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SEIRERER, 1R RN SRR SRR, Ok 2 i
IO AR R Y77t . 1201 74F SE R i 24
FHJRI(Food and Drug Administration, FDAYL#E T AT 418
o R RSB R A G PR SZ AR TR (chimeric antigen
receptor-T cell, CAR-T);” /iy (Kymriah) LIk, #Z2 2024412 H,
LIRT A 144 LA IR BE 2R g Bl Ay (R 135 DR i 240
Fean AR B, AR 1A FEARCAR-T™ 5 . 2B 1Y
T I T2 A SR LA EE R 0 B B T 2™ . [RIRY, 4
BRZ D IRAG 24~ DLyt i S B A BERI & 0% 240 B
YT b BT, T2 10075 H 4 0 S 7 4
AR B I RIS EAE S . BRI . T ES S IX
JB, R TIR RE AR AR N R ENR 77 i A M 1
ARG T P, DA Tyl e s s AR 1 LA A 3B 7
J i, G EICAR-TAIML . TAIMISZ R TAHMI(T cell receptor
T cell, TCR-T);" it 28,

18 995 7 Flly 300 SR A 2 S BERN A IE 7, XJ T3
HamEel, BT WEIAXRERIE A, R h80~120 nm,
VIR R 04 B, A E S B e T A .
TRl ook R RdE AndE R K 2880w, Hp R Kk
18955 B L 35 AN A5 B 6% 7 (human  immunodeficiency
virus, HIV) ., M5ARE 5iLF 9% 8 (simian immunodeficiency virus,
SIV)&E.  LAHIV-124 Bl & 1415955 25 2 VR 76 40 i R oBE PR
ISP S Rz, Ty i S R AR — R T
T 40U (mouse stem cell virus, MSCV)HI R H MR %
(murine leukemia virus, MuL V)M i, X 51 Pk Ge 4324
Ry 30 2 SR T R, 1 TR AR S R 3 244
LRI B Ty, 3 T DR 2 % 40 B A 1 2 B 55 ) A Bk
s 2 Bk g ELAT B0 A RN ) S B M (AN T A . H AR
RGANE)AE, HaR AR INE B 1Y 5L F R By i SR
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terminal repeated, LTR), i E& [ 21 (self-inactivating,
SIN)YAEPE,  PRITTAS RETEAN A b 52 il 54 2 7 A 0 ) -1
B AFHA: 7 b R AT A A ) U5 2 ™ A= T 5 R B (replica-
tion competent virus, RCV)FIRU:. B 252 i B B 7
BIRRGERTZ N, XA P IS R e (SR AL 4 1
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R BEREAWHERE | HERIHOR | AT 2 A AR R
MAELE, W BRI RS I o, (45 Tl
FE AR H G R BE E— P .

T BE A L) T MR P DG R B H A5 e
PERE S A A T RRRMEPE, X2 i e . ARk
BRI, BTyl o g SRR RAE LWFB . 4™ T
SR A AR P T A AR I, AR SCEE A I A AN
FEPIRTT ™ i H AR TRE DA 3 S X P S R A A
FSRI 2y 3R, 2% H R NS 2 A AT siAT T 1Y
PORSE T RN EOR, 50 58 4 2 B A PR T R e T
AT IPRHE ] Ao T2 AT R AR A e — R,
DABEBIE A 35 AN B 7 S e

1 R TERUARTAE R VRIS A Oy

1.1 i A I RS
TR A IR E AR, A = 4R gag
pol.. env, VAV XK tatFrev, FHBIZEREnef, vif. vpr. vpu, L
RS TEIE N A 50 M3 R LTR.  Horh gag 3 PR G0 i A
e WIEEFFIASCE F, pol kD 2 it 15 52 i Frifs 1)
FE2S, envinfib G IEREHE 1, FT LAY E s B GL 1 JE A0 [
Reviljllrevii & Julf-(rev response element, RRE), {#H7:
RNAMAH MR m AT %1z, SR nef vif. vpréi
T AR AR E IR, HBIEE vy E A LSS
SRBEURLI LIRS, SCHRIFFR R, 4 Bh LR gRin A AR
ARIRRE T T, [HrsRmEEE S, SR NE
FRHEAHEEL SLTRIXAL S A 3 F RS P81, fsi)a shmn
P H SRS, 3'LTRS 5 mRNAJN T R385 5% st
DNA(double-stranded DNA, dsDNA)AYEAL, %dsDNAFL
SEREMILTRESHIFRENIE & B0 B RN AP @R IS T, i
e SERR R BRAAR T LR FH 22 S0 I B 6 £ 206 200 i 8 3o B
SRR TA . PSR R R AR e e sy, N
HIVE [ BRI AHPE O 9% 2 8 H (vesicular  stomatitis
virus glycoprotein, VSV-G) AR, IR aA K,
L, FEEA G MR A A R AP — e PR, R, 180
TR AR H AE R Bk Rk T A =) E L 18
HI RGO AR RS IR R R L RE
B UAER ARG, FNRIERRRE RS
AT galFipolBEHH RS F LAk, (& B 55 B2 A 5
=X, MARTEIGIR B2 . BES, R B2 R
=AU BRI IR R AR R G, 1% R G W gag/pol Flrevimtt /7371
SRR ERL L, HHAEE R EEIRC IR R 5)
B S T b7 e 7 B Y ey i 1 s 12 S P 2 (i o 3
B A SRACES) ieah, K3 LTRAGUS X B F ik 1%
TR, ISR T HUS ST RO, B SINIS R EUA,
FEASE I 2570 A (R EHB 8 T A e a0 e, 261
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R RE R AU 7 R X T2, A E i —
ATT R s RS E AN ] T A ™, X R GE AT RES |
AFEFRYR T, DISLREAN M EE R B BER A RE I, (UAELE
7] S 2R VS V-G A A e 14 .

1.2yl SRR RS

I ST BT LR ZH S AR AR X P 2 A TR L,
A5 S 2+ K T REAZ U i gal/pol 3k K UL M envil [l 2R
FI gt RED, = 1828 35 8 1 Weardirev. th THAES
UPANIR) T BE AR, S 1) 4 A DR 2 % Sy i 107 s
HIE 1 AR A A WA . S S R R S
WM TLTRIFH, BT 2En%)E, FiRdEAdrRHAISIN
B (53" LTR U3IXAI/EES" LTR), HE i — A FAE Tl
PRIEFH A IXUBS: . PRI SINTAE ] B e (o 2 4 s 28 1k i f ¢
T BE AR ), AT B R AR 5 . e pbRicoTi (i
PUMERERDAE, 0T RES I AR A 3l T (EF-1055) . B8 T
3% BT 295 8 % % )5 #5504 (woodchuck  hepatitis  virus
post-transcriptional regulatory element, WPRE), H 425 J02
W [X (central polypurine tract, cPPT)3FTIRETCIF, DIMGsRELA
FRuR R R . R, SR 2 BORLCUN H A SER RS
JEHL. gal/pol4mt Bk . VSV-GHI R H 4l Bokn) Bk £l
S 241 B VR B 4406 R HEK 293 ) fl #6y il s st k. H
T £ R 4 il ik gal/pol Keenvil JEEE A — iR R G i i fa
TR TA, PR T 2R, HA A
HIRFEAR. Fee =l 42 LIPG13 . HEK 29341 %A b 3%
AU, TR R IA AN R g M A AR A B R
WA PRRPE G SRR RERD- 114, JLA1, P24 L i ]
REW Mo A IO 7 R TR Gl R GE AR e B A TR, Hod
W O e B TR AR T R A .
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X P PN R FH 8 5 S 7 AR A 7 O ELAL v vl i PR
TR M AR RIR Y 7 W BEAT A5 AT, MBI AL S
T (OARANRE | vl R 2545 AR R D B v iy BT
KHENALTT.

BRI, MRS R AT TN — U
OIS RE A R GE R AR, XU 5 1, B4l
o7 P 22 4V S ) ORE 2R 9 B A8 3 LA 35 A R B SINEZS
FIRE R A, ARR IR AL R B DKL R B8, s ZE X
(1 AR HEA T PFAR, I Ud IR FH o XU s 8 4 1) 45 B,
INSRICEARMETE ARG, HELUTT IR 2 2 Ewrs 2

JRORE AR AR E 7 RE AN 2R s R T A A,
FERERSTORL . I BURL (gal/pol BTRL . ALRRAE FISURLAE). 38
AR OUT TR e A% SOk L H B AR IR RS | BORE
P A LA R BE R PP 45 5145, SR AL I 5 LA
DAL FORE R AP A5 5 BRI 81— 2. Db, B



W FOCTERR R EWPRETTHE B 20 Wi, SCHkHE, B
A RIWPRETCF HA B0 /A0 X R, H AT R
SR I 5| A G B BV BT A B WPRE TG A 70 L
RAATRAR DG IXURS: . 5 B SR YA 3R W RIE X, L BATAE
77 A RHE N TSR, TCIR AR IR, Hny WA
BYBURIAR IR . A ERAE . LR F S A A 2T T e
FOGAR B, AT I SR SORLEA T ¥ o BE R e ki, 1z
TEAN PR BEBOE AR | SO ok 7 A R G J L R e 47 A
BB R A, AR DR 0SS5 2 91 5 B PP 81— 3 ]
W, B A LA A T O BURI DN A Y B 4 E 5
B, ARLEARBE T T AU B A AR E AT AE
T,

3ok, RS FATH IR T My i e i & 22 2 00
Bt R S BB B A A, (HTEA M sk - T2 ]
Ae A R EAR R PR IR 2, 7 A ] S A #ERCV 1Y 7 BE.
ik, REAEETREES B RGBT, AT RERRAR T A2 il B
it ﬁ(replication competent lentivirus, RCL)ﬁﬂ’Efﬁuaﬂiﬂﬁ%
S99 B (replication competent retrovirus, RCR)™ A i KUK 3T
AR, JETRRIRAIMIIG YT AR AR LR 2T R R
YIfssRk, —S6H IR N CAR-TIT ¥ T Ik H BRAE B A A 2k b,
BlUFT i Fast CAR-TIr ik, HoRHASPCAR-TY IR, A%
SR A IR R AR R T AR CARJE R i
] AR TN, RN B AR BURNAOE CAR-TAMI.  FikE:
ARBRL T W] S 54 T 2SR, RRARRAE P A, AT CAR-
TYFEE IR BRI, 2 R AR 1) 431 B0 7T RE DS KA ]
BAT RN Z AR e 25 G/ [ D RE AL 1) A L B 28
B Rk, DA S R R S B e R
RUOL H R G TR AR 1 B b A T TR e
Wetle, A5G VEIBLR K 25 253 AR 0T I8 7803 A I e 22 4
PEVPAS, TR S5 S v A . 45T H TR B
IR B B AL T2 D BB, 1 T8 i 2 % 22 R 1
WrBL, ST N 55 W AU A T VA 3 A FR

PR E NI L LY Y T ]

2.1 iR

W SR AR A A P R P A B B AR T A, A
R E ] RS e R R R ok 3 R NG il g gy = S s = s 032
HITE . B, SRR R A T AR PR R — 3k, R
XA AN A T PR FNR R, BEARE TSR (P EZ
HL Y A= AR TR P S0 20 M R 8 B R R Y
BR. TR e RE AN M, AT 3 ek e A A A A
PR 20 1 ok B e T 05 — A 2 A T T 0 B 2R A 35k TR A 1 i
SETR R A TE A BN, JF4 B ST RO BE AN R AE AT 9T 3R A5
TR m A PR BRI AN, AR5 HE ST B MR P An i
(vector producer cell, VPC)FEMFTRFEAYAE =, Kk, BTk

TFVPCIIRCVAGIN,  [R1H = R i H Ay 35 57 400 g 48] B
BRI MR H . T B B T R ALTE M i AL R
e 1|80 e G 2 W AW S WE G RO VR K B R AV
PRl kA= T2, IR BRAGAIR AR TEE 0] . G AR
FETE . WAMER R E T . R ERE ) A AR R
IR H P TR, AW AR S FLE A0 MR SN BR AL AR
K. BEA, RS S e 3 R AU S s O AR —, Q07
FET BT T VEA RS E R R R AR MR, BB R[] 25 A
PSR AR T B b = SR A MO A B e R P, DG~ d 4 g
A PR R AR e .

2.2 AR ARG A AR 2524 VF Y

TG SRR B B AR B R 7 T2 AR ] g R 2
Fl|— Lk B T AR A XU A SRk, S e T 2538 %
PRGNS . R FAE . MyERA . FealRsE. ihdem
R A A B R AN S G T AR A
Wz, R b B 2 A A 7 ik o v s S PR Bl N TR A R,
JEATREAE A BB 1 2 PR BT DB AR. ISR & 5841
TFFEPA A A A 77 R ol T 2 vy JRUSS: (1 bR, g ™
AT RR T, RS . ZatmEIvhiRG A, JFEEHLN
P SO A o DA RO SRR, T A B Al N BRI,
FERAODCRUS. HeAb, WeEEAE ™ AT REFH B 2 RIS (0 Y b
RIS, FH YRR B R B A s T4, B
HIH WA Y50 0 F5 85 R 45 (calcium phosphate, CaPi). FH
B TR TR (AR FUIA R, Yele) . R ZIGERE  (polyethyle-
neimine, PEI). H:H#: 4% HBIPEIFE YL FIM Ik 20, EH
FRIEA =, (AR — @ WA, FIEies 4 PEl
PRI, X577 5 HPELR B 15 O0FA AN RN 22 4= PEPEAl,
A BUE PEISR B FRERR

2.3 JEPgEE LRI

FasE P BRI A i R b, IR . O R
&) B 48 M1 S 28 & J7 5 (clustered  regularly interspaced short
palindromic repeats,CRISPR) & CRISPRAH & [4(CRISPR-as-
sociated proteins, CRISPR-Cas)Z¢ 3K hde T E., W 2ALAHSE
R T RS EE . 75 RIhReTHE R, I RABURT
AR . ANF B T2 i AR s ™ S ilb A7 4w T
ELI B F R B 2 A VT

3 WRERAN A L EMEG AV

KIS N SR I |

AH A TR A 2 2 7 Ry a5 Siia BRI, M
R K Z R 1 2 TR BRI % Yt HEK -293 8 HEK - 293 T4 ity
AP, HEK-293THaE 3k SVA0 THUR, %P S HIp53F
BHL L 200 P9 58 A N A O, IR BE B Bt =18
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SGREE . HEK-293T5HEK-29340/MuAH Lt, EA 4 it ] o
B RO R R AR, AWM IS N R R R £
FOES, A BT RIEA =, WA R R AR = T 2
WA TP S . SRR Y | BRIk
TR EIREHEAL . R . alifb(EIRABE . Yl iRt
UG JENTE) . BRUATIE . AraE

IS SR T ) A PR R T e A AR PR R A
BE, 5 DTG U0 R A 4% A L% 7 (gibbon  ape leukemia
virus, GALV)fUFZE 35K PG13 A3 41 il nl ok FHRD-114
HIERHEK 29340 MuAiE 40, SRATSESEE . Af T, [
FERA W) 7 28 SR I T R b A 7, O ok e,
HA 7 R aiA L BEA LU TR o, Sl A R R TR L I
. g ue B Db S 5 A UG,

PRI EE i SR B A L O B, JOURLY [ &2 24k
TRl HAR B e IR Ye i v, Wik AR I . X VRl
PEAR U, A= T 248 TRk, A= T2
FEHREE . ERVRBE. pH. W, YIS B S AR
AT e G R IR AR E EL T Ik, SCHE T A SRR
ol o A = 4l Ak il % e v B A T P S B A A R e EE
13 TR N LS G Y R 1 R e SN | O e e R AL st
B A=

3.2 ) AR 2O

SEA TR N M T 7 v SR AR Al R O
B HE I B2 T 30 SR B AR A e T TR OGN A
mF.

SRR TS R G EER R e A R — bk, R
T PP 2 A A 7 T2 s T AT A2 bR o
— BRI SR T A . T AR T LRI
RGBS, TS FARMOR S A TS
B R T2 0 H AT ez R, AR ERBR T T
BEYIBAH R | B R M TS T AR T, AR
BRI T MR e St — 8ok, FEeRoer:, Nkt
A FR A5 BRI T 8 4T 1) MR X TR R ], G0
R . SRR AN R (M44ME) . RCL/RCRAG
S T AR SE B A E 7 v 14 A A 4 P G
R AR B, ARAE A P R T AT RE A AR S R T
1ot ) % A1 [R5 3 28 T AR CL/R CRA AU S, T i 750
SRR A RN AN AT 0 AR SR AL . 5 A G
ORI, AR = G2 A, 2RI DR AR R K
W, T LS B VAR A ) 2 S UK, FE A BT A5 3 1 15
Yool By G, BRI 7 ZLRR ] & I R CL/R CR A AGHIN A4 ).
WFFE W, RTEER LI BOR A P LR M A B e R e —
R FEIRCL/RCR, [H, AR AT BE ARG 2k A B B
RCL/RCRIG YA IR, SIS R iie 35 b 3 K 28 R 240t %
SRR A 5 7 20 M 1 521 A TR CL/RCRAG I . ELAAAG I 77 v
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A 23 (AT ST RN A T e [ R R R ok ) 1)
CASMEPREM R B9 ST AR S X1 T) ) PO
Be FD AR A i MU AR DGR P SR B oG i, 3
TGS B AL B A B 2 e I F e, DB E
RCVAGINTT i A& HIVE, 4548 s A0 S PRV RE e PR
B,

3.3 Ay LEAEHIMAEH

WEEATZH AP I EEm LR TZ
PEA AR, B TTECh 5 UL AR S A G A 7 FH AR R A AR T,
LU A B 455 35 2R 7 2R G0 1) 22 P A LA 7 R G 7R TR LA
PRS2, SR Fy it Sivs RE A8 AR 7 T 2 I A e
MBS, DLREIRA: R AR S8 B A e AR o,
PAVEHC B A s AL 755K s [RIE I A] e fe bl DG 5 J5bh et
BOASTE, ol nzk A At 7= F Boher 28 70 A% IR T 25 HL At S a5
AL SO R 07 R T o S =R @ o 2 4 N Nl R R e
JNE 3043 P 7 B XL B A5 R T AR M 22 R N B T
GAEMEMAREN RN, ARV FEEL SR ERE, AH
W B S A TR KU 2R G AT A PR, BAATT 2% ( BIACAR-T#
AT 7= b 228 RIS A ) R S e ) 2,

SREEER A I RAT . IRIREEY . LB E e
RERERE Z A RRA A = T2, SRR A T 224
PRI BE ALK B IS NI R BT 252409 . ARG IR . 16 IR/
UTHIEE . B NAMIER &), BRSO AMBEA B T2
ST AT LUPEAIF S 808, 4G T2 MhRE . BT et Xt
L. T E SO T2 A X B0 B DL I 2= i bR e T 15
W, FEFIRBERE . ISR E, SE— it e 2k
He e T A ARG 2 B (multiplicity of infection, MOIY{E fi%)id
PELLROGT B SRR AR s . T R i 284 e K
FBK-HIRS L, D E I FE— PR AR T2, $mde
FiE B A 7 Stk ] —BobE, B R AR R 2R 7 T B
BRI IR KA S T AR IR R BT SR, SR BT RS
JREERIRSTE T L. W R E AR IR, B
T [e] B e A e A ML . BB 2SRRI T, 5 R i
P R AN L R IR 2 2 22 5, FBUT IR A 1 B
AR RAFFPEXT Loy B B 2 e PETEA,, DA RTT R 4R v L
PERFSE, WA I T 25 PR JR AR I AR Lb A/ sl e R A et
5%, DAPPAR AR 501 3 R B ™ b 22 A PR A5k s
KT RYRREN S RIETE, BT A RBREEAR RS X L
5T,

WAk, FETAEF A . BRARAS: D AR K 4 et R S 25
TBRFR R, BAR T2 IF & WA 7T 685 S A IR 28 -
RCVZEFEAHMAAY J 5 LA AR il A8 T . B TRCVAE/R
YH L5 TR R SR P, XTRCV I R R I 45 S
FEFEXHEE, W MRCVEFKIMYUY K7k ry A8 TH,
AVOEANF AR EAL BT . ket MR L



KT R G S RSN LU G B, T T A o ks
B 4 T IR (AR - 6 Tk, N AURE = SRR SR A IR IE), LA
K 578 T i 7 R T B R/ e PR LA R TR BE A L, A
BRARRC VAT kM RE T kL.
4 hiE

LA, LRI RE Ay 33 e i 7 A FERE IR AR B A R 4t
AW, HAE 40 B RN 3 DR A 7 AT T8 ) 732 g FH DA e

SRR L S, S gy I R LAS S %
o TE R Ay BE A AT A B 2 AN E DRI 7 e v b T A

T 22 )BT R SR, 25 I8 FE O AR AN (R I 7™
I Al AU R R B R U5 T 22 S, LI S ]
ATRERZNA i e AR RS T, PR AR SO
L ATLEZE 1 S B AR R TRt L AR IR
P AT S R R A T AT AR 22 LI, O
L85 AN TR SCHR SR K H iAo R 4R
WA H LG, LI R ES %, HERAAR R K
REAIER . 2R AR SR H i i, — S R 2k
BT B A HORAWHI B, 2 FRT 5T d AR B OR A%
VRN, B A S WA T A, DL EE

PRI A PRI I, 3000 Sl 23 2 A A 7 B it

P 155 ST

T V240 R RT3 7l 4 bR i i e A
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Considerations for the pharmaceutical evaluation of retroviral
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Recombinant retroviral vectors represented by lentivirus and gamma-retrovirus are widely applied in cellular and gene
therapy products. Lentiviral vectors developed from human immunodeficiency virus type 1 (HIV-1) and gamma-retroviral
vectors developed from mouse stem cell virus or murine leukemia virus are the most commonly used. To date, many of the
immune cell products (such as chimeric antigen receptor-modified T cell products) and stem cell products developed based
on these vectors have been approved for marketing. With the rapid increase in the number of clinical trials of global cellular
and gene therapy products, retroviral vectors have received widespread attention. Retroviral vectors are a type of enveloped
RNA viral vectors that can mediate the transduction and expression of target genes in both dividing and non-dividing cells,
serving as an essential tool for in vitro gene modification or in vivo gene delivery. In addition, given the universality of
helper plasmids and packaging cells for virus packaging, they are expected to gradually develop into universal platform
technologies. Vectors are critical raw materials for cellular and gene therapy products. The gene element design,
manufacturing process, and quality control of vectors are important to ensure the safety, efficacy, and quality of the final
products. Moreover, due to the urgent needs for scaled-up production, reduced production costs, and improved drug safety,
changes related to viral vectors during clinical trials or post-marketing phases have progressively increased in recent years.
Along with the advances in technology, continuous deepening of research and cognition of such vectors by applicants and
regulators, the packaging system of retrovirus vectors is also constantly being updated and iterated. The potential safety
risks brought by the inherent characteristics of retroviral vectors (such as random integration, homologous recombination,
etc.) have always been a key concern for applicants as well as regulators. The problems in the manufacturing process and
quality control of retroviral vectors become increasingly prominent, meanwhile, there are significant differences in risk and
quality management systems among domestic applicants or R&D companies. This paper focuses on putting forward key
review considerations and general suggestions of gene element design, raw materials for production, manufacturing
process and process control of retroviral vectors, referencing current domestic and international guidelines and the
pharmaceutical issues related to retroviral vectors in the review and communication of cellular and gene therapy products.
Also, general recommendations are put forward for discussion and communication between applicants and regulators.

cellular and gene therapy products, retroviral vectors, gene element design, raw materials for production,
manufacturing process and process control
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