells of BCL11A enhancer via NHRAB (2023), US cals/CRISPR Thera-
autotemcel) electroporation FDA (2023/2024), CDA, peutics

SFDA, Swissmedic (2024)

EMA: R 24 5

HHJR); US FDA: 35 [ £ i 24 it B8 BR); MHRA: 35 (8 24 5t RS 7 OR42™ it 58 JR); NHRAB: EEARIE 5 LA i JR); CDA:

TNEERZ e BLJR); SFDA: VOB £ i N2 i IR . ADA: iR I U8, ADA-SCID: Ji T I S Bk = A7 % BLAE I & S 2 BRI ; CALD: i

AU LRI 5 AN B yRV: y-10 5 0 5 804 LV: 18955 58044 MLD: S YelE (B 97 AN R SCD: HRIRAN ARG ; TDT: i MUK A AL i i 57
il

EMA: European Medicines Agency; US FDA: U.S. Food and Drug Administration, MHRA: Medicines and Healthcare products Regulatory Agency;
NHRAB: National Health Regulatory Authority of Bahrain; CDA: Canada Drug Administration; SFDA: Saudi Food and Drug Authority (Saudi Ara-
bia); ADA: adenosine deaminase; ADA-SCID: adenosine deaminase-severe combined immunodeficiency; CALD: cerebral adrenoleukodystrophy; YRV:
y-retroviral vector; LV: lentiviral vector; MLD: metachromatic leukodystrophy; SCD: sickle cell disease; TDT: transfusion-dependent thalassemia.

HSCH R Y7 IEIZE D WK AL GiS 9 B AR 11 ik
AN SR, [ RS UE . SRR AR B
Gt R . X — AR AU E R T IE
e AL A FNAT K 5 T SR, ORI
PR X (1 SR AR ER AL T T ol 4T 5 %
PRIMEZw % R4t e/~ | RN B2 5 kA
RAZWITE 7. 20234 0 7t A B i 171 3 51 )5 1
BCR 41 B 7 /N B (CD46/Townes i 8 ) # ik it 55 4 4
47 prime editor# A, JEAE AT E LWL R, L
LT 29 40%0 BT LB B, ~F 35 43% 18tk 1f
LI A THAETE RN M 20 2 A B AR, B TR
TR BT, R OGN, IRFE M SIS IR T K
HIHSCH L g, HLLEE SN ARAR . X Hr IEAR
PR A ABE 2, AN X 31 T DA AR A ) L If 21 85 1
T SR, R TR SRR S PR AT B .
[, JE 5 4 K M50k (lipid nanoparticles, LNP)i#i% £

G I, AR R IR R TR . 20244 Sci-
enceZ: EWIE T —Fh¥E R CD117/ LNPEEIE T & ,
A mRNAKE #E 5 N BEHSC, SLIE PR A
GriR T, X — RN T R AT AR RS
PARS FUAR 7= AR 7], 42 7% T mRNA-LNPF- & 1
BEAENT —ARHSCE KA IT et TH, N iz gk
WitRfh e ATy RIRR TR . T LR CD-
A7Me G A U I SO T R S AR B,
— i T RN AR TEHT AN “HSCIE#
T 73, CDA7Ye-LV RE 2 25 3 FFHSCHI P A Wi g

TS TH A N 5 F30% . 7E ADA-SCID. 7] Jeé 3%
AR B R FE AR A | i SR S T K B3 o
FLrpAEYE AT JE 23 M ASE AR v 5 28 L5 348 55 4 i ) e
PR, L ReEE TiENRE. 544&544k
HMEFEA L, 3X — SRR I8 /D T A 2R 246 [
WA T2, B TR )L HSCE A =ik
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IR O, AR R AL T 58 i B
W H S

R T N BOR B AR O L L G BRI
A EBENHAG RN ENER. S6KE,
PRIME. LNP5CD47"eh- LV = I A ) 3 [F] 15 a) /2«
ik HSCEE RV TT MAR GE I AR F A B3 BiE Tl Ak
> B R RN BEEEREE . X R
TEIG IR SEIL, AT 2 2 B AR A T2 44,
BRI T T IE R S PR AR e etk . B T &
X B R AR IR 97 41, B L8 AR 2R @
BIHSC F= o AMER H, BT IR g AT HSC™ i
TEAL T H R e SO PG IT A I AL R A A
T EW R BESCHE B . BEE B R S I R AN
£, HSCAMY A BT B A% 1 i v 5 Hh R AR v PR T
%, OB AEERE R . B S Rm A AR
NP o R B R

3 ETHSCESAUITEMIRESER

HSCEA Z ke /1, fEARIMEAL I RS 77 44
AP SHECEY A WA F R R EE S M. W
PRI HSCHAR AN E 7115 T 40 P77 A 45 bk 24 it 41 i
g I 400 B DR A i A VA T SR AR T B AU iR
o CVF ZERBHIEFCAIG RO 5T R 1E HSPCH] 1] B A%
YA, NKYHMZEE 404k, Gl LS R IE R4, T
IEBRN TSR IR IT OWE/E R . 2T HSC
T AAT AR (I PR AT IF 0 A PR 56 7 B AR AR
RMZR
3.1 BfIMHSPCEIF S L% Eiz 400

M /NARLE I IS 1 B 980 S N7 Hh R A A%
OMEH, (HILIRRORIR B A 56 Ot & i, A71E
PR OT G . FEAIE 7T & LA AE /MR fR 17 4 HSC,
HIX— 28 HSCAb T 1M 9 Bk 1 B3¢ Ty , 483540 404k
AT AE R E AL A M, AT E I /ISR P 5 AR U B0
BT B 3 SR AL T 9T R B E A A PR R AR A AR B
KM, BAFERER B RS MBI~
P F AN B BT SR ER 7B SR B
HSCIv] ER% 40 B 1) A BRAT T B 32 B A2 A 0 B A2
SRS, PRI AR EAR YR PR A AR B B R AN, 1H
F2 X 3l P AR 7R B 1 A A B R e R A% AN
AT 2R B R A AR R RECR S T, IR
) s 46 EAZ A0 M 1 BT R B AN R ] B2, Jk e
T 70 R S N 2K HSC I B AZ 40 58 11155 5 4 1h 32

BT AL

FAE20134F, [ A 7 TP T 28 MAJBF I 5 A 4%
s R AR E A . BT TR T
I PR R 36 F 17 X A AE 4T A [0 i 4 0 9 P g 5
TR H 28 GVHD A AR B, A TGIER] T
TR 2 A E R AT AT M B, FEAR NG SRR DT
I, & B 38R, (HBE f5 @ i THPO F
BB A SCF. IL-3. IL-6Z: 41X 7 &8 Z 2 7+ 1 I
EA%HE 210 70 4 20 B, R e Ay i HSPC S Rk
Uit L P I TR AN L RS %, A I BRI R, 1T
A R RS T A8 S HEAT I PR I /N AR R P ) B
Wi, SR AR AR b AEL R T A A
GMPZR A 7 B =4k ik 55 9% R4 7, ik —
iR E TS S B R AT AT . 2 N
HHE, EAARRE R T — R T 2
MHAWE SRS, @ % JAK2/STAT3IH i#
BRARTE T BN R I NR IR 77 &, JERRAR T
T B ERZ AL EL ], S 7 HSPCIR) E A% HH 48
B e R Ak, IR AL T AT A I AR MR R
FONEFEM R, %R R AW B I SERE R
T e AN B, A AR R I N R AR R L HEBh A
AL /N R P AR I R S FH 4k 1 3 1 SR R £
%%[38]0
3.2 BFMHSPCEFES DU FENKYAE

4R 547 (natural killer, NK)ZH i P b (1) 37
SRR 3k S Rg A AL, APE 30 2 AF R A 2 Hh AR
RERE T E v T TR, 5 T4 AR, NK
Y M AR HLA B0 21, PR A (R Fh S AR R B R
251K GVHD, NH K8 H (1) BB B G e 7 1%
FRAL T ATRE ML, fEid B, CAR-NKHEAR IR
BT -5Im PR 35 R IR g K . 5 CAR-TAHHLL,
CAR-NKE A Bz att, HAES TREM SIS
S AU B NI 52 AR B RO D RE , AT LA AUE T
Ji IR AL

FEIG PR R 77 18, 1 AS [R5 755 A2 B INK
L B s I /1. 4ME I (peripheral blood, PB)
SRR B NK A0 i — B2 A i IRV, 8 bk 2
W) 5%~15%, i R RAG I Lk FEtE Y 3 5]
FH T PR 21 Jie L D AT 25 A B v A5 ) NI 4 i
=& (1) CD34*HSPC, # 1A A& NK Al AF Bl 1) =
BEYSUR . JEAT MLAT AR I NK M e AR AN R B — 5
() DI fE 22 e, T 559 PR A4 o 8 1k AL AR (R TR N -y 72 A
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R AT B B IR PR AT SR15ME 9 <L B AL "ya T H it
TR, (EAS RS, A CD34* HSPC
SE A AR BRNK AN, BERS SeTT it 22 = AR R
], A AR AL B AT BB A A P (A R R, IR
A I R A AT AT M . BRI — VR AT TH
I 438 i B K (40 K) Pk %, H O E ks R B
1975 25 5L I PR IR 56 o B s R A ) 22 A ik A )
SIT ™). £E MD Andersondi JiE HH U 3EAT 1Y — T
QPRI RIS, 114502 M Ik B2 40 e (3 1t s AN
A bk LR R A 2 T SRR T LSRR CD19
CAR-NKHivE, JE4%H B AR S ANIL- 151 sk
. RN, 78 BE RS TRHRATESEM (RK
i£13.8 H), H CAR-NK4H7EAAR P T ekt 1
S, PRORZST VA TE BN R b B R
AR AL, X e BN BT HSCS F 77 AR NK

Y1 M T BB S VR T R R T ), BRR AR R TR
B 2 PRI 785K R G 0P il o 76 AN [F) 50 Hh 197
ME KA.

FH G AP i 555 I BB 3R AR 1 NK 4
HSPCi% 5 NK(induced NK, iNK)4H il 245 KI5 fa
B TR, 5 TEREMmmIS. k&R E
SHI R T — R T, AT EyCD34 HSPCH
7 1L R RS ) 46 05 122355 S iNK AT CAR-INK 4H
L U7, R <R A 3 A PR 4R VR -NK 4
B0 1 =B Bl £ SR m , BN I RIR CD34
HRRAEZE 49K, PR E N 43792t 22 8.3 1071~ iNK4H
Jf1F13.2x101NCD19 CAR-INKZH . AR T1640 77
5, 2R R IV R SRR T 6 918~20 224f% . X
WK B I AT Il CD34 48 o 30 b ] 7= U0 9
CAR-INKAH i, [F] R BRI s i i =, A

RS HHSCEREGRESHEE T AR
Table 5 Comparison of emerging HSC gene editing and delivery platforms

NG ]

Dimensions

PRIMEZ%i
PRIME editing

CD117-#[7] LNP
CD117-targeted LNP

CD47h1gh‘T§M TRHIA RS
CD47h1gh-LV

Core mechanism

Editing/expres-

sion outcome

Fit for HSC use-
cases

Safety

Effectiveness

Uses nCas9-RT+pegRNA to perform
“search-and-replace” edits without
DSBs double-strand breaks)

Enabling precise point mutations, small
insertions/deletions, and some short-
segment edits

Conceptually avoids DSB-related
genome damage typical of nuclease
CRISPR systems

Permanent genomic rewrite (precise
base/small-segment edits)

In principle avoids DSB-associated
chromosomal rearrangements

Ex vivo workflows are maturing

In vivo use is still limited by cargo size
(prime editor is large) and pegRNA
design complexity

Lower risk of DSB-driven chromosomal
rearrangements/large deletions

Still must manage off-target base
changes, pegRNA-dependent bystander
edits, and DNA-repair bias

Delivery (large PE payload; AAV/LNP
packaging constraints), editing efficiency
in true long-term HSCs, and limited ef-
ficiency for larger inserts/segments

Anti-CD117 (c-Kit)-decorated LNPs target
HSC/HSPC and deliver mRNA/siRNA/
editing cargos, supporting repeat dosing
and transient (non-integrating) expression

Transient expression/regulation (MRNA/
siRNA, etc.)

Can also serve as an in-vivo carrier for
editing reagents (e.g., Cas mRNA+gRNA)
In-vivo HSC targeting has been shown in
rodent/large-animal models with CD117-
LNP

Suitable as a nonviral platform or as a
vehicle to deliver gene editors in vivo
Non-integrating, transient-theoretical low
insertional mutagenesis risk

Must evaluate immunogenicity, hepatic/
splenic uptake, endosomal escape, and
tolerability of repeat dosing.

Targeting efficiency to marrow/HSC
niches, entry into HSCs, and mRNA
expression magnitude/duration
Translation from large-animal to human
still accumulating

Displays high-density CD47 on the
LV envelope (“don’t-eat-me” signal)
to reduce macrophage clearance,
improving in-vivo survival in blood/
liver routes and the probability of
reaching HSPC

Remains an integrating vector

Long-term expression/gene addition
Because it integrates, there is an
insertional mutagenesis risk requir-
ing long-term monitoring
Neonatal/infant systemic dosing can
reach bona fide long-term HSCs in
animals and yield durable multilin-
eage output, suggesting potential for
in-vivo HSC gene therapy
Integrating vector, risk of insertional
mutagenesis/clonal evolution

CD47 improves in-vivo efficiency
but long-term oncogenic risk requires
LV-style pharmacovigilance (e.g.,
15-year follow-up)

In-vivo reach and effective integra-
tion rate, off-target tissue sequestra-
tion/clearance

balancing exposure to avoid non-
target integration while maintaining
efficacy
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%o

BT , 5T HSCHIARSME T 20 4b 5% IE7E
SR L — (38 1M EE A T RE, B0 40 R A IR AE R
A gy T & 8 )2 . RAh e R B
K% 4 TT G AR ML/ N 5 7 &, T N = G
Ho CAR-INKIR R WITF S 1 LAHSC Ay s <3
TR GIE 25 1 . KK, BEE R TRk R AL
R THEM S GMP L Bk, X HSCHIAE P
A A SIS = A 1 I PR AL L FH F 4 T %
b, BN HSCHE P AR R 2 R HE By () X — E 2
SR 75 1] 6

N T B 0 W b S 3R SC O A 1 %2R HSC
A O AR B AR, FEE H Ok 2 AT g ik T
L, FRA K 3 BERORIE WL F A BB | AR
JRI B B & 37 il i T3k 4, BAEH Bhiss AR
£ P BRARAN [ R B8 S AR I PR v] S Ve 5 Ok e 707
MM 2R, Hl—2 0 B YA HSCRZ K &
(R A 53 5 2R Sk mT R PRI E 5 1)

4 HSCRLZ iR 3 #RR A HE X o)

YT HSCHA VI R IGTT R A AW R 1
PROE BERE , AR a3k [ jis 24 Y 07 1)1 3 O T — B
BUM FEH R, HSCr™ fb IR A AN PR S 340 75
ORI i AL
4.1 HSCHX /™ mllm R R A B & E &4 0] @
HRR2RE

5, DR g ORI B It BB R E T HSC
PR S et . BER IR (zinc-finger nu-
clease, ZFN)F- I8 H 78 TDT i 3%+ 8 nl sE L)
JPR, AR — 4 J5 HARRUN A 2%, R TG it 2 i
A5 481, Nula-cel(nulabeglogene autogedtemcel)
s AT AR R g B AAHSCRRT V%, BAEE
P2 IE SCDIEUR KA, T3k FDAI)L 2 55 4%
WAIE. AT, L IO R 28 i PR 56 1 202245
R A 83 I A R F e . E
RERNLE, ZEEMERNRES R TR, HIER
73 HBBAZ 1E 1 LL B R 2%, T 240 75 % 1 4 i 5 44
NiE N /B (insertion/deletion, INDEL)™!, Hi 4R
PRI AR ERINRERBSGE , HX—8 R N8 174
AR SN ARG P 5 2R EI IR, o )5 42
FHOITIERI R R H T 7R . B ik g 5 5

Prime#i B B B IE w1, (HA ] 22 A4S
REISUED,

FLUR, FAREES FHOC I 2 R B3 1% (genotoxicity)
W2 HSCHE RN YT I B 222 4= iR, B A0 i
DRl ¥ e B0, R K s B AR B 0 5 VA 9 I
Bl R o B A3 (1) -390 3% SR i 5 (v retroviral
vector, YRV)A /A B 7E X -3 81 51 0E IE A O 128 BB (X-
severe combined immune deficiency, X-SCID) %
HUAS T 7 28, ABAE i A [ (X v 2270 6451
B NEEE 2 LMO2. CCND2. BMII1 %5 J5iH & K]
B3 T A AR SR IR R A 5 e LB FEADA-
SCIDFAL ™ i Strimvelis K HABE U, A7 1B K
A R T4 3 AL 55 437 s i TE 224 R REXS YRV IR
PR, A7 2738 IR H B — AR B 2K 2L 18 5 B 3
£ (self-inactivating lentiviral vector, SIN-LV). il
I MR U3 DX IO 48 A R R 3 7, SIN-LV I 3 F%
fIX 7 LTRAA S 8 8 0 RN, R 72 HSCHr ATh 8
Y7 AR T () B DR 3k 5501, A B- v g 22 1 B
SCDPYAN X-ALDPEES i RS 1, SIN-LV
Il 73 56 S T A I 5t 5 B R 3R 2, (ELATS WL 52 2
5 HMGA2 5L MECOMZE 3 R AH 5% 1) 5o [ 47 1 2%
e, XL RKY], R SIN-LVE YRVE %
42, AR IR I B A N FEAS RV E U, JCH R AE
A8 F 9 3808 BT BUAE B 1 5 BEAT IS BE AL
PRI, RUESATIAN AT 200 . PRIk, S 58 2 AT K IR 17
(= 154F)C N FDA IR BEK o Wl N 2 465 Ak
V01117 o N = o FGRTACE N a v11  7 NNIE CR SR N 8
HIEE I NGSHEI, LA K EE S A7 55 73 #7 (integration site
analysis, ISA)1,

S5, 3 R G ORI A AR % TR
PR . FB o> BT K L, A 9w 45 HSPCAE S 1
8~16 i Jo AT e ko il 2 1) SR B, AT e 5 R AR
HSC ¥ A J& B AR A1 85 7 0 5 b B 3R T B e
IG5 RO, [N 44 4 3335 CRISPR & 4t A fg ik K
NARTRSEAFAE XS Cas9t H I A BEBE ML SO, AT
it LA T e Ah, XU G )~ 2
s 5 B . R A AN R, AT RESDRE
AR W S B R G AR T VR A 0 5 TR B
T RURTT BB, MR AT 32, (H B AT %Ak
R B3 BEAE, )7 S AR,

25 LRk, BRI g HSC™ il 1 22 4 Mk ) gl 32
SR AE =7 R B DR g 4R R A B ) R K
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GBIk o B ANTR] kDR 2 R o 22 4 T ) B
gk, KIWIEETT 5 R gl 2 oy 2R E 1
FEAR R AR REAR BT 5 i PRI AL AT RE B B 7 1)

4.2 HSCHE %= Gl R R A B 7 3 R iz e
TR BRI E

T HSCAH G fib 25 42 3 T HSC I 2 A ) e AR
PEAR AP AR T R M A, PR b 28 15 4 B 25 0 1)

76 HSCRLZYIE 73 R DR B L FFAE R B R FE XY EE

Table 6 Key technical pathways driving HSC drugability: mechanisms, advantages, limitations, applications, and maturity

HARBK L

Technical route

TERIBL

Mechanism of action

LERH

Major advantages

SR B

Limitations

&
Applicable SCe-

narios

HORBEE QR BO
Technology maturity (clinical
stage)

Ex vivo expan-

sion

Gene editing

Induced dif-
ferentiation

NAM- or UM171-
based ex vivo expan-
sion of CD34* HSCs

Lentivirus (LV) vector
gene addition
Lentiviral addition of
exogenous B-globin,
ARSA, etc., achiev-
ing gene replacement/
compensation
CRISPR-Cas9
Disruption of the
BCLI11A erythroid
enhancer or locus-spe-
cific edits to reactivate
HbF

Prime editing
nCas9-RT+pegRNA
“search-and-replace,”
no DSB; designed for
point mutations/small
edits

Megakaryocyte/plate-
let generation, HSC —
Mk — platelets in vitro
using 3D systems,
roller-bottle culture,
TPO/SCF/IL-3/6
NK/iNK/CAR-iNK,
HSC-directed NK dif-
ferentiation; engineer-
ing with CAR, IL-15,
safety switches;
“Off-the-shelf”

Markedly accelerates
neutrophil/platelet
recovery, reduces
infection

Enables use of low-
dose or small-volume
cord blood
Established efficacy;
scalable GMP manu-
facturing

Validated across mul-
tiple diseases (he-
moglobinopathies,
metabolic disorders)
Non-integrating ap-
proach

High rates of transfu-
sion independence/
clinical remission

Theoretical reduc-
tion of chromosomal
rearrangements
Precise correction

Donor-independent,
on-demand produc-
tion

Lower infusion risks
vs whole-cell trans-
plantation

High uniformity; low
GVHD risk

Scalable manufactur-
ing, feasible cryopre-
served inventory

Long-term engraft-
ment stability and
safety of expanded
products require
larger-scale valida-
tion

Requires long-term
monitoring for inser-
tional mutagenesis/
clonal evolution
Myeloablative condi-

tioning toxicity

Potential for off-
target events, large
deletions, chromo-
somal rearrange-
ments

Still requires my-
cloablation
Long-term follow-up
needed

Delivery challenges
(large payload)
Efficient editing of
LT-HSCs not yet
demonstrated
Complex pegRNA
design

Production yield,
maturation efficien-
cy, and cost remain
bottlenecks

Limited in vivo per-
sistence and function
Persistence and solid
tumor infiltration
need improvement
Viral vector-related
and phenotype stabil-
ity issues

Allogeneic cord
blood transplan-
tation
Adult/adolescent
hematologic
malignancies

Autologous HSC
therapy

TDT, SCD, ADA-
SCID, MLD,
CALD, etc

Autologous HSC
therapy
SCD, TDT

Early ex vivo
autologous HSC
testing

Suitable for rare
point-mutation
disorders

Platelet shortage
Supportive
therapy during
immunosuppres-

sion

Oncology and in-
fectious diseases
Allogeneic
ready-to-use NK
products

Approved: Omisirge (FDA
2023), Zemcelpro (EC 2025)

Approved: Strimvelis (EMA
2016), Zynteglo (FDA 2022),
Lenmeldy (FDA 2024), Sky-
sona (FDA 2022), Lyfgenia
(FDA 2023)

Approved: Casgevy (FDA
2023)

Preclinical

Preclinical

Preclinical
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Ji S A R ORAIE LI R S R i 2 — o R
& HSCIRE AN JE AT REVR T-3E& T 2 Bk —
BN SO EEARN L . BHEYIBEIR TS, N
Uk, WENEERE T B AR E, AR S
B 1fekR . 2 EFDATE Casgevyfl Lyfgenialt i B 1
HH SR AR B 7§ 3% 10° CD34%/kg, Ml Zynteglo
55 SkysonalJ 1 A5x10° CD34"/kg. F-HISCDIlf R
RIMEI IR, T RETT R 2 R 3R 32K
AR AR DU B AR AR, 2 PR
E IR R AR,

LA X T HSCH A J5 3 77 2 A0 v B 7K 1 (1 it
NP HSCHIB A ROR IR AL TR 7, R
SRR HE T HSCHH JG = (7 Bt T 3 % .
s HS CAH 56 72 i I PR T 28010 R 36 U FE E AN IR T
Rl —, RAHSCREFHAIREZE R
B, H AT HSCHRIE = EaFEE8E. 3 0t 4hE i
-4 DA B 5 A Lo 2 60 FH T RS A I AS R SR R R
VA S IWHSCR TR . DRI Feskdd
RRAIE DA KGR 2 R R 5 22 07 T AR AE 2 35 72 e 1),
IFi) B 25 1 L st A R A A A K TR R S )
TEHEE RS2 5 R RN 22 4 22 S B i 45 SRR
L, M TAERALE (18~47%), FEZ L (50~66%)
M RED AL JE S N HSCou P S 5 />, H
o o REE R RO, B R SR YR RIAR RS X B ]
RV AE— B R LS HSCAH G i 1) R FH A%
B, R Bk URE AN R BT 3 300 T 20 B Th R 22 7 R
BRI, W] Ae AR TR 7 A HE B R AN (R SRR
HSCF= i 75 B B hAG I = i e be . 36 =, BEfilige
TRRYT S THSCR= W B 152 « O B 7L 3R A,
@R AR L, AT 290365 O R 2 1 i 2
R H IR NI I BT R 4 PR ) R AR A, R AR
MURE IR SEARRFAE | ¥RYT J5 HSPCI v b 2 #F 1 il 45
P IE B 5 2 4 NAH 2 K, SR 47 sl 1 5
B2 . B 0™ R R X P 4 R EE PR AT IR 1
HSPCw FE 2 FEPERIRE 2R, 1EIRTT 4 R 2 5088
KW, B2 2 RIA YT A OCHE R M 1
BT, PR, X e 2 AR TR B R T B AN R A
JSLE B HSCAHH G ™= i B T AR i B . 3 =,
HSCAHHIC ™ fit 1) 2 4E R A b e B 237 . % T HSCHE
PP B S B, T HSCHIAA IS 7 il B4 o 428 s 14
T ELE DT AR E AL b, 38006 T o7 30 TH
bR, B0, BUAT HSCREAR I PR 6 5 B 1 K

T E AN R YR HSCRARY M B pn vl (H 22 T
RBEA (0 Wi PR BA B 1) 5% 366 23 A 27 FF AN AE 5 7
HE G 3 K 5 (G AL A PR I ) AR 5% 4 i [m]
f P B BB, IR ORBR 1 OB PASR, HSC
JRE IR 50T RCREM IS RN SR ARLT 7T
Tt I T AR B A B AL L RE ) B HSCIEHE T,
N ZFEHSCH 2 15t A7 £E TXAE I FE LK™ il i 4%
T o e i KRR R B 3K 4 Y 1) 0 A T g
WARAFERAR FE . R, X AT v T HSC
7 it TR Fp AR S KR JEE 4 45 7 i R T ORI Jo 4
PRAERESLA R T 23R .
4.3 HSCHEX = mlla R Rz F BRI AL 22 () &
FBEENRER

DA HSCH M B HSCHE FIVR YT R, 2 K HI A
I /BRI AT B AL BT RIE 2“4 B RE, LA
kAP R HSCHIIMREN » 124 A1k, K2 HIRIR
T FAIHGG R R B I FRAL B, B FH 250 0 T
2, e Bk 2 M w7, 1K 2 R
WPz, HEATZ BRI, W A2 T
AL BRI 32 3 BTz 0 2 H A0 A0 A SRR
A5 ML IR/ R A L K P ZE 95 (sinusoi-
dal obstruction syndrome/veno-occlusive disease,
SOS/VOD). ANH . fiieF4ife Je 2 25 5 i, I8
Ty VB 5 GRS AR Jir g B A 2B XURS: T BTttt
AT i PR Ul BT B A AL B 5 S A8 2 HSC A
FASG Wbl R N T R B B f . G E5RE, 8]
PUNITF =07 AT IR AR R . S —, R EiE R
ZAKHSPC. | FIHSPCHy 5 MR IA ) — LR i brid
KRR S MUK BRG] HSPC I 52 I iE B 1EAE B
NI B BT By . I HT A CD11 7404 S
G I % T HSPCHITEFR A /EIE N RN
VAN BB R SRAT R 7Y & NTRE I, 26T
BT B T P SR (Y Tollm KR g0 3R 1T & N IR&r
MIZE IR, A2 36136 7T Je 21 M #EAT 57 R X+ 40 g #8 A
Z R, FIH P CD117H4E briquilimab & A K 5
PEBIBOT RO B 24T o A JE X e N B3R AR
TR AN, RREARFHAMNA TR, H
LN IS (8] 5 ) SE 0 HEAH 25 AR 17 ik %
SRR R, BE— 2B T I PR 56 0 25 R A 75 30
RS, RALRI AT S H T CD45-SAP(F %R )
B G-CSFIIT R, MEZF /DR p sl 1 4k
BRI FEVE AL B o 207 VAL FRAIC T 23 RE F
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ROiPEEEE, 0] RETE BR 2 HSC, RS HE R )
o IXFh SRR gL A B 55 R 5 B HSCAR G
m PRt T B BB AR Y S, RIS R
T I 0 E X AR HSPCI Al 281 . OV IRIE
43 R g\ HSCIRI 25 N IRAL /N BB RS | T
HSPCHA 3l 53 FH S AE M 5k, 45 55204/ R
AT Z AR G K HSPCE) R B4ME |, IAES) R
o UG X — o ) e 11 26 3ot 32 IR 4 4 () HSPC [R1 46,
fii 754K A1 2 4 5 1 HSPC RE RS 763X — 3 4 A 7 [
VH S5 21 52 R B SR 15 R AT BN H 1Y, 31X
— TG0 ) i AT SRS 1S AT I HSCHR 1
MG RO AT RE VT, B = M Inf A HSPC % 4 g
F1o Bt dH I ik CXCRABEMS 195 A HSCHE
ANRARIIG G . SE R AR NRE S, IR T MR
IR TS T N2 A AT A LR, 7R HSC
HEAT BE DK G R MRV IS, mT ) A HL 2 4 ) 2
TRNAEIE R 73, BEIICXCRAMIFRIE M 1G58
XU VT SR RN LR . B2, ER =T
THI 3 B IV FH 55 6% T A 00 0kE B AT A T 55 R TR
PE AL 38 6] T 52 44 ) B 7, ROK BRI HSC %
FLARSCP= S S I T TR . AT =02, BN BRI
it 7 K CAR-TH ST HSCTI — R4k 71, T5 90 F|
F CAR-TGYT Ja & BEHH1)1X — I [A] % H 45 5 HSCT
BIT, B2 o T R WAL 3 25 W40 47, ke
T T GVHD [ e g% #0550 004 L R B gL
CAR-TH K JAAE 3 1 Ty s i 2 R 7. X —k
AT T BRI R R, = N2 My
LUV B SR A T R R .
4.4 HSCHZ™GllamAK R RYLE55 7] K o)
FEARAE PR R AR

HSCAHH 277 il 45 B2 U IE S “BeAR e 2h i
) I R AT K% 7, GR35 AT B A A o SR b 2 S, PR R0
M E AT AR HSCr= ok, HoE h— AR FF
FERFNTREE JTEI0KF o IR AN L 238 55 25 4 DA
AR, WFEC = AR B BB TS
B, Zynteglo 't PR M 1] BB U AR E i Y, 1X—
SN 2 T A IS TR B TV Y
W2y FEIIR A, 3 Rk A 1 DR R 32 LS =
M B2, BA HSC= 2 s E AR e i, A=
PEIRTI I L GMPR AN 5 5 A AN 42K I )
KIHHE, AHECT WSO 75 10°/kg CD34* 41, s
PR EAEAE FHIEE) 107~10%kg, M A 0 1 Rk

AR RA . FIR, PR RS2 IRT /D b Ak 1) GMP
G FA RMIGIRE 5, 5 30 Hh X A 57
g, H—Whim TR RS 25 A . a, B
A B AE — UM ST 5 /0N I8 N IE T 3% 14D v X
g A Aol M DUTE 4 R R [ 9R 5 R 55 7T Je 2
[ HASF . SRR UIX — R B8, KRR IR R R
BT Ho—, ALBAT A T2 N —
FERE BRRACRA . B, 7= il 45 BT F AR AR 7
e KRR PR B &5 [ P2 A B AR, FERNR Y7 7= S A K
BRI T 1) R, B R GMPER S 4 AR = (1)
PRSI AR — e R BT A AR . ) R
JZE T 5 HSCAH G i 1)@ M 2 AT AT (77 T 2
— o I R DN g R e R BB IR AL S A R A A )
FHLA-A. HLA-B, 35| N 4% K+ HLA-E.
PD-L1, AJ kb AR i b 1) S HE 7 OB, AT
R TEHERCTEHSCH TR L RN A o X — SR Ig A
RUGHEFE PR, NIRRT . RBEIRYT Ty R AR
LRI A YRR . =, WS w2
A P9 G R AR S 4 B KR SO v 9 R
I KRR ATH AR . BLZERE NI RGP BE 1 HSC
77 i 22 2K F R HS CUSCAR Ji5 1R 471 4 8 [0 i ) S s
B A 7 AR G R A 7 AR R 2 A PR AR A . d
T FCARTE T — G T 04 B ) 1R SR 40 K R
(LNP-168), AEfSEAR N i 081X mRNA £ H #EHSC,
SEIL T O NS HSC P I 25 R 1 4 4 5, Sy B T
SRR SRR AR T B ML XSRS A R
PRI R A 4 s 2R, A B8 S A BR W, i 4k
BITERAR, JRR TR DG T I . T IR
FRE , HSCH:FGIT 1A 5 AT — &
HIATRE ST, BTG % BB RITIE K RA
B 5T B AR IR B A SR R B M AL 2 BAS
B i T2 otk . WU B M S A R R,
KK HSCHE T 5 BAE LT AT St IS 580,
SN B 22 LB R0 L R T SR D) SRR AT IR ik
#%.

5 ¢5ig

HSCRAAE Iy —Fh i I6 7 B AR 1 32 I R
FH TV IE I 7 2 B 2 LR e, B3R T
7, S TO AR o o e TR L A 18
1A P 33325 LA 5 S AR (O R I Ak, HSCH %
72 i B H T 10 DR AE R P " B AT T 2
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Thi 22k, (Rt 5 55 0 AT 7V 1) JR) B Ak A R
(B 1)o BRI, HSCHHIGE AR i (¥ 124 2 B8 3L 1T
i 2 ik, JCHRAE = e . A AR
SIS T T ) S AR AEERR AT S ) 5 A R
Y SRAT R R A% o ) 8

20254F10H 10 H, (A9 = 2% 8 B AR I IR A 5%
RV PR 56 4b 07 FH & B 2691 ) 10 1 3R A N AE P =
SRR I PR ATE 50 A0 A R B2 A T B v e
MEZEFNFE T 5, B RAE B K2 A L “BRIT HoR ™
55 <) /R IT AR RN IEAT o 43 A B UG FEAE
B8, NE I HSCR AN i 16 97 AR B AH G 2 b I R0
JOAL R AR T 7. ARk, HSCHH DGGH MG I 2
AR B A 7= i J6 W DA A g =X ]t R 128
FHOG [P VE R AN B2 8, (BB 00 . R ST
HRRE . R RE, W, R IR 2
224 T AT, Bl A I R 75 R A B g
WO BRI #E 5 . 250 a] Kok 4 A [
FNE T 48 B AH SC F2 A R B VE R B AN 7 56 38
DLHSCHREZ R TAHE AR, H 2250, Wik
SRR T AT s RATE B ARG, EAZEH
KA, HSCAHHICH AR B b 7E I R IR 97 Ak & 5
FORIMER , Mt DU f (iR 7k $8 , 20
FE M 5, BON & IR IR G T F B
BN 200 B R T SR I BE A . R, B A R
A& 1) St , HSCAH ICH A (1R Y6 10 B FH e ik —
BHES)H T Z MG R A S P2 AL RE , A BkiE
Bl P ) S PR L T 2 VR S SR R I T B
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