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Abstract

AIM: To evaluate the efficiency of transgene
expression and inducing apoptosis on tumor-
specific replication-competent adenovirus
carrying human tumor necrosis factor-related
apoptosis-inducing ligand gene, a novel gene-
viral therapeutic system CNHKS500-hTRAIL, in
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hepatocellular carcinoma (HCC) cell lines in vitro.

METHODS: HCC cell lines HepG2, Hep3B and
normal hepatocyte lines WRL-68 were transfect-
ed with CNHK500-hTRAIL. Virus replication
assay was performed to evaluate the selective
replication ability of CNHK500-hTRAIL. ELISA
assay was used to detect the transgene expres-
sion of TRAIL. The cytotoxicity in cultured HCC
and normal cells was evaluated by Methyl thia-
zolyl tetrazolium (MTT). Flow cytometry (FCM)
was used to detect the early apoptotic induced
by CNHK500-hTRAIL.

RESULTS: CNHK500-hTRAIL was selectively
proliferated in the telomerase-positive HCC cell
lines HepG2 and Hep3B. 72 hours after infec-
tion with CNHK500-hTRAIL, the expression
of TRAIL in the supernatant of cultured cell
lines HepG2 and Hep3B were 167.4 and 173.22
ng/L, respectively; CNHK500-hTRAIL killed
more HepG2 and Hep3B cells significantly with
MOI = 0.1 and induced obvious apoptosis but
not in WRL-68 even with MOI = 50. The ability
of transgene expression and inducing apop-
tosis were significantly stronger than that of
replication-competent adenovirus CNHK500 or
replication-defective Ad-hTRAIL.

CONCLUSION: Replication-competent ad-
enovirus carrying human TRAIL gene is more
effective than simplex oncolytic adenovirus or
replication-defective adenovirus carrying hu-
man TRAIL gene in both cytotoxicity and effi-
ciency of gene transfer in HCC, and holds great
promise in the area of HCC therapy.

Key Words: Gene-therapy; Adenoviral vector;
TRAIL; Apoptosis; Hepatocellular carcinoma; Me-
thyl thiazolyl tetrazolium; Flow cytometry
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A B% % ACNHKS500-h TR ATLAE AT % 48 itk
PA-FTRAILKL B &k & 3T AT I8 4o i 64 8 =
FHFEA.

Ji%: CNHKS500-h TRATL 2 $ AT 5 20 feL bk
HepG2. Hep3BWABA L5 AT 28 AR WRL-68,
B MG A RIS R A A IR BN AR A, ST
BEATBEIE S 95 R WX B8 (ELISA )M TRATL %
AW EEE, WP RABEEEMTT)ILE XK
W) H F 45 I 9 2 el T 2k, AR X e B AR (FCM)
Hor i) 2 2 LT~ 0 T 6 % v

Z 8. CNHK500-hTRAILAR 5 M 3 &
HepG2. Hep3Bamfe A & a3 i, & 4£72 ha
HepG2. Hep3B#mftiz/x L& PTRAILM &
KA A167.4. 173.22 ng/L; £MOI = 0.1
BF, CNHK500-hTRAIL P =T 87 2 745 Hep G2+
Hep3B#m i, ik 40 Wik a0 fe 408 =,
¥ R %5 T = % HCNHKS00% 3 34 74 7 i
AAd-hTRAIL; st A JE# AT 20 Lk WRL-68
W TR R AAGER.

L5105 TRAIL I B 64 I 5 4% 71 38 78 A A
T 7 BARIT I 95 0 JL 6 245 e A A B B9 AL B
8 &R, B BAR T 4h 00 R A BIK R AL Gty dE
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DA U, g SR SE R 1 4 OG U 12 S
(TRAIL)HAT WS PO T, b+ R4
YT REAFAE RO R AN B g bk, PR T 3L — 22
AU, G S BEAE TR ATLASUAE g Jo5 0 1 e vk
JE, WP ST 2L BRAR AR SR T 7. ik,
FAN IR FH 8 5 75 5 2 2 A ] R S e A e
5 2 0 P 1 5 A T TR R, LAY A TRATLSE A
(1 S 8 e S 2 98 2R R B YR T ITE R, O LA
7N TR ATLIE R (1) £ 45 A 18 5t 704 Jis 25 4 3 e,
WL I LO AT I 40 I F) A 1 e

1 #RRITSA
L1 Aore 385 N R 58 20 A 3 A+ D6 T2 3
S C R T I A DXL D] (1 1 B R R O

CNHKS500-hTRAIL. “59 8 2 A CNHK 500 LA A
BB B B R R BE R AR Ad-h TRATL 28 % B
KR T TR AR e 55 -2 R VR T 7 52 00 =5 4
HEIARAE. 62 35 (FBS). DMEM. MEM#;
FEW I T-Gibco BRL/A ).

1.2 7%

1.2.1 @petk B3 A N4 EkHep G2,

Hep3B, IEH A4k WRL-6814 H
ATCC(American Type Cuture Collection, USA).
HepG2. Hep3BH %100 mL/L FBSH{IDMEM%
FEW, WRL-68H %100 mL/L FBSIJMEM; 5%
W T4 IR37°C. 50 mL/L CO, 50 N1,
2.5 g/LIFERHH AL B4R

1.2.2 sma36 7 52 B BUSEUE K I Hep G2,

Hep3B. WRL-6841 6 fLAk, 3 X 107/4L, &
T37°C 50 mL/L CO, ¥4 24 h(1EH A4 i
FEWRL-68 ) 75559848 h), fr4l ke 5, #
TCIE R TR mL, $#%MOT = 5437 I\ 5
CNHKS500-hTRAILFIwtAdS, 2 h/5 325
FIES IR, 4 550 mL/LISE IR 793 mL,
IYHIAEOL 64 124 48, 96 hFH4H M 145 4i s
25 mLELE T, B T-80°CUKFE T, IR
U0, A3 25 F A0 B PR, F TCID o 250 22 994 23
JE. LAO Wi BE3 5 0 2 B, V1S B I B A L

1.2.3 TRAILA B A& e94&ml: DL EIRAH A 77
ERCH R M HepG2. Hep3B. WRL-684
BRI N 6FLES FRR, 3 X 10° A4 /4L, & M
R 9724 hJ5i%MOI = 5 ACNHKS00-hTRAIL
JREFR100 pL, 2 h)5#:20 mL/LIALT R IR K2
mL, P57 62405 A4 e, 383155 X 10°
AL, $EEA B RNA, DLTRAIL A] % g 4h
[X(114-281AA)cDNAG | W) ( LG HEREA F] 45 HY),
FPAI AR, DUAH R RIEATRT-PCR(X MAAFR
25 uL, 1 pLAhE AR RNARBR), W5 H
50°C 30 min, 94°C 2 min, [94°C 30 s, 52°C 30 s,
72°C 90 s]X3SAMEFR, g —MEFRT2°C LA
10 min, f=#)4 AT SRR BE RS FLVK. SO
AL S LRI A,

1.2.4 MTTH 0 28 fe7& 10 FANRIMO M EAT
MTTSESR:. PABCHI B 1 Hep G2 Hep3B.

WRL-6841 f 83/, %100 uL/FLINA96FLEF7
B, HT-37°C 50 mL/L CO,M46 24 h. ol ks
FEUFRRIFE, $4MOIL = 0. 0.01. 0.02. 0.05.

0.1. 0.2, 0.5, 1. 2. 5. 10, IMACNHKS500-
hTRAILE{CNHKS500%% #4100 uL, #MOI =
0. 0.1. 0.2, 0.5, 1. 2. 5. 10, 20, 50. 100
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S519 527 R Es(bp)
P17 AGCCCTCTGGCCCAGGCAGTGAGAGAAAGAGGTCCTCA 537
P2 TGCTCTAGACTATTAGCCAACTAAAAAGGCCCCGA

JNAAA-hTRATLYE #3100 uL, i T 45MOI
%8N E AL, 37°C 50 mL/L CO,MM K77 d.
HATMTTAI, W52 9570 nm, £ 1E B 655
nm(H & J775 WRoche 2 AIMTTAL WA 7 S A4E
YL, AR RIS 1F T B SR 3 IR, 45 AL HUS L.
1.2.5 ELISA#- M TRAILE & & A % DURC 1)
AN PRI N6 FLIG TR, AT 24 h)5 4
JCMLER IR mL, CNHK500-hTRAIL1%MOI =
1. Ad-hTRAIL3ZMOI = 200 A JH JC L35 5 75
FisBE F T3 %100 pL, 25 [0 I 41 Ad-Buffer
100 pL, JEYE2 b5 H2% I 55 772 mL, & T
BRI 72 hE AR R IR 3, AT ELISAKS I, I s
PA450 nm, K 1E A A 540 nm.
1.2.6 FCMA& N 20 o740 A = & e fL
B, iR 4 S X 10°/4L, 1EE 4l i1 X 10%/4L, 3
mL/fL. 7 524 hJ5 MG 557781 mL/AL,
CNHK500-hTRAIL & CNHK5004%MOI = 1, Ad-
hTRAIL#ZMOI = 1043 5 I A 8100 pL/AL, +
FRES); 2 hG 50 mL/LIiE 953 mL/AL,
FRREFR24 h; ARG, A PBSYELE 27Kk, 1X
Annexin V45 & M A2 1 X 10°/L; B
100 pLE AW (1X10°)E5 mLE;FEE; 1o
pL(20 mg/L)Annexin V-FITC, % #E30 min,
BARIRAT, FHINAPL(50 mg/L)5 pl, =i 8 i
5 min; FFE 1400 uL 1 X Annexin V45525,
Th P 3 =St LSRN, (] EAAS i Annexin V-FITC
KPR A R 3 6] L 380, 1 hpy A4S

Bt AbFE KHISPSS ver 11581748
AT, S0 H0H lmean + SDE 7R, PIREAS %L
ZERIR AR K. P<0.010 k) 2 5 ik 24 L.

2 BR

2.1 TRAIL#A R #) &k Z£CNHKS500-hTRAILAL
H¥)HepG2. Hep3BAH ik, T LIS £I TRAIL
AP AN X mRN AR R IL, HF A E £ T
WRL-684 il 1 ) 35 & (E1).

2.2 ¥ 38 %8 fEHepG2. Hep3B AT 40 bk
HEAT O R I A S G, 25 R R, CNHKS00-
hTRAILSwtAdSIHHEGE AT, 48-96 h
i B K, 48 hiIFCNHKS500-hTRAILYE
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c™M 1 2 3

1 TRAILE
BERT-PCR™¥
ImigsE R B
KB, C: BAMES
fH; M: ADNA/
EcoR | +Hind2
I Marker; 1-3:
HepG2, Hep3B,
WRL-6841fU.

564 bp U 537 bp

10°r
10° F
10* -
10°
10° -

>

{3

10 -

0.1

0 12 24 48 96
t/h

10° - —e— HepG2
10°L —o— Hep3B

—a— WRL-68
10° -

10°

T

10 -

0.1

0 12 24 48 96
t/h

B 2 CNHK500-hTRAILSWIAJSTERE4BIECPEYILIE thZk.
A: CNHK500—hTRAILYESE S5 B: wtAdSTs s S
"P<0.01, P<0.01 vs WRL—682H.

HepG2. Hep3B4I iy A9 55 & LLO hi &
16 120 /2251 156.54%, {E1EH# 4Bk WRL-68
H1, CNHKS500-h TRATLY 748 h35H 5501 A
83 1.64, M8 A= 20 i s 43 35 4 n] 14 5063.294%
(K12). M CNHKS500-h TR ATL A] LA 7
JIFv e 24 A R S A, T L 4H W R L-68 Hh 4
RE A0 A 20 s 2 B PR, A AT 1K1 10%
/ifi. CNHKS500-hTRAILYEHepG2. Hep3BH Lk
TEWRL-68H {345 fiE ) i 30065 2. 22

B 2 MR A
PR E N B
s e — AN 2%
12 [P S
R E S AT
FRR GG,
1o ¥k A5 % T
PN s ]
“amE-AR %
J7 7 SRR,
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WAl #H g 200 - [JAd-hTRAIL 120 o Ad-hTRAIL
AREAEIE B CNHK500-hTRAIL  bf " —O— CNHK500
MBS d 1007 —A— CNHK500-
BN AR % E 150l £ %0
A LAy P ol
% umEREE  E & %0
NERTN Yl | 2 40
WL, ﬁ 100 - C
AGRAEI;

B HTRAILA 2 00 o1 o1 . 10 160
HaddmEa 5 500 b g : : A
ALILH, AR T 5 f Hott —— Ad-hTRAIL
iii 1172 4? 7% J;r; 47/!; ﬁ- 120 —O— CNHK500
T T WRL-68 Hep3B HepG2 _ 1002 #— CRHX00-
i HeAK A 8 Cell lines 5 80
i, 6o
B 3 ELISAERNMRER EEPTRALEANRIAE. %
"P<0.01, P<0.01 vs Ad—hTRAILZH; P<0.01 vs WRL—68%H. = 40
SN 20
0
T 3 ik 2 _ T
2.‘3‘ TRAIL% & #) % k% CNHKS500-hTRAIL 0.01 01 ) 0 100
J&Y HepG2. Hep3B. WRL-6841Ifif1, 72 hJ5lk MOI{&
S M S O, TR S ik © 120 T e
—O— CNHK500
(ELISA)Kll, CNHK500-hTRAIL/&Y¢HepG2, 100 T ko0
X
Hep3B4I MK 76 LIS TRAILIGFE A R4 m o 807
N . 1160 -
H167.44+2.13, 173.224+3.26 ng/L, &Y Ad- &
2 L
hTRAILJ§#HepG2. Hep3B4HffI L3 P TRAIL = 40
AW LIE B K32.89+2.73, 34.02+£2.42 20 -
. ; i - K 0
ng/L; MM ICNHKS500-hTRAIL &2 Ad-hTRATLJ 0.01 01 ) 10 100

YeWRL-6841 it J5 TRATL )R IE 54377 418.43
+3.24. 17.08+4.41 ng/L([¥3).

2.4 CNHKS500-hTRAIL Y 2w feni& A 09 %+ U
AR M L SE I (MTT) R L, I &5
CNHK500-h TRATL AJ LAE B KM O T I %
fiHepG2. Hep3B4Il I, ik 5]} HR 15 1 4
HMOI = 0.1, X IEH 41 fdWRL-68, *4MOI =
S00F, 41 Mg A £150% 473, Ui HCNHKS00-
hTRAILXfHepG2. Hep3BIil i 1) 4% 175 % W W
S5 ORI R A B R A N (P<0.01), T HL
X Hep3BAHXS T AU, MAEMOI = SHY, &4
CNHKS500. Ad-hTRATLF) 41 H th 45 50%47
%, YPCNHK500-hTRAILYfHepG2. Hep3B
I M 1) A% A 0N B S TFCNHKS500, Ad-
hTRAIL(P<0.01, [¥]4).

2.5 CNHK500-h TRAIL % 2 i, -F- 40 8 £ 84 %
") Annexin V-FITCyEA 4N Mo i 309 =4
R, 70 N e U T A e AR AR
TEB,IX. B, DX 40 fu 5 40 (1 Bl 45 B2 4 g
KA T L] CNHKS00-h TRATLIE S %%
A SE, HRXMTRAILE (%S9
JH71:, CNHK500-hTRAIL5 $HepG2. Hep3B
S O T ) Al M b g i ki 23.43% £

MOI{E

B 4 SHERSTERTHEVENE. A: MTT WRL—684
27 d; B: MTT HepG24iii7 d; C: MTT Hep3B4Hfifg7 d.
"P<0.01, ‘P<0.01 vs CNHK5008{Ad—hTRAILZH; P<0.01 vs
WRL—682H.

2.43%. 32.53%+2.32%, W & 5T 5 B EEAd-
hTRAIL(11.87%%2.51%. 9.77%%2.61%) %}
HE I I WRL-68(7.31% % 1.17%)(/&15).

3 iHie
T4 o iT 9% (hepatocelluar carcinoma, HCC)/&
P H L — Bl . BT RS 5 R
R HRREEER A, SETART BN
TR, M W EE T AT 1 7 A ),
PRI 3 SR8 (1) I A 284 B v 7 B H o 2
BEHE IR AW 22 R N R e, e 1) Ak DA
BIT AT R T SN %, IRERZ2 2] T
[ S EAIND A

TRAILy—Fi 1T BB HE 11, A TNFHE 5K
[R5 10N 1 b1, ATl e Ry e Pk 45 4 R T 45 4 ik
WORFME FI T A5, Wi Caspased 1M fif 2
RN, 5 Al A T2 TRAIL S S 40
FLAT e B A A T S P, T LA ) e
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A _ WRL-68 B HepG2 c . | PG X4
S '-';;r . =3 X =3 B 8 4% % M3 AR
- - - R LARE T
e = = J A, AT AR
ol D D AW EBRATAH
5 5 5 G AR AN T A R
@ @ @ FHFRARL
Ff 98 m Re A it
ol ol P E 3G, K
0 00‘0 0 43k B A A5 A 9B
ey B 6y, AR
. F < TR BT RET
24 2 — S AR AR,
a
: 3 E
10° 10t 10®° 10° 10° 10° 10t 10° 10° 10° 10° 10* 10° 10° 10°
Annexin V Annexin V Annexin V
Quad % Gated Quad % Gated Quad % Gated
UL 7.58 UL 11.48 UL 3.18
UR 6.03 UR 15.79 UR 7.76
LL 84.03 LL 60.49 LL 79.29
LR 2.36 LR 11.87 LR 9.77
=t 5.
o a
k=) . k=)
- . —
10° 10°  10° 10° 10* 10* 10° 10° 10° 10* 10* 10° 10°
Annexin V Annexin V Annexin V
Quad % Gated Quad % Gated Quad % Gated
uL 4.82 uL 9.56 uL 7.09
UR 9.69 UR 16.37 UR 16.29
LL 78.18 LL 50.64 LL 44.09
LR 7.31 LR 23.43 LR 32.53

5 Annexin ViERIRSHBREVATIESIER. A—C: 24, D—F: Ad-hTRAILZH; G—1: CNHK500—hTRAILZH.

PEPSIMATAE, JERENSIE I 55 W3 RN, 43473 g
i B, L8 IR I S i R R B RS e i
FEAE S, A5 2 8 40 M ik 75% L
HBXF TRATLARUK, TRATLZE 8T 3 R 7 45Utk 52
B T ok R % () R,

A 255 i 93 R DR 7 T I P = 22 ) A i =
iy S e A B I ) R DRk AR, i ARy
R S 1 84 B 7 R R BV AR R Al N B
il HEGE, S R A 35 R
ok DRI b 95 B4 e MR I A . S, AR
i 96 0 L P v kR, I P B R L U
A IR 4t i, HE— R AR MR T ARG
TELE R 15 40 e pg a1

i 6 R S M G BE A IR FECNHK500-
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hTRAIL, HEIA. E1BHER 5l i S hr g0 4 5
fi(telomerase reverse transcriptase, TERT)FI#44,
J% % 7eA-(hypoxia response element, HRE)X &1
P, RS 1 IL LR s BH M A S 4498 AR i
AT R, PSR B, CNHKS00-hTRAIL
T A b 7 it R P 2 1) JHF e 40 U Mk He p G2
Hep3BH B 5E 68 ) 23, LLAE 1E 3 i 41 e
WRL-68 1 {135 it J) i 30015 2 %5 S ak
HLL KA G H BRI TR ATLE A (R B4y
HA, 7Y 572 hifJHepG2. Hep3Bii7% i
1, HELISAVE W] LA B TRAILE (R IA &
Iy 167.4, 173.22 ng/L, W] i T A1 Ad-
hTRAIL. MTTAL I & B, CNHK500-hTRATLAEAK
MO IS BRI AT 3 6 Hep G2« Hep3B4H g ik (1)
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