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BAMEIZEE C OFEMBIZEEI RO SN TBY), IS OMBATI SR TREREICLVALL ZIEIZL-
THA DR & RAES B BUNEEEAMED M &N 5. JHEWET A P A A Y THAHTNF-a lF, TIIv7 17 7 — I RHEK
% EORIEMIBASEE SN, PAOKGE, FEF, BB EEREL, PAOERELHEEL WD ZOTNF-a ®
FIEIC &0, HuROE G EAEE SN, EIA-ARE-mRNADZEL S 1, AJARET OIS EHAIRAITTES 2 L%
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Fex2 LRI, 7T ANV ADY AEBIETFEWE4ort6
IZE DA AAL L 222 TlZ, ARE-mRNAXHuR7Z: &73
CRMIZFRAE MM B IS Hi% S h b 2 & & R L7
S 512, Edorf6ld bk L7z ARE-mRNA % %21t %
ZENTE, HEILEINZARE-mRNA X Z S AAL L
7219 20k % ORFET V— T, 7 A WADHAALD
BRI TIE 2 k4 708 AR TARE-mRNA QR i % - %
TALENZNOMIAA AIZES§ 5 Z L %R L, HuR
D%V % R AREmRNAD 2 i:, 3 Ld 7 A IV A
BIETEDORZL VB 2D TIERL, £ L OWAM
HIZAHND T EAbroTWwah, £512, ARE-mRNA
DOLEEL, BAMIOATIE R L, RIERT A IV AFEGE
7 SRR A B D LA T AN 2 E RIS
f)‘blfgoflﬂélg).

T T AV ALY, IR T CTh HELAMRMIC
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G IEHEAL S NG, EORBGHBINC 22 L, BHEEZ
FLI~LSARBL YA VAPEE SN L. 200, 77
J AV ADEFHIZIZEIADSBA LA L 7 520 ([2).
INF TOMEBER Y A VAL, FEOBEET O RIEDE
2o TV LAAMNIER, —EBD 2 ARMIESR SIS AL L
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IR S MDD AN DRI LPER T hr o 72722,

AL 122 < OREMIGZEI RO 5N TB Y,
ZNSOMIEAT ] S FTRIZIGEIC X D RKIEIC L o T
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WA EICHAA TN TE Y, EIADFIAML, E1BSSki#E{n
LREL TS, FH72IZHIEL72A AJARETIwld, TNF-a
BIZFDAREZ FFOEIABIR AN IE NS AAENTEY,
EIADZEBIAAAARETrvIZ NS <, BB R EH N &
PR ENS.
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5 EIA-ARE-mRNAZAS A TREILT 5
4 OFF L7 AdARETIw DE1IA-ARE-mRNA &, TE4
AT SR EN T AN AR Z 2 2 2 TE VDS, A
AT TIZHUR & & A LB S D 2 & TRENLT 5D T,
EIADSEIIL, 77/ 9ANVADERS L EATE D,

AJARETIZmRNAD Z5EAL Y A T & %G L 725
B A IWVATH Y, AREMRNADZEL STV 525 AHM

Fa29 (F_TODADKIR % ~ 90 % & HEM SN D) 1ZEH L,

BRWICERSELIEDPFHEND., ZOMRKE,
AdARET % & S & 72 AMRTIX, AREZ F2OELA
mRNADYHURIZ £ ) 2 bS5 720 (M5), HSAMEE
BN A VAW T 5 2 EDTE, A AP A
BAlfazh R R L7z,

T/, PARBOREZFMAT L2 & &2 HEL,
TNF-q & OB LY, MFEEH ICHURO 8Bl 2358 n
L 7208 AR C LI RE RS A RN R OB R & 7R L 7.

INSDOMERIZAJARET S, JEBEBEMRGREZFHL,
TNF-a £ DBIC L > TEOR R PR TE L2 L 2R
LTW5.
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1. #lEtkS L UHAREE

b b FES s AMEEHeLa, & MASARIIEAS49, E R
FREAS AMIFBHSC-2, & b OREDSAMIBESAS, & b FLIRAS
AFIEBMDA-MB-231, k& bILRE2SAFMIEMCE-7, & M
R AAESF B, b b PARRMEFMIIBHGE-L, v MR
MUESF MR WI-38, & MGEEMIEHEK293% i L 7.
FTRTOMMIZATCCL Y AF-L, HiHhiZiEDulbecco's
modified Eagle’s medium-high glucose (DMEM,
Sigma-Aldrich, USA) (210%™ ¥ R (fetal bovine
serum : FBS, Sigma-Aldrich, USA) ##&ML7zd 0%

37T, 5 %BCOAFIE T TR L 72.

2. AJARETDHEEE

AdARET IZpXhoIC plasmidm Y pAxcwit2 cosmid
vector (Takara Bio, Japan) % v CfERL L 7. pXholC
WZ5H e b7 7 A VADELEET 2RO, AL
TNF-a ®ARE7 5 7 2~ } (40 base pairs) % pXholC
vector DE1A (%3 -UTR®Hpal sitelZflAAA 7. El
WHIB A F 2 PCRIETHIE L, #IREEREClalz Hw T
pAxcwit2 cosmidDEIRIEHIZIFA L7z, Z O, Clalx
WG ICFEOIAT T 7 A v M HMEFIAC A o7z 0 — 0 %
AdARET forward (AdARETfw) & L, #FIIFA S
7z 1 — % AdARET reverse (AdARETrv) & L7z ([X4).
NI AI FPHAJARETD 7/ ADNA%Pacl T
HEEL, DNATZ T 7 A v b % 203K 1238 A f5, BEFH L 72
AR R, B A SRR R LI L7z A
)V AL D JIl (infectious unit ; ifu) ¥ Adeno-X™ Rapid
Titer Kit (Clontech) % FHV»-C#ll%E L7z

3. aLNNTEOHY

10 cmEE# T4 v ¥ a oMl ) » BREE LK
(phosphate buffered saline : PBS, # VX aPBS (-),
Hok B N4 4, Japan) 12 CPEE#, fractionation
lysis buffer (10 mM Tris-HCL pH 7.4, 150 mM NaCl,
1.5 mM MgCl2, 0.5 % NP40, protease Inhibitor Cocktail)
%200 plmz., MBLEMRE VA7 L—/8—CHILL 72
AR % vortex X 49— T4 C, SR L, Z0tk,
4C, 12000 rpm T30M Lo HE L, EiE 2200 plBEIXL,
S 5 & L7z, lysis buffer 100 plfinz XL v k% 2[A]
YL, 4°C, 12000 rpm T30FP R oL Lo BE L, F& o 72X
L v MiZlysis buffer#30 ulil zZ BEHEHE AR EY F 4 —
(Sonifier 250, BRANSON, USA) 2 & 0% #ifg L 72
ZFDt, 4T, 14,000 rpm L0078 L, E3530 ul
RS E LRI 72, Mg sy > o8 ofilicix
NP40 lysis buffer (150 mM NaCl, 1% NP-40, 50 mM
Tris HCI, 50 mM NaF, 5 mM B-Gly, 1mM Na3V0O4,
10 %Glycerol, Protease Inhibitor Cocktail) % 200 ulfill 2
LIVAY L= — THIRE R 2 L, BE TS )
A= X Vs Zm L7z, 2ok, 4T, 14,000 rpm
T4 MmO L, Bii5200 pl 2 3RECL 720 2 b0z,
BTNy 77— & LT500 mMTris HCI pH 6.8, 10 %
R VAR b 1) 7 2 (sodium dodecyl sulfate : SDS),
50 %Glycerol, 7HBE 7 = / — )V 7 )V — (bromophenol
blue : BPB) &Mz 7zbD%RML, 2-2AV AT b1y )
—WERMRIZDDEZNENDT Y TVITHMLZ, &5
(2, 95 CCHMIBVEMME AT\, Thity V37
DFEBUENTICH 72, TNF- o f#i 5512 1ZRecombinant
Human TNF-a (E. coli derived) (R&D systems, USA),
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IL-1 B A 5B
derived) (R&D systems, USA) % H\»,
v ¥ | L 24RE IR 2%, TNF-a,

1ZRecombinant Human IL-1 4 (E. coli
il
IL-13 xEhE

N100 ng/mli2 7% % L H %ML, 3, 6, 12, 24412 1
BN o, BT 8 287 ORI EAT
57,

4. SDS-polyacrylamide gel electrophoresis (PAGE) &

& U'Western blotting

Western blottingld, Aoyagi® /726t~ 722 L
725 XTI %R T2 )T I RSV ERWTES
kB (100 V, 8047H) L, &A1 7 vibe =17 (poly
vinylidene difluoride : PVDF) & (Millipore, USA) 2 &
B (100 V, 604°M#) L7, 20k, JUEOIEFRRITE
R 72, 5%AF L IV TS UG S8, otk
— R PURHUR 3A2 (Santa Cruz, USA), S - tubulin AA2
(Millipore, USA), f-actin C4 (Santa Cruz, USA), Ad5
rabbit polyclonal serum L13329), E1A M58 (Santa Cruz,
USA), Lamin B C-20 (Santa Cruz, USA) = ZNEi
4 C T4 Rt £ 472, Washing buffer 2 CT4555 [& ki

Tk¥UE L LU CHRP (Horseradish peroxidase) 7%

A L7Z22WPUETIE L, S T605 ML S 7. ik
|Zwashing buffer|Z T4547 ¥t %1%, SuperSignal®West
Femto Maximum Sensitivity Substrate (Thermo, USA)
I CTHERE L, Image Quant LAS-4000mini (817 1 V4,
Japan) % B\ CTHREA 2Ny xR L7,

5. AN REEDEDRE
AV AR RERIER OMIE X, Yanagawa-Matsuda® J5 %
it 72°7. 12well 7 L — b ICHeLailifa, AS549%0,

HGF-1#5, WI-38Hf, BIMIAE 2 1.0x 10MEERE L, 37 T,

5 %CO, F'T, 10 %FBSEADMEM % Fi V> T 245 [ 55 42 1%,
AdARETfw % multiplicy of infectivity (MOI) 1 (ifu/cell)
TGS, WA 6 0 HICE VA Y L— 38— THlla % 5

L ELL, S, B 3EREDEL, v A IV A
%47 o 72, 24well 7L — M ICHEK293# /3 % 2.5 x 10°#

BFEL, ZNZ2NOMBLSELL 727 1V 2 %10 %FBS
&ADMEMT1/10, 17100, 1/1,000, 1/10,00085 2758 L,
FR L 72250 ul oD% L, HEK293MAE I &g S ¢,

37T, 5 %CO, T T4BME RG22 L 72, 43¢ M 21 PBSTEH L,

100% A % 7 = )vaginl, -20 C Tl MEE L7 FEE
%PBSTE® 2 21T\, LkHLA (Mouse Anti-Hexon
Antibody : Adeno-X™Rapid Titer Kit, Takara, USA)
250 plx Nz 37 C, 605 MG S w7z, € DHPBSHEE %
2|47V, 2%k BUIE (Rat Anti-Mouse Antibody (HRP
Conjugate) Adeno-X™Rapid Titer Kit, Takara, Japan)
250 Wz N z.37 C, T6055 M Bt & 272, PBSHEE % 2 147
WDABHef |2 CTAF Y U & Ny et L7z, Adeno-X™

A ES/

Rapid Titer Kit®d~ = 2. 7 WIZHEVAJARETfwD 7 £ b
A FERNZEDOWGE AT - 72,

6. MREFEDAE

AV A FERNEROMIE L, Yanagawa-Matsuda® 5%
126> 7-"". HeLaffiffs, ASAOKM, HSC-2#, SASHNL,
MCF-7#ifz, MDA-MB-231#ifg, BJfiflax #i &
3x 10°H96well dish|Z3&FE L, 37 C, 5 %COMFAET T
24T [ ¥ 4815, AJARETIw%MOIL, 10, 100 (ifu/cell)
TR S, BRPESEHEZ0HE L, BEYE7H HISH
B RO E % 1T - 72, Mg EFFEO W EIZ 1 Cell
Proliferation KitIl (XTT) (Sigma-aldrich, USA) #%
100 pl o2 ML, 2137 T, 5 %COMFELE T CTRIS &
w7 KISk, vf4 707/ L— ) —4%— (GloMax
multi detection system : Promega Corporation, USA)
(2 THAEAE =R DMIE & 1T - 72 (HI5EPE £560 nm) .

[ Ak VTR A AT
KOME % 7o 72, HeLaflilld, AB549#ilfy, HSC-2#if,
SASHINE, MCF-7#i2, MDA-MB-231#li/fz, BJAll %
24well 7' L — MZEX 10MERERE L, 37 C, 5 %COAEME T
TR, AJARETfwZMOIO01, 05, 1, 10, 100
(ifu/cell) TG &4, B E/-HAZ0HH & L, K% 7
H HIZPBSEES: % 2[011T\>, 10 %FERZI0 % A 4/ — )V T1557
ML O [E e 21T - 72 [E%E %, CBBY i (Coomassie
Brilliant Blue R-250, 100 % 4 ¥ 7 —)v, FEEE) T304
Yt 247\, PBST2MWES 217072, 2 D FH%CBBIL i
(1009% A % 7 —)v, EEfE) CT2mIBMm ATV, A% g
o LA ZS R R & R L 72,

2, cytopathic effect (CPE assay)

7. F—20i8

Western blottinnglZ 5= L% 1T\, 1EH MG & A% A F
N D2HEM 12 B 2 A FHLE 21X Student's t-test & W,
MM AE EZEZP<005k Lz, ZNZEND 7T 7137
il &ESDfE &K, 7T 7%(ER L7z, £72, AJARETH
MTORROMETTIE, RUHFE & AJARETLHRE D27
fl, AJARETfw & TNF-a O IR RO#ETTIX, TNF-a
HOMALEERE D 2\ I AJARE Tfw HUMULBERE & | 0 F AL
PEHE & 2B B 1T B AT LHLIZ 13 Student's t-test %
W, BRI B EZP <0058 L7z

& R

1. PAMBEEEMRETCOT7T / 714 IV EETFEND
gl
FTTIEHEA DRI L T 5D, AAJARETvIZEIAEIE 728
WA E ICHARENTE Y, EIAOFIHAME < FEE AR
FAHEA - 72, AR5 L2 AJARETfwiE, 77/
7 ANV ADELABEFSIES AN AATNTE Y, EIA



mRNADZ ALK 2 G H L 72
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AdARETfw AdARETrv

AR EE R
Ab49 Hela BJ

» H- 1 g

Hexon -——

actin "-'--Nﬂlbc-nihliﬂiiﬂ

*:p<0.05

K6 HAMRBEIEFEMTOT T 74NV ABIETEDOFEH

AdARETfw, AdARETrv#MOI10 (ifu/cell) TH®A M
(A549ffifia, HeLaffifa) & IEwMIE (BJME) 12&G s &, &
B, SARRICZY X7 2 BILL, 77/ 74V AOMER
FHEYTh HELA & R EETF EYHexonD 5Bl % Western
blotting TH~7z.

HAME  EEME
A549 HelLa BJ

A549 _
HAHREL 2.20X107
HeLa 5.60% 10

BJ J—1.93x 10

EW#AL | HGF-1[ —J— 5.60x10°

wigs [y aswao’

1x10° 1x10° 1x10° 1x10° 1x10"  (ifu/ml)

A L REERNR

7 DAMBEROIEFHETO Y A OV A AR
AN ADERREOWEZAT ) 720, HAMN (A5494H)e,
HeLaffifig) & IE® MG (BIMIIE, HGF-150E, WI-38iE) 12
AdARETfwxMOI1 (ifu/cell) TREIZH, EP0H6HEIC
TANADBEIT -7z, B L7277 4 v A % HEK293#ifa 12
e X, R tR 48K TR ICHexon ¥ v 787 DR 2 fT\ A
VA DFEANROWEE % 1T 72,

DFEBAAARETrvIZ I <, BB ERAIR SN &
PHFCTE B, 22T, AdARETfw, rvaMOIL0 (ifu/cell)
TH AL (AS495f & HeLafifa) & 1IEH ML (BJHAL)
G &, RGO R I2 5 2 AR BIL, 77/ v
4V ZADWMYEE T FEWELA D FBIE % Western blotting
THANTz, DAMILTIEZ { DEIADFRH % 8072, i
A5491’H1H’ﬂf Z D5 E <, HeLafllfa Tl <, EHM
L TIRIEE A ETERTE R o7 £72, AdJARETrv®

ElA’ﬂ%fﬂ%tiAdAREwa@%%fﬁib:ﬂ:’\‘“ﬂ&ﬁ\o 7z (1X6).

E512, A NVABEETEYHexon (L3) 2B L TH
EIADSHL & FARIS, 25 AMIIE, F#IZAS49MIB T4 < 3881
R 72H, HeLaflll TIEZ D5BIAME L, IEHEMET
FE I, o7 (K6). s OREFIL, WA A
ANAE DL, BAMMBEERIICEIARCKEHRL 7 v Xy & 583
SHBHTEERLTVD

200

—
a1
o

MEEE)
=

a1
o
J

*
L
0 —

mock MOI1 MOI10 MOI100
—Hela —A549 —SAS —HSC-2 —MCF-7 —MDA-MB-231 —B)
*:p<0.05

8 AdARETIwIC & % 75 AMNG i Rh F
AdARETw DG RN 9% B 72075 AAliHE (HeLafifia,
AB49MHfE, SASHIRE, HSC-2#fE, MCF-7#i2, MDA-MB-2315#/d)
L IEF ARG (BJ#IAL) (ZAJARETfw ZMOI1, 10, 100 (ifu/cell)
TR S, EGEA 7 0 BICHBREF RN E % XTT assay T
TT >7z.

2. [EBHMEEERUYAMBETOT A IV ZEERDE

T AN ADEAERNFEEWES L 72012, SAMIE (HeLa
MR, ABA9HIIE) & IEH AL (HGF-1M1A, BJMIAR, WI38-40
ML) 12, AJARETfw #MOI1 TREHe ¢, K46 H H I
T ANVADRYLEAT 572, YL 727 A )V A % HEK293#
falZ e &4, &G 1248 M %12 Hexon ¥ v /X7 Ot %
TV, ANV ADREERROMEZFT > 72, DAMBTIX
AdARETIw D EEA RN F AT <, HeLa, AS49IILCld&h
FN560x10° 220x 107 (ifu/ml) TH -7z, IEHMMTIE,
HGF-1, B], WI-38#ilu T, £ 21560x%10°, 1.93x 10°
392x 10" (ifu/ml) T, ATAMNE &L T, 45 E2 510
RRBEEDED D - 72 (M7). TS DfEHI1E, AJARETfw
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ORIGINAL

Development and analysis of a new oncolytic adenovirus

that utilizes mRNA stabilization mechanisms.

Yasushi Kato™ 2>, Aya Matsuda?’), Nako Maishi?’), Tetsuya Kitamura4>, Kyoko Hida”
Yoshimasa KitagawaZ) and Fumihiro Higashino5>

ABSTRACT : mRNAs containing AU-rich elements (ARESs) are exported from the nucleus and stabilized in the cytoplasm
of many cells, including cancer cells. AREs are RNA elements that promote the degradation of mRNA transcribed from
genes associated with cell proliferation, and ARE mRNA degradation and stabilization are controlled by proteins that
bind to AREs. HuR, a member of the embryonic lethal abnormal vision family of RNA-binding proteins, is one such protein
that contributes to the nuclear export and stabilization of ARE-mRNA. Cancer cells with stabilized ARE mRNA have
increased expression levels of HuR in the cytoplasm. We developed an oncolytic adenovirus (AdARET) that incorporates
an ARE from the tumor necrosis factor (TNF-a) into the 3 untranslated region of the adenovirus early region 1A gene
(E1A), which is essential for adenovirus replication. In cancer cells infected with AAARET, E1A mRNA containing ARE
is stabilized, and the virus proliferates specifically in cancer cells. Here, we investigated the oncolytic effect of the virus
and factors that enhance this effect.

AdARET infection induced the expression of E1A protein, which is essential for adenovirus proliferation, specifically in
cancer cells, but E1A was hardly expressed in normal cells. Moreover, enhanced virus production was observed in infected
cancer cells, A549 cells, and HeLa cells compared with non-infected cells. AAARET showed a concentration-dependent
tumor lytic effect on cancer cells, while the combined use of AdARET and TNF-a further reduced cell viability,
suggesting that TNF-a enhances the tumor lytic effect of AAARET. These results indicate that AAARET exerts tumor
lytic effects specifically on cancer cells, and that these are enhanced by surrounding inflammatory molecules such
as TNF-a.

Key Words : oncolytic virus, HuR, AU-rich elements, E1A, TNF-a
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