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methods for gene therapy products’
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Abstract: In recent years, gene therapy products have become a hot spot in drug R&D at home and abroad.
For the gene therapy products in R&D stage, quality research should be conducted to establish corresponding
quality control methods and standards, which is an important guarantee for product safety and effectiveness and
one of the important steps in the industrialization process. Quality control items of gene therapy products include
identification, content, potency, purity, impurities and other routine test items, etc. This paper describes in detail
the analytical methods that can be used for these quality control items in various gene therapy products. For novel
gene therapy products, it is urgent to develop appropriate analytical methods for effective quality control, while
the quality control methods and standards for products which have already been approved for market or clinical
research need to be further improved and perfected.
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FERA YT (gene therapy ) J2 48 K5 41 1E % FE K
RN, LA 2 TF S PR e 0 S 5 RS Y
PRI , TR BT B, ol i) B R AR RS H R
A BN DRI 7 A SR 3 > Y A2 O A v, s AR il
R IR 1 P W REIG T BB . AN LU, HERA
7 10 AT LB TEAZ TR /K V107 L e g 14 15 1 AR 4
AW RNA FHEHAR . IR YTH AR 1990 4 TF
LG5 1 BlIG RIS 24, 285 T 30 AR &R, ]
— RS , JE RSP T, H 2 AL LR
TG R, TR A5 AP R ERGE L 2019
45 HREE M2 E IR (FDA)HET 11
FTBIT/NLEBEENIZE S (SMA ) IEERIGY T ™
i Zolgensma'* ', KR 1 LASN, AT E N AME A 10 4
FEDRIAST 7 i T Tl 2 2019 4F 10 A
20 H, ClinicTrails.gov 3 ()8 /R AR 0L B0 AL
PRI RIS A 4 091 391, HorpiSE [ 2 198 1,
HE 279 T, AERERRAYT S I BESE T A DL R AR
Az R v, AT A 7 A B, ORAIE A
G U A 3k 277 i AT L o ) — D OGBS
AR SCEF R HE PRIGY 7 7 it 18 o 42 il 20 B 512 DA B [
MR HIT A
1 EERTFRREER G X

FEPUVRTT 7 it WL RS AR S, A P T R
it BN ML AR [ A Ak 3] o it R AT 4 3 A ) Joi o 4
], SV 118 o A ) e ) SRR B Y, 2
I 5 25 K WU T 7 S R A A B TR
7 it Jo AR D R A BT B AR I BT BT BRI T
A I — AN SN T, SR RE P i BB AR IR
WESE LA SJIA) b 17 A A 2 — o BEPIAYT i
M P AR R B A B AUA SR Y T IR R A, AN
[F) A IS LRITR S 7 77 i 10 5 AR AR 5O o s 1 2 S 4
R, Bt Ty B s bR e A BRI S etk . JEIR
I 77 it o R A I AR S S S A
A o R A RRAS I 0T H 4 B X RN I E AN R
AU i BRI 3 07k o A SO BERNA T ™
vt 7E SRR it v i D %) o It H R o A s ik
TTRERE TR A2
L1 S

FEDRGYT 24 W 1 2 1 i 5 2 AR K-
B KT o AZRRKP 5 R T BR A 1 B0 P 3% o
Br R A BEE SO0 ( PCR )G FE 5 — S5 Bl BE S )
(RT-PCR ) FIA% R 7 510 5 45 J7 vk A 1

DU S o R 1 U 1 33 2 A b i 2 0 >
AR PN DT , 0o LI R 2 N DT, D045 DNA
Jr BERE MR TE o Hu S WA AR B B0 , O RETE R DK IR A%
) RAF 953 B 5 A eb R TR0 R R L Y T
DIETTE MO B A2 7% PCR F1 RT-PCR H, NLXS
BUATR Sy AT AT B Be LA B M 33k i) d R
SIIEATHEE , [R5 3 A B AR A
KR E B R IR 5 15+ e SRR 8 - 2R
PR e 5 5 L vk ( SDS-PAGE ) il B3 , 417 15
BB IS EAT LR T ORLE R gt — 2D T
IARFERE [ AR I IR TRHIE S T 400
12 o

T8 LA BE 4 B B HE DRI T7 7 il T B I 3R
A i R R RO AR bR . TR 20 O S
RIS DR 2 G 2 SRR P B T i SR AN [ 26
T o RRUREEICRI R R 20 30 8 2 e 2 O ) BEECE , h
Wy BT R 5 AR P TR RN S B SRR A A A
TREERVECRE, DR . AR AR R R BE KR T
st R 25 HE 24 LR A ORE DNA 5
121 SUMURIE X DU RE N R B R YT
it UKL B o 45 L) B R 2 UKL Y B 48
N 7 9 5125 R FH 58 ARk | TR 5 T o 1 B
(ELISA ). 3% % i 7 % 3 8 (TEM ) | &5 OB AH (3%
(HPLC) 3% ML EEIRXIR 2. (AN, 2EAL i g #E (Ad)
AR SURE AT AR 4 O B 19 55 A I W AN UKL )
Ve L 2 H] {4 550G 2L AE 0.19% (W/V) SDS IR P T
260 nm A5 ", SR Al 1k i R 2 R A AT s
AR T TINAE ) 5 2 BURACHT 5 (AAV-2)
A B URL AT LA T e PR IR0 AAV-2 K584
F B SR, SR F ELISA ¥ #E4T s R AT 52 1Y
SEREOY 1R R AR R A B IR B T SR P A
P24 fE Y ELISA ikttt

341, H AT ok 4G I e B URL £ 77 1 8
A ViroCyt i 5 UL 94 K JBURE IR 55 43 7
(' nanoparticle tracking analysis, NTA ) 3 T B
WL (tunable resistive pulse sensing, TRPS Ny 171
T ES - Z A BEHOEEEU (field flow fractionation—
multiple angle laser light scattering , FFF-MALLS ) s
SRR
122 SEPNAGEREE i w A N A A SR N 42
FIEPIFRIRR IR . S 5ORAEN A S RN, A
R IR 3K , AU AT &L, Sl 235 i Sy
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FRE o e PR30 B 02 B A SRR 2 DNA B 5 20
] 3E s i PCR (qPCR)M'7 DNA B 4452 1A
e B0 PCRY A5 T vk I 2 3 74 5 P9 4 A% TR 1) % L
BORIMR . fERBUR S R IE T PCR Z 07, T2k
XFIRFESM T DNA AT R A Ak 2L, {50 7 0 2 7
93 T JIURL PN R AR L X 2H DNA , 012 7 125 B 45 8 s
R IR DL SCRE S vy b S I A P S B 7 R 5
A2 A 118 56 5 955 2 TIOR8 AT B ), i
PCR 710145 By 5 5 22 DR 20 7 32 3 % I 2 v IRk et
T BE TR A i 2 A
123 JRYPET R LR B S bR R OR T
LA SR M G B ORL 0 S R TR Y 3 R I E 1Y
1 585 B S WEBE (PRU ) 35 124 50 20 270 40 fif gk e e
(TCIDs ) B2, 33265 2 T AR &8 A g P 591 s 3
Y A LI AR AR R T ECH E AR , 1 R A 25 SR
FaE P AN AT B A M 2, HREIT G o i 8 7 B
240 I ) S 3 3 B 7 R S R A P, EU E
PCR J5 1 20 6 W0 975 25 456 [F 4 DNA' 2, D) K% ] 306 2
% - fE i PCR(RT-qPCR ) J7 32 42 & il i 7= A= Y
T EE RNA 4575 3 AT L o S 5l 75 39 458 YEAf 14
SRR SR

T AAV YA 2 5 B0 AR A RN, PR AN
FE FH WG 2 R TR o A, 7650 B 22 A7
TEF AT LA S AAV JE R 20 &), 28 1 ] DA ey
YRR ARG . T R A2 —
JE R A AU SRR I (TCIDs ) 250 IR 50
223K AAV2 rep Fil cap ) Hela 177 A= 41 s 3 , 7E 96 fL
Merb A4, IFAE 5 BUBRIREEAEAE T AAV 24k RY 10
15 RV BB G . JERYL 7, E i PCR I 42 1
AR SE AL > Ak, e v 20T (ICA ) it
{8 1 HeLa rep—cap 4 g F1 i 25, (H )2, W H )5,
WML R R L, I Hol i 5 d 4 3 R 4 A —3 40
F AR IEBRET A2 A A AT IRl (FRFR S IR
ey ) >,
124 SRR RSB RIE A SO R A
Ji 3k S R = e B AR, S B S WS A
RIS A U B D R S s, W I 2
T 15 25 2R 50 F o 1 e DR Y7 0 5 2R AAR O e i J
T 2 L, XOLIO00 24 PR 2 R DR ) SRR O L
] FEIREE LR P2 B A0 LR B Y, 75 B
FERE T A B BH P 4 AR 250 1 3 s 2 TR,
TG BTSN, SR FH D B Bk i S AL o 25

AL Ha i

T3 A 30 B P 240 MY L A5, FEEAR A A R AR R ]
THEAE L 0 S0 B, R F % 5 547 (transduction
unit, TU ) Sy 34 7200, ply 4600 #7434, F
22 52 0 = B T R ) DU 45 ROk A B SO0 A
(‘green fluorescent protein, GFP ) J5 2 45 3& K i) 3 3k .
E2, FEAH R A B A b RN [ 0 2 B D, LA
JFERTAR 22 JLANBUE G, i IR 8 A5 R D 5 1 45
Kb RE S B FRIRTAYT HE K 1% IR FE . BRI HE I A
GO0 KSeE A RS R T MRS S R
T RE P R IR A, DRI, R BRAE A B R
JEI R T 125 2 2R 5 AR 1A L 200 JL AR ) 2 28 14 4
JRLPE S 000 5 A, LA BR e BE DR 8 SR as A D I 45
BT AESE R AR B AT SR AR fo
VAR, DA A5 5 PR 8 3R584S I 7 8 v , (H 1L
SR BB A B S A TR P I REE

1.2.5 WS S54RI LI FERTE AR
TS A S JRE AR A R B ) L A T A I
FR) 9 B ) BRRORE I P il AT R R P R, AN B L
S g B E Y S BR IR S BT RE T L (H il T IX S
o B UKL T BE LRI N A7 2B S8 SO, W3 i
fradfedzidil. flan, DU 0 B AR ) B G T 24
Py H AT Y EER I SUPURLERC S IR e P B 1 LA R
T30 1 1, SRR L o ORI
T 3.3% , NTIAE ) 6 5 B BT v L A9 17 3] 35— 5 1) 2
SR T AAV A FRARHE D 4 A
JE 2Z 18] L8] (v » U ) D2 2Pk 280 R I a1 DG
2407,

1.2.6 AR AR EUARR S EIE AR R SE A
I7 7 il H LABURL DNA AR A 8508 o, 5 sl
BRI TR DNA BB ol i SR ATAE 260 nm
F14 16 % 8 0 5t T L B 5 B b 00 5 KT 500 ng + mL
() DNA ¥ B, {H A 2 RNA Rl 2K [ 5 78 260 nm 4b
W BA B i Wi, B LA 2005 A7 HA 73 A, DA
PR S A AR RNA R Balcsk B i 1E 40
Yt ik DNA 175 3%, A SZIHZIN E o 107 B w
WA TR BTECHI ) DNA, R HRE S PE2E A DUEE
DNA HYZEREn] DURSE# E 59 DNA Frifi i 26, R il
H /T 500 ng - mL ™" ) DNA ¥ . PicoGreen 4 I
H L AR SOE TR, B 52 HLEE DNA L RNA
5 R VR R B S AR /N SR YRt Hoechst
33258 A5 BUEFIEEE DNA, I & nl L Tl
il 2 0.3 ng* mL™" i DNA ¥ Ji& ; Hoechst 33258 /N 4%
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A R E RNA, R FH T 7 00 A ML AR
DNA ¥ BES L 54N, B4R KR HPLC (77 Wt
W TR BORL DNA 5 HAb K 5373 25 5 A 2 484
B AR E
1.3 #h

HRAE 7 Sl LA B, RS 2 /0 1A S WP 5 )
A= R/ ok 2 HE PR 0 A R F bR o B T
A AL E X FRIR S T RE H SRR R A /&
IRRCR IR TR AR BRI I 4 o NIAERIFSE
7 B RO R R b R RETF K g A I )
% ST AT S AN I E S 5 BRI AR
5B F RN
1.3.1 FaREEE M TIREM E  FEPATE = 5 A I R
I 5% T LA A IR YT HE DR R S A0 A v SR AR R R ) e
EENARITIIER . AR SRR Fe ik 5L R A=
ST REA AR X ], T AR HARR o 1 2B e
FEARIEPERIN ik o 38 AR R G i el
Ty AN 2, Bt 5 32647 9T DG 3 1) e 3 Jk PR ) — 2 T
RN , 91 a0 248 L A A 00 e sy il 3 il 3 0
03K AN TR T AT IR, T SR 24 5 1k 2H 41 5
S RGN i 3 A TR I T SR s 5 PR 2 4
2NN NS A E I L7
1.3.2 HAR R FR i / Rl Y FE LA
() A= ) 27 Ty e e B B4 3 M S 1Rk 5 s A RE = A
e L B AAUN E PSS R, T ZE ] ELISA o
b ELA A R T R 1) e 3 2 s A Ak 2 B
I E IR T P 9 B 338 7KK, VB b 78 s B AR 1L
M s 5 2 CANRT3RAS )32 0 R 5 e A BT A %
TR B A TR AR T AT AR A I S
) PO L R ek B RO RI R AL T
(EToRE ) ARAMERYL (g ) 1 EA0ME, i H i A
Ay IAPE Rk, W] SR T ELISA A6 I 400 it 1% 3% 134
T EBREE R S 0 B R AN I FRE, TR
JH G328 B30 1) 3 , s 306 2 Si S S i PCR G
H W JER % 5% mRNA 7K
1.3.3 IR BEREE AR A MRV R v B
KA SRR YT 25 b IV SR T A SR R
S T 9e A0 AR P A VR T SR AR 2 ™ Tl v R T o o
o 2R P D i 9 1430 e b SR b 4 i ) e
A K R e PR i A AR i i P B A R RE . R T
T T T80 200 e 0 3 B 78, V5 JRE 9 75 17 A AR AN 24 Y
JIer e 240 i 2 R 20 AR A T A R / VAR /

BT RE T X LT
1.4 ZiEERIZR
141 B4l AEE SO0 T REX = i e gl B
AEHEATPEAR 5 UL ARSI 75 2 A H 58 AN e (A
I3 BT W BE Ao/ Ayso HEAE ). HPLC 3 . SDS-PAGE
i
142 T ZMHGZT JEFNRIT YN T2 AHG 2
JER R T il e AR ) D A0 B L T (A AR AR 1
Y e DNA fi EAMER ), 4085 557 & B R 5
FYZH o RSN , L R i T 2R i 44

FRAYITE AN DNA BRI AR DNA 2252
PicoGreen 44 {5 FlE & PCR 25 71, X TR
I i, USRI DR AR AR 1 S 40 DNA A [R) TR B
G, AT g 2% DNA 2% 28 46 0 1 32 40 i DNA 15 AR
T, U R S M AP 9 5 i PCR 6, X T2
WTE B EE S RNA R R4, SR HIXT DNA $p 5%
YL (A1) PicoGreen YL ik, SEURHAE T Sy faf fi PRk
% R i AN AR ek 1 40 3R 3 A 2 A T LI
ik ELISA . SDS-PAGE 73 M #1 / 5%, %0 5 B b v i#E 47
R

XA 7 v fel T A B T 1 O =, A T
BR 1) B 7 2R P RORCRR O s il T B R
DNA i, REAG I 5% ¥ B kL DNA . A AR = i fidi F T
2R MLV . Benzonase 12 TR B BT AE 2 S5 09 77 i, 38 N 43
SRS % B8 B4 A 1L 125 1 Benzonase FIHTA: G
PESL ANAE R R T AR AR IR,
WA AL TS AR ™ i TP EA T AR ARSI 20
it A S L S8 500 7 3 DR UE B A ) 33 e R o8 A
RS LI EBR . XHF5R B A9 40, SRy 2%
FI 45 ELISA 1S AH HPLC By 3T ik 09 7 sk ik A7
Y E o W AZER S B A ASI , o] LA S S e 5
YIREET IS E 7 PCR T .
143 FEEVHHSEARR FEIRYT IS A e A
el A A T B B 5 T = R R 2
IR A ) A8 SR A 28 e SR A e R 1Y
I B mOMURL R AR A (AR ) L R AR R TE 2
ki DNA %5, HAKLL AAV 88 0K 01, Hogieto 35
PG F A BB R, X 6 R AL 5 78 AN B st
TR 2 JR PR A e URE e TR SE R A 2R AL A
A B TR A2 T T 2 A I DR 2 LA M R 1) 134K 5
WUk S T SRR AAV AR A,
CEAH ST TOME DL bR . A5 50 BE W AFFE BNk 2
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HER, HENTEA D REAEDT YRR,
Al RES T el S AR ST il & BT AAV S8R R B M
PPERNL o WAL, 25 Fehi B e G i i 2k IR T
PR REE . AAV S 52 I SRS AR W] LUTE il 1 Fn 4t
A FE R B, T LATE RS B BC R A At B e
o FRAERTT BEFEAICS 75 SRS B, MO FEAIS 17~
i FR IR, TR BF A 38 M1 P 7 £ 928 i 1 2 2 1 7Y
ko J3Fh, AR AAV WK FEE F AN 210 Ui
TN AEAF S AW IR B AE A, AR AT i 0k T 15 10 Sk e
BRI

2% 505 T S 0T 5 e BE T HPLC T A
B R I R A RR HE AT AR
53 75 B A AT LS 3 A/ Ango 1B L Bh 725 6 i
(DLS) " W7 B o - 2ot
BB 20 B LU (DCS ) P 0K B0k B B
ARHT OIS DTG . FORE DNA B Y E R 2 e TR
2T LA S5O W B 5 Fi UK L B 52 HPLC T B4
LIRS
1.5 S v ol Y A g g

it T A 1 e o TR 2 A Ak, A A 7 el g R
R PR I 2R AR 5 Y A A B 91 22 [8) TR 5 R
H, PEOE A R, 457 SR 2 R RE RO
FEN AT RES | EHps A AIAS B RN, A8 R IR b i B A8 Fn
VEAESER o DRI T T332 i 0 A ) R 2 A
GA PR R AR AT H o SRRl
DI ERAH N A i I 25 57 e, F T A AR B T
2, 80 PCR % Bt PCR k. E— B OL T T
B HR H PCR EEE = PCR A, {H 1 4630 114
S S TR B B AL IR A B, AN — o s M B, RN
Y 3 A PE P 4 . R R R AT b O 12, A T B
UEHAS I R R, - H AR S50 WAL 3 Az ) ] (spike
controls ) AR IE R A F|EOR
151 EHIBIEEEE T LA 7 o 2R 3L A
RIE A, B B R EE (RCA ) G Y 2 — A2
)2 4P, AT RE Y I L3 Jay & 98 i S5 FlZH 21
BTN, DL s Z A R b Rz il i B 2
#1450 RCA 1] B S HEK-293 £ %5 41 i v i1 A
5 Y 7 7 91 AR Ay 51 2 (] [ R A A
ot A A A R B AR, R A T A2 b o 2
3 % 10" AN BB H T 14> RCA ™,

T B A I SR — A e AR RN T TR R A
RCA FAFAE , ELUARARE S R 5 2k PR B 20 M, -
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FETLRAE ARG PPAk 2 75 A7 70008 538 B 40 5 A5 4
i (CPE) %) X SEELT CPE B9 RCA WI5E i 32 2
V) BTSRRI AR 200 M A 5, DR M s P 2
1R YBURE 7 40 3R RCA A& =2 BIBHAS . R,
RS 1 WS R P TR EE R AR R A0 ST RE
FR R RCA WU A2 1Y o5 1A i A5 2, 7 W67 1% CPE J
REAAE R I [R5 A AR5 AT UL, i dn, SURAY RCA
ETEA1AH, il HEXT RCA B EL KRR
PCR (490 5 S He i i 77 3 5 SR, PCR A 3R 4
JERF I F AR SR 0. PCR W REUEAE 14
RCA/1 x 10° 2 {4 UKL 2] 1 4~ RCA/1 x 10° 2% 44 55 b
Z AL B ) v R e U s A0 R S S e
SEAF PCR A B BHPERURIARZE &, M40 J6 20 i 85
S 41 AL e A ) 14 5 A o8
1.5.2 SR L SR R R I RIS R R T REIE
i 2 7 A 5 R i SR #E (replication competent
retroviruses, RCR ) 230 % S5 25 28 A FH ) F2 2222
e[RRI 2 — 31X g 1 P e B0 PR B IUAE , IR
J& TR AT O 7, XM EDE
W B DA RNESL , OS5 Tk 2 7 HoA Rl RE
(19 /I8 B L 9 75, J ofe 2 R Rtk 8 . %
IR Cex vivo ) FEPUIAYT I SRAR AR L KR 30 7
ST B 2 A P AT L o P s o A ) R B
T 2 0 S 1 O A A 1 RCR, T 3 A
LR 0 B I SR 2Tl a2k 70 A
LT A LA Pk I B, #E FH A B /D (RS
Sy BB A . A e i dh 2= /0 5 AR & i e
VFARAE (4N Mus dunni 400 L1537 938, 78 55 7710
SERIPOGR R R, f F S /R AR I RCR, 406
PG4S'/L™ i i ic W) ¥K K% 5 RT-PCR 2 H 1Y 2 Fif
Jr ke,

JUE H RS R R AR A TR A P R G R
it AT R T A B2 A5 5E (replication competent
lentivirus, RCL ) F2H 7= Y T RENE , (A ASRE 58 22 4E
W75 e (4 AU , DRLEE R HEAT RCL ARG 27 24 iy
RCL ARG A v T ik 2 35 200 i g A6 00 s, o0
RCL B Rk I Foi/r 40 M 5 204 74 22 i A i 1 5% 1
T 1 R PIMEAC, 523 RCL (9 14 ), % 2 PCR
o G B8 T A 4K B ) Gag/Pol 47 53 M A% iR ol 2K
Fio BRT Gag/Pol, RCL & FINBIRMALE 1, inge
WL R G (VSV-G ). M, 7E VSV-G
VA B AL B S T, Bl A VSV-G Husig
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AT AL/ BRI VSV-G [ DNA 5% RNA 95 F4:49)
A7 BRI RCL YA 1. 59 40, T LISR IR
AN 2R B LIRGE AR Y1 RCL 5, 47 &3
e SRR S 1 v ) e L S ) v
956 JA B KA A fE R LS R . T LM
ZR AR I B IR A ™ &, 7 75 2R B TR P A T 265
NS, BT DA 36 F 22 /8 PCR 43 BT 7 32 S e sk
SE RCL ETT7EE

1.5.3  HPAERUGEE VRN R A R R B8 B
A L3 28 1 b A i A0 v A K T X 1 A i
TR AT BB K AR A BOMK SR R B AR SRR R B R
AR A A B TS G, EERT AR dE R AR R
PEo PRI, 7 X 37 988 9 5 7 it A T 2 5 A 7 M A 7
WG LAV IR IR A5 o I, A2 i PCR HAR
35 G i i A R B B . AR TTT, PCR T 2% B R
TR R AE 10°~10° 495 75 0K FP S 1 A A 70 i
PR TN Y I PR E L 107
o5 75 UL 4 Y B P, PCR 5 15 114 5% 0 38 4 HG i A B
AR G b s o) S A O 2 KO, 7R R SR A
% ( nonpermissive cell line ) HR e AR M B
UL AT L S B e ) SRR T R A R R
Jpa BE B 1 Fhal 2 AP R EAN M AYE RV I AR
KA 7= A PR R, o TR S R U, R R
i 0 FACHER T 0 i, 77 20K B ik 17 2 1k
AR DL B K FR I ] . n] LR I E & PCR %5607
I 5 AE AR SR AN M R YT S G R A A K
Vo By TEEFR Y 2 FhIE 5 AR 4E 40 Ml & WI-38 F
MRC-5 F 11 A 5 52 Tl 7R 98 Jt 9 25 7 ity w4 ) B
He R R R Fe R A 2R

1.6 HAbw RS H

1.6.1 HAFALKIIEH  AESNI pH i AT
DLW ANEVERCRL BB R iR & RS
BUATRR C e N RS 2 8 ) AR A RLAE . A 3%
DR TT 7= il R T 27 R e v R R R AR, 5 )
PR A g B R A AT LS NSRBI DL
LI X 72 5 R BC  BORFSE , IR R A Y
Az ST AR AR (AR ORI A 3 T AR
AR S AT AR SE A ARSI , A0S Hp ks A8 K A3 A -1
Zeta BN SEHI R BN 55

1.6.2 FHZEERNIE X TR AN
ARG, A5 TR A AT A0 B PN R A A/ AR
A FIL SRR A A SRR A, ek, SERRYY

25 R A TRR € Aie A LA 24 81 ) i JE B
AR A YA ) 240 TR RN L TR, S A A A A FT 8 Y 52
JEARTE G . Sy TR 7 AR e R A DR
AL R 200 5 o 25 ] R e LA A e 7 X 1 PR
SEAE LN ] REE AR e i R T R AR R TS L, DRl X
AMIE R A At A
2 [EEFEE

Bl 5 AT AR 45 Flop B 3 DA 7 7= i I 2 2yt BE
{34 CAR-T A BB M0 A ™ 5t . RNA T-9024
Y1 AR TR R ISR AER TR R R E AR
FHBL BT A 28 AR s 700 8 A 245400, 36 V) 75 B 5T A
N R 7 B A T R B s il T3 ah R
EL AL LT s A PRAFF 5T A 3 BRI 7= i T e 57
B SR A RS 7, R AR B SEAR BB A g s il 7 i
{2 A A RS AR IE 7= B i, H R T3 RR YT
PS5 A 2 A HE A R A 2k e A T
ST S BMERE K, AT S SOk, H AR AE
— SR AL TR A OCH AR 1 & Jre LA SO A
TRIT A A TSR B MU GR A, 25 7t
Moesg, B2 . O H g sz i s 3L G
7 P A RS Ay el e O ik TR
W5 RE A% 1A o TR A 7 vk . QLU RE A BRI
SEPRIVR YT ™ b B G P 0 o >R P BRE 1 | TCID,
A LRI A5 T B AT T HE , BRI R 5
HEB K, @ZAKMTH = 5 — S B hriEdh,
T R e R 2 K, AN (] S 56 =5 R A I 2 R ) AT ek
255 @ H AT g i34 R I 7 vk vl 8 A 1 e P A
25 TG 25 0 5 2 e NSRSl 2 T B A
ANTR)SE5G 2 AT UG UE . XT3 IA YT 7= i
TEAE PR RIB AT R Fh P2 A A P2 A DG 2R 5, Ui SCRT
RS P HE R R AR IARSE, B RS = RS o3
MrFBe o @FB3 7= it A2 il 7 kB A 7 2 A6 0 1) R
ARG L EoR . DX F B L@ —LE 72
(4) S EEBR I , 78 S F B R VS B A B AP TEAN
L e S e 2 T T

R BEE S RTT P S ST R AT
AR S A TR A2 1) 7 i it E A AR50 A
T A Y BT R R D R R E R
FENZE, T B A BN RN WA MLAG S [R) 8% g, Al s
PR B AR e R KT 7 AH A2 B o 4 7
RS R DA (R 30 6 7 i 22 4 A 2880 o o
AR BE N R g 5

Wi Had

S

(T




.10 -

LTI/ i

S E 30k

(1]

[2]

(7]

[8]

[10]

[11]

[12]

[14]

[15]

NALDINI L. Gene therapy returns to centre stage[ J |. Nature,
2015, 526 (7573 ): 351

COLLINS M, THRASHER A. Gene therapy: progress and
predictions [ J]. Proc Biol Sci, 2015, 282 ( 1821 ): 20143003
KUMAR SR, MARKUSIC DM, BISWAS M, et al. Clinical
development of gene therapy: results and lessons from recent
successes [ ] ]. Mol Ther Methods Clin Dev, 2016, 3: 16034
LUKASHEV AN, ZAMYATNIN AA Jr. Viral vectors for gene
therapy: current state and clinical perspectives [ ] ]. Biochemistry
(Mosc ), 2016, 81(7): 700

HOY SM. Onasemnogene abeparvovec: first global approval [ J .
Drugs, 2019, 79 (4):1255

ZEIREL, S B A NIRRT i ot A 7 RS 1)
AR ARZOR (1] P EBZ 2, 2018, 27 (21 ): 2482

LI YH, BI H, SHI XC, et al. General technical requirements for
production and quality control of human gene therapy products [ J J.
Chin J New Drug, 2018, 27 (21 ): 2482

FAE YR VETEIT R B [ M55 3 A b
Rl ikt 2018: 876

WANG JZ. Research, Development and Quality Control of
Biopharmaceuticals [ M . 3rd Ed. Beijing: Science Press, 2018:
876

MITTEREDER N, MARCH KL, TRAPNELL BC. Evaluation of the
concentration and bioactivity of adenovirus vectors for gene therapy
[J 1. J Virol, 1996, 70 (11 ): 7498

WHITFIELD RJ, BATTOM SE, BARUT M, et al. Rapid high-
performance liquid chromatographic analysis of adenovirus type
5 particles with a prototype anion—exchange analytical monolith
column[ J ]. J Chromatogr A, 2009, 1216 (13 ): 2725

GRIMM D, KERN A, PAWLITA M, et al. Titration of AAV-2
particles via a novel capsid ELISA : packaging of genomes can limit
production of recombinant AAV-2 [J]. Gene Ther, 1999,6(7):
1322

LOGAN AC, NIGHTINGALE SJ, HAAS DL, et al. Factors
influencing the titer and infectivity of lentiviral vectors[ J ]. Hum
Gene Ther, 2004, 15(10): 976

ROSSI CA, KEARNEY BJ, OLSCHNER SP, et al. Evaluation of
ViroCyt” Virus Counter for rapid filovirus quantitation[ J ]. Viruses,
2015,7(3): 857

KRAMBERGER P, CIRINGER M, STRANCAR A, et al. Evaluation
of nanoparticle tracking analysis for total virus particle determination
[J]. Virol J,2012,9: 265

WEATHERALL E, WILLMOTT GR. Applications of tunable
resistive pulse sensing [ J |. Analyst, 2015, 140( 10 ): 3318
BOUSSE T, SHORE DA, GOLDSMITH CS, et al. Quantitation of
influenza virus using field flow fractionation and multi-angle light
scattering for quantifying influenza A particles[ J ]. J Virol Methods,
2013, 193(2):589

AL Ha i

[16]

[17]

[18]

[23]

[26]

[27]

[30]

& Chin J Pharm Anal 2020,40(1) ‘ JPA

MA L, BLUYSSEN HA, DE RAEYMAEKER M, et al. Rapid
determination of adenoviral vector titers by quantitative real-time
PCR[J ]. J Virol Methods, 2001, 93 (1-2): 181

WERLING NJ, SATKUNANATHAN S, THORPE R, et al.
Systematic comparison and validation of quantitative real-time PCR
methods for the quantitation of adeno—associated viral products [ J ].
Hum Gene Ther Methods, 2015, 26 ( 3 ): 82

GRIEGER JC, CHOI VW, SAMULSKI RJ. Production and
characterization of adeno—associated viral vectors[ J ]. Nat Protoc,
2006, 1(3): 1412

SANMIGUEL J, GAO G, VANDENBERGHE LH. Quantitative and
digital droplet-based AAV genome titration [ J |. Methods Mol Biol,
2019, 1950: 51

LABARRE DD, LOWY RJ. Improvements in methods for calculating
virus titer estimates from TCID50 and plaque assays [ J ]. J Virol
Methods, 2001, 96 (2 ): 107

MURAKAMI P, HAVENGA M, FAWAZ F, et al. Common structure
of rare replication—deficient El-positive particles in adenoviral
vector batches[ J ]. J Virol, 2004, 78 (12 ): 6200

WANG F, PUDDY AC, MATHIS BC, et al. Using QPCR to assign
infectious potencies to adenovirus based vaccines and vectors for
gene therapy : toward a universal method for the facile quantitation of
virus and vector potency [T 1. Vaccine, 2005, 23 ( 36 ): 4500

AZIZI A, TANG M, GISONNI-LEX L, et al. Evaluation of infectious
titer in a candidate HSV type 2 vaccine by a quantitative molecular
approach [ ] ]. BMC Microbiol , 2013, 13: 284

ZEN 7, ESPINOZA Y, BLEU T, et al. Infectious titer assay for
adeno—associated virus vectors with sensitivity sufficient to detect
single infectious events [ J ]. Hum Gene Ther, 2004, 15(7): 709
SALVETTI A, OREVE S, CHADEUF G, et al. Factors influencing
recombinant adeno-associated virus production|[ J ]. Hum Gene
Ther, 1998,9(5): 695

BARDE I, SALMON P, TRONO D. Production and titration of
lentiviral vectors [ J |. Curr Protoc Neurosci, 2010, 53 (1): 4. 21. 1
AT, EIREN, DU, A TR G RE R A 24 0 R 1 BE
SEREE [ ] P BB 25 SR AL, 2010, 29(10): 728

DIAO Y, WANG QZ LU YH, et al. Biological assay of recombinant
adeno—associated virus gene medicine [J 1. Chin J New Drugs Clin
Rem, 2010, 29( 10 ): 728

PALMER DJ, NG P. Physical and infectious titers of helper—
dependent adenoviral vectors: a method of direct comparison to the
adenovirus reference material [ J ]. Mol Ther, 2004, 10( 4 ): 792
D’COSTA S, BLOUIN V, BROUCQUE F, et al. Practical utilization
of recombinant AAV vector reference standards: focus on vector
genomes titration by free ITR qPCR[ J |. Mol Ther Methods Clin
Dev, 2016, 5: 16019

BLOTTA I, PRESTINACI F, MIRANTE S, et al. Quantitative assay
of total dsDNA with PicoGreen reagent and real-time fluorescent

detection[ J . Ann Ist Super Sanita, 2005, 41(1): 119




(J‘PA oS RE

[31]

[32]

[33]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[45]

Chin J Pharm Anal 2020,40(1)

<11 -

ZHOU Y, MAO S, LI Y, et al. Improved fluorometric DNA
determination based on the interaction of the DNA/polycation
complex with Hoechst 33258 [J]. Microchim Acta, 2004,
144(1-3): 191

MOTAE, SOUSA A, CERNIGOJ U, et al. Rapid quantification of
supercoiled plasmid deoxyribonucleic acid using a monolithic ion
exchanger[.l 1] Chromatogr A, 2013, 1291: 114

FAWAZ FS, ELSHEIKH MA, OGAWA Y, et al. A potency assay
for a replication incompetent adenovirus type 5 carrying a human
fgf—4 gene[ J ]. Anal Biochem, 2005, 342 ( 1): 34

ROMAN AJ, BOYE SL, ALEMAN TS, et al. Electroretinographic
analyses of Rpe65—mutant rd12 mice: developing an in vivo bioassay
for human gene therapy trials of Leber congenital amaurosis [ J J.
Mol Vis, 2007, 13: 1701

WAERNER T, GIRSCH T, VARGA S, et al. A receptor—
binding—based bioassay to determine the potency of a plasmid
biopharmaceutical encoding VEGF-C[ J |. Anal Bioanal Chem,
2007, 389 (7-8 ): 2109

HUANG L, CHIN E, CHIANG YL. Development of potency assays
for a plasmid containing vascular endothelial growth factor 2[ J .
Electron J Biotechnol, 2010, 13( 1 ): 1

YAMAGUCHI T, UCHIDA E. Oncolytic virus: regulatory aspects
from quality control to clinical studies[ J ]. Curr Cancer Drug
Targets, 2018, 18 (2 ): 202

WANG X, MORGAN DM, WANG G, et al. Residual DNA analysis
in biologics development: review of measurement and quantitation
technologies and future directions[ J ]. Biotechnol Bioeng, 2012,
109(2): 307

WRIGHT JF. Manufacturing and characterizing AAV-based vectors
for use in clinical studies[ J ]. Gene Ther, 2008, 15( 11 ): 840
THORNE BA, QUIGLEY P, NICHOLS G, et al. Characterizing
clearance of helper adenovirus by a clinical rAAV1 manufacturing
process (1. Biologicals, 2008, 36 (1):7

YE GJ, SCOTTI MM, LIU J, et al. Clearance and characterization of
residual HSV DNA in recombinant adeno—associated virus produced
by an HSV complementation system [ J ]. Gene Ther, 2011, 18(2):
135

ALLAY JA, SLEEP S, LONG S, et al. Good manufacturing practice
production of self-complementary serotype 8 adeno—associated viral
vector for a hemophilia B clinical trial [ J]. Hum Gene Ther, 2011,
22(5):595

WRIGHT JF. Product-related impurities in clinical-grade
recombinant AAV vectors: characterization and risk assessment [ J |.
Biomedicines, 2014, 2(1): 80

SCHNODT M, BUNING H. Improving the quality of adeno—
associated viral vector preparations : the challenge of product-related
impurities [ J]. Hum Gene Ther Methods, 2017, 28 (3 ): 101
RODRIGUES GA,SHALAEV E, KARAMI TK, et al.

Pharmaceutical development of AAV-based gene therapy products

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

for the eye [ J |. Pharm Res, 2018,36(29 ): 1

ALLAY JA, SLEEP S, LONG 8, et al. Good manufacturing practice
production of self-complementary serotype 8 adeno—associated viral
vector for a hemophilia B clinical trial [ T]. Hum Gene Ther, 2011,
22(5):595

TAKAHASHI E, COHEN SL, TSAI PK, et al. Quantitation of
adenovirus type 5 empty capsids[ J . Anal Biochem, 2006, 349
(2):208

BURNHAM B, NASS S, KONG E, et al. Analytical ultracentrifugation
as an approach to characterize recombinant adeno-associated viral
vectors [ J |. Hum Gene Ther Methods, 2015, 26 (6 ): 228

YANG X, AGARWALA S, RAVINDRAN S, et al. Determination
of particle heterogeneity and stability of recombinant adenovirus by
analytical ultracentrifugation in CsCl gradients[ J ]. J Pharm Sci,
2008,97(2): 746

PIERSON EE, KEIFER DZ, ASOKAN A, et al. Resolving adeno—
associated viral particle diversity with charge detection mass
spectrometry[ J 1. Anal Chem, 2016, 88( 13 ): 6718

KONZ JO, LEE AL, LEWIS JA, et al. Development of a purification
process for adenovirus: controlling virus aggregation to improve the
clearance of host cell DNA [ J ]. Biotechnol Prog, 2005,21(2): 466
WRIGHT JF, LE T, PRADO J, et al. ldentification of factors that
contribute to recombinant AAV2 particle aggregation and methods
to prevent its occurrence during vector purification and formulation
[J]. Mol Ther, 2005, 12(1): 171

KAHLER AM, CROMEANS TL, METCALFE MG, et al.
Aggregation of adenovirus 2 in source water and impacts on
disinfection by chlorine[ J ]. Food Environ Virol, 2016, 8 (2 ): 148
MCEVOY M, RAZINKOV V, WEI Z, et al. Improved particle
counting and size distribution determination of aggregated virus
populations by asymmetric flow field-flow fractionation and
multiangle light scattering techniques| J |. Biotechnol Prog, 2011,
27(2): 547

SHIH SJ, YAGAMI M, TSENG W], et al. Validation of a
quantitative method for detection of adenovirus aggregation[ J |.
Bioprocess J, 2011,9(2): 25

KRAMBERGER P, CIRINGER M, STRANCAR A, et al. Evaluation
of nanoparticle tracking analysis for total virus particle determination
[J]. Virol J, 2012, 265: 1

SMITH CR, DEPRINCE RB, DACKOR J, et al. Separation of
topological forms of plasmid DNA by anion-exchange HPLC: shifts
in elution order of linear DNA[ J ]. J Chromatogr B Analyt Technol
Biomed Life Sci, 2007, 854 ( 1-2): 121

SCHMIDT T, FRIEHS K, SCHLEEF M, et al. Quantitative analysis
of plasmid forms by agarose and capillary gel electrophoresis [ J ].
Anal Biochem, 1999, 274 (2 ): 235

CHUAH MK, COLLEN D, VANDENDRIESSCHE T. Biosafety of
adenoviral vectors [ J ]. Curr Gene Ther, 2003, 3(6): 527
SCHALK JA, DE VRIES CG, ORZECHOWSKI TI, et al. A

Wi Had




.12.

[61]

[62]

[65]

LTI/ i

rapid and sensitive assay for detection of replication—competent
adenoviruses by a combination of microcarrier cell culture and
quantitative PCR [ J 1. J Virol Methods, 2007, 145(2 ): 89
FALLAUX FJ, BOUT A, van der VELDE 1, et al. New helper cells
and matched early region 1-deleted adenovirus vectors prevent
generation of replication—competent adenoviruses| J ]. Hum Gene
Ther, 1998, 9(13): 1909

MARZIO G, KERKVLIET E, BOGAARDS JA, et al. A replication—
competent adenovirus assay for E1-deleted Ad35 vectors produced
in PER. C6 cells[ ] ]. Vaccine, 2007, 25(12): 2228

ZHANG WW, KOCH PE, ROTH JA. Detection of wild-type
contamination in a recombinant adenoviral preparation by PCR[ J 1.
Biotechniques, 1995, 18(3): 444

PUNTEL M, CURTIN JF, ZIRGER JM, et al. Quantification of
high—capacity helper—dependent adenoviral vector genomes in vitro
and in vivo, using quantitative TagMan real—time polymerase chain
reaction[ ] . Hum Gene Ther, 2006, 17 (5 ): 531

SCHALK JA, de VRIES CG, ORZECHOWSKI TJ, et al. A rapid and
sensitive assay for detection of replication—competent adenoviruses
by a combination of microcarrier cell culture and quantitative PCR
[J 1. J Virol Methods, 2007, 145 (2 ): 89

LI F, FENG L, LIU Y, et al. An integrated cell culture and
quantitative polymerase chain reaction technique for determining
titers of functional and infectious adenoviruses[ J ]. Anal Biochem,
2009, 391(2): 157

CHONG H, STARKEY W, VILE RG. A replication—competent
retrovirus arising from a split—function packaging cell line was
generated by recombination events between the vector, one of the
packaging constructs, and endogenous retroviral sequences[ J 1. J
Virol, 1998, 72 (4 ): 2663

DONAHUE RE, KESSLER SW, BODINE D, et al. Helper virus
induced T cell lymphoma in nonhuman primates after retroviral
mediated gene transfer[ J |. J Exp Med, 1992, 176 (4 ): 1125
LONG Z, LI LP, GROOMS T, et al. Biosafety monitoring of patients

receiving intracerebral injections of murine retroviral vector producer

AL Ha i

[70]

[72]

[73]

[74]

[75]

& Chin J Pharm Anal 2020,40(1) ‘ JPA

cells[ J ]. Hum Gene Ther, 1998, 9(8): 1165
MARTINEAU D, KLUMP WM, MCCORMACK JE, et al. Evaluation
of PCR and ELISA assays for screening clinical trial subjects for
replication—competent retrovirus [J]. Hum Gene Ther, 1997, 8
(10): 1231
HASHIMOTO-GOTOH A, YOSHIKAWA R, MIYAZAWA T.
Comparison between S+L-assay and LacZ marker rescue assay
for detecting replication—competent gammaretroviruses|[ J .
Biologicals, 2015, 43 (5 ): 363
ROTHE M, MODLICH U, SCHAMBACH A. Biosafety challenges
for use of lentiviral vectors in gene therapy[ J ]. Curr Gene Ther,
2013,13(6): 453
CORNETTA K, YAO J, JASTI A, et al. Replication—competent
lentivirus analysis of clinical grade vector products[ J |. Mol Ther,
2011,19(3): 557
SKRDLANT LM, ARMSTRONG RJ, KEIDAISCH BM, et al.
Detection of replication competent lentivirus using a qPCR assay for
VSV=G[J . Mol Ther Methods Clin Dev, 2018, 8: 1
SASTRY L, XU Y, DUFFY L, et al. Product—enhanced reverse
transcriptase assay for replication—competent retrovirus and
lentivirus detection[ J ]. Hum Gene Ther, 2005, 16(10) :
1227
MARCUCCI KT, JADLOWSKY JK, HWANG WT, et al. Retroviral
and lentiviral safety analysis of gene-modified T cell products and
infused HIV and oncology patients [T 1. Mol Ther, 2018,26(1):
269
WORKING PK, LIN A, BORELLINI F. Meeting product
development challenges in manufacturing clinical grade oncolytic
adenoviruses [ ] ]. Oncogene, 2005, 24 (52 ): 7792
SHIH SJ, MIYASHITA-LIN E, TSENG W], et al. Use of a
bioamplification assay to detect nonselective recombinants and
assess the genetic stability of oncolytic adenoviruses[ J ]. Hum Gene
Ther, 2010, 21 (12 ): 1707

(AR3CF 201948 11 A 12 Hifi#])




