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The Safety of Adenovirus-Mediated Antisense c-myc Infused into Hepatic Ar-
tery or Portal Vein in Beagle Dogs
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100021 ; 2. Department of Hepatobiliary Surgery, Beijing Military General Hospital , Beijing 100700 )

[ Abstract | Objective: To assess the preclinical safety of recombinant adenovirus-mediated antisense c-myc infustion of
the hepatic vascular of Beagle dogs. Methods: Four 8 to 10 kg healthy Beagle dogs underwent hepatic artery or portal vein
cannulation infusion of 1 x 10" ~1 x 10" plaque forming units recombinant adenovirus vectors. Serial sequenced liver bi-
opsies were taken for microscopic examination and PCR analysis. Venous blood samples were obtained from the dogs for
liver, renal function tests and hematology analysis after infusion of days 0, 3, 7, 14, and 21. PCR was used to screen the
vital organs for the presence of adenovirus DNA. Microscopic examination of the vital organs was performed to observe the
pathogenicity of Ad-ASmyc. ELISA was performed to assay the neutralizing antibody to adenovirus vectors. Results: Ad-
ASmyc could infect both kinds of normal human fetal lung cell line 2BS and normal human hepatocyte line LO2 effectively,
but could not inhibit their growth in vitro. Results of liver, renal function and hematology values were within normal ran-
ges. The adenovirus vectors were present in the liver, spleen, heart, kidney, stomach and skin at days 14 or 21. Micro-
scopic examination revealed no cytopathic effects in distant organs, as was gross pathology, despite the presence of vector.
Ad-ASmyc was transferred into hepatocytes persistently and induced dose-dependent inflammation response. Production of
anti-adenovirus antibodies appeared at days 7, reached high-level at days 14 and declined at days 21. Conclusions: Ad-
ASmyc can be transferred into hepatocellulars via hepatic artery or portal vein and generates no obvious toxicity in Beagle
dogs, which suggests the safety of Ad-ASmyc infused into the hepatic vascular for gene therapy.
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B NN R S TRAN 3 5E 2 4 T iOF 2
PRI AT A 200 S N TE I 240 L 45 B FH 2 Bk 7 AR
APE , — 2 VE B Al T SE SO A X A Mt
R TR BUAR PR = A . AW L Beagle R IY 3k |
U1 Dk 32 A2 1 S 2R 7 5 R X e-mye BE A
( Ad-ASmyc )ERMR, I H 2 75 68 A 205 5 A E # I
YA AR 2L I [R] AR N B A R BRI, DAYEAY
Ad-ASmyec &7 R I R A0 22 M

1 #MB5FE

1.1 4 &R

BRI EE E1 FE PR %40 B9 AR B 4 i 2R 293( 16 3 i
2K Microbix Biosystems Inc. ), 1F % A FF40 g L02 21
MIRC BRZEF 2R 2= Bk T 28 L g ), AR
TARRAA A 2BS Y A EARLE
1.2 FEARRRE R EE P3G 2l Ab A R e

KRR E A A A 3Rk X c-mye FEF A EE 4
MR R Ad-ASmyc, Jy 545 SCHR[ 4-5 JEAT. M3
A ZH Ad-ASmyc YL 293 401,24 ~ 48 h J5, 4 i
LT A AR B, R AL, B0, 2 B, PBS H
BLURRR 3 R, LD, B, A 10% HihE, 4
0.25 pum AR I8 3% 5 T - 70°C IR 2. HA R
BT EE I A2 .

1.3 BRI 2

FWA LacZ )8 3 F H) E AR AR % % Ad-LacZ
PR IR B2 0 MOT )R YL 4,24 ~ 48 h J5 [H 2
AL, X-gal Jii Yo €0, 00 T L5 Y il o 1 20
IR0 A LacZ J K 3 35 i BH 4 20 i, 150005 g B 40 2%,
iff 2 A e T O SR IR
1.4 4ifiEAd Kbk

F 35 mm B IR MAEFP— 2 &AM, KRl i, 3%
100 MOL JE YL 4 i, WA TE 2, o2 I AL e B2 4 L , 2%
By, WAL R T EOE /SEYN NG, A R AL B
TR E] S 3 A FATLL, RSB KA v 22, 2 il
AR,
1.5 ZRFE/#hk T A Ad-ASmyc

Beagle RANH 12 h 288 R 2 h 284k, S R
100 mg + P3G 5: 0.5 mg AILEA 7 S VEA T35 SRR, 5 min
Ji S 3 KA Fih 5 DU BT TR B b SRS I
5 3% B Z (0 30 mg/kg ). $RH HLICHE TR
P YR FAR X IRE & R BT . B OE
FYI KL 6 om, AR R I TG 5 3, BLIE U1 BUF
H AL 24 2 o, SR 5 2 8 IS AT sl bk de 4 98 B A
JF Bl Bk Bl 28 285 f v e oA SEORHE AT T#R K, 200258 0
95 2 USRS A SRSl #5 bk o Ir i i R B
FHIC T A B ER K B B R 30 ml, 76 30 min PN 2518 5T,
BIEE R, R EMEE R IR E B AR LR
O T1),

®1 THWR—MRHER

Tab.1 Common condition in dogs

Dog Gender Age( month ) Weight( kg) Dose ia/iv Health
Dogl 8 5 8.5 1.0x10" i. a. good
Dog2 Q 5 8.5 3.2%10" iv. good
Dog3 5 6 9.0 1.0 x10" i a. good
Dog4 8 6 9.5 1.0x10" i a. good

1.6 #HEHLWRARE T IE

A3 ST HF A5 N TE ST Ad-ASmye BT ARG 3,7,
14,21 KR I E F AR BT 4120, BRgE K F AR 07 2k [
BRI F AR Y O SN [F]— L 8 Sl BE 4 A2 Bk
FMZ R RO AR K23 em, IEA AT S50
PR3, 43 A R R VR AE, $E L DNA i PCR S AR /R
AR E R A HLE Ge

SCURZE R Beagle K4 GHUMEER | BT 4G 5 & A5 SRR
S, WIS PR 5 3% I He 22 8 58 S BRI, 8% I T
R I A BT, 44 5/ 7 58 XI5 e 1 e R U BUF

JE RELAIE L O LB DE L 32 B bk CEDE L L R R A 2
B, o B R AAT BAR IR E AR 2

RETEARIG 1 h K4 3,7,14,21 KL R KR
bk % i 22 BB K I 10 ml, 43 590036 46 1l % B0 SR )
BE FIIRE RORHLEE LG 5 ml ) B0 45 O (48 A b
DNA #4E PCR, HLEEIML( 3 ml )ES.C BT 20 2% 5 77
T =20°C % MPTiA
1.7  ELISA JA4 00 i 3 i 4

BRI EEDURE 9k . TALR IR EE Ad-ASmyc £
R P IR A i 0 R A, R TR L % RS B IR
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WEER B R 10 pg/ml, 3R AL AR H AL 150 wl,
4°CHEBER

—PURGEAARIR ML . 50 BRI E 1 b
ICHE PR 1gG( T Sigma, USA ), 657 & H
TMB, {4, 10 min J5 75 A490 nm &b 45/ OD 18 .
DS 6 R AT I3 kX6 HE
1.8 PCR #ill &8 B 4214 Ad-ASmye

PEHCANM ZHZUP ) DNA & 75 2547 PCR K6
B TE S M1 P34 7= 9 K 860 bp ) L {iF: 5'-TCGTTT
CTCAGCAGCTCTTG-3', T i#: 5'-CATCTGAACTCAAA
GCGTGG-3', iB ki J¥ N 55°C,38 4~1F ¥R, PCR =4
TE 1% SEREREGERS H HL Uk , S8 /MET TS EAH

2 & R

2.1 Ad-ASmyc R NRAMNE W EE T E 40 H
I I A

T2 A i T Al Ak S T B A, AT IR E S x 10"
PFU/ml, 24 MOI KT 100 AYJEGe 5 & i, 75 4 AR B
B BRI AT S AR — A5 R 40 i 2BS R OE # A4 i
LO2 iT 100% HI%% SRR .

2BS 21 Ay W RE A A B N IR il A i, 2 K AR TE
102 40 R R % A0 15 & A KT A0l B A= K, S 5
T, AP B Ad-LacZ Fl1 Ad-ASmye J5#R & H B .

BB A Ar . AR 2R 45 S B /R B e Ad-ASmye &
557 K, 2BS A1 L0220 A 40 A A 43 ) Sk ki B A Y
92.71% F186.37% , 5 %F MAATAH LY, 22 5B I, 4 ffd
HERIEH .
2.2 Ad-ASmyc £ Beagle K JHHIE I 55 19 58 45 @A FH 4
%
2.2.1 —BEn

P NERU 2L NN N LN S S WL A
S, oMKt JEREYS , R O R R
2.2.2  IMHEH FE DR

ST Ad-ASmyc J5 55 7 K, Dog3 H R ) 1% A 1
ThE( 54 TU / L), A4 R A B o] 50 I 80 B )
RER A BT R -
2.3 PRI

KATEAMEE, FERE O il B 7 8 sk
B IRAERR B AN T R T R . AR T AT R
FUR YR ( H. E Ye e )IEE, BRI 52 50 S A2 A1,
HAREAE O BB R Bk TE R,
1 Ad-ASmye 3 d J5 IR ] DL IFSE B 48 XA 284 21 it
1255 7 TFUG AT UL TR A i B R E AR . Z AR
14,21 RAFAT VLR MK . 928 DL Dog3 3R B i, Dog2
5%, Dogd T S8, A AR, IAELLZUD] |
55 21 AT UL BB L 4 AR 1)

1 5 Ad-ASmyc FATAEFREE K Dog 3, HE x100 )
Fig. 1 Pathological changes in livers of dogs after infusion with Ad-ASmyc ( dog 3, HE x 100 )

A: dO dog liver before infusion with Ad-ASmyc via the hepatic artery ( HXE ). Magnification, x100. B: d3 same dog3 days after

infusion with Ad-ASmyc via the hepatic artery. There is infiltration sporadically of sinusoids by mononuclear inflammatory cells

( H&E ). Magnification, x100. C: d7 same dog 7 days after infusion with Ad-ASmyc via the hepatic artery. There is extensive

infiltration of sinusoids and the portal tract by mononuclear inflammatory cells and lyphocytes ( H&E ). Magnification, x 100.

D: d14 same dog 14 days after infusion with Ad-ASmyc via the hepatic artery. There is extensive infiltration of sinusoids and the

portal tract by mononuclear inflammatory cells and lymphocytes. The hepatocytes show mild balloon ( H&E ). Magnification, x 100.

2.4 BRI AR

I 77 A A T s B AR 1 o R AR i S R
1:75 ~ 1:225, ELISA LA STk, 76 7 41 Ad-ASmyc
A5 3 RAELE 56 7 RITIH B, 215 14 Rik8 &
U5 21 REFFFLR FRE. Hrh K5 R( 1 x 10" PFU )
BN R 1 x 10 PFU )P BE R 8 2 ).

2.5 Ad-ASmyc % Beagle R JTFHF M4 1 515 048 B 4
At

S R AT I K 441 B PCR G0 B 6 75 My
FIPE, ARG 5E 3,7,14,21 R K AF4141H PCR 7]
K %) Ad-ASmyc F77E ; H Ad-ASmye [ EFERJGE 3,
7,14 REG 521 KGR, SCH6 45 gt U IE |
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AN TN TN N =i T QN = I N N 777 e 4 A
J DNA, PCR Il Ad-ASmyc #7434 , 28 BT 3h ok i 5
J&i 14 d( Dog3 )FFHE O E VE VB E R R PR, 22T #R
ki S 21 d( Dog2 ) FIE 0o E B REFRAE . 21 d
Af /NF R R Dogd )45 B ¥ R BIPEC 2 2 RT3 ),

3 %W 8

AR iR 3 PRIE 7 B R0 TR R R T i e
RO AT IR TT HE D T ARL A IR 7 2 A
Je 30 S5 1 A 2 S R R T R R B T2

A BB, T B B R R
il £ 25 B BTG 55T 4% 2 B, #K 0k 2000 4F 12 A
human gene therapy )28 1 & NIH It #E 59 3 IR J7 .
Pic % 4L 409 I, Hod AT 74 3502 A IR R A
SRR AR, ST A T R 18. 1% o & il Bk i 7
5 B B AR RN T R X c-myc FH ARSI K
IS G N B R 0B S S A S SN o
PR IR YT RR BT 968 B T B A R A A T 0 o) i e
K, W02 5 R E B Ad-ASmye 16 97 AR T 9 A
2 R, Ad-ASmyc XK Ah K5 3% 69 1E # NI 40
JfE LO2 H1IE H AWl 40 B 2 BS A K Jo B s, 2
N Ad-ASmye AT REPRIG YT HA 2 etk

B2 E5 Ad-ASmyc FILERFHE=%E
Fig. 2 Production of anti-adenovirus antibodies

appeared after infusion with Ad-ASmyc

&2 PCR#& Ad-ASmyc ZEENBEN ST
Tab. 2 The distribution of Ad-ASmyc in dogs’ body at the end of experiment by PCR

Dog Dose D  Heart Lung Stomach  Gut Spleen Kidney Aorta Skin  Liver Normal dog liver
Dog2 3.2x10°  d21 + - + + - - - +
Dog3 1.0x10" d14 + - + - - + - + +

Dogd 1.0x10"  d21 - - _ i i} B

3 PCR#&ill Ad-ASmyc ZEERNFZENS 1
Fig. 3 The distribution of Ad-ASmyc in dogs’ body at the end of experiment by PCR
1: Heart; 2: Lung; 3: Stomach; 4: Gut; 5: Spleen; 6: Kidney; 7: Aorta; 8: skin; 9: Liver;
10: Normal liver; A: Dog2 1. 3. 5. 9 PCR( + ); B: Dog3 1. 3. 6. 8. 9 PCR( + ); M: Mark ; C: Dogd PCR( - )

Sullivan* ' FHEAS A 1275 35 X LacZ 10 TE 20 I
BERAR A 1k R B bk L S IE A R A2 1 ST 1Y
Ty, i O A s B A 28 T VK R B Dk X T
W T A AR, O AT ZE A B N 2 3Rk 2 /D 60 d,

SEIOETC A 4 B B RO, A AT R R R E .
Li " 4R 1 x 10" PFU i 2 R 28 BT 30 ik o 5t )5
95% I T 20 L 1 4 5, e S L R AT K58 3 ~ 4 JH
Kozarsky'* 2 % | THK A% VE 5 1 x 10" PFU 55 25 90k,
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LK FR R IELE 7 ~ 10 d, 3558 3 JH . SR, Jaffe
B SRR AN 19% B R 40 I 4 5% 5, 328 IR 75
IR T REA — R B R AR
IRZ: Beagle K31 ik R ] # Kk 0 ags 42 1 59 (1 x
10 ) ~( 1 x10" )PFU Y Ad-ASmyc, SLE 5% 3 )5
PCR A5 JHFHIE 2H 23 A 475 A5 B 28 B 96 35 A7 7E , Ad-ASmyc
Bl ARk b e T A A1 L, Beagle K TG BH i 4 Bt Bf
PERNE AW 52 00 0 — 2o P B S I 1 . 1 R 48
JHF Bl ik 3 428 2 2 1 ) A I DR S B g FH v, BT 28 1 3 ik
SR IEAIT R Ad-ASmye, T A5 2] #
[k A WA 5T I T AR FEAT , R 28 ) Sl Bk 7 55, Ad-AS-
mye #% 4 B I G PR R LA, 78 T E 41 20 RE A5 3k
SN AU R o A % S R A R i T 2
R ik 84 . Takehera M Yang %f 22 JH 18 3 45 1 5 &
2F B T HEAT 3 TS, 1) Sullivan ™ 14 25 52 40— 2,
ZoR R AT EE AR B IR L R AN R A
Gy AELTE 20 i B4 B Y SRARAR, RN E 1% , B @IAE
IG5

TR E AR T, S A N 7 AR T R B 2
FESL DGR 7= W) i R RTAR , AT R B F g i
P2 3R B K05 426 . Sullivan 2801 #58 BK 12 56 44 A
et HE N LacZ 1) 320 s 2 2 4, & 04 I S ) 6 ko
JRIFGRE T 438 A=, 7= A B RS #E LR NPt B-Gal
P, Hoe RIVE AL FE B 0 i S Tt v, 3910 et Al
I LH Y R AE KR, B KA EERFC 1 x 109 PFU/ L ) o]
WLHECEE A SR IF AR BE . AT 5 48 B 30 Bk A 1 e ik
PR AR S 1 x 10" ) ~( 1 x 10" )PFU () Ad-ASmyc
B3 A A AT B A X S B ) R AAR , F TR R
X c-mye FHePTEMAR N IR R IR FE 5 10 R A, 5OICH R
BIPTIRF= A 2 B, S0 R — B DL ar, B Rl R (1
x 10" PFU AT 52130 A — 3o P 2 Sl 7 v 4, i 0
JFF B D REAG A 24 0 S %, AR L JBLIE 0 il L = 3
Jik B VB WK AR R I B A A A & BT
AEAE T 32 JO 8 XY 98 E 20 B ¥R, /N7 B R (1 x
10°PFU ESRFIER( 1 x 10" PFU Vi HAS {42, Ay
A E R U BRAS A TC W R R . PCR KU Ad-AS-
myc #5 B GBIk E SIS 14 d FEUE O R E E
JUE Rz SR BEE e TR KA G IS 21 d FFRE GO L
JELIE BHPE , PR 5 i R B — i 25 B 22 Sk, AT e S T
SFFE KGR

20 I R AR T R RA YT B B 1 ek
BT B 2 i Ik Englehardt[ VSRR AR
FER T T 221 M R A AR AT A S el D i A
A BRI RE 8 A B Ak PR SR TR I [, (L SRR AT
JITRREAR o SR FH B8 1 1 0] B B8 T i i Y i ) %, 0 o
i ESRBESON , AT I I A A i PR S R I [ el T
RAEFRL LR 7 S8 1k — BRI
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