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[ ZE] B89 & BEARREAN LR TR ERRN %, 7% PCRIEEE IR EEIAMN E2B X AiHARLRA,
D RRE A AL VKA A FE 15 7 DNA BFVD RIS . 43000 B 0k D 2 9o 3 TBUR 450, TCIDSO 12000 2 o 3 R M Vi 32 o B e A9 40
HepG2 M2 4 AL ) 63k, RGN IS P9 B A HIM2 00 3R P= ) i 2R 2 T M . TR BV SLBE DT R FH A/ Ay, HUAE
FHPLC ¥:#47 . SR AS49 4T M B MR R A . 455 : MM B2 3k1A 2B XRHH ASE R PCR 9738 45 R 5 3R 4H
T, EAFEE DNA MY REDI S SR — 2 RO R BRI ECH 2.4 x 10 VP/ml, BN 1.53 x 10" TU/ml, HLiHIE R 6. 4%
TU/VP; SRR EH 1.0 x 10" VP/ml,i#E 4 3.75 x 10" TU/ml, LI 9% 3. 8% TU/VP, DL 50 MOIT T £ Jijt s 27 R e
HepG2 41l 48 h J5 3535 115 AP K2 M 6355 4 332 ng/ml. 50 MOI T 25 706 25 F 10425 P B2 40 i A= K A 3 1 2 55%
Asgo/ Asgo M 1. 29  HPLC £l 4 99.7% . B HIRRIETE A <1RCA/3 x 10" VP, HALKTSIMAEFRIT AR &1 BT
PR PN B2 0 B iAo B A N 5 v, O F 0™ W i B A
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Study of Requirements for Quality Control of Recombinant Adenovirus-Medi-
ated Human Endostatin

LI Yong-hong, RAO Chun-ming, ZHAO Yan, GAO Kai, YUAN Li-yong, HAN Chun-met, LI Xiang, WANG
Jun-zhi ( National Institute for the Control of Pharmaceutical and Biological Products , Beijing 100050, China )

[ Abstract ] Objective: To establish the quality control methods and requirements for recombinant adenovirus-human
endostatin products. Methods: E2B region on the adenovirus vector and inserted endostatin gene were identified by PCR.
The restricted enzyme digestive map of recombinant virus DNA was analysed by agarose gel eletrophoresis. The number of
virus particle and infectious titer were determined by UV and TCID50 method respectively. The expression level of inserted
gene was analysed by infection of human HepG2 cell. The potency of expression products was determined by its inhibition
effects on the proliferation of human HM2 endothelial cell. The purity of Adv-endostatin was analysed by UV and IE-
HPLC. The replication competent virus was detected by A549 cell method. Results: The PCR results of E2B region and
endostatin gene on the vector were conformed to theoretics. The restricted enzyme digestive map of detected recombinant
virus DNA was identical to that of the reference. The number of virus particle, the infectious titer and the ratio of infec-
tious titer to virus particle for the bulk were 2.4 x 10" VP/ml, 1.53 x 10" TU/ml, and 6.4% IU/VP respectively. The
number of virus particle, the infectious titer and the ratio of infectious titer to virus particle for the finished product were
1.0 x10”VP/ml, 3.75 x 10" IU/ml and 3.8% IU/VP respectively. After the HepG2 cell was infected by recombinant
virus for 48 hours, the concentration of endostatin in the culture was 332 ng/ml. The inhibition rate of 50 MOI recombi-
nant adenovirus to endothelial cell was 55% . The A,/ A ratio was 1.29. The purity determined by IE-HPLC was
99.7% . There were less than one replication competent virus within 3 x 10'” VP recombinant adenovirus products. Other
items complied with its corresponding requirements. Conclusion: The methods and requirements had been established for
quality control of Adv-human endostatin.
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AN E R S S IN N NI )L R TR N 1=
R ™ I NG E PO A A T I PR B
FERTBE, FEB R AR o FRS: I 75 12 v A SCHRARIE .
T REAS A O S T T 2 7 et ) TR ORAIE 22 A R
AR, BATTAREC NS PRI 7 BIF 5 0 1 5 o A4 o
ARFERIFI )+ R v A ) SRR D( 2000 D'
R, [ 2 B8 FDA A7 S, 4551207 b 194 A
HESL T — B S B B AR ME X TR AT TS

1 HESTE

I = I o0 B S 1 e

AR EEA N B ER, AR 293 41 g F1 HM2
N B RRAVL I PN B 200 i ) 3k T A 4 o) A 28502
FEAE; DMEM Al RPMI-1640 £5 37 3 & i 4 i 3 o0 98 [
Gibco 2 F] 7= ; PCR AR 4 € [E Promega 2\ 7] 7=
i s MR DNA A i I3t 70) 5 Ok B -+ 2 QA W) ™
o AN E ELISA W& 127 & 0 55 [ R&D Sys-
tems P=hho H AN Astec PC-801 PCR ¥, Waters 2695 {7,
HEAY, Waters 2487 UV £l 2§, Spectra MAX 250 %! H 5
BifFHRAY , Amersham pharmacia biotech Image Master VDS
B LA £ 48, NIKON ECLIPSE TE 300 2] & i i 55 .
Ho At 1 5 161 7 43 A i)
1.2 R A fE 5L R E2B [X° P K 40 25 L R
%57

PEEE 4% DNA #£47 PCR [ . E2B X PCR
PR EWE S 5'-TCGTTTCTCAGCAGCTGTTG-3"
TS5k 5'-CATCTGAACTCAAAGCGTGG-3", W ¢
IR ILHEP 8 L W51 ¥~ 5'-CGACTTCCAGTGCT-
TCCAG-3"; Fii#51 4% 5'-ACGATGTAGGCGTGATGGC
3", PCR EFRZH0I 1 94°C 25 M 5 min;94°C 25 1 50
s,55C & PE 50 5,72°C HEAH 60 s, FEFF 30 UK ;72°C 4EAH 7
min., PCR F=¥IiEAT 1. 5% SR WHEER FRIK
1.3 F4U 7 DNA 1 BRI DD &3 53 B

PREBUEH 4157 DNA,BUDNA 0.1 pg, iTA 10 U/ul
EcoR Vi 1 wl,EcoR VM 10 x ZZ0pik 2 pl, #b 27K
BRI R 20 wlo 37°C KN 2 he KEBE DI~ 4 k47
0. 7% N WEEE I FL VK
1.4 R ER o &

BUHE Y LR AE W R AT 2 A5 76 B, P A S5 44
27 0.2% SDS,2 mmol/L EDTA,20 mmol/L tris-
Cl pH7. 5 IR Ao LA™ i DR AT TR 15 ik v 1) 45 IR BUTR
EWAEREZ AN, B 56CIHET 10 min, BFEZERG
F 260 nm PEAANI E WL Ay Do REEBOREE T
T A2 20T R 2 R AR VP/ml ) = A,y x 1.1 x 10"
X4,

1.5 iz

FH2 50 20 20 35 32 J Uk &2 ( tissue culture infectious
dose 50, TCIDs, ) /5 ¥ I 7 75 41 Ji 9 ¥ 19 i B, Bk
JFEANR : M & 10% BCS () RPMI-1640 15 37 £
4 x10°/ml 19 293 A0 B, 75 4 4~ 96 FLF R
HAELLITA 100 wl, T 37°C,5% CO, 8535 18 ~22 h.
QYL FE it B 25 M AL N RS IR0, 43 BI0REAS [
BB G TR I FLINEE 200 wl, Hidh o 1 45 HERE
AR A O B R SR B 1:6.4 x10°;C: 1
4.53x10°;D:1:3.20 x10°; E:1:2.26 x10°; F:1:
1.60 x10%; G:1:1.13 x10”; H:1:8.00 x 10", %32
M 25 HERE S e BE R - A TOIR B M5 IR B2 1:5. 66 x
10°;C:1:4.00 x 10°;D:1:2.83 x 10°; E:1:2. 00 x
10°;F:1:1.00 x 10°;G:1:5.00 x 10"; H: 1:2. 5 x
107, 53,4 49155 1.2 i EmEE. @37C,
5% CO, K757 60 min, W HUBR YL, REALAINA 200 wl #r
5 10% BCS ) RPMI-1640 55353 @% 96 LR
BT COMAEN 37°C i 9 10 do Hdh# 6,8 KAEfL
e 100 plo G 10 KAE B GRUEE T W8 4 g A%
W0 5% B HE S = 4R CPE 15 I i fL . © AR Hs
Karber 2313895 5% 1 & .
1.6 I AL F Ik 2

H HepG2 N9 40 MO 2 1 x 10°/FL 3 R0 T 24 fL
#2,37°C ,5% CO, %&F FHi 5% 24 h Ja s 59 1, 15 Fb
50 MOI( J&Ye > T H % )Y rAd-hEndo( 3% 8 25 (A% IR,
3AEAL)EYL 2 h R FER R, BEALINACE 5% Fik
A MIEREFER 1 ml,37°C,5% CO, 4 FHi9% 48 h
WO G 7% W . N B2 M 3R Y ELISA 32055 &0l
FE I TN IR ) A
1.7 IS N R A0 i il

B & 10% B4 ML ) M199 55 32085 7= /0 HM2
N B JER R4 PN B2 A% 1 x 10 /L 100 wl/ L )2 Ff
T 96 fLHH . 20 h J5 ,rAd-hEndo ZH LA 50 MOT £ rAd-
hEndo #% 100 pl/FLERGL AL . 8] JC 9 3 M199 %5
FIXT R 50 MOI Y rAd-LacZ 20 . #5413 5 1 FA4T
fl. 72 h 5, LA 0.5% MTT 20 pl, % 4 h )5,
WS B IRI, BEFL A 100l DMSO, F i iZ 3% , & 1k
RN . B 10 min J5, 76 OB 2 EOA I E 4% AL
570 nm,630 nm X PE K MG EE(E2( OD fH ). #% T
G 3R A 2H B A0 TS D A AR % ) = (1
- 25417 ¥ oD fA/%5 1 4 B4l 73 oD {8 ) x
100% .
1.8 HPLC 4 &

G0 P i 0 3 A R A 45, G B A 2
BB A pH R AE R R 2 0 5 IR 24
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OB, HERE RIS 4N : SOURCE ™M 15Q( 4. 6 x 100
mm ) 4 3% M, W sh A A ¥: 20 mmol/L Tris-HCI
(pHS8.0 ); B #:1 mol/L NaCl, 20 mmol/L Tris-HCl
(pH8.0 ). FREEVEML: A W—B ¥ ,0—25 min, ik 0.5
ml/min, B K R 260 nmo BUA 100 wl 3 ARAH
A, il SR A He i AR — AR R A
1.9 & il AR F( replication competent adenovirus,
RCA )l

JH DMEM( 10% FBS ) 35 32 W il % A549 4 g 32
(HUMHE N 4 x 10 /ml ), 3% /0 12 4> 12 FLAR, & 5L
Iml UM B . 37°C,5% CORFFFR . BUH 10 4
MR AT e, 1 B Ak B A el B 1 A A Ak PH A o B
JCHIHRAE FHC3 x 10" VP 5455 F 120 ml DMEM Py #
Feo YRR I 10 AL, K 1 SR A L RS 3R T
2L BT ml SR EER R . AL 9 > 12 fLARE SR
WERAE . BAEXT R B 1A DMEM 3533 48 R B4
Xf ARG BRPEXT B 1 A A B 7 AdS we R FE
S BAPEXT B BH T R L TR A% 12 ml s BE R
W LRE N 1 %107 TU/ml, 37°C,5% CO, FRgiiigs 2
i g A R A AE CPE 4,
1,10 JRARSEH A4S

PEHUCEE N 41 DNA 384T PCR i, EUF5 19 R 5'-
AACTGGACCAATGAAAACTTTCC-3'; 5| ¥l 5'-
AAAAAGTCTTTGACTTCCTGCTT -3'. PCR 7§ ¥ 2 %% .
94°CAF 4 5 min;94°C AP 50 5,55°C &M 50 s,72°C 4
160 s, fE¥H 30 ¥ ;72°C ZEAH 7 min, PCR F=#iE 17
1. 5% BN WEEERE FL VK
111 oAl e H

HMULpH B R B N R T SR RS
A SR REME AR 0N B 18R B A MR DNA R B
AR K K8 2R A I H 4 B rb A o R )
(2000 J7 )" BERHEATAG E . SAALHAR B R AR T
W AT RGN . %% BR 293 41 2 14 Y R 26
Cygnus Technologies /A F) 293 4 fifd 25 1 4% B4 & K I X
Fl & AT ELISA %2 .

2 # R

2.1 JK# DNA Z5H5E

JH PCR VA" 14 B 25 4014 5 AU i 75 19 E2B
X, f35) T £ 880 bp W4 14 Wi, 5 B EAHAF( &
1) XM AR PRI ZREE 1T PCR LA, 473 Hh
— %% 426 bp M5, SHEE—3( B 2). FHRSHEN
VIt EcoR V Xt it i A0 o i 1) B 21 IR 5 36 P 41
HEATREYD), 8 0 BR v U 13 58 A — 0T 5 #e
FHAFCE 3 ).

2.2 BRI B YL iR

R B 0 A 5 ) L R 2 DNA A 5 B M AR 3
B BN 2 A L DX 2H DNA I 52 HEAE 260 nm 420 (1%
JEIE, BA 1A Age BAALAEJ9 1.1 x 10 Uk %k VP )it
BRI A R UR B 2. 4 % 10" VP/ml, A A
$1.0%x10% VP/ml,

1 PR%E L E2B X8 PCR 547
Fig.1 PCR analysis of E2B region on adenovirus vector
1: Negative control; 2: Positive control ( wt-adv DNA );
3: rAd-hEndo; 4: DL2000 marker

2 BAHNEMEEEN PCR 17
Fig.2 PCR analysis of inserted endostatin gene
1: Negative control; 2: rAd-hEndo; 3: Positive
control ( pGEM-endostatin ); 4: DL2000 marker

T B () SRR L I R B TCIDSO A8 73 HEA 710 5
FHAS TR B A5 50010 8 3 TR ER % 293 4, 45 B A%
BOFE 12 2 LRI 96 FLAR G 1 HE ), RS ES 10
RAE B T WS g A5 ( CPE ), 4 1 5% B HE
Hir=A: CPE B FLERL, PR35 Karber 23T B0 8 19
TR . FEIN OB AT BE A 1,53 x 10" TU/ml( TU 24 in-
fectious unit BI4HE ), BN 3.75 x 10" IU/ml, 5%
FL T B2 SRy 200 B 5505 B ORI B L, SRR TR R 1Y)
X &, BRI N 6.4% TU/VP, s~ 3.8% 1U/ VP,
2.3 Ok

BRI HR A A LR B 208 AR GA = AR )
SEIE PRI E 2 AN H o K 50 MO 17 il B 41 5 75 SR g
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AN 98 HepG2 40 i, 48 h J HUZH Mo 1% 9% b 75 W
ELISA A5 3200 2 478 A (R Fir 3 2K B4 19 B2 300 28 A 5 o
4332 ng/ml. K 50 MOT £ 55 20 95 75 Jak e A iz ik Bk
ML PN 2 40 HM2,72 h )5 3E4T MTT 4@, I F b
S0 5 £ FLAE 570 nm, 630 nm &b UK K 1 W 6 B 9%
A, 528 (A BR AL R 00 B 1 1 7 3% b4 T
FCESTH AT HM2 4R 4 1 38 55% , T LA B2 2L
Fl LacZ F:R A rAd-LacZ JIR s 25 X712 40 I %) 4170 1 >R
H5% .

3 EHMRFE DNA HIBR FI BT B L
Fig.3 Restrict-enzyme digestive map of
recombinant adenovirus DNA
1: Standard; 2: rAd-hEndo; 3: DL 15000 marker

2.4 AR

A E L35 AL/ A HUE FI HPLC 40 2 0,
Ao/ Asgo FUAELR F 58 AW 0 vk 2, 25 520 1,29, H
Source 15Q B & F €035 F X il fh 24T HPLC 4l KA .
FHIESE 1 (038 4 F UEAT HPLC 20 Hr 15 21 10 € 335 5] L 1#]
4, FESLFIEAEEE BN 14,3 min, 3% 0 AR IH—10 %kt
RS EEE N 99.7% o R ELISA 321 % 5% B 293
AR 25 SN T 100 ng/ml, SR FH U 2 b il e 0E
17 DNA ZR32 3300 7 5% B2 293 4Hffd DNA 455 /N TF 10
ng/mlo R R W 0 i ) a2 S b A o BF B 45 /N T
0.05 mg/L. FHAEA Bl 000 2 5% B8 R KB R 45 S ]
P o SR R I 00 T 3 T E A 3 A A AR B A R
25 ng/ml,
2.5 AMNER TR A

A2 ) TR RS 75 (ARG SR AS49 4 vk o K AS49
YR 4 x 10°/ml )EFFL 1 ml FEFP 12 4> 12 FLAR, B
3 x 10" VP fp 41 s g 2o 10 4> 12 fLAR
A, 55 1 AAAERA X R 1 A AR A o B g
SR 2 JE A ML A8 AR 0, e AR ZH Y 10 Ak A B
Xof B2 v JC 40 B A8 T B, T B P o) 2 2 200 o AR
FIANIL, BEIAZE 3 x 10° VP fR AR P AT 14

RCA,Hl < 1RCA/3 x 10"VP. FJ PCR I 2 B AH 59
RIS Y R 5 ), R E R IR
SRR B

B4 BHRFREHEMELN HPLC Bk
Fig. 4 HPLC chromatogram of recombinant

adnovirus-human endostatin

Bl 5 PCR ¥ E&NREXRES
Fig.5 Detection of AAV by PCR analysis
1: Positive control; 2: DL 2000 marker
3: Negative control; 4: rAd-hEndo

2.6 HEUiH

AN % pH (L JC TR IR 56 | P R AT A S R
FEE RIS 45 A v A R (2000 il )"
BIAH R FE o

3.4 it

T T URE R I 5 S — M BRI 5 1 D7 0k LU
JEE I 5 VRS | T AR A 5 5 SR Bt X AR B B A
EEOR AR B A SR A R RN, I,
ARG RE 7 it PR ek A T30 2308 5 s 2 OB BBOR R
{ELpg R PRI 5 1) 2 B4 s 2 5, i B AT JRR g
TR B 75 A4 BEAE B3R 7 A I, 3 3 T 52 U i ok
AN EA TG R A0 B A o AR R IR DRR T T 5E
ROV ) e e AR B ) R 5 7 G
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RV B B G B 50 B ORL A 1Y FefEC LU/ VP ) R T
3.3% o JpSEEH BE N A2 0 7 ik g B R F I A 25 BT A
A PFU )BT 5, 32200 5 B )23 240 M 5% 77 o 2 24
RS TERIE . 25 BEIE MRS 2400 24 I8 W, 15 31
ARG T3 AR, — ROk, X RO G
B A 25 R AEAS [R) 0% 55 56 %8 8] ¥ LA g 52, RVATE 76 ] — 52
5% AN ) B R L # AR AR > B 45 2 A8 7] 1 45
TCIDS0 & FH T 20 1 11 B2 I 2, PR 5 o 25
T e PRU %) 7 3 75 20 B [RDAR G 2D, 9 B R AT e 4
AR EERRRBERE L T 12 A4 70 B ot 0 2 45 A X A
FE o AHFR TR e R 0 A Y R R A 2 Ll 2 A ok
TEFARAS BEFR I R] 35 5520 09 53 LA SR A (R AN )
P35 e I 5 25 2R, T DA — i 3 DN 7 R 25 7 30% ¢
Ao N TSI 2 5 ] i BCHE RE EAT AH B LU, A A
BT IR TE I S AR UE A, BRI SR T T — A R
WEE 2 % W T 4F 4 ( adenovirus reference material
working group )ZEHEATIX I TAE

JUR B AR 5 R RCA BIAFEAE AT 51— RFE
TE 2 AR ), A0 45 W] G 00 Mo 22 8 e | B 26 AU Iy
TIHe 5| 6L AN 22 B8R S i LA S A =2 B 8 B 8 Jin i
B o F T I S Ja) R A 0 AR R RO, T AT
RCA 5| ¥ FH 2442 AP XU HEA T4 ] o % A2 o ke o 74
B EE A I 5 EFT RCA ARSI, H Al e ¢ AL N
AT TR FE R 30 5% A 42 o B AR A S5O0 ) e A
3.0 x 10" VP HF R A T IRCA( B <1RCA/3.0 x 10"
VP ). ) RCA BN E FATTR 0 2 4t 555 3/ 4
AU B 9 S B R AT, X 0 38 [ FDA i AR 41
LG 7 RO BRA YT 4 S I 00 ) b BT g s . X
e LA BERRIER YL 3 F L3R MOL ), R A 5 5] 2
XoF 20 A 3 A B9 FE k5 RCA BYAFAE T2, MOI 3 vt ]
AEANH RCA 3K

1 AKE R Y 3R 38 1 R 3K 7 W) AR ) o T AR
HZH B B AL RO o 7E R B AR LA AR N
FEAMER LA, 3R 5K b Ao 7 1R A1 3 AT 4 A %
S TR BT HepG2 41 48 h 5, BUS: 3% b i
WO ELISA B9 5 100 % 32 35 1 ) B2 4 2% Y & &, il
I RLE R IR R R AEC AN 2T 200 ng/ml ), X
BN ARG BB RN TE R, &
IR RPN B 40 2% 04 26 ) A 0 1 X6 i R 6 T OR
FOCH IR RE A B SRR, TR A ) 2
TGP T A o (EL PN R 30 3R A W 2 355 1 T 2 1)
TR, A E e R R, OF HXE N IR
FG o 3 LR R DR R ADoK R AR A
WEZIIZR N A HM2 A P B2 4 B, U 4% B 24 9 5 1Y) 3R

IR0 PN R 2 3 AE A AR TR L 4
FLBEH B LacZ 3 K A9 rAd-LacZ N3 %K 25 15~ BH P %
W HEBR G B AR B X P Rz 40 M A B A . 5
00 4 R HM2 40 M 89 40 1R A 55% , T
rAd-LacZ 9 28 30 1 A 5% , R % 07 4 —
AR b AT LR B A I A O 7 R A TR W AR W ce i
PEREH .

AR 4 7R N KL BRI 97 WF 53 R il ) 6 4%
R AR SR R, AR R R T
EARREANEMEZW R ERE, I TREE
YR H 2 7 I AR 1 56 1) o A A, A% LA bR Y A
GHHCHLE , M PRI L™ i 2 4 A ROR T & AT 4T
T TR A S
B P LAFEREG S POE XARE . EF
EHLESEL L T A ERENTH R M AEK
W THF EHE EETEERLRILR FHATH
B
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