DOI: 10.11844/cjcb.2026.01.0001
o [E 4 A )% 24 4]. Chinese Journal of Cell Biology 2026, 48(1): 2—19 CSTR: 32200.14.¢jcb.2026.01.0001

- LHREE

A5 EF AT AR IR S R K

F—ﬂz%l,ZJ %;%1,2,3*
(o R 2 e 5 ISR 12 S (6] 2 2 b 5 IS S 0 S ), 975 e 4 [ A S =5
] 5% ML 2R G509 1 R L2 22 9 9 R o, AT AR A 2SI TR S8 =, R 300020,
PRI g R T B, REE 301600)

= el K E % ﬁ(cell and gene therapy, CGT) 1 & 7 i JU+F A s AF 7, 2 &6 SR AL )
BRIT AR, BAT, s T . AR AR BRI QI IREFT % 5| Rkt R, CGT%'i?}'\JE
A2 A iR R IR A Ww‘a%ﬁ MR TEAE MR R VA BAY G RAT M IR R S AE S B 5 AR AL
BEHT 0976 WA, AR AR B IER ARG Lok, Fomestt, BE lﬂfiu &i?ﬁki’\’ ¥k % l‘ﬂ
B X F AR BAICGT = do RAEAAT K B RAFR &, b 47§ B 5 2 HRCGTAHF A I 4%#%
FE8) 257, T CGTR AT G 6 #M 5 Pk, B Rk K BAY G AT AR R GG IR AL, 3t
—F 1R CGT/R 42 A& 4 5 AR AT 7 A AT A ) Z 4 FAL, nbk £ % CGT /= oo AR s RIS
R, &4 E % &4,

KRR 4UMIRYT; S AR A, NG YT R R g AR

Cell and Gene Therapy: Research Progress and Future Directions
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Abstract  CGT (cell and gene therapy) has evolved over nearly several decades from basic research to clin-
ical applications. Significant advances have been achieved in the areas such as cell therapy, gene editing, and deliv-
ery vector technology, opening new therapeutic avenues for blood diseases, cancers, autoimmune diseases, genetic
diseases, and degenerative disorders. However, challenges remain, including technical complexity, safety concerns,
and high manufacturing costs. This review systematically categorizes CGT-based pharmaceuticals and summarizes
their clinical trial progress. This review conducts a comparison of the status and differences in CGT drug develop-
ment between China and the global landscape, analyzes current bottlenecks, and discusses future directions. The
aim is to provide a comprehensive update for researchers in the field, promote further development of CGT, and
propose innovative treatments to improve outcomes for many refractory diseases.
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91 5 2L [RIYG T (cell and gene therapy, CGT)fE
AR 2 U VR OR8240 A2 1 el A
WHESET B, NERRIRITITRE 1 ofrigie. QU
R MR R B S RN . AR PR
DA S AR B AT PR B 55 2 A R iE . B
BORANWT 335 5 I R AE 78 B AR N, CGTREI
R R R AT S S BORR R P, HILFE,
[ 55t 2 5 8185 (A=W B 2 i B i PR AT 78 A ik PR
B AL N AR ViR IR R G DI TR R . R R
g4t E, NAFE CGTIE N A R =B AR
PR IE 5 e A N FHER (i 1 S0 WA R T AE 2R BT, A
GUmEVRIT T-B, DMETT A, R LR/ AE IR TT
U 8 AL, AR HE TR PR SRR, e B F AT
AL 20%, Hegl k—RAIFHEEWER ™. thit,
FIJEIRIT MR E RN . 07, BN
i ik = A7 RORIE FBe, A VG TT J7 10 R IR+ 23
R, A LA 2 B FHRAY) T K. ML, CGT
R ARG AERE (AT g, I R E M. et
FLFRE XS s 4 M AT A S MR B, BN 475 41 44
MM AT S o B e, BRARERBIERCR . ME
5 DRI 23 4 3R R 41 O BF 98 A B R R, CGTHE
FRAR R 2 U R AR L 3 R 2, AR Z AR GiR
I7 T B AU 5w B it ok 1T IR TIE LR,

MA LR 2 RAET CGTHURA —H AR ZE M, 5L
At Xof R 5 L DX PR R AT HI T, R Z 0 HOR
T [F R BRIRANAR T, (RIS 2088 1 [ 5 4 BRAE
CGTEARYALTTH Z 57, LRSS 2R R R
ARSI BT, A0 CGTIlm AR 7T
5= it R AT RERMEE, IRAIRTLH E 5 2 ER1E
CGTHARFAL I ZE R, I ires A RlR S . @i
SIS, AN CGTAUR A B 7L F i — M
TR G IR = AN CGTR R IR, M4
IEAR BRI RS HIEL, B AEHES) CGT AL
BT Il AR S IR K RIS AEXE 24157 CGTiRY T L
RTINS I AN 78 3 |
AR ) M P DR DA AT 80 3 BOA PR &5 1 2 Pk,
A B AT 1 i o g S5 RS 7 1), B 71 CGT
SURFEBIINAT R, ST = o SRR R R

1 CGTH#HLR
1.1 ZRBEETT

L1l gmleisrr L ER AiayT 2 —Far

IR IR T F B, el BN B A BT AR R
(P20, EARSMEEAT — ROIRAE LT, FiX LE 2 i
[l 4 (BRAE ) N A, AT BVE 7 i B B, 3
PO R AR YT . TTAMIETT . 2R T AT
ARG YT S ARG v TT S R A

T MG TT o SRR IR T IR B DI RE A
WIRER SR . A B )\ AR B 7 30E
)54 (lymphokine-activated killer, LAK)4H 07 7%
] tH DAk, s 4 i yT E i T AN LR T
P o TEARZ S IR T HR e i i vk E2 4
g (tumor infiltrating lymphocyte, TIL)¥& 97 E KR4,
ZITIE MR AR R U R 41 2397 7 & IR TE R
S, A A I T G SRR M, T R A
W, 5 B AR S B MR A A, S TR T Rk
A ZIR SR . M SR (dendritic cell, DC)fE
NE BN PR S, 7E S 4 IR T A A
ZRE . WEEAENIRIDCE NI INE Mg PR,
TS A N, oS AR B 5 R4S, AR
H R RS B A, v T RO R RS
PR T o

T MG T MR E L HIm RS A —, &
BIPRRAE T HAR R . B3 20144F, RGP
24K T4H Ml (chimeric antigen receptor T-cell, CAR-T
cell)JT VR Im PRI, 1 e e 4l aya s ik | <48
KK M B . CAR-TAHMIAE N 4 Hi A 2 A 52 1
PSR —, HARMERAE Ny e PR T4
JH0, A 2 DR R R Dy LA S R o e g 2 i 2
TR E PUR RS PURE 24K, AR5 3 J5 [ 46
TR S 1) T AT LR A N 3G 5 TS HE B
R i, & TR S g R s . AR
A 4 bk R A o ML VR MR, T SR B AE 5 B
T M th B BT A TAIM 2R TR T
ZHMI(T cell receptor-engineered T cell, TCR-T)J7 % [A]
A — o B 2 () S 2 R V6 9T T B, T8 U T
AR, A% HL RS TR ) e 24 i 5 T B PN R E B R
TR0 T M i eg 40 i & e Moty o HARHAAE T-7]
TR e 200 B T P PR R e e R . AR R A 4
Jid (natural killer cell, NK){E A4 Py 5 4 i 26—
BT, A2 F . Tl R A 3 B B LA NK
UM, ARSNGB S [ R AN, X e 5
1 NK4H P 58 4 7 A 103 J31) 33 7% 7 i 2 40 P B
T3 B Y B A, O IR B S AR YR T Rt T
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BoRNG . HRAN, HRE PRS2 AR B SR g T H T
NK. BV e i, X — PR 7 g
MLvE T B R Y

T-AMIEIT - & IfT-48 il (hematopoietic stem
cell, HSC)B 1 & 4 N il . B I 1 — 2K+
AHRRIRTT FBe. RSt Bt F E RE . A0 ek
i ML ATHSC, B B i A e 2 R 48, EEM T
FIE S IR ELSRE . P A RS 1t B2 I 56 I R G0,
DL 3 A8 M e P SR B 5 BRI T o TR 78 o 2
(mesenchymal stem/stromal cell, MSC)H £ 4 5% 1)
FETT PLR . ML RABERE DT, BRI N 2 M
AHRRZRAY, DRI SO T O R . O IR
R Lk K bk STy (85 A Bl B U e S NPS
(WIVEGF. EGF)f M E R I R g,
72 H A8 I R I AR T 0 T4 — .

ZReTHMAT ARG IT. 2 THRE
FALHE ARG T 41 B (embryonic stem cells, ESCs) 117
T Z B8 T4 i (induced pluripotent stem cells, iPSCs)
IPSCZESE 1553 5 W] 73 A R 52 DI Re A, 4nCo L
YL FRZE AN B PAT M AE, BEIME B B
ZANH ST DRI RN . 2R T 4HBAT AR I B
R (A R A . A4 i) 2 2 H T
IR A8 DA R R TT o iPSCRIER HAEL
DX Jis £, 2 32 41 Y (retinal pigment epithelium, RPE)Z8
1 PR 56 11 5 mT 5 38 o AR AL RE . N, 2021
FHA— TG R 3 K B, iPSC-RPEFEHE 1] 2 E 1%
PEX AR BB W 20224F , WANGE: P
RSP iPSCra 28074 o D B O R JBR S 4 i, IF
T8 RAGEWE PRI B AL IGE F7 &L, 20234F, %4
PAE— D K <M EULATES N R "SRl , SCELEE
MK IS S DI Re4ERF . 20244F, HIBAE 3 E 41
TRUBE R 825 B Im KA 7T, B 352 B A iPSC ik
[ By AR IS, S0 A B i i F R T R 140

HoAh AR AT . R, ek gmiE . R
I} R i S5t R T T 22 BB YR YT . 4R iR
TS IEE . RRERJE A 5UE et i nl iz 2
BRI BIGIT et BG5S FLI S 44 P #% Al (n
RPEZML . Y6/ SZ 45 4H M) 2 ¥ T 3845 M AR I s 22
(W s B ME . Leberst R 24 58) (1 17T SR B
112 @wmiesyr e/ m  REGHGST D R
Mo, (bR . BT =0 "R HANE R K
J RS LUK, BUR IR BRI 45N, R G

FYOETE S R RIB P 583 1Y, JUHAE CAR-T4H
BT AU, EH K OB S E BRET ) MY AR
20254E7H, WEA T20HR R ME S 1SIUHIETE
IS AEAEHERE, 70008 2 17 H115 (new drug application,
NDA)AE T8 PEBT B, 7300 dh 23R b1, 5454550
Il R 3056 1 175 (investigational new drug, IND)3R#EAF
JEEN . AT VA SR 87 IR R M . 3T
BUETE IR IEAETT e, 44050 IND HE 3R, HhMSC
DM B3 L S SR AR AR BRI, Ak
94 R B R AR R . SR LA
1, VK TIRIT B Hi0E £ 0 (graft-versus-host
disease, GVHD)¥) XKL FEFEIE S (MSCr= i ) IE
SR BT U500 7 B IR a7
%o

(1) B8 CAR-THH YT i 2 ML 2 e 1k A
FEVRIT ERBOR P, R R B, RO TR
PN RVEFE AL, 20214F 6 H , 5 BIURE I B i 4 38
VESTR A [ [ K 24 i B B R (National Medi-
cal Products Administration, NMPA)#IL#E , Fr & FK[EH
CAR-THHH 2 iy SEBL ALY, 20224F, A&7 EDRHL
Bt R A 7] 5 AR d 25 IR A A TR I TEIA
FHA 338 EFDA(Food and Drug Administration)
O, BN B 7 A8 52 [ SR AL L 7 4L [ BCMA
(FICAR-THHARZ fh; 20234, AIRARHEL ORI H
B 2 ) P A 25 B BEVE SR (R IA ) R AtE b7l , =2
FEEAFA H R B CD19 CAR-THH 12
ai, FTRYT BN R BOHETa 1 B SRk 20 i
FLIU 5 20254, _EHEEIEE A AR AR~
H) (15 Je 3 B ZR BN MPA AL HE B 17, H TR
I7 SR BHEVE PR BT bk E20R, Ry 1 9 28 DU L
)25 CAR-T™ i, JHE3h 3L IE CAR-THH 677 2
— R RN, R CAR-TH MR M e AR 4
PR, (ELIG PR R, F A7 7E 22 Ve Pk AR, 22 4 i
PR 5 BRI 25 5 A B 2 RS A I AH SR R T I 2R
fEo WHAr A 2 B PRI BE R R SN, o IR i R
PURER THMAEE S S BT RO e B K

(2) ARG . ALK, THMIAEIR YT IR &
AR A BE A TP R 22 R GUO T IE i SE
IR, B2 R I A 22 D ReAE S0 g, UE S
AT 52 kN 2T AIMSCe T 41
KA, M2 T A 2 R 228 IR T 55 0 WA AL
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B, AT T A S S ThRe K T [RIET, 41
BRI /A M T TR IR 03 4 B 0 20> 5 58 I 41
2 BARZIMAAT, AL, 20254E, H A SR
K55 5 E 208 W b YURF i POt 7T T BA [ A
{E Nature )X W5, 7~ NiPSCFIESC R 1) % L%
RE 22 70 BT AR 40 B 76 T7 A & AR I R 56 35 B A %2
SRR R 2515,

(3) O IE G . MSCAOHUESE . 0 F1 55
S0 ML VR T B AT R M O A AL i
e~ LAY (3 I TR BRI 0 JUL 40 R T
SRR S 2T, MSCl i 55 2 WAYE FH B ik
Z P M IR T A ANIAAR, S O BE A B, (R RE L
FAEFMEE P, &340 SRR G YT 7 E ]
BEUEE OIS S TR, W RIRRIG T #rigml,
20254, fl[E EFAEAR K 2EAE O ) 32 VR TT U LTS
HORRBYL, W T BN & ROT e NI R 58, A
PSCRI U JULAH i AT I 57 240 oA 2 1 T AR Ak 0oL
(engineered heart muscle, EHM)[FF S ARFEAEY) , i
B 30 30 BB S L T OO LA, FBOR T TR
AR AR O IHE E AU B R 77, AT %
TR BEE T R,

(4) P VEPIR . CAR-THIMILE R SivE 2L B
L RRIBRTT R 5EH SRR R B
K F1 9, HLAT 4 ) BANR R TH CD19HLE, IR FE
v B PE BAIRL, 8020 B B Bk e AR DAGZ ARRE IR ),
TSR . FR, T400E 97 SRSt S
R . A AR YR (AR A R A JE R
YOKIBFEFE (N MSO)ESTE, WiR97 145 ULk
A2 BN R R IT R & GVHDR | J8
T RIEE R, R E e R R AR T
&R . 20244, WANGEE S 50 & 51 1 205% R 95 2
Fm R TL, BE B ARG S S 82 e T4
J{ (cell-induced pluripotent stem cells, CiPSCs) 7>
TR By A R At 5, 5 A MBS i i VATl 148
20254F, AR N FIAR IR B 3 S (E-islet 01)”1E A3k
73 NMPAIG RIS BROR VP AT, X 2Bk =
T AN SR A3 FH 2 AR R B 7 L, AR ER 1Y
JRIG B F AT R T RE MR A
1.1.3  @mfes R HARME BT R AR %R
fil, CAR-THHMITTIEAE N B L R AR AL S 3 vE
FrARER, 752 P va &2 R 1k BN M g o 12 25
RAKWCEEZME, BHEE RZRG A RIE

S5 B G R R G e VR , O PRI g
GO RERTE R P, R, — 7R CARSE 4
T2 EIY REMNIE, 238 — R CD195L
BCMA ] CAR-THH i 7™ it 3R 4k B3k N f5 B Il AR 3k
5 —7J71, WA A (allogeneic) CAR-TZH AL A &
W CAR-T(in vivo CAR-T)ZH M0 £ 5 £k 38 %2 | 1K
I A JE 2 A i, BOE Ik Ak Y B R R R B ik, 4
TR PRARRAS . TR PR AT Sk B3, 7
B SR 550 A, CAR-NK/TZH i J ¥ 7] BAFF-
R/BCMA/TACIZ: 32 fA 1] CAR-B4H U ST ¥, 7£ CD19
FH V4 B2 i 205 e i 0 ) B 2 1 5 s sh A A %
FIAIG ARG o, B R PR 5 s B 98
jj[32-33]0

AN, G BAEY AR — R BN L2 AR T,
2 T —RUGT R EE . AR OF
% NotchZ {4 (synNotch), H 15 51 RF 1€ BT i) fe oh 45
M35 ] G AR B S R AHZE , A T MR ) 28—t
JF 515 S ERIEE AN CAR. iR Bk A 15 40
T, B () S R) 5245 0 <k OB, HE i T
PP 70 S5 S o P SRR R (R B ; @3 8T CAR
| 24 CAR(ICAR), 7E N AF 5 3840 & 3
LR, S5 N AT 2GR I AL G M, R
AND/OR/NOTEFIZH5 1], SIS AE X BH 14 fir 8 24
RWOET IR A SR OGS R R, PRI
[71) = R B 1 Rl R T A PR RE

Lt FEE, N TR 5 B 26 1 (gene cir-
cuits) AN MLIA T R A A I R 2. AL
N T2 3 T445. TALEBY dCas9/CRISPRZE -
B, ¥ DNAGE A 45 1035 B s B A 1) 485 A Sl B
TR, REAE TAIM N BB BRI T Fe A M%)
R, R ERAEERER, 80T RSk s 55
PERIOCHRES S IE B , EA OB PU R AT R 5T
CAR-THIIThRE 5 2 4t B, RN 2Rkl It £ & )5
BT BN IO A RN I i [0 5 A) e 0T i pAy <32 e FL G,
SEIAT 2 # R 51 (AND/OR/XOR). R 15515 5
I R IA (U 98 0 BRUIK S PR B s A L Th R ), BA R
HNIR/INGY T B A 5 R A ) 0 R T SR A AT i
H=RK”RG, BEERCEAFE LR CRER T
— R4t iayTF &t

o 55 He 25 SR s R HE B < BIL B 7R 4 B VA T IR R
AL 7 — B AT . X E R K UR CAR-T/CAR-
NK A f B PSCAHTA= 41 il 7 3 52 & % HE e il i, 4
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Table 1 Representative clinical applications of cell therapy by disease area
RRIEE REEPEIR/ S iliE ey Il PR 5 2E e &M
Diseases & MAE VRIT R (LAWLE A 32) 7= /B A
Representative diseases/ Primary cell types/thera- Clinical advances (mechanisms) Representative products/studies
indications peutic strategies
Hematologi-  Acute leukemia, lymphoma, HSC transplantation, HSC transplantation has become Multiple CD19/BCMA-targeted
cal malig- aplastic anemia, certain CAR-T, CAR-NK, iPSC- the standard of care. As of July CAR-T cell therapies have been

nancies and

hereditary immunodeficien-

derived cells, etc.

immunode- cies
ficiencies
Neurologi- Parkinson’s disease, spinal Neural stem/progenitor

cal diseases

cord injury, and other CNS
disorders

cells, MSCs, iPSC/ESC-
derived neurons, etc.

Cardio- Myocardial infarction, heart ~MSCs, Autologous myo-

vascular failure, etc. genic stem cells, iPSC-

diseases derived cardiomyocytes,
etc.

Autoim- SLE (systemic lupus CD19 CAR-T cells,

mune erythematosus), RA (rheu- MSCs, etc.

diseases and
graft-versus-
host disease

matoid arthritis), steroid-
refractory acute GVHD

Dermato- Burns, chronic wounds, Skin stem cells, limbal
logical & skin ulcers; macular de- progenitor cells, fibroblasts,
ophthal- generation, genetic retinal RPE cells, photoreceptor
mological diseases such as LCA (leber  cells (mostly iPSC/ESC-
disorders congenital amaurosis) derived)

Meta- Diabetes, etc. iPSC/ESC-derived pancre-
bolic and atic beta cells

endocrine

diseases

2025, numerous CAR-T products
have been approved, with mul-
tiple registrational trials under-
way

Multicenter phase I/II clinical tri-
als have demonstrated improve-
ments in tremor, motor function,
and quality of life

Several phase /11 studies indicate
improved cardiac function and
reduced scar size. Combination
therapies with stem cells and
drugs/interventions are under
exploration

CAR-T cell therapy for SLE

can achieve relatively durable
remission. Temcell (emcysetal)
is approved for steroid-refractory
acute GVHD

Stem cell-derived skin progenitor
cells have entered clinical appli-
cation; RPE or iPSC/ESC-derived
RPE cell transplantation shows
initial improvements, with some
trials completing phase I/IT
iPSC-derived pancreatic islet
cells demonstrate long-term
survival and function in primate
models of diabetes; preclinical
studies on autologous GIPS-islet
cell transplantation have been

completed in China

approved

Clinical trials evaluating autolo-
gous MSCs or similar cell-based
drugs for cardiac repair are ongo-
ing domestically and internation-
ally

Multiple phase I/II studies report
improvements in cardiac func-
tion and reduction in scar size.
Combinations of stem cells with
drugs/interventional therapies are
being explored

The first MSC product (Temcell/
emcysetal) has been approved for

marketing

Stem cell-derived skin progeni-
tor cells or fibroblasts for chronic
wound repair; iPSC-derived RPE
cell transplantation improves
visual function in patients with
genetic retinal diseases

The allogeneic human regenera-
tive islet injection (E-islet 01)
has officially received clinical
trial implied permission from the
NMPA

A EE A A : OH CRISPR/Cas?:

£ LTSS N

IR 7.

LA SC291 AR IR G 728 Jir A1k 3ol P 2

iR TCRofEEL CD3E A A K v, P& GVHDX,
K @R HLA-II1 13+ X HLA-E. HLA-G
BRI S5 CDA7, W AR S S M B B & 4
H, A3k FL A S 3 DRI 2 R P A TS AN SR L T B
@TEIPSC/K V-2 FE K g, 7 AT ki 73tk A CAR-
T/CAR-NK4H i 5 41 345 52 200 fifd 11 <368 FH 4 200 Mt J2e

43 7 il HE N LR A R A 28 2R S0 - 10

CD19 CAR-T#HI, i#id HLARS % I8 %15 CD474%
Fems , TE TG RBIF 72 A 4] 25-E B S5 5 R B 5 i 52 1
U HA— 728, R BRR e A P 3R A rT 4TS
iﬁ[%]o

BRI, dRHIAR T BORTE 2 50R FUE
HEKR, @5%8&4%%@2%%?*&% 41 f 259
VERIE” B2, M SRR, 1RIT AR A T
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Xof £ HEAT K ] 22 A R i B0, % TR A LR T
NMPA ¥ i B R 2 EH E 15FE U ERKIRED, 24
PEAGIEANPESRAR . gk R B E IR SR R H & s IR
JOL S E AU, A Bt R R B0 UE T S %
S EEREE, R, AT AL O BT K
WIFRIA BB DRT VA i, BE TR VAN AR KT RO
Zhtt.

AN, CGTR= M A= T 2B 44, AR dE AL
iE. 41 CAR-TANMEA = AR AE . 708, R
B, ISP, SN TREE e T2
SO UERA DR i B 5 — BRI ). CGT/™ Ml i &
o 1] 75 0 7 AR R B A e R, AR 5 4
FSRIR . JE AR I H TR, A ORI A
Ihe; PRV TT 7= b, 7% AR AR I 7 2 AR
AR EEANEYESE . NMPAEISKR CGT 25 )it s 4% il 4 4
FFErGMPERHUE, PREEAH = i 22 4 AT Rk
1.2 EEETT
121 RESFEXESER  ERET AR
MIBESHOR, BAEMN G T2 TS0 S 4% 2 i py ik
DRI, VR IT AL SRR, A% 02 T il A
HDAVA B R S B R . BT, ERERYT R
AEREBERIGIT EFE BRI IRNABIT EH AR
FB.

BERBREIT: MEEEN T AR,

[ —————————
1

Pathology i

A FRECEARE R . RAREEDR, PRI AL AA IE H A2 L)
Re LAVA B « A 80 S it 75 2 2 AN S B 4l 43 B [+
10T BEDR Ik £ 5 Bt EERE 1R 8 A BUm B R IR et
A AR, A IS AL RS, LR
AR R 18 22 R o 5 PR R R S PR B % & H AR
HIRAM . Horb, $RIEE RS R BRI 2%
DR, KR, ERERIGIT IS KIEL
) SEBRISLF , B9 2 Mst AR R 1A 206 )T T B,
TERR RN« MLACHA « FHEE 22 G0 e I S5 A R 3L
wE.

SER w677 : LA CRISPR/Cas9 AR (1 JE K]
GARTOR, AR P 518 E R ), Be
TEE PR 2H A 51 N e A8 Ak, 255 3500 FAL B 15 RF
S8 JE DR D REMT o 2B Aol DRUAS 1 v 4 P A B SI2 04,
KRK$ET TIRIT I e I R RS A K
JPEE . MR L. S Bk B SE B O VR T T
FERTERAT, A5 R,

RNAYRIT : FIHZHERZE (ribonucleic acid,
RNA) 7T 7« 1697 BI6 B0 ) 2 M 3R .
FLAU A5 2 A RNAZ T, W/ RNA(small in-
terfering RNA, siRNA). {5 f# RNA(messenger RNA,
mRNA). /NRNA(microRNA, miRNA). [ X 3+
1% (antisense oligonucleotide, ASO) X ] F CRISPR
Y15 F RNA(guide RNA, gRNA)SE, &% By

___________

Vector and 1
1280008 | therapeutic gene !

_________________

| 2
i Followw |
ii} Q 10
e ®
e,(\% e,\\s 5 8 Y @
o8 °
\oﬁ"oy&‘ E 6
Z o4 o
o]
e 9 2 i ® o0 O
=) 0+ - >
@ 012345678910
G Time /weeks
S

Patients
with cancer

Transduce with vector encoding the CAR
that targets a tumour-specificantigen

Cells expand during tumour
elimination, then drop in
abundance

Ell CAR-THRFIE. IKRIESHEITESR
Fig.1 Key points of CAR-T cell preparation, clinical workflow, and follow-up
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IhRE, RTEFXIAS [E R SRS e . SRR 2L,
RNAZGYIR A B2, R 8 A%, G bR me V6 IT 7
K BERUEERVGHT, WIAER T 2 M s st
Bk, T i BANZ 8 B o S5 M PR, Jsmin
JTIRMEE Z AT,

1.2.2 BB S5 W &R FE RG34 53 e
= EBMEYE R . MR PR RGN MR BE
o S U T 5 R

AL < BE DRIV 7 78 108 A% 11 5 DR i 40
W, NI FRE A S % B (severe combined im-
munodeficiency, SCID). BHbH i 5 I S A% S 30 kP
B, B R R B INER . 23 & o 2 AR
Gk S 2 M E NUE Y. H R, P AR AR
iR AH 29 B S (adeno-associated virus 5, AAVS)3E AT
% Roctavian. Ifil &5 B Hemgenix CL7E BRI 3R
I PRS0 Ao b7 Je BV 2 W, B Ik e v e sk
NSRRI =TI e 5 e S 2 (A
60%~80%, FHE1jika~SEN, 1R BEVE NI Z 48 9E (spi-
nal muscular atrophy, SMA)%ii, AAVIS T HISMN1
R B ATV Zolgensma S ARAL 5 ) Ttvisma, 7] 0%
HGE B Lissh DiRe, o B Re A A Sl ATAE,
I Ttvismal& BE R 225 K UL B, K523
N, A GBS U5 T, 41X Wiskott-Aldrich 43
IR E RHSCHE VR TT 77 i Waskyra T-20254F3RFDA
e, S22 R ™ R S R E R S, RS
TR 3 HSCHE A B ARUAE R A% e R GEPA P KK
Wy RS A pE R, HAh, JE T CRISPR/Cas9 /i 3
Fetal Hb-FHH0E 1) Casgevy FIE RV YT 12: Lyfgenia
SRACH T Btk 4 B ws A1 pHb iR 22 1M, 250 —4F
DA _F i U7 o AN P S 0 A L 2 i G s I A4 o 2,
P i 22 D] G B VR T 7 38 A% A I R0 98 I AR X568 2 )
JZ R . 36 WU R CRISPR/Casi K 4 i B A
FBR R & BAH R [ PT RE 51 R S HE R I HLAAH €
I, AR B B AR A FH S g% 3 7 00 TR b
PRIV SR ARG I R AE D REak 12 )55,

JiJgg - A iR AdE, DAAAR 1) £ 1 CAR-T4H g
AR AL G I B IR A M7 V%, 5 BAH MO i
JEVRIT R . AR, AR ARG REE . TR
BT M E AR B GMPA AR, fEERCA & A A
Koo AT RMEZEE R JEFEK, KW (in vivo) CAR
AR A e 2 DR 7 B T BRI T 1) 1%
FARFI R B B AR R i IE R, HIRAESE BN

Xof T4 A 5 I Ath G0 2 200 i 148 47 56 DR g Bl 5 {F
HARIK CARVAHUIME , i 1% Ge A bl 4 i i B4
Bk b, —Fh 2 mRNA #0881 g 5 99
KFRLAE R N 3318 CARSm S mRNA, 523 T4H i 41
Wi, ATREE I CARRIA . S [E] [ DA #4222 11 #E i)
21k LNPs(lipid nanoparticles), AE7E /)N B AR P 45 57
PER UL TN, 15 5 CD19-CARK A I35 4 B4 g itk
EEL 8 5 7R e R 551, Capstan5 /A 7 T & [ HE 7]
LNP-mRNATV &, 7EJE N R ] 4 Py TFEAL
CD8" CAR-T4HMI. TREZFEvE B4, HrldEG42Y,
HEANE B 5 H & S Hin vivo CARTIH
CPTX2309 L HE NI PR T B0V, 55— 2R S 2 K FH 4
1) T B 1) 03 25 3 AR BRI s # UKL, 7EAK N 4% 5 CAR
FEIA, 4738 “R N CAR-T L) 7. %I, Kelonia/A &
FFR IR N BCMA-CAR-TY7 74 KLN-1010, 7E1If R
AT AR N RAC AR o B 7 AR A e R s %, B
BIRIT RIS BIUR FE il B2 1 R & o %97
T 2025 W3R 15 FDAREVE A R 1 IR A LI
RS, 69T 2R G T 2 KAV H #E98 ; Interius
BioTherapeuticH & (1) 3T TFEALAZ 08 B Bk 144
N CAR-T/CAR-NKAHHSTF- &, AIFEAR N P2 2B 3T
CD19 CAR-T4Hfil, E.#% Kite(Gilead T-A 7] )LAZ 3.512
S TelO, CAHESNAR SRS RAIE R AR 5,
in vivo CAR-TAH R+ A @ b A4 py JE [R5 0% 5 g i B
FEE AR S A0, A KR AL 2 AR . BRI
FRASFEFE T AR T K 1

PRGN : (A RGPIRIRITH, 2L
BT FEAE ) AAVA T X 1 48 R G ] 3 2% K
RNAT- TS W, 0T S0 J& (8] 8l 38 8 1 gk AT K
2057, D WUV & A -o(alpha-smooth muscle ac-
tin, a-SMA)AH 95 A, Zolgensma/Ttvismaid 1L Pk
2 SMNI1ThRE, REMERILEhRE SEARE,
AT TR R B N 45 20) 2~17 % B 18 Bl BLFE L o
AR N, TEAZIBIT IR AU, LLAAVH
B U B PR TR TV (1 AMT-130)7E VD
R 2O RIS, AAVEE [ fix Py i 1%
(I RV B 0 S A B R IR I R S5
(G AR PR 2 B8, ax R BH , BEDRA T 1E A Bl 21 1a]
I 3 % 5 () A A 2 RSt e

HR 07 « BR3P DA R BR G5 M ARG B 1) R h
iR, ONAR R R T 5 2 R G (1 B B AT
ild. LuxturnafE N1 KT RPE6SFEAR [ AAV2 5
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R 2%, K TR 15 5 St U 7 Sl o B I I
LT Y6 B 2 e HL4ERF 24 B0, &% CEP290
FAF FE Leberso KM S 108 (LCA10), EDIT-
1015 F] AAVS3#i% SaCas9 K gRNA, 7640 JIE Py B
F:3E47 CRISPRIE [K 4 4, /TIHIBRILLIANCE {56
oy A I IR ) WA R =, A ) CRISPR %
BEAE N SEHR B B0 22 4 1 A0 25 R At S IR 3 190,
BEAR, 22 P A [ S50 J25 DR BRCR: << 85 DR A st
T (A X L BRIV 9T /4 0 H IEAEHERE , Risifk
PEAL B M T FE B k. i b, BRRITTE
AN TR 993 A3 A A 1 s PR B2 FH AR 2 6

1.2.3 ARG FHRAE AR, LR IT £
ARG 3, 7 112 5 25 D] G 08 A Rl SR SR 1 11,
20234F, HERIVATT BIE B Sk AN W, B A
AR o7 g AT 8T s a1 AR K 2 ]
BAJF &t SELECTIVAL R 25t , 1% RS figd i i1y
il AAVSZARTE R FIE | A HE IS I8 22 5 2 2B A
13, [RlE, CRISPREFZE R 4w H AR R, N
BN IT PR AL SRS M e T B, I, ESh s
45 v B D) S AR N R G, X R R OREEBRR T I
KW B bR FERATT 4rin vivo 5 Ah ex vivo) K it
12, Bt 16 R0 L DR g B e AR ARA , I R B Al e
A HE N 2 B H A RIA B A (E2).

2 CGTImRIRIE IR
2.1 IGKRIREM E SIaTTiER

I PRAREE 22 SR AT I~ - T = B 5 222
At M2 PR BGR R, T Se e D B R R
& BCRE E R B R TR IO E ATl T O i
—B N eV, R EE AT, DL
29 Rt 5 3E REUE 5 T AR AR 3 TR PP Al 245
PARKIIZCR SEIER, B i ks .
REFVEA G, e FEs VIR .. B e gt
Tt 5 B A ) 5 WA B St A A f 2 s A
B, I BIZG it W) 22 e BT (periodic safety
update report, PSUR)ELZY i PRV T 55 5 1 38 1]V
i

TEZRIRIG T AU, #4 2025410, 4 3KHA 766
Tl PRI AERT, |32 o0 A0 T I~ Horb, TAIT
RS 3 26810, 1 R4 HTE T E R IR R 5010
IT AR BUPE IR . A, TS0 T8 7450, 9]
77 2 O NG RS UET B, S B4R B A T MR

HAE T 7] I PR A I R AP 3, N2 P 1697 7t
oA B . FEFERG YT AU, #E20254F10H, 428k
A 444 TG RIS BT . H VIDHRE A 171
T, FLHAIC A A T 98 Y, X sl IR S R VR T BER TR 7E
W &ARE W, SREREFR g, Bk E AR
M2 5YIE R . g, IRRL A 4610, Ui
53 HE R YT = AR AR S RS, B0 T 80w
ALV T, N B ERARIA LS. BT
41 B 1 198 4o 38 97 V25 (cell-based immuno-oncology,
CBIO)}:it7163(K3).

MR, CGTAI IR RIS 5 303 5 K 55t
Ko IR IT 5EEFNEST S AR AL BRI, 45
FHES) P AR 225 RS HE . U T IR EAT, A
WU v 2 IR 2 X AR R AR S AR 2
2.2 ARG M B Sitbig o6

M X 2 B2, 8 222025410 5, CGTAERFIG R
TRIG 2 I EA S 1 XA R ARRAE . oK B X FEIH(395
T ). VIR (172350) 1A (1895 ). IIIHA (7455 )34
K& CGTHI RIS, JCHAE M B H =i
HoAt X, s ACGTI AR 7T ) 2 2 4 4t b3 X
SRS, TAG60TH) . /I (20835) . T (19155).
I (715000 )58 F i da e, B S W Bt A
JF 5 BRI H X B B e B s AR b, D (56501
VILI(9935). TIHA(7635) T (63757 )i g6 $ AR A R
(B4). XA e K 51636 E A & ERCGT
I AR IS R 0 X 35k, 3 CGTT %I IR %1k
51
2.3 CGTlEKIR I 5iE M iiE
23.1 MgsT BZE2025E10 7, fEMRAETT B,
CGTHEIRIT I AT 7 8 A5 000 35 40038375 il o] D o
SHMETT 78 R SR IR, LR (2460 ) RSk
P98 (135500 IR IG F R I HER AT A1, SR8 T diffeia T
YE IR CGTIRIT A% O 5 3K s FERIR T 75 SEAAR IR
(23500)i56 R AR A, VRIR (6T Be /b, BoR
FLAE SEAAIR VR TT o IR R AU E ; CBIOTE [ 4138
RN, MR (441550 SRR (25450), HAE A
FERSCHEGIE, AR YT 5B ST 1R BT 7E
PRHLORRR ; 2H 23 T RRAE R A A 12 05, A
BONERR . 7EARMR S, 4G YT (37650 )AL A
BIT (ASTO A B Z R, Y CGTIEZ A [ dE
JRIE MU FE (] 5). R, Mg a7 52 4
CGTHAZ B FL T ]
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Table 2 Representative clinical applications of gene therapy by disease area

PR RA R /I H BRI WARNEETT A RNRSNRAE BRI PRI IR (e )

Disease category Representative prod-  Technology Vector/delivery In vivo/ex vivo Overview of key clinical progress (ex-
uct/project type method route amples)

Hemophilia A Roctavian (valoc- Gene replace- AAVS liver- In vivo FDA-approved in 2023. A single infu-
tocogene roxaparv- ment targeted infusion sion leads to sustained increase in FVIII
ovec) activity and a significant reduction in

annualized bleeding rate

Hemophilia B Hemgenix (etrana- Gene replace- AAVS liver- In vivo Approved in 2022. Four-five year
cogene dezaparv- ment targeted infusion follow-up data show stable FIX expres-
ovec) sion and an approximate >60% reduc-

tion in annual bleeding rate

SMA (spinal mus- Zolgensma/itvisma Gene replace- AAVO targeting In vivo A one-time treatment significantly im-

cular atrophy) ment motor neurons proves motor milestones. Recent label

(intravenous or extension includes patients =2 years of
intrathecal) age

Rare immunodefi- Waskyra (etuvetidi- Gene replace- Lentiviral vector  Ex vivo Approved in 2025. Associated with

ciency (WAS) gene autotemcel) ment transduction approximately 90% reduction in severe

of autologous infections and significant reduction in
HSCs moderate-to-severe bleeding events
Sickle cell disease/ Casgevy/lyfgenia Gene editing/ CRISPR-Cas9 Ex vivo First CRISPR-based gene-editing thera-
B-thalassemia gene addition or lentiviral pies approved in 2023. Majority of pa-
transduction of tients achieve transfusion-independence
HSCs and freedom from vaso-occlusive crises
Inherited retinal Luxturna; EDIT-101  Gene replace- AAV2 subretinal  In vivo Long-term follow-up of Luxturna con-

dystrophy

ment/gene
editing

injection; AAVS

+CRISPR in

vivo editing

firms durable visual function improve-
ment. EDIT-101 demonstrates that in
vivo CRISPR editing can improve vision
in some patients with LCA10

fmm—————————— N7

In vivo gene therapy

A

Y

Gene packaging

Non-viral delivery
(dendrisomes, LNPs)

- Packaging of gene of interest (viral/non-viral) !

Viral vectors
(AAV, lentiviral)

- Direct administration of gene to patient

Ex vivo gene therapy

® “\sjl

Gene insertion
?.\J«g}
Pt afaw

Cell transfection/
transduction

Autologous (host)
Allogenic (donor)

I
1
I
1
1

El2 FRSEINEREIETT KRS BIE R

Fig.2 In vivo and ex vivo gene therapy approaches and delivery strategies
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232 FIRmET WNIERRRIEEAME, CGTEW
e AR 6 I 4 975 585 LR Va7 /R ok 787 LI
838, CGT IR L&A 322001, IR LS 6617, F 1R
R5FEIRAESE BEHRN, A CGTETR WA
J7 R AR P 3 R DL 0TIk TG 289701, TITHA
I 76T, RIG MR 5 5 W, RWICGTHAEA
R BIRIR ST U FE 5 [R5 L% 5 WL
)RS TR 56 (A2 1637 . T 6 70 ) Hr b 4 6 s >
(K6). BRKE, CGTIR AR AE T WA 8

409
150
126
I I L
—

CBIO

450
400 -
350 -
300
250 -
200 A 163171
150 A
100

50 A

0 J
Gene therapy

mPhase I  m Phase /I

9 46
H

m Phase I1

I H B R AR, R W SUE A K 7, h e
T CGTiBYT BTG .
24 IERIRIEAER SRS E
20254E 55— A FRCGTAR S HL“H A B35
A EROAEHTE . WEIE. BRAREESH, &
P75 2 500 A SR AT LIS T, AR S)
CGTM“FEWIRIRTT F B ] Iz i 7 1%
B, 0 PR ) B A E R AL
TEFEARGHT I o in vivodk K g #5240 M =Y

268 268

142
74
14.I 36 10 2

Cell therapy Tissue engineering

= Phase II/III  m Phase II1

B3 RIS R MM B ITRIE AR IR I8 (2R RIR: RIBE Z 20255510 8 B Clinical Trials.govAChiC TREIRE =, 18 F < 217
“cell therapy”. “gene therapy Ei R HEIBRE)
Fig.3 Clinical trials by therapeutic approach and phase (data source: searched and compiled from ClinicalTrials.gov

and ChiCTR databases as of October 2025 using keywords such as“cell therapy” and “gene therapy”)

900 ~
800 -
700 -
‘ 360
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500 -
400 208
300 -~
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100 -~

Phase | Phase I/II

W other M Europe

Phase 11

I Asia Pacific

191

.71‘

8
4 /1
L

Phase II/11T Phase 11

% North American

B4 3R X R 4> O ZE R IMG PR IR 30 (BB SRR : R IBELZ 20254510 5 A Clinical Trials.govFIChiCTREUREE, 18 F X ##1A)
“cell therapy”. “gene therapy FH EHEIRRE)
Fig.4 Clinical trials by phase and region (data source: searched and compiled from ClinicalTrials.gov and ChiCTR databases

as of October 2025 using keywords such as “cell therapy” and “gene therapy”)
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L] - GRS SRR R TT -

Jmz—, AT E s A AR AR R g
FRAE AL, TR CGTHIAR NS RILFHME R A 5
[ 2w %5 771, YolTech Therapeutics )i 2l & 8 ¥ [7] fr)
YOLT-2041lu R A5S , F T4 AR A8t 5L B~y o i 21
I, SR A g 15 5 iR LI A1 8 1 3RaA DL S T
fetk VA @ ; Intellia Therapeutics) NTLA-20021F M4t
Xof 10 A% LA P K R R 4 Y CRISPRYT 2%, /IR
50 WoR Rt 2 e SORVEAZ G, #EdE 2 kI
H HAELO# 5% ; Beam Therapeuticsff] BEAM-30214
PRI 20 4 T T VA AE o L0 2 1 i s = 0 1/ A
IR SR A TR B RAR T4 D RE T AAT /K

900
800 -
700 -
600 -
500 +
400 -
300 -
200 -
100 -

CBIO Gene therapy

o FEIMITIERIARGIHT b, A RIR T4 B ik
CAR-T. Interius BioTherapeutics /] INT2104F £ {4
CARZERTTVEIGIRIR R , ks 20 1 S A4 N 7= AR 5
XFCD20/¥ CAR-T/CAR-NKHJif1, 7 22 fiij Ak BZH a8 4
g a7 AR, A/ B BYCAR-T. CAR-NK4H i1 f
BT iPSCHE FH 48 M = b b gk o DAMA 4 A% R
A, Bayer/BlueRockf¥] bemdaneprocel 7£ I 56 18
AN A BEYS 2 e R, vHRIE NI M i
Aspen Neurosciencelt] ANPD0017E /I ASPIROMF
R R Z e RIBIIEREEET. 2R
Y EIPCGTI LA, Sana Biotechnology ) %%

12

Cell therapy Tissue engineering

mNon-oncology m Unspecified m Solid tumor = Both tumortypes = Liquid tumor

BlS $asr R R B EE RAE R M 2R 53 B0 ZE it B8 (B R R AR JE I 20252810 A M Clinical Trials.gov
FIChiCTREIEE, F F <##17“cell therapy”. “gene therapy &R FHEIBAS)
Fig.5 Clinical trials by therapeutic modality, tumor indication, and tumor type (data source: searched and compiled

from ClinicalTrials.gov and ChiCTR databases as of October 2025 using keywords such as “cell therapy” and “gene therapy”)

900
800 -
700
600
500 A

Phase I Phase I/

400 -

300 -

200 -

100 10 ) -
0 J —_— 11

Phase 1T

Phase II/ITT Phase 11T

mRare mBoth = Prevalent

El6 IRMERANERTR & RER 5 A IER RIS (S IERIE: RIBEE 20255108 AClinical Trials.govFIChiCTRE IR E,
{EF %217 “cell therapy’. “gene therapy’ FiZEFHEIREF1F)
Fig.6 Clinical trials in progress by phase for common and rare diseases (data source: searched and compiled

from ClinicalTrials.gov and ChiCTR databases as of October 2025 using keywords such as “cell therapy” and “gene therapy”)
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“BRE i A0 R AR AT AT, i RS A A B
AIRFER ST IA R B 2R, N SCAS 17 i Ba e B nili; A [l A
b 25 8RBT R BILERT ™ i SYS6020, Rl mRNA-
NP5 5T gh KL )18 126 43 AR ST 30 A4 A %of 400 i 1 5 0
o &5 AR A ERE AN NG RFY B mRNA -
LNPAIG YT ™= i, IERARAIR R A XA A h4h,
P AR 0 R R 7 FE AT 7 5 W B U RSB,
A G B PR RS 15 v H A XU 428 il R At 4 51 %)

TEIERUE S e 7 TH, CGTIH S W 5% T 4R AP AL -
— e MR AL B R R 8 9 e A B R N B IR st A%
P JRAS B0 5 7 ML MR A3k S &8 H &
T« AR AEAL R 48R AT MR 5 = S AR
T B [R] I 9 975 i 8, CRISPR I [K 4 4597 15 MUK,
NEfe NBEIL M AR B . Casgevy st G sk e [H
MHRA. EMA J FDA#LHER T 125 J DA |- 7 FZ ik
PR 241 B 9 R i I A 5 28 B~ A 3T L. WaskyrafE
N Wiskott-Aldrich%5 & fiE i3 I 40 i = 97 7% T
2025 3R FDARLAE , i B 50 5 A% e kB 11 5 0
I3 BRI DRI VR B R R . TR R G AL T
[fl, Bayer/BlueRock k& A& F Xl iF < Ak v (1) 48
7 v 4% 3% 24 P bemdaneprocel £ 3 A\ 4= BR TR R
X%, Aspenft] ANPDOO1MI Bayerfiff T AskBiolt] AB-
100573 51 75 17 4 A 995 #H 5¢ TR0 A A B8 L e 4
MEESHINEE S . HENVEFRA R, Solid Biosci-
ences ] SGT-003 % [ y7 A £ /I 56 Hh 2 7 i 2
FHHUIE S B BRI IR (038 77, R Hon] e ok
BE WA D RE, H I 22 n) 33 B0ZI7 IR
TR B, IR STV < AU — i A AR
B HRBEAMER A, CAR-THN YT 72 ML 8 25 N
H & G S A AR s . 22 TOURIE ST UE 5K, B )
CD198{ BCMA ] CAR-TAEAMEVA 14 1 5 F s &
ORI SR A BAIMIE PR AR B2, &0 4T
LR AT IR, BN A E AT ER
(fibroblast activation protein, FAP)[{JCAR-TTE 2 ¥ #5
B2 DL 4E40 . B8 0 IhRE, 25T mRNAK)
FL B CAR-T V- & Ay ) FE i e 2 S AR AT Hip
SRR, IX R CAR-TM /I8 T H VAR Ny «nf
e e EIBT 6, ) B R S A4 R R R
“Ja BT IR

FEW B H 7100 fAE CGTAUIBRR K &, &
5y CGTZyW it W& s 4tk 17, Boia T FELeyk
R EEF B, W Kymriahfl Yescarta & B #t 3 FDA

HEAE R CAR-TEH ST L, 205l 1697 € 1 1 1
i~ IR ELIE DL R K BAH itk T8989 ; Zolgensmas& i yT
SMAWZERIRIT 45, W& B R4 —, 7]
— MG B F A e B & Luxturnasg B M 3K FDA
HEAE A N F KT, TR T 58 s A% 1 A0 A i
i (Leberii A& PERL NG ) o Bl FE HARBED, Titih 5
Z CGTAWR AT, SR IBIT R SR

3 PESLIKCGTXEE o th
3.1 FECGTHYM L IIR

ARk, B K G 2 Ui i, g s
FEPDAIT PR R o 20244F , 18 5% 24 W J=) 24 o e
PFH (Center for Drug Evaluation, CDE) & 141 il
A PRYETT 288 UG AR RS 1155, 22023411 81
TG 42.0%, H 40697 28 624 b & id 755
(1565.2%), JERATT40T0(1534.8%) . B A202545
T2 CDEC 2 76510 CGTATHE 3T 24 1l PR 56
(IND)H1i% , 553T0 3R ALY, INDZ (3R A%, &
e HR AR B PR R T X CDERT B 8 5 . M
RErBE, BZE2025910 7, IR ETHH 5 67%, B
IRR9% . T118%. IIHA4%. HiE Eil%. fitvE b
7 4%, W IS8 LI PR 6670 . T 3230, £ kit
B RER A T3, s BT 200, B 2025411
H, NMPA it #E 105X CGTZ4) L1, HhCAR-TIY
8K, B LR T4 v CORIBFESEE RO AN
SRR DRT V(AL IR AR D00 55 rA AVIR T HH I AU
B).

o 7E CAR-TYR YT UG EIR, S MHEE300
T CAR-TIR RIS, £ ML, J5Aarke A,
XA T BUNBUR R RN S 25 4 B3 A 1F
K RIGIR TR, br i EE AT I R BpPudik
JE. S 13Tt BEEE 2 AFT IR, B
[ A S UL 4Bk CAR-TAIRAN S b, A skiEH
PRALTE ZIRYT IR
3.2 2IRCGTZAYIM & IR

ZERCGTHIEP Y 75, Jiflt B i %=
FREEin. 202448011 Won, 23kt i CGTZ
Y, RITVE RS, A 60AR K, BITIE. AN
TR R R/ 725 0T 403K . 4% Precedence Research
A, 2025 23K CGTH IS #E 250.31¢.3% 7T,
TT120344F1K1 174.6/4.3 70, RKIFFR GG F
18.7%. 20234F, b3 Ti7 5 4Bk CGTZ) 50% 1 4,
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L] - GRS SRR R TT -

JEET, WORMERINERE G . KA ETHARR
B e ARG I e K SR = I £, A CGTR= iy
A e I8 A2 DL IR 9T T R R A, IR T AR U,
#t CAR-TIT LT 4% R &, BRI i 24 0 1
B143K (FEK T3 ). Yescarta5 TecartusRILR
20244F Y AIIA 19.7342. 35 76, BEEDIFH: = s 1E,
WARILE T3 S 8 dh o8 . IRV T I & 1 &
Ga e MEBRIRTT , I B 7K CAR-T [ B 5% 4 S 43
CAR-TZME, ZI7 %R0 5 AT

3.3 HINCGTHIEL S #h

HANCGTZ W KAESEISAT R . BURSCR 5
RPAE T ERBE, BOARKEE LS H
W IE (% 3). &ERCGTHER REFEAEIRIT, CAR-T
AR B AR 2. o EAE T4 S e 34
MURE, SR AR R, RO M MEIRAT I
Je ARSI TS E RIS H .

BRI b, o E T R LA AR Y R 2
AR, G ZIEZSCRFEUE, i CGTHEK 5
o MEEZ T, WSEH X I AE 5K 0 i R 5300
AR, L T R EARE R AR A A
HEAEZE, JLRF K 5 o i 42 BB R BE 22 4 iy, {H &
AR R E. SR, FEA SR
P BAIULE PO I B A e ) 5 RGE I A
175 T o

N FHFREE 7T, BR3E CAR-T K FERIGIT 7= T
R, 2R AR IR )2 . P EEAR
BERER, (H AL IR BEAR A pids. prdE.
R TTIHENSEBRR . T4 ia T A, b E A
FEMIATE R, WS WAL T A R S35 .

4 CGTHM L EIRAIHL TS Bk
4.1 AR
CGTZMITTIE & JEIGE | (E A i 2 FeA Bk
o HAIE A M S R bR AR B KR, CGTE
TR AR R 2 B ST, SRR RERYT
SORTTEE, A PSS IR, MR . . 18,
DL FEM R MRS | #0075 S G — b
T, SIARR RS . (H E A AR R 4
SEARTRRT, 4 PR L FE A R R
T 5R& T, A, AR
FE IR, ORI 7= iR R P A ARE , S R
CGTA FH AL I SRS . BER W, RER3E

HeL I R T2 AN CAR-TH Y M5 8. 701k
RAS A Py g vl M s e 2 2 & I R e
7R I, TR “HARANT U, M uT ARSI
JE<TEIEIERR”, Pl T AR PR HESE I R 1) [E] I, $2 AT
A& T2HOK R R LLBERE AL, 8 G
AT L 77 B o DR RS 2 T2, sl o T A ol
A EAHE -

4.2 REMHEX

CGTZWI 2 A 10) R B 25 7= i 4 A ol JL A
HAZOAE T HORBRAR A S I AL (0 AW 2 AN E 1
o 2 XU A1, Ak P S DR G PR I IR AR L
PEL Sl 4K AR TS S DhRe R e 15, T
WG4, TAKWIBEV PPl . L CRISPR/Cas9 4,
sgRNAZ 18-20/ Bl AL HE AL 22 T ke e 4544, V)19
H b5 DNA, 0K Fr Bk 2 55 1] 7, W0 S0 5= K Bl
PO S R, 5 R B R 7). e R A 1k B
Pem i PR, R R E RN G N B AL,
A RERIR GBI AL AL, A AN RAZ R Y, R 4b
BB I HSCE M A= S 4 i, 3505 AR R 41 ek
A 55 3 T B I o 22 BUC T AR RS N 2 AR /)
BEVTRL, ML A HERRIB R R . [E B s A
s AP Uy + LSt SRR TR AN E 1, S
25 i B HL R (FDA) TR 24 (45 B2 =) (EMA) 2t
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Table 3 Comparative development of CGT in China and the rest of the world

Xt 4k i E CGTA AERCGTYUH (AR K T F)
Comparison dimension China’s CGT field Global CGT field (primarily led by US/EU)
Primary R&D focus Global leader in number of CAR-T therapy clinical Predominantly concentrated on cancer treatment, with

Clinical trial progress

Approved drugs

Market scale & structure

Policy environment

Industrialization chal-
lenges

Core areas of strength

trials, focused on oncology; significant advantages in
the stem cell field, focusing on regenerative medicine
applications with key deployments in cardiovascular
diseases, neurodegenerative diseases, and aging-related
diseases; gene therapy is in a rapid catch-up phase

In 2024, 115 new clinical trials were registered for the
first time, a 42.0% increase from 2023 (75 cell therapy,
40 gene therapy); as of Q2 2025, 765 IND applica-
tions were received, 553 approved, with a consistently
declining IND termination rate; over 300 CAR-T trials
registered, surpassing the US for the first time; R&D
stage: preclinical accounts for 67%, while late-stage
and marketed products are relatively low (phase I11:
4%, approved: 4%)

As of August 2025, NMPA has approved 9 CGT drugs:
7 CAR-T therapies, 1 stem cell therapy (MSCs for
steroid-refractory acute GVHD), and 1 gene therapy
(rAAV for moderate hemophilia B)

Specific market size data not mentioned; huge market
potential leveraging vast clinical demand; significant
cost-control advantages with rapid technology transla-
tion by domestic companies

Multiple national-level encouraging policies issued to
accelerate R&D and clinical application; significant re-
sults from CDE’s pre-submission guidance, with rapid
review progress; continuous optimization of the in-
novation ecosystem, supporting collaboration between
research institutions and pharmaceutical companies
Challenges in technology translation efficiency, quality
control system refinement, standardization, clinical
supervision specification, and market access coordina-
tion

Global leader in number of CAR-T clinical trials;
coordinated development of research and industrializa-
tion in stem cell therapy for regenerative medicine;
high alignment of cost control with domestic clinical
demand

widespread application of CAR-T and gene editing technolo-
gies; mature industrialization of CAR-T therapy, advancing
towards autoimmune diseases and off-the-shelf allogeneic
universal CAR-T technologies; parallel development across
multiple tracks including gene therapy, tissue therapy, and
oncolytic viruses

Mature clinical trial advancement with well-established
regulatory frameworks; specific annual new trial numbers
not mentioned, but overall R&D pipeline covers all stages;
multiple phase III trials completed for CAR-T therapies with
high commercial conversion efficiency; more cutting-edge
technology exploration, with broad clinical trial deployment
in areas like off-the-shelf CAR-T and combination gene-
editing therapies

Over 100 CGT drugs approved globally: 60+ cell therapies,
nearly 40 gene therapies, tissue therapies, and oncolytic
viruses; 14 CAR-T therapies approved worldwide (7 each in
China and the US); core products like Yescarta and Tecartus
have achieved scaled commercialization

Market size projected to exceed $25.03 billion in 2025,
reaching $117.46 billion by 2034 (CAGR 18.7%); regional
Structure: North America leads (~50%), followed by Europe
and Asia-Pacific; CAR-T therapy demonstrates high commer-
cial value, with Yescarta and Tecartus sales reaching $1.973
billion in 2024

Long-established, mature technology systems, quality control
standards, and regulatory frameworks; standardized, transpar-
ent approval processes with predictable R&D cycles; high
technological barriers, coupled with mature market access and
healthcare reimbursement systems for innovative therapies

High technological barriers, expensive R&D and production
costs; long-term data still needed to validate the safety and
efficacy of some cutting-edge technologies (e.g., universal
CAR-T)

Mature industrialization and broad clinical application of
CAR-T and gene therapy products; strong leadership in tech-
nological innovation with leading deployment in cutting-edge
technologies (off-the-shelf, multi-target therapies); extensive
experience in quality control standards, regulatory systems,
and market operations
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