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R EA, B AR P28 /s 3 Tkt T BRI R Fe ) M e A ALE R R A AR SR R sk sl Bk T
% & I 98 37 5L A - (tumor necrosis factor, TNF)A8 % 8 = %3 B4R (TNF related apoptosis inducing li-
gand, TRAIL) 1B 447598 I #% #-(0Onco™d-P28-E1A-AE1B-TRAIL). i@ itOnco"!-P28-TRAILZ I &
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Abstract P28 (also known as PSMD10, P28%™* or gankyrin) is highly expressed (96.9%) in HCC (he-
patocarcinoma) but not in normal cells. Therefore, P28 promoter was used to design a novel oncolytic virus vector
with liver cancer targeting. On this basis, Onco**-P28-E1A-AE1B-TRAIL, a novel oncolytic adenovirus carrying
TRAIL (TNF related apoptosis inducing ligand gene) was designed for HCC therapy. The infection of HCC cells
with Onco**-P28-TRAIL showed that TRAIL protein could be highly expressed in hepatoma cells. Crystal violet
staining showed that the virus could selectively target hepatoma cells and had no obvious toxicity to normal human
hepatocytes at 10 MOL. In vitro level killing and apoptosis studies showed that Onco®?-P28-TRAIL inhibited both
Huh-7 and Hep-3B hepatoma cells in a time- and dose-dependent manner, and could significantly promote apopto-
sis of HCC cells. In vivo, the nude mice HCC-CDX therapy showed that the oncolytic adenovirus could promote the
apoptosis of tumor cells and infiltration of immune cells, thus significantly inhibiting the growth of subcutaneous

tumor of HCC cells. These results fully indicate that Onco**-P28-TRAIL can effectively inhibit the development of

HCC and is a potential candidate drug for the treatment of HCC.
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AMRhoA/ROCK . Rb# [ HE I 19 it /7d 4H Hi 184 HE A 7
T Z oG EAY 24T, P28 LLE Rb&E FHAHE
A A L IR A0 17 Bt i U0 MIDM2-P5 3368 % 72 /)8
KA R AR i AR A, P28iA ] LIS MDM2
S5 R PS3IMIZ HACAFEME M RS R BN
P28TE JHi 4 M ks HY 26 711K 96.9%, (H 2 HAE IR
AR A 2R, AR Lt 1) JH i 40 B e 12 112,
WO LAE N HCCIZ 48 bR . AN SRR 5 Tk 1 P28 4K
HR BB P51, F A2 g 25 R 5
43 (dual-luciferase reporter assay)*f H AN [F] B A 2
FIE AT AT, 97 tH s PR S 1 196 bp %O 7
H1, I B e s 75 N UEE JE 3h 1, A P28
5 ETAX FE4 M E1BIX 147 7 11 B8 1ra i £ 35 89 It
J#i E:0nco™-P28-E1A-AE1B(LA T fai F#ROnco™) ik
ST 968 Ji s B3 75 A P4 1R ek 98 A A AR
TR EAAR SR A, HilmRZG8EER /R . 7
W B R A AR A EG T EE N, 40 B
HiLE R b oK R I, FLA A R T R R R
SR MR T S S R, P B R R sk — 2P
REEGUMIEER 9, Mg RS8R 7 G T2 15
BCAA (TNF related apoptosis inducing ligand, TRAIL)
T 199544 Weilay K I FE 1 44 , &M RSB R (tu-
mor necrosis factor, TNF)FE R F R R R 22—, A
TRAILFERAL T 35 GL R K 21X 677 (3926), Hifid
HI28 1M I MR AL IR B i 2 9 ). TRAIL S
ARG R 5 5T N R e R B SR AR B S AR R A
T-35 , 7% TRAIL-DR4/DR5-FADD-Pro-Caspase8 ]
YET2155 515 5 B & 1K (death-inducing signaling com-
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plex, DISC), ¥ Pro-Caspase8 A 1l A 7% M 1117
TS IR 55 A 2 R A i 8(Caspase8)Ffii ik [ F 2k
RARSZ A SR T 07, TRAILW DAEEA RS IEH
UM AT T, B FENE 5 5 MR 40 i e A i T 1200,
JFF 5 22 ol e B 240 MR PR 75% LA 1 #0 TRATLBURK,
TRAILE i 8 5 Rl Ve 97 I 32 31 1 okl 22 1 &
LB, 2T TRAILER ER TS Pt E R, A Skie
TR | AT TRAILEE R 1)V 98 195 25 Onco™'-P28-
TRAIL, %598 0 B £ 47 S 10 5 1) I 3% 4 i 48
HL (RIS, AT DAAE e 40 IA TRAIL, PAAK SR
I P R R - 20 B R O I XCEAE D, R I IR T
PR —FhoHr T 7T B

1 HRSEsE
1.1 R, EFPANLHRE K

pshuttle-P28-E1A-AE1B. pCA13-TRAIL. K
J T 1 i k DHS ol BJ5183-AdEasy-E3 A X1 H
BN AR AT ; HEK293 H ATCC; Huh-7. Hep-
3B. Hep-G2. QSG-7701. A549F1HeLak [ o [E &}
SR bR L
1.2 RFI 5=

DMEM(cat#11965092). RPMI-1640(cat#11875093)
R R FE RG24 L35 W H GibcoA 7] ; Effectene% 4¢
R (cat#301425)04 H Qiagen’s 7] ; CCK 8kl &
(cat#CK04))J H DOJINDO Laboratories/A 7 ; Hoechst
33342(cat#C1022). JikiE HEF(A T EDTA)(cat#P4201).
B-actini {& (cat#AF0003) [ 138 = KA
AA R AT ; Annexin V-FITCZH o & T4 I 128 55
& (cathA21 1) H i W MESE AE MR A IR A A
TRIzoniR ) (cattCW05808) I H Mt 20 AE ¥ AL
HIRAF ; TRAILYUMA (cat#3219T) I H Cell Signal-
ing Technology A 7] ; & {)j (cathHW049401). L ¥
(cathXW00641751). S ALH (cat#20014213), &4k
(cat#71012314)55 0 H 2458 B 22X A PR 2 7

T EAE AR IR - 137489 E W2 44 . Mul-
tiskan™ FCZU#5{X (ThermoFisher Scientific/A & );
CKX53 845 B ¢ 6 2 45E (Olympus A ] ); AVANTI
JXM-D183-30%4 =y /4 ¥4 250 ML (Beckman Coulter
AT]); FAC SAria™ A 040 i A% (BD Bioscience A
F]); 27208 PCRAX (Applied Biosystems > ] )
1.3 7

13.1 BRaimanmE. axfbse HP2SH

BRI AR RN E AR S )T, £MEIBIX,
PApCA13-TRAIL AN, it PCRITVEY 38 i A7
TRAILFER ) FIEHNE . PCREAFIIR : 98 °CHiAS 1
2 min; 98 °CAZ1£30 s, 55 °CiE k45 s, 68 °CHEA#145 s, 36
ANEFR; 68 CCAGEAH5 min; 4 °CA L. FIHF 540
o 5% FTRAIL-F: 5-ACA TCT GAC CTC
AGA TCT AAT TCC CTG GCA TTA T-3'; N34
% TRAIL-R: 5'-CAG ATC TTC GAT GCT AGA
CGA TCC AGA CAT G-3', H Lifg i AR A IR
AT G T TRAILY S 5E K ZR 1K HE DA V)32 42 (1)
77 23\ B %42 Uk pshuttle-P28-E1A-AE 1 B[ Bg/Il
A7 A Ab , K s TRATL U 5 R (1 % 48 o
pshuttle-P28-E1A-AE1B-TRAIL. H1_E#gARZEAYH:
RAE R AT, W7 2ERS BB AHRE. R
JF#i5 BI5183-AdEasy-E3 [A] ¥ F 41 2 5 , il Ef-
fectene % Jiff) 4% LR R I HEK 29340 /ig, 9K
Fe AT LB, WS BE, R AU B DNA, B PCR
AT S0, %50 1R 5 3R 15 198 93 25 Onco™-P28-
TRAIL, f#47T-80 °C.

1.3.2 BB AEY . it il mn g
HEK29341 B 7E 10 cm4H fB 8% 77 ML R 55 7%, 7E40 iR A
K2 90% A AT, I NIE LR 27 10 MOI(multiplicity
of infection) FIVEIR IR 55 , 3~4 K )5, WLZEH]80%
ARG WEAEMM, RS a3, &k
(CsCl)% FEBh B B Db AT W B 4liAb (BRE : AR AE |
MR 92 mLE5 A 1.4 g/mL CsCIA . 3 mL%5 )y
1.3 g/mL CsCIA# . 5 mLZ % N1.1 g/mL CsCIA,
1.1 g/mL CsCIAVREL &SR ERUTIE, 4 °Cv 20 000 r/min 25
2 h).

1.3.3 @iz HEK293. Huh-7. Hep-3B.
Hep-G2. AS549F1 HeLaZ ffi {5 F & 10% M6 45 135 1
DMEM 523 T-37 °C. 5% CO. % 5548 th kAT 15 9%
QSG-7701 41 i FH & 10%fA 2 I35 ¥ RPMI-1640%%
FREET 37 °C\ 5% COMEFRFAHATE 7. 3R AL
FEAR, TR0 A A A 20 gk AT SR 6

1.3.4 “ah RGN miohE ] 24 FLAR
FE IR RRAL 5x10° 404 4% A QSG-7701. Huh-7.
Hep-3B. Hep-G2. AS49F1HeLa4l iy, i FLMEEE 5
SAMAARFEMOI0.1. 1. 10+ 100)f5i &, H
AR B N R AL, 3% FIR SR ERE 3R 96 hg 2%
FEREFRM, NS00 pL/FLEE SR G ta i, i i gL 6
40 min, 250G E 4 SRR G, FTE K/ OB
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Tl AR TR FA WA, B BT IR SIS E 3K,
1.3.5 CCK 8t¥meamfefiE%  [A96fLH % R4
FL 510341 43 5512 F Huh-7 1 Hep-3B4H L, £33
WEEE 5 3 B IIAASE MOI(0 0.1. 1. 10+ 20. 50)
FIR 3, LR A Ingnie gl s A4, RhimdEah
XTREZH, BRI E 6N EIAL, 4% BB R FR KA 7 5
FE24. 48, 72, 96 ho [FFFLFHIIA10 L CCK 8
W, 137 °Cy 5% COIEFFNINE 1 hfg, iIBE
it A5 A R 7E 450 nmAd IR OG R (D)E . 41
AR A XU 407 % =[(As—Ab)/(Ac—
ADb)]x100%(As: SLEGFLIROGEEAE; Ac: X IESLI G
1H; Ab: F HABOGEE). LR EE3R

1.3.6 Hoechst 33242 & &40 40 A = 2L
] 6FL R % FR A FL 4% L0341 i 43 3145 A Huh-7F1
Hep-3BAi /i, £FFLMEEE f5 53 i 5 MOI Onco™&,
Onco™-P28-TRAIL, HH A 241 Anf FEZH, $4 e
IRKAEREFE96 WG, WX i, {4 FH PBSIA W A
TEVE 205 TN 200 pL Hoechst 33242444}, 37 °Cilit
JEEE 20 min, B3] B 080 RS S WS4 i P
AN LI EL 3N

13.7 AX@mpbnmpAsE  UASL4x10°
AN LLE 6L 1 43731 2 F Huh-7F0 Hep-3B4H A, U5
BEJS /3 50N 5 MOI Onco**B{ Onco”*-P28-TRAIL,
SRR I EE 4L, I8 EIR SF AR5 97 48 ho 1%
8 Vazyme Annexin V-FITC/PI il 40 i 4 123857 &
Vi FHERAE , $E47 FITCHI PIXU,, SRJE7E 1 hA Eii
A AL TRES . RIS E R 3K,
1.3.8  Western blot 3% a5 & &) Jit K-F TFo6fLik
I AKHBOAE K B Huh- 74080, 255 4x 10491, 5
7824 hJ5, IIA10 MOI Onco**&,Onco*d-P28-TRAIL,

AR R X HRAH | ¥% Bk 215 37 48 h, 46
TRAILE HHIRIE K.

13.9 WA RBARRAAHREE  TE6JHRT
MEPEAR B (BALB/c) 1 @ 37 Huh-7 /1 Hep-3B ¢ N #£1E
JRI 15 (cell derived xenograft, CDX), #£ iR A H _FifF
Wi e LB A IR A | o B /N R 358 o
Jp3 JZL 4K (specific pathogen free, SPF)Z, frRIFFIRSE N
20~26 °C, 1% H40%~70%, 6/ BEEEIF12 he
MNETFEABIES RN, ST LA BRI E A
Ko AL @S Ll AR R A E 31
B ZE 2 d AL HE , W) S50 40 B 9% 50 LDIA-
CUC 006,

EUG S04 K T Huh-7 X2 Hep-3B4H i, B
BT 37 °C FyHAL 5 min, FBERR 22 57K (phosphate
buffer saline, PBS) i 41 ffl i 5 9 510> /mL, LA
100 pLARFR BRI E R B A AR, £ g 1A A
F100 mm* 2247, 3@ FE AL 410077 O R R
241, F4L 6, 5353 S PBSHT Onco”d-P28-TRAIL .
FUE N i EE I NTE ST 5%10° PFU(plaque forming
unit)/100 pL, FF2RIFEG 1R, Hik gt 5%, B3 RAE
FH bR A= RO 52 e gg R, 78 56 24 K B3 i g 1A AR
IEF] 1T 000 mm’ 0 #R BREAT 22 SR AE . W iE SR g i
R T VR B I BRI 7 2 AU MR 2 . iRg 44
F1=0.5xaxb?, afilbs HIAK IR KA TR
R =[1-X/Y]x100%; XEKRTEIT 4 & 4 T 240K
RRIE ; YRINIATT & SR 4 (PBS)JH T & AR Ak
FAIE
13.10 HE®&  BREARNZMEIREE NG, S
RHEAT %2 SR AE, BRI AL ST A e . XF T HE
et WA EIRA R HRHE 4 pm ), B, B
FEKAL, IR GAZ, ik, TR Y, BREERLK , i&
B AL, 35) ) 48 DM6B s (kK B R 40
S
1.3.11 Ki67#atk3 & XHFKie74t, MAlER
WA R bR ES umb) Fr, A, BUEAE S, BRI,
4 °CHEBEILI . SRJ5 FH PBSYLIRFE M, 5 A LT
IgGHUARAES7 °C R & 30 min. 5 PBSHEA 3G,
F3, 3°- & BRI (3,3°-diaminobenzidine, DAB) %%
t5~10 min. Y EFILK S, 14 FIDM6B & fl i (Pk
KB ARG MR .
1.3.12 St Fodr ASCHIA RS0 H s DL
YE thrifEf 2237, 37 H GraphPad Prism 6513t
17 t-testky 73 1. *P<0.05% 8 B Git 25,
#*P<0.01 KRB HRENER.

2 H#R
21 BEBERSNNESEE

R T8 1 4 ] TR — 3 B VR 9T SR, R
4 AR 1% B Onco™-P28-TRAIL(F 1A); Western
blot 745 7 Onco®-P28-TRAIL 7 ) TRAILHE
[AIE Huh-740 ff Hh (1 A 100, 45 R SR TRAILE H
FRINIE (B 1B). LA ESeae a5 SRR B, V8 I 25
Onco™-P28-TRAILYE F 41 i ] LA I 3R ik Bt
JiFE TRAILEE H
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(A) v P28
=————nr

ITR é ITR

hCMV  TRAIL SV40 polyA

(B) &

TRAIL "

A: IR IRIP #E0nco”-P28-TRATLZ, #4); B: Onco™-P28-TRATL AL Huh-741iU48 h/i, Western bloti I TRAIL A [ £ Huh- 7480 fitd Hh [ %
A: the structure of oncolytic adenovirus Onco®*-P28-TRAIL; B: Huh-7 cells were treated with the Onco*!-P28-TRAIL for 48 h, and Western blot was
used to detect the expression of TRAIL protein.

Bl AR EOnco -P28-TRAILKI ZEMFILE E
Fig.1 Structure and identification of recombinant virus Onco"’-P28-TRAIL

MOI 100 10 1 0.1 100 10 1 0.1 100 10 1 0.1

Mock

OncoA? |

Onco®d-P28
TRAIL
QSG-7701
Mol 100 01 0.1

Mock

Onco™

Onco*d-P28
-TRAIL

' Hep-3B
FAAFEMOI(0.1+ 1+ 10+ 100)FJ5% FE/EYLA549. HeLa. QSG-7701. Hep-G2. Huh-7HIHep-3BANMI96 h JiF, I i &5 & 2 Yo @i 4N iR 7735 22 .
AS549, HeLa, QSG-7701, Hep-G2, Huh-7 and Hep-3B cells were infected with different MOI (0.1, 1, 10, 100) viruses for 96 h, and the cell viability was
measured by crystal violet staining.

[E2 Onco*'-P28-TRAILI% #1458 51T 2 1A A
Fig.2 Recombinant virus Onco*’-P28-TRAIL selectively target hepatoma cells

2.2 Onco*'-P28-TRAIL % ¥ 1 #B [a] BT /& 40 AR 2 B98I FOnco™-P28-TRAIL % Hep-G2. Huh-7

GEEER YA B (F2)oR, iR EYR R Hep-3BA5 HH 400 (1 R A5 1 F Aot , (HF AS49 )
BE(E 10 MOIRS, E/NHEATRE AN AS49. E8UE  HeLaZFIENPBANIR R ARG ERRES, Kl ik
Y1 s HeLa Al 1E F HT 40 M1 QSG-7701 H e (st v, 1M B QSG-7701J L3 A A4473 (5112 100 MOLA
940l Hep-G2+  Huh-7H1 Hep-3BH S A KA et —E M), B, %8 % E Onco™'-P28-TRAIL
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A DLRE S e R 5 e 4 B, B A v B ) s A
A e 3 R LE AN B ) 2 Ak
2.3 Onco**-P28-TRAIL & Z ! Huh-750 Hep-
3B4HBEAYIETE

R P 245 K e 8 25 L 7R Onco®-P28-
TRAILXS Hep-G2 4 iy 5% %5 R R th B Al T- Huh-7F1
Hep-3B4H M1, T HSCHRFRiE Hep-G24H il 1 P28 25 [
FIK B T 5 R 4 A U2, R AE S 8 S e
i E % ER 7 Huh-7 0 Hep-3BHHATHF 7T . {8 AN [H]
MOI(0.1. 1. 10+ 20 50)H Onco™'8¢ Onco”*-P28-
TRAILALFE 1E % 5 B ) Huh-7 1 Hep-3B4il /it 48 h,
CCK 845 R (E3) 7w, 24k E:4£10 MOIKS, Onco™
AL BEZH H Huh-740 A7 #2292 Onco™’-P28-TRAIL
AEFRAA ) 2.54% , Onco™ b HL 20 HH Hep-3B4H i A7 4%
KL 5E Onco™-P28-TRAILAC AL 2.71% . ] 10
MOI Onco™il Onco™d-P28-TRAIL AL 1E & 5 EE ()
Huh-7fHep-3B4iIfI24. 48, 72. 96 h, K I EE4}
JFF- s 0 94460 e A1 D i [ A A 1 3 5 . X e

1, Onco™'-P28-TRAIL X} T 41 ff2 Huh-7#1 Hep-
3B MHIMEH, H 2 R A .
2.4 Onco*’-P28-TRAILi%S Huh-741 Hep-3BZH
BRI

BTEE3AME 3B, 10 MOI Onco™*-P28-
TRAILVEFH NAIE T 3RIE 2] 80% /r A7, K 43-4H i
AIRE LA T AR T B A AR, AEE
BEATRTAI, 177 1 MO N UAA 70% 76 44 (1) 5E
T3, AR TR AR IR, 1 FLARYE AR
HUAEAKHKE , 5 MOI Onco™-P28-TRAILZ M R
R TR DU LU 350 - B A AS [R) 98 2 1) 22 7 (U
KRIETR), FTUALREHEE T, KA 5 MOL#AT e 2L T
ARG . Hoechst 333424 (4611 5 MOI Onco™
&}, Onco"*-P28-TRAILAE | Huh-7#1 Hep-3B41 {2 48 h/i5
FITE T 00 (B 3A~E 3F), Xof R 4 A 4 R A% e S0k
GG, Onco b3 2H ] DUV 52 B4 fudx 2 808k
e, Onco™-P28-TRAILALFHZH b ] L 25 W0 4 5141 ifg
W% S B IR Gl al, B HUIR BUE R e, 5 BH Onco™*-P28-

(A) Huh-7 (B) Hep-3B
120 El Onco™ 120+ El Onco™
3 OncoM-P28-TRAIL 3 Onco?d-P28-TRAIL
1004 100+
N S
S 807 5 %0 -
= u ok = 60
._:3 60 N ;3 "
Z 407 I Z 407 "~
[} Q
O 20 |_'L| I O 204
0- T T T |I:LI i| = 0- T T T |':r1 |'I'
N SN < N s S ®
Multiplicity of infection Multiplicity of infection
(©) Huh-7 (D) Hep-3B
120 El Onco*? 1201 El Onco™
3 Onco*-P28-TRAIL 3 Onco-P28-TRAIL
100 ok 100+
S g = S g §
7 T *k
g = £ 60
@ 60 @
Z 407 Z 401
> 5]
o R ]
0- T T T T 0- T T T T
s o e oP P> o e o°
Time /h Time /h

FAAS R &4 5 5071 Onco™ B Onco™d-P28-TRAILAL # Huh-7(A) FHep-3B(B)4Mfit196 h Jii, CCK 83l H 2445 % 4L, FH 10 MOI Onco*5{Onco™!-P28-
TRAILAL 2 Huh-7(C)FHep-3B(D)4H 124 48. 72. 96 h Ji7, CCK 8¥EKG M H AR08 . **P<0.01.
Huh-7 (A) and Hep-3B (B) cells were infected with Onco™® or Onco™*-P28-TRAIL with different MOI for 96 h, the killing effect was detected by CCK 8

method; Huh-7 (C) and Hep-3B (D) cells were infected with Onco™® or Onco™'-

detected by CCK8 method. **P<0.01.

P28-TRAIL with 10 MOI for 24, 48, 72 and 96 h, the killing effect was

&3 Onco**-P28-TRAIL T Z I AT = 28 Huh-7F1Hep-3BAY1ETE
Fig.3 Anti-proliferative effects of Huh-7 and Hep-3B cells by Onco*’-P28-TRAIL
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Fig.4 Onco*’-P28-TRAIL promotes apoptosis of hepatoma cells
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