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Fald, vANVAEEIZKETH S El R EEICIHEH
T2 203 MifaTOARNY & =L, ZnLSto H G
FaClE BB T OAT R 2 I8 (5 111 7
T ANWANY ¥ — (FG-AdV) 1Z8b L CTHfge % o
TE7=-%912 FG-AAV O AOF AL, BVBET-5BIs=
ThY, L OMBP~OMEN R BIZTEADTRETH S
BY) g7 FEOTUE—Y —ORHANTETHY, K
b — TG TEDST ISR 70— & — D & AL
R Z R Cre 2 %Bl$ 5 [AfvFa=v ] &
Cre IKFRIICERIL T O E— 7 —Hh S HIEE T 25T 5
[ET=y +] % pFH L7 R0 R B 5B FG-AdV @
PSSR L, #7219,

L2 L FG-AdV Ti, El fEl% K& L7z 0 8%EEm
WIEHBE LW ESEDLN T T A WA V37 EDMED
WV —=2FBLTBY, ZOTANVAY VIR7EIZHT 5
TIEEMEIC LV, in vivo 5 TP T80\ 208 KOG A
HOHLNTW, FHRYTAINVAY 37 BOWGATIZE D
W7EE THrbN T & 72A%, Ferid, HAYEIE T ASEIC
T L CTW5BpIX & V87 A H RT3 70 € —
F—IlZE N ENPC) I HEBL T2 s, ZOpIXD
) =27 ZBBUZ L) BN RIERUBATFRE SN D 2 & & Rz
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4 ry—7xzuar (IFN) 12X D i{EHALE 15 Protein kinase R (PKR) (2 VAT ANEHA & L, PKR OWEHALAAEST 2 2 L1

E0, FEEDOT AV AN B P e & S 5.

L7z, BEREWZ &1, pIX 0 — 7 53t CAG 7UE—
Y —CIFRENLHEFl « 7THE—F — CTEFEEHD 5
Nhrot:. %72, EFla70E—% —H» 5 BWRET %
B L 72 FG-AdV T ITHE T D 49E SIS 1 i /MR IZHED 2
LNTHBY (KKAE), HEETOIHEIL6 ~ ARE
L7z, 2OZENLEAIEEFla7UE—7 -2 W5
FG-AdV % [ME%ERENRZ ¥ —] L LCTHE L7217,

COREIZ, FG-AAVIZZ D20 FER T B DR KX 2
HEE BT, ARHEOB R ¥ =L o TE. LL,
FEixsE ) FEH STV d o725 FG-AdV 13 Pol 111
TUE—F =L T L 2FHED Y AV ABELE RNA
(VARNAI& 5 WIZVARNAI 2BFEBLTw/ VA
RNA 127 160 &2 @ non-coding RNA TH 1, b EHX
HgERIX, Ay —7xzuay (IFN) 12X iEHLE N5
Protein kinase R (PKR) 2 VA I 28EH#AES L, PKR O
MAbZ HET L 12X ), [FEDOT ANV ALK 4
FREEZHIHIL, YA VAP LT WERIER %2 52 &
THs B (”1). F7, VARNA L, BBk
ZEBLL, Exportin 5, RISK, Dicer 7% & fafll 95 2 & 12
L) HIRE O RNA TH 2 a6l 4 2 L b5 nT
V721928 (| 2). 12 2010 4E Aparicio 5 12 & b, VA
RNA 2SR T 70+ A S 7455 miRNA & L Cff) X,
BWEOEEY VXV EOFERZET L T2 & bHmES
N2 (1), VARYEADV OLEEIEF - T

AR TIE, FG-AdV THEAEL T2 w A Vv AHED VA
RNA #His 2 R L 727 & —EE 2 L7722 &, VA

RNA 77 short-hairpin RNA (shRNA) @ 5312554 5
I sWEEEiconwT, CEFEY ANV AICHT S
ShRNA % I\ CTHMT L 72O THE$ 4.

VA RNA &% AdV 1E8E

VARNA X7 7/ % 4V ADEBIZUETIZ R W0,
VARNA # R L7277/ 74 )V ADIIEH AT
/60 fICI T35 2 EDHME SN TV AL, VAKX
Je AdV OIEBII BB S TH L EEZ LN TE. L
7L, VA RNA IS % 524K 2 L 72 FG-AdV O IZ R~
WZIEARTRECTH -7z, ZOJEKE LT, VARNA 72— N
I O BAZFBLY) A FG-AdV O BGil 12 8 % 5 2 T
W BEEARIE S N7z, Z 2T, VARNADO 7O E— % —
FEIHOD A % K L7z FG-AdV (BB % 3 A 7228, @ O 293
MR TIE N7 & —BEGEIC X B MPAE RO SN LD
DAL XNV OXR7 & — TR RETH -7z, £ T,
VA RNA % &2 5889 5 203 s ofEil 2 s, 1B5h
7o VA 5631 293 M % v C VA 28 AdV O %
ATz WO VA RI AV oIz 00,
cDNA 12 & o TIEHEEERI TR Wz, ZoF T
VARG AV B LTI SN 2wEE 272 T2,
Machitani 5% 7 3% 4 7 1 »&I2X ) VA RNA % &5
WZHBIT 2 203 Mifa 2 W T ARy & —(Fl a7 o722 b %
5 L7228, 2o fiid#E o 1/1000 LT & JER 12w
LOTH-722 (B3a). Frld, 2934 To VA RNA
ZPRFE L T % FG-AdV Ol VA RNA ZHm & VA
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£1 VARNA EHTF X3 K%&AV7 microarray BT IC & VW EE & h -BHEEF

signalling cell growth proapoptotic transcription DNA repair RNA metabolism
ADCY9 TGFBR3 BNIP3L ETS1 POLS TIA-1
ARHGEF7 LY6K BNIP3 CDKS8 EXO1 DAZAP2
MAK3K CCND1 . RBPSUH UBEZN MDN1
etc.
DUSP3 PHF20
etc. etc. etc.
PPP1R3C THIL
PTP4A1 etc.
etc.
Aparicio et al., Nucleic Acids Res., 2010
VA RNA[EshRNA&E / AAA
RILEBETIOERENS ShRNA /7
& -
Exportln 5 ]I’@ 4
ShRNA E,
%  Dicer | N
Purpose _ s &
e -
g 0 [vaRNAs VARNAs |
\/\/— miRNA -\
miRNA %g

2 VARNA (C& B #ifa) RNA TS5 #EOHEE
Exportin 5, RISK, Dicer & &% fafll 45 = &2

B 203 Mifa T VA RNA O 38w & i L 72, Z OG5,
VA 8 293 il 12 315 5 VA RNA 58 B & 13 FG-AdV @
/700 L\FTH Y, VARNABOREIZE YR ¥ =%
SFICHIETE Vo TiR B e E 272 (K3b).

Fald, &<CH LWIEET VA R ADV 7ER 0B 5
%ﬁi: LIZL72%. VA 5B 293 Ml % BV TR g
Thor VAREAIV # HW7HEHC LY, EE S
VA X AdV & KEICEGETIUIED TE D 2 2558 H O
293 MIFBIZ BT B BFHATTRETH B & v ) MR ZETW»
72. 2T, VA RNA o — RS0 12 5525 B g 4L
Z W% FLP OfEMELY) Td 5 FRT WG 2 A L 72 VA X
Fe AAVIEBLH O 7 L X7 & — %l o 293 #lfa % v T
L 72 (B4). Z OB TIZ VA RNA IZ755 124G &
NAT0, WEIMONRS ¥ —{EE)UFETH L. AL

.
‘W

T @

LD HNBA O RNA T 2 AL 5 5 2 L AE ST b

MR 2 BER FLP & SIS 5 203 fifgic, &
il o 72 7L N7 7 — % BV TG L, i
OHRIZE Y, FLPIZX ) FRT THE 472 VA RNA 788
RIZE) BENTHRENLNRY & =TI T TR 7 —
EXHATTREIC 2 13T TH D, LirL, ZTOHEOHRLGIE
203N Tl ¥ — if“iﬁﬂﬂh?aTZg AdVHZ /7 & to
FRT CTHe ¥ 172 VA RNA % JHif |2 &%= (A7) NS i i
DI REDZ DA o T 7.

F& 4 1% Cre & TR 2 0% 5 FLP OE 20 5%E
Bl L LT & 172 FLPe?” @ codon usage % b FEI{L L
7z hFLPe® % Bi% L, = hFLPe 58] 293 il Tl
o AdV 7/ A F@ FRT B % 90% Ll oy c) ) i
TIENTRTHLIEEHELTWAY, 22T, 2
@ hFLPe 583 203 Mgl 7L N7 ¥ — % g L, AL
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a)
Purpose gene {ERL AT
—_ = : ° FzlE
AVA AfEAMELY (1/160-1/1000)
VA RNA-expressing 293 cells VA-deleted AdV
b)
VAI VAII

FG-AdV O pupose gene H/—o 1 1

VARNA 1/550  1/720

-expressing 293 cells —ET—

3 fEERD VARNA Rk AdV 1F8GE L BER
a) VA RNA % S EEIC BT 5 293 Ml 2 EH L, VA R AdV OFFBL % i A 7z, o hd VA RE AV OFEEUT I R7Z S
DOIMEHDME L, cDNA 12 & o TE A CERDH R 2o 72
b) 293 #ifig T VA RNA % {4 L T2 %5 FG-AdV Dk 0> VA RNA 5 Bl& & VA 583 293 #fiffa To> VA RNA D5 BLE % L

1st step : Pre-vector ( VA-R# AdV ) -FG-AdVEL TE Al <5 2

S AP

293 cells FRT FRT
2nd step : VAR %k AdV ?

hFLPe

o D—o
hFLPe expressing 293 cells
(Takata et al., Genes Cells.,2011) AVA

— = Nl zHER

4 ¥R VA TXK AdV 1EREE
VA RNA I — R WA SRA7 A S AY IR 2§35 FLP ORLRYELYI Td A FRT By % #fi A L7z VA K& AdVERH O 7L X
2 % — % FLP B 581 293 M2 342 FLP 12 & O FRT THe F 4172 VA RNA 2SBRIRIZEI 0 S 41, VA K2R AdV 25FE
BURE L 72 5.

72 AdV @ DNA # 3 % f## L 7254, VA RNA $HI57° 1) EHIREETH 205, BHOT T4~ —RER LR L7
DHEN T2 EPS»IZ o7 (B 5a). VA RNA fik, VARNAT & VA RNA II 2521912785k LIXH$ %
(% small RNA TH 5720, ZOHBZB#RT AT T4 ~— CENWRTHL T I~ —&eHIEII L. 20T T4
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a) DNA #1& (Southern) b) VA RNA®D#&H (northern)
pﬂbe probe (\,l‘
X /7
HNAP=# —> P & ¥ K
T<— 2.7kb %T Lz 2kb——4
« VAI -
O X /
(PSR \ g\
80 — VAII
s e < Constant (5.9)
55 —
_ CY ™ W W
3.4 —
- | «VA+(27) c) VAI £&U VAl DEE( qPCR)
- < VA-(2.2)
VAI VAII
VA Copies (x108) % Copies (x108) %
+ 1.81+=0.06 100 1.83+£0.32 100
- 0.05%+0.00 2.9 0.03%+0.00 1.4

5 hFLPe %33 293 #ifa % AL 7= VA SEI R K #hR
a) 155172 VA K2 AdV % Huh-7 flifg 12 &g L, # DNA % i, FR2IC/R L 72 probe % F\v»C DNA 1 % Southern 12
BQUN i
b) EAfIZ# RNA 2 i, Northern {12 & D VA Z#H. 18 S, 18S ribosomal RNA.
c) U TIVF A L PCR %272 VARNA O%EE.

~—%HWw) 7y 445 PCR (R5¢) KU Northern FFREZE, FFRIsE O EEEE O —2127% o T 5 3230,
B (B5b) 12X % RNAMEHT A5 3 VA RNA I 2 fli & IFN & ) NE Y 22 & 2 By 2 88 12 2, HCV 7
LEHLTWaWv 3% UUT) 2 AR &7z, hFLPe 07 7 —BHEKIO &S %3507 4 VA EEER S 5 %57
%%fﬁz%%ﬁiﬂawwwtﬂéﬂf:VARNAcitmmwm DIBHHZ L ) KEEIZ HCV ORISR LT 5539550
DFHHN L ) TR TH o720, F7-, Bl FEHNME Y AV 2D B & EHIORIER 3 2ZE 35
VA R 2 AdV mﬂaﬁ 3, #@EOFGAAV L0 b 1/1012 8 Y, KSR & LC HCV i OBE# 13 CH 5. HCV X
T LCW72s, Z21Th 100 LRVDNRY & — s T AR RNA 27 L b L, A VAR D

WHRETH - 72, 5 TOITRE;MILE TxEAEd %720, shRNA I X %i#E
VA %5k AdV ORI E X, 8% o 293 #llig T oMz EFHERICHIE LW =7y P EEZONS.
TR ANAE 287 BT 5 itz W72 58T BEIZ FG-AdV % F V272 HCV 2% L CH H 7% siRNA %

EARWEETH B H%, Fex k) 7% 1 2 PCR % 728t ShRNA IZ DWW T SN T & 723839 413 VA RE
HAAV DMHEZEORBICORILTBY, ok AdV Z V5B 2 L1125 D, shRNA OERIED EHT 50
IV T VA K%k AdV & FG-AdV % A L 2 ¥ —$T H il TRk # 272, HCVIZRNA YA VA TH 57208
Ja~BEAT L2 EDUEEE o772, VARNAIWZL S BUIPES 7 ) W BB E L 5, 5 RO IEFN AR AL LL ik
SshRNA {EHEANDEE L EHON Y & — % TR 5 LB ) AR SNTWAZ EMLNTE
ZENREE 2o 728D, D, BE#TD shRNA 12 0 5 JEBIFRsEMIC R S hcw

7200 frix, Fom TR HCV OF ) A8 8EIIH IR

DEWERE SN TV 5 I 322153 5 344 Lm;%ta i

HCV &G 1T AR AL D 2 ~3% = 5o, 12T K, THIEM & § 4 shRNA331 (AFHTlid sh331 & &) |

HCV IZ%9 % shRNA DOFRIZHF T 5 VA RNA D&
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Yokota et al. EMBO, 2003;4(6),602-608

6 HCV (Z319 % shRNA DFREHESE
Fluc, Firefly luciferase; neo, neomycin

a) HuH5-15

100

OFrG

go | WAVA F

Suppression efficiency (%)

b) SGR-JFH1

OFG ’—‘ ’—\

100

Suppression efficiency (%)

7 E&EFE 1b O HuH5-15 MR OEIEFE 2a O SGR-JFH1 #5175 shRNA D HCV HEEMIH%h=E

* P<0.05
P <0.01

>

A, B9, S 207 HEH T CERENE TS
shRNA277 (sh277 L &4W%) xi%sHL (®6), & U6~
OE—4 =72 5383 % VA RE AAV H %\ id VA % BREE
LTWELFG-AAV 2 1ER L7z o>y hao— v & LTig,
s a—=r 7 L7 a 2IFN#EIET % EFl ¢« 70 E—
7 — 0 BHIH T B VARSI ADV H 5\ id FG-AdV #, %
ooy bo— e LCRE I INA T Dl S

Twb > ba—) shRNA (shNC) % H 7z,

FEEIZH V72 HCV O# R FHIE H RIZS Wil FHC
HY, BN IFNEIETH 2 Bz T8 1 o##l 1b &,
IFN 2= o BV En T8 2 OF R 22 % w7z, B4R
B2l b @ HCV L 7)) 2 » RNA 2 BEEWIZEE T 5
HuH-7 fifagk o HuH5-15 & 2a L 7)) 2 UflifeTdH
% SGR-JFG1/LucNeo (AF& Tl SGR-JFHI ML) % v

*
Do
:J'[H



pp.155-164, 2013)

161

100
HuH 5-15

80 |

*%
*%

60 |

Suppression efficiency (%)

*%

40

277 - 5 -

MOl 331 - - 5
NC 5 — —

— 5

*%*
*%

**

**

X8 HuH5-15 #if2(C T 5 sh277 & sh331 DHRLEIC K B HCV EEIMFIR RO

* P<0.05
** P <0.01

728, SIS OWFRILIERERRF ORI HHIR & ot
Ff7ECH 5.

L 7)) a  SEHIIERIC VA RJ:ADV & 5\ it FG-AdV
RHHLA 7 ¥ — IMEREEIC L D ER LRy ¥ — i
FAWTHLE IS MIIEASND L) IZHRLT
Multiplicity of infection (MOI) 2 & % \»ix MOI 10 Ti#&E A
L, 72 BRI Z /\—~NZ h L, RNA % HhiH M0
W HCV RNA a2 ¥ — %% 5 JERIEREE I3 5 75 4
~—/7a—7%MHT PCRIZL Y EE L7

AL T 1b @ HuH5-15 ffi i K OV fn 7Bl 2a @ SGR-
JFHI #fE123517 5 shRNA @ HCV #E3IMHI R 2K 7 12
RL7ZZ. wIhoL 7y aryilsicsvwCd, VAR
AdV @ HCV HE BN %D 24T FG-AAV O EIHIsh==E L 1
LENT Wz, I MOI DRI COEIZHEETH - 72,
FEAEFRL 1b 12 LTt sh277 T WHERIIHI R 25580
L, Emfn R 2a 126 L Tid sh331 A3 Il sh 3 2 7R
LTCw/z, INH0EE2S, FG-ADV HEH L Tnwi:
VA RNA 7% shRNA & B #PU L 7245 R, shRNA @ HCV
TERLNHIRD S & 5 L T 2 T REME AN < R S Tz,

F 72, sh277 & sh331 IFEMFHIAE 22 o TW R \Wiz,
HELEDORNRIZ OV T L MFEITo72. &4 D VA KK
AdV % MOI 5 THMBH 5 W IZ R 2 1TV, HEpUR g2
BALTIEMOI 10 TH x24T -7 (R8). Z DR,
HuH5-15, SGR-JFH1 O\ o@EfmT#Mo L 71) 2
Bz BT b b AdV o HCV S IIHI%h H 1, Bk
L) bEhosz. T BEay buo—E LTHW
72 shNC & O 44T, sh331 OIGFPEIZMR T 3 % 2% sh277
TWEEbLL LD o>7-2 L2 5, sh331 & shNC %% shRNA

DTy TOEIPOBIETHEES L TV EEIR
N7 NS DHZT Scientific Report 2§ (2013) 12
FEE LI

TEH

FG-AdV 1&, BIZTHEBELZIT TR LT AIVAIEE &0
% L OFEREZRICBVTOHA%OEH R ¥ —FD 1D
Thb. FI, MEEOBEAEOKRE LENEEET 5
VBERHDLTIAIRNDODN T AT 27 v arybltx [
CBIC—BUEORENY ¥ —TH ), YA VAHKTH S
CEPOLMBEICIZIZYE —DOEMETEANTRETDH S
FG-AdV &, #fnTHREMAITICIIRELR N ¥ —Tdhb.
— /T, FG-AdV IZ5R VPR CORERISHHE X 5720,
in vivo TIRICHDPAITRETH 72, AfFTreb L7-L9
2, ZORIERSIEF A ORIFE L7z MEBERIANY & —
FHWAZETIRIFMBELTEY, MEEEMNY ¥ — |
(O R NG ANE S I PAR B i i = NV o N
SREFENTWES (A7 F234F (Bk) (6170, 6174) %
(B) = v F>ry—>r (31906681, 312-06551, 319-06561)
h o AFHE).

KESTHIAN L 72 VA R AAV 1E, ML~ &4 72
ERATAICEEF SR EMZALENH Y, KFE%E
NR=—ZATOMHBELZ>TWDE, LaL, F4idFG-AAV
THBLTWLEDOVARNATYH, WL 200 EE
TORHAZET LTSI LA RELOTVDLI LR,
VAR AV OFRAEEEICE T > TBY, 4%IE VAR
I AdV OEE 2 ISR LT, F72, HCV IZxts
LBfETEBERANY ¥ =& LT, SHE#EMN L7 VARE
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AdV O F RIS TEv, Fecld, 2 o shRNA F83H
VA R AdV 1B IC IFN SEBLHA 2 #8727 2 7 U
77— bHEELTEY, HIZETEH#ED TN,

ORI, BRIETL2 S VARENSWEEE o727
T IANWANRY F—1%, AV AHRDER R/NRIC
BMonbZ Epttiskizbw) fins, T 7/ 7 A4 )V
AR H =L LTRIZIZERARTH S LEZ T, KK
&L TIRERAMEME & 1K U SN T 2 2SR I RS 12
oTBY, —EFERLTCWAZONTEREEZEKL CIHE
5D EMEEL TV A,

SEH

1) Akli, S. et al. Transfer of a foreign gene into the brain
using adenovirus vectors. Nat Genet 3, 224-228 (1993).

2) Bajocchi, G., Feldman, S.H., Crystal, R.G. & Mas-
trangeli, A. Direct in vivo gene transfer to ependymal
cells in the central nervous system using recombinant
adenovirus vectors. Nat Genet 3, 229-234 (1993).

3) Davidson, B.L., Allen, E.D., Kozarsky, K.F., Wilson,
J.M. & Roessler, B.J. A model system for in vivo gene
transfer into the central nervous system using an ade-
noviral vector. Nat Genet 3, 219-223 (1993).

4) Zabner, J. et al. Adenovirus-mediated gene transfer
transiently corrects the chloride transport defect in
nasal epithelia of patients with cystic fibrosis. Cell 75,
207-216 (1993).

5) Crystal, R.G. et al. Administration of an adenovirus
containing the human CFTR ¢DNA to the respiratory
tract of individuals with cystic fibrosis. Nat Genet 8,
42-51 (1994).

6) Miyake, S. et al. Efficient generation of recombinant
adenoviruses using adenovirus DNA-terminal protein
complex and a cosmid bearing the full-length virus
genome. Proc Natl Acad Sci U S A 93, 1320-1324
(1996).

7 ) Fukuda, H., Terashima, M., Koshikawa, M., Kanegae,
Y. & Saito, 1. Possible mechanism of adenovirus gener-
ation from a cloned viral genome tagged with nucle-
otides at its ends. Microbiol Immunol 50, 643-654
(2006).

8) Graham, FL., Smiley, J., Russell, W.C. & Nairn, R.
Characteristics of a human cell line transformed by
DNA from human adenovirus type 5. J Gen Virol 36,
59-74 (1977).

9) Kanegae, Y. et al. Efficient gene activation in mamma-
lian cells by using recombinant adenovirus expressing
site-specific Cre recombinase. Nucleic Acids Res 23,
3816-3821 (1995).

10) Kanegae, Y., Nakai, M. & Saito, 1. [Progress of adeno-
virus vector development]. Tanpakushitsu kakusan
koso. Protein, nucleic acid, enzyme 45, 549-558 (2000).

11) Nakano, M., Ishimura, M., Chiba, J., Kanegae, Y. &
Saito, I. DNA substrates influence the recombination
efficiency mediated by FLP recombinase expressed in
mammalian cells. Microbiol Immunol 45, 657-665
(2001).

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

(VA NVA 25632 2%,

Kondo, S. et al. Simultaneous on/off regulation of
transgenes located on a mammalian chromosome with
Cre-expressing adenovirus and a mutant loxP. Nucleic
Acids Res 31, 76 (2003).

Tsukui, T., Kanegae, Y., Saito, I. & Toyoda, Y. Trans-
genesis by adenovirus-mediated gene transfer into
mouse zona-free eggs. Nat Biotechnol 14, 982-985
(1996).

Shibata, H. et al. Rapid colorectal adenoma formation
initiated by conditional targeting of the Apc gene.
Science 278, 120-123 (1997).

Takashima, Y. et al. Neuroepithelial cells supply an ini-
tial transient wave of MSC differentiation. Cell 129,
1377-1388 (2007).

Kanegae, Y. et al. High-level expression by tissue/can-
cer-specific promoter with strict specificity using a
single-adenoviral vector. Nucleic Acids Res 39, e7
(2011).

Nakai, M. et al. Expression of pIX gene induced by
transgene promoter. possible cause of host immune
response in first-generation adenoviral vectors. Hum
Gene Ther 18, 925-936 (2007).

Bhat, R.A., Domer, PH. & Thimmappaya, B. Structur-
al requirements of adenovirus VAI RNA for its trans-
lation enhancement function. Mol Cell Biol 5, 187-196
(1985).

Andersson, M.G. et al. Suppression of RNA interfer-
ence by adenovirus virus-associated RNA. J Virol 79,
9556-9565 (2005).

Aparicio, O., Razquin, N., Zaratiegui, M., Narvaiza, 1.
& Fortes, P. Adenovirus virus-associated RNA is pro-
cessed to functional interfering RNAs involved in
virus production. J Virol 80, 1376-1384 (2006).

Xu, N., Segerman, B., Zhou, X. & Akusjarvi, G. Adeno-
virus virus-associated RNATII-derived small RNAs are
efficiently incorporated into the rna-induced silencing
complex and associate with polyribosomes. J Virol 81,
10540-10549 (2007).

Wahid, A.M., Coventry, V.K. & Conn, G.L. Systematic
deletion of the adenovirus-associated RNAI terminal
stem reveals a surprisingly active RNA inhibitor of
double-stranded RNA-activated protein kinase. J Biol
Chem 283, 17485-17493 (2008).

Lu, S. & Cullen, B.R. Adenovirus VA1 noncoding RNA
can inhibit small interfering RNA and MicroRNA bio-
genesis. J Virol 78, 12868-12876 (2004).

Aparicio, O. et al. Adenovirus VA RNA-derived miR-
NAs target cellular genes involved in cell growth,
gene expression and DNA repair. Nucleic Acids Res
38, 750-763 (2010).

Machitani, M. et al. Development of an adenovirus
vector lacking the expression of virus-associated
RNAs. J Control Release 154, 285-289 (2011).

Maekawa, A. et al. Efficient production of adenovirus
vector lacking genes of virus-associated RNAs that
disturb cellular RNAI machinery. Sci Rep 3, 1136
(2013).

Buchholz, F,, Angrand, PO. & Stewart, A.F. Improved
properties of FLP recombinase evolved by cycling



pp.155-164, 2013)

28)

29)

30)

31)

32)

33)

34)

mutagenesis. Nat Biotechnol 16, 657-662 (1998).
Kondo, S., Takata, Y., Nakano, M., Saito, I. & Kanegae,
Y. Activities of various FLP recombinases expressed
by adenovirus vectors in mammalian cells. / Mol Biol
390, 221-230 (2009).

Takata, Y., Kondo, S., Goda, N., Kanegae, Y. & Saito, 1.
Comparison of efficiency between FLPe and Cre for
recombinase-mediated cassette exchange in vitro and
in adenovirus vector production. Genes Cells 16, 765-
777 (2011).

Kanegae, Y., Makimura, M. & Saito, I. A simple and
efficient method for purification of infectious recombi-
nant adenovirus. Jpn J Med Sci Biol 47, 157-166 (1994).
Pei, Z., Kondo, S., Kanegae, Y. & Saito, I. Copy number
of adenoviral vector genome transduced into target
cells can be measured using quantitative PCR: applica-
tion to vector titration. Biochem Biophys Res Commun
417, 945-950 (2012).

Bartenschlager, R. & Sparacio, S. Hepatitis C virus
molecular clones and their replication capacity in vivo
and in cell culture. Virus Res 127, 195-207 (2007).
Suzuki, T., Ishii, K., Aizaki, H. & Wakita, T. Hepatitis C
viral life cycle. Advanced drug delivery reviews 59,
1200-1212 (2007).

Pezacki, J.P, Singaravelu, R. & Lyn, R.K. Host-virus

35)

36)

37)

38)

39)

40)

(YA IR

interactions during hepatitis C virus infection: a com-
plex and dynamic molecular biosystem. Molecular
bioSystems 6, 1131-1142 (2010).

Jacobson, .M. et al. Telaprevir for previously untreated
chronic hepatitis C virus infection. The New England
Journal of medicine 364, 2405-2416 (2011).

Poordad, F. et al. Boceprevir for untreated chronic
HCV genotype 1 infection. The New England journal
of medicine 364, 1195-1206 (2011).

Sarrazin, C., Hezode, C., Zeuzem, S. & Pawlotsky, J.M.
Antiviral strategies in hepatitis C virus infection. J
Hepatol 56 Suppl 1, S88-100 (2012).

Zhang, J. et al. Down-regulation of viral replication by
adenoviral-mediated expression of siRNA against cel-
lular cofactors for hepatitis C virus. Virology 320, 135-
143 (2004).

Sakamoto, N. et al. Inhibition of hepatitis C virus
infection and expression in vitro and in vivo by recom-
binant adenovirus expressing short hairpin RNA.
Journal of gastroenterology and hepatology 23, 1437-
1447 (2008).

Yokota, T. et al. Inhibition of intracellular hepatitis C
virus replication by synthetic and vector-derived
small interfering RNAs. EMBO reports 4, 602-608
(2003).

55 63% #5275, pp.135-000, 2013)



164 (VAR £563% #4527, pp.155-164, 2013)

Recent progress in adenovirus vectors : focusing on VA-deleted AdV

Saki KONDO, Aya MAEKAWA, Izumu SAITO and Yumi KANEGAE

Laboratory of Molecular Genetics, Institute of Medical Science, University of Tokyo

First-generation adenovirus vectors (FG-AdVs) are widely used because transduction efficiency
of the vectors is very high. However, severe immune responses especially to the liver have been a
serious problem of this vector. We succeeded to identify a viral protein that cause the immune
responses and reported “low-inflammatory AdVs” that mostly solve this problem. However, to develop
the ultimate form of this vector, it is necessary to remove virus-associated RNA (VA RNA) genes from
the AdV vector genome. VA RNAs are transcribed by polymerase III; they are not essential for viral
growth but have important roles to make appropriate circumstances for this virus. Large amount of
VA RNAs are required in the late phase to support viral growth. Hence it is difficult to establish 293
cell lines that can support replication of AdVs lacking VA RNA genes (VA-deleted AdVs) supplying
sufficient amount of VA RNA in trans. Recently we have developed a method for efficient production
of VA-deleted AdVs and succeeded to obtain a high titer of VA-deleted AdVs. Then we construct
VA-deleted AdVs expressing shRNA that knockdown the replication of hepatitis C virus (HCV). In
fact, VA-deleted AdVs expressing these shRNAs suppressed HCV replication more effectively than
conventional FG-AdV. Therefore, we showed that VA RNAs expressed from FG-AdVs probably
compete with shRNA in the maturation pathway and reduce the effect of ShRNAs. We think that
VA-deleted AdV may substitute for current FG-AdVs and become a standard AdV.



