SO/ IR Y - S BEH ZieRSHtTERENSENRRiEE QK
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Jul. 25, 2021, 37(7): 2283-2292

DOI: 10.13345/j.cjb.200507 ©2021 Chin J Biotech, All rights reserved

REH M, KT BEMS FHTS 4O, xR’

177V R2 {2 T2Be, 708 BT 530000
2 hERERE SRR TR A TRE R E A SRS, JbX 100190
3 dbatk B#ERHAE R A BRAF, et 100176

MREBE, TRAAF, MAETE, 5. 129 B A s Ay Bk T . AR T RRAE4, 2021, 37(7): 2283-2292.
Chen SQ, Zhang SP, Yang YL, et al. Advances in quantification of lentiviral vectors. Chin J Biotech, 2021, 37(7): 2283-2292.

W OE: RBESTEEAERERA AT R T ST RGO A R EAZ AR 85T F k. BR AR (Lentiviral
vectors, LVs) B A48 2 s 40T K 6940k DNA, 51 LA 23t F oA miofedE A i, CERESET T
2IEEXBA ., R AEAEFBREARGOREER, FEARAET pBAT KR 15 ARIERL S0
B Foge bt 3 IR SR A AR 09 A R S AR e AR 0 RAER T L — . LF &4 T LVs R 2N IA 7 ik,
a3E AKX @K (Fluorescence activated cell sorter, FACS). P24 B&Bx %, 7% 7% (P24 enzyme-linked immunosorbent assay,
P24 ELISA). %8 %K &% & PCR 7% (Real-time fluorescence quantitative polymerase chain reaction, RT-gPCR). #Axk
*5F 3R IF5H1 (Nanoparticle tracking analysis, NTA). =T, FL X bk 452 (Tunable resistive pulse sensing, TRPS) #=
R #AL (Virus counter, VC), Frat b 53T rbE, STEBRHIT AN F ik fo 2 PIRIATT B2,
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Abstract: Immunotherapy is becoming an effective and less invasive strategy that can be applied to the treatment of various
malignancies. Lentiviral vectors (LVs) have shown great potential in immunotherapy as they can stably integrate relatively
large foreign DNA, and effectively transduce dividing and non-dividing cells. Clinical application needs high quality LVs, and
therefore strict quality control of the final products is necessary to ensure their purity, efficacy and safety. The quantitative
detection of LVs is among the key parts of product development and quality control. In this paper, the existing methods for
quantitative detection of LVs are summarized, including fluorescence activated cell sorter (FACS), P24 enzyme-linked
immuno sorbent assay (P24 ELISA), real-time fluorescence quantitative polymerase chain reaction (RT-gPCR), nanoparticle
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tracking analysis (NTA), tunable resistive pulse sensing(TRPS) and virus counter(\VVC).Their advantages and disadvantages are

listed, and future development and challenges are discussed.
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Table 1 Comparison of quantification techniques for LVs

Methods Principle Benefits Drawbacks References
FACS Transducing cells by Reflects the infection Expensive, time-consuming, and [6,12-13]
infectious virus are detected activity of the virus limited to LVs that express reporter
by transgene expression genes
P24 ELISA The concentration of P24 Easy to operate Cannot differentiate infectious virus [13-15]
capsid protein from non-infectious virus and free
capsid proteins
RT-gPCR  The copies of viral RNA or  High specificity and Accuracy is dependent on the quality [16-18]
provirus’ DNA in infected  sensitivity of DNA standards
cells
NTA Particle number and size Easy and rapid detection Low specificity and the accuracy are [13,19]
distribution easily affected by sample purity and
test parameters
TRPS Particle number, size Multi-parameters, real-time Low specificity and the accuracy are [20]
distribution, zeta potential  monitoring, and rapid easily affected by sample purity
detection
VC Particle number Fast analysis speed, simple A certain size of virus [21]

sample preparation, no

(425 nm) and a certain length of viral

fluorescent antibody needed, genome (49 000 nt/bp) are necessary

lower cost

2 ANt RN

2.1 RAMAA (Fluorescence activated cell
sorter, FACS) MIEfRmERLHE
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Fig. 1 Quantitative detection of lentiviral titer by ddPCR. (A) ddPCR analysis of genomic DNA of Lenti-GFP infected
293 T cells; (B) Comparison of FACS, qPCR, ddPCR detection of Lenti-GFP titer®".
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3.1 P24ELISA

K F ELISA J5 Bl LVs &K 57 26 11 P24 ik
JEE AP R XA i 5 SE R Y LVs B ) —F
R 5 o SRR IO ELISA 300 Bt i,
RKE 4T P24 H v BT T I LA, K Rl
FEdh B TH AR S, FEST P24 BRSSPk
S AT P24 Bbi-U)R E AW, INABER P24 5
PRI , BEARPLAR S Bid-hU R 2 G i P24
LRSS A, BN P24 BT-HU - bR b A e 0 45
F, ) SR N B, b O S RS
SE OD fH. #¥EfTT, &4 LVs &4 2000 4~ P24
4%F, 1ng i P24 04T 1.25x107 4> LvsB,

1T P24 J5 BRI 45 A A 5 T X EE T AR
B LVs MO RE , BRI 32 IR RE e A 1 I 0
BEROTHE . BEAL, BRI TR . JE Lvs |k
() P24 BRI, IXEORRE [TAE bR I IR L UL IS BE ik
BT R, Sk AT RS R R P24
AR5 T RE T B = fR) 1R £ A R 14 A 5%
PEDOL. P24 S B 5 — A R A PR G R S R
(13-200 pg/mL), FEALFEIET 2R BB, K
M FEPAERA . BR P24 i TR BE S M B R T
M, AEEA —EMNSHE S RS GE ,
FACS 751 5 9 JER e R T B 5 P24 5 BE T3 1 LVs
WK B4 LU AR SE B 7E 1/100-1/1 00024, Geraerts
a2y 1 7 RT-qPCR #ll RNA i i . FACS 7
1 P24 ELISA VL 3Ry iy as R, 3 Ry i mydh
J3E i R 45 SR B A R A B R Y, R B
0.99. 0.93 fI 0.94. LAk, FACS #hghi 5 HAh
WARN 7 75 09 FUAE AN e AR B AN ] LVs 2k i3
kxS, B —EMXEH, {1 RT-gPCR F1
P24-ELISA 3 2 [a] F 45 I e A —— X g {4 2%
222 TR P24 X LV I BEAG I B0
— 26 ELISA i #l & (QuickTiter™ Lentivirus Titer
ELISAKit, Cell Biolabs) il A% FFI# Lvs M
ieeg P24 haregiick (B 2), EallE RS LvVs
H 1 P24 KRR

% : 010-64807509

t

Lentiviral \ -
packaging

plasmids  _ A
\

Cotransfection into

| -

239T cells
-~ - -
Lentiviral / LL \ =
supernatant 0 §
/
_ -\\ - 4 QuickTiter
lentivirus titer
p24 ELISA ELISA kit

Virus pulldown

Y

PP N
Total p24 (Free p24 and / \
virus associated p24) (] (]
\ (4
275 | =
.+ Lentivirus
" Lentiviral packaging * p24 ELISA

plasmids
Virus associated p24

Free p24
- VSVG

Virus associated
p24

2 QuickTiter™ Lentivirus Titer ELISA Kit 5%
ZiRFE B R EEE (https://www.cellbiolabs.com/
lentivirus-associated-P24-elisa-kit)

Fig. 2 Comparison chart of QuickTiter Lentivirus Titer
ELISA Kit and traditional Kit.
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Fig. 3 NTA analysis of lentivirus particles™**],
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Fig. 4 TRPS device and schematic diagram®J. (A)
TRIPS installation diagram. (B) TRPS schematic. (C)
TRIPS monitoring map.
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P A ORL AN 55 25 56 L AR BT 4 206 1 I B A
2) il gk B v AN SR R an Ak ok B b i PR B
J1 . VAR RO TR P AR e E L e
Ah—A™ 1 AT IE HE (1% ) R A B A 1 At g
KAWL AMNBAXT LVs Tk 50 3. Ahn ik
SRR TR R LA V5 e, A SR R B
SRR R, HEA S LVs MR RS2
A X LB ] RE R FEOAN ] LVs 7= Skl
SR TR Z —,

PRARNY LV Jo0 o 45 il 7 vk % HAT HERR 1
TR RERWEI R, JFRERR AT T gk
1 R 8 . 95 FACS. RT-gPCR M P24 ELISA
BN, (BARZHRARAEI, Xk
A — Sk 2, RS % LVs B S K4
- a AL = & N A el i LS S R €2
fE2 S HRR A — N 2 2 E T
FT A L B RRUE Jr ks, X — 18 s 25 2k AR A
JEE I K 22 3 2o [ s SR R LR O i B xf t L ok
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BETR A A MR PR, RS HRGTE LVs h R 4
AZ, {H NTA 5 TRPS 45 J5 e 75 20 9
FE 2Bk B ™z o 3% 28 JURL 43 B 50 R g i Xt
LVs 7E5E it B[R IS0 B 28 19 RS L W far, St
RS, MR ZWREFL, HE
ARG R o I, A E 200 HEOR
CL 28 HAE 19 2 09I o 91 2 RO HERH € 3% i 3%
4 (Field-flow fraction, FFF), 524 Rl
& (Multi-angle laser light scattering, MALLS) %
ISR 5 T LASE IR A 6] R Bk i 43 55, 3F
(] EF A T ORI o S o1 . ROl , 2
22 I3 FH T B B B 22l 2 R B0 F R BT,
AL AT AR R s TR . [RIRE, e X0 K ks
HIBFsE R, B4 HLIK (Capillary electrophoresis,
CE) 2T E iR A, Mironov 250
AT R #E s i CE (Viral quantitative capillary
electrophoresis, VQCE) k& &K1 Hik . VqCE
55 gPCR 2681, R VQCE MY HJIERERS X 5358
L) B 4L 43 A 5 19 DNA, B X s R
BRI RTINS A, AT DU AF X 43 LV 7= i
ARIRLF, PRAEETEA . ERR RS R
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