REN FMEEEREXFSEREEERN PCR FF X 235
2 0 T OBO% i
Chinese Journal of Biotechnology February 25, 2013, 29(2): 235-242
http://journals.im.ac.cn/cjbcn ©2013 Chin J Biotech, All rights reserved

MRS THE

il 7€ B2 2H AR OME o2 o 2 5 R AHL TR E B qPCR 357 5 ¥

EK KWW K&

| P ERMEBE N A R TR AR M T2 ST BoR T A S %, T I 215163
2 MR Rl B, VLA A 215006

SEM, TR, AR I T A AE DG B AL DR AL B 1Y qPCR BTk, B T REAA4R, 2013, 29(2): 235-242.
Meng QL, Zhang BB, Zhang C. Novel qPCR strategy for quantification of recombinant adeno-associated virus serotype 2
vector genome-titer. Chin J Biotech, 2013, 29(2): 235-242.

i E: RAXAF (Adeno-associated virus, AAV) AEXREST AT EARKS KA, 2L AHFHEY
MAABRESN, TR ERERAE Qo7 ki AR, XEMYh T TARM XA E (TAAV) BhEIE RATF=
R E# A . R R3#%EEAFF (Inverted terminal repeats, ITR) 52 & 0 A A & 5% & HAR F 2T R A 897 X,
VBB T, AERT ITR2 VAR ITR2-CMV X349 qPCR A& ik s vA b ik . EAHITE) rAAV2 ¢ R B 403 5, &
Tz kTS ZER, Bt ifsh AAV EE AR 6 4R T2 & L.

xR RAAXRE, ARBT, RAORBKELFI, RIEELZF PCR

Novel qPCR strategy for quantification of recombinant
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Abstract: Adeno-associated virus (AAV) has many advantages for gene therapy over other vector systems. However,
after the production of recombinant AAV (Raav) vectors, the biological titration of rAAV stocks is still cumbersome.
Different investigators used laboratory-specific methods or internal reference standards that may limit preclinical and

clinical applications. The inverted terminal repeats (ITR) sequences are the only cis-regulated viral elements required for
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rAAV packaging and remain within viral vector genomes. ITR is the excellent target sequences for qPCR quantification of

rAAV titer. In this study, we developed a novel qPCR strategy to quantify rAAVs’ vector genome titer via targeting the
ITR2 or ITR2-CMV element. In conclusion, the method is fast and accurate for the titration of rAAV2-derived vector

genomes. It will promote the standardization of rAAYV titration in the future.

Keywords: adeno-associated virus, gene therapy, inverted terminal repeats, real-time PCR

BRAHCHIEE (AAV) S HRTRSZ 06 T
ANEEPNET MBIz —, ot XU, EHMRAME
KIFFE (rAAV) BARME RSN T H B 2755k
K ferkpomt . MR irpoR ™Y
UK T A e g PO A s e, H
A ARF AR AT, R, rAAV ik
ELE T BT T AN 2D BELAS: L 9] 2 o
. KUERARIEAL TARMS . rAAV IR &
AARE W IEMNZ, A FE B B
rAAV T2 bR Te 0 — b #
TR, FRATTHE i 3 A 5 A rAAV
FERIZHI%E (Vector genome titer) ) gPCR 771k,

R

1.1 [&HI
] pTR-UF11®) (MBA-331; ATCC) ¥EH

FrUERRL, H ITR JFHI2k A AAV2 FEF A ;
pTR-UF11 Il pDG!'"3t4% e AAV-293 4iififs, Al il
#3353k GFP 1 rAAV kM

1.2 S|¥pFnsREt
P18 AAV2 3-ITR JFHI519 (qITR2-F:

5-CGGCCTCAGTGAGCGA-3', qITR2-R: 5'-AG
GAACCCCTAGTGATG-3',PCR F*#JK/)N 63 bp),
&%t (ITR2 probe: 5'-FAM-CACTCCCTCTCTGC
GCGC-BHQI1-3") (W& 1A fiR). §34 5-ITR K&
HMIE CMV 3 8 F X851 (qITR2-CMV-Lp:
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5'-GAGTGGCCAACTCCATCACT-3',qITR2-CM V-
Rp: 5'-TTGGCGTTACTATGGGAACAT-3’, PCR
FEHIR /N 207 bp), %R (ITR2-CMV probe :
5'-FAM-CCATATATGGAGTTCCGCGT-BHQ1-3")
(W 1B FroR). SIAERE i B T AR T
FEA FRA A5
1.3 EM% PCR H#f

TE Mastercycler £ PCR A H# 1T, ZKEF
Tag MRS (% Buffer, dNTPs): 20 pL (AR &
5~10 ng ##z (pTR-UF11),200 nmol/L 5|4 ,PCR
[N 44 : 95 CHH# 30's, 50 'C~65 Cilk 30,
72 CHEMH 30's, 35 PIAEIR,
1.4 E=2 PCR O

fE ABI 7500 Z)G7E ft PCR X AT, f#H
KHR RealMaster Mix (probe, BRYT Green) {5l
& : 25 uL R A&, 1 uL £4i, 200 nmol/L qITR2-F,
100 nmol/L qITR2-R, 100 nmol/L ITR2 probe. 2
I %1 94 CAEME 205, 60 CiR AL 40, 40
ARG
1.5 rAAV2 EgEX e Z IR A2l (ELISA)

ffi H AAV2 Titration ELISA (ARP No:
PRATV, American Research Products Inc.) i
&, ARESECERRE] 107~10°, R RS B
Wi BB ZGEHL, SRRUI A ERAE, BRI
ODyso, I FRIEMZE i rAAV2 JoBERL -1 B2
(Particles/mL),
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G-C 116 135 302 322
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300 b 1 000 bp—|
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150 bp 500 bp |
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1 ITR2. ITR2-CMV 3|#)FN#REEIT R PCR I ELER (A: ITR2 5|4FERETRYIEIT, B: ITR2-CMV 5|4)
FERETATIZIT, C: ITR2 B9 PCR #1845 R, D: ITR2-CMV B PCR # &4 R)

Fig. 1 Diagram of ITR2, ITR2-CMV primers and PCR results. (A) Design of ITR2 primers and probe. (B) Design of
ITR2-CMYV primers and probe. (C) PCR amplification results of ITR2. (D) PCR amplification results of ITR2-CMV. M:
DNA marker; 1: 50 °C; 2: 54.4 °C; 3: 56.5 °C; 4: 60.2 °C; 5: 62.1 °C; 6: 65.5 °C.
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1.6 rAAV2 340 (Transduction assay)
28 Grieger % HyHR I -tk sh™: 7E 96
FLAR R 13107 cell/fL HEK 293 401, 37 C.
5% CO, ¥i3% 24 h; HU 10 pL 5% 8 J5 W 4%
1ON N2 TS B RERRRE SR JE AN 10 uL A
& AL 3 h R E AR RO AT
FRMZE 50 mmol/L; 24 h J57o 6 BiEthidr, 1
B N AL O A e % B
m (m<10) , rAAV2 B YR : mx 10" TU/mL,

2 &R

2.1 PCR¥ES¥ 1 ITR2 5 ITR2-CMV
B 1C J2& ITR2 ¥ 34 =7 1.5 % B 5 Mt

JiEHL Tk I 2 R, R KR EFE 56 'C~60 CZIH]
PR SR, (A AR SR A TE . &
1D & ITR2-CMV ¥ 8472 Y 7E 1% B i Wl 56 Jie
(0 Lk 45 5, 0 %t 5 | A AR A 1 e S R
I P

2.2 qPCR E= ITR2 # N[

$2IL pTR-UF11 7}y BURIARHE i , NanoDrop
2000 FEAGINA B, ORI DUECT3 . #5015
(Copies/uL)=¥¢ J# (ng/uL)* 10°%6.02x 10> (BT {X i
T HB0/5r TR (IR EL bpx648), fi5 LB
# 10°, 10°, 10*F1 10°, DI AENR, 3 AEE
L., qPCR Z55R WRAMRAFMP i thk (& 24),
LRPEARC R B R7=0.998, IR Eff%=99.9%
(& 2B). LA 10°, 107, 10° 1 10° ¥ E A FORLAE AR
HEMZIT . rAAV IFEDRI AL (RIROR R
B 10° 5RO, 2 AN EA), 458K 20~D Bt
R, TAAV JE RS2 7%10° GC/uL, Fi B 1000
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£ 5 T B2 9 3.5%10° GC/pL 5 5%10° GC/pL.,
2.3 qPCR EE£ ITR2-CMV Ay M

PREEA I ITR2-CMV 546 1TR2 45
ZE 5N, BIWRESEEGR , 1% %% SYBR Green
J7 RN ITR2-CMV U o ORI BR 5 A8 L
B 107, 10%, 107 A1 10°, 38 £k WLIET 3A,
FrifEMZE WK 3B, R*=0.997, Eff%=103% , ¥
figg i 28 R P AR R AN E 3C B . MR AY A2
BRI rAAV JER TR 3x10° GC/uL, 5
FHEREF R ITR2 M5 R 2L (18 3D~F), #il
FH SYBR Green 75l ITR2-CMV .45 1R 4 (¥
24 =M rAAV2 EEFERLLER

ELISA Fl gy S5 w7 i A0 rAAV2 (1)
L, JEAN qPCR E & ITR2 ML R THEL
W2 1 i ELISA KU B T 58 B 5 Uk Ab
LRI BE S 78 MO e RS, HAEUE R T A
PR, LI P/IGC 9 59.6, BRI
s i R AL 5 PR 24 DU e Ui
JERHLAE GC/TU 2 91.2, ‘B S WL 75 X6 20 i 1)
SRIEYE . FRULRE I RIRIARE T4

%1 qPCR. ELISA. Transduction assay =#753%
T8 rAAV2 HE

Table 1 rAAV2 viral stock titer estimates via
qPCR, ELISA, Transduction assay

Titer units (method) X +£s
GC/mL (qPCR) 5.2+1.8x10°
P/mL (ELISA) 3.1£2.4x10"

TU/mL (Transduction assay) 5.7+3.2x10’

GC: genome copies; P: particles; TU: transducing units.
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Fig. 2 Performance of qPCR in quantification with ITR2 primers and probe. (A) Amplification plot of ITR2 for
plasmid standard specimens. (B) Standard curve of plasmid standards. (C) Amplification plot of ITR2 for plasmid
standard and viral specimens. (D) Standard curve of plasmid standards and quantification of viral specimens.
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Fig. 3 Performance of qPCR in quantification with ITR2-CMV primers. (A) Amplification plot of ITR2-CMV for
plasmid standard specimens. (B) Standard curve of plasmid standards. (C) Melt curve of ITR2-CMV for plasmid
standards. (D) Amplification plot of ITR2-CMYV for plasmid standard and viral specimens, E: Standard curve of plasmid

standards and quantification of viral specimens. (F) Melt curve of ITR2-CMV for plasmid standards and viral
specimens.
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