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NTWDWQL), ITEOHGFEWF-OERIf D, B FEIEIC L > TR R LA LY
4wx§@m¢5ﬁ4wxl%ﬂbéibw%%% FTWaHH, A TH Ad 1T, A
FERMETH D Z L0, UANAT ) AR RS DNA TH D \a BN LGN & ¥
A NAEG T OIRNTDBEATND Z L7 EnE, BTz 7 A LV ADBRRMIEN i b
HEATHNDTANAD—DTHY, ZNETIZAD ZEREKE LIz A VAT X —(2,3)
SOMESFARMENE T A VA B-B)DBARE SN TE T2, D DOH LA AT, 2SASES
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Ry H =X, BEFZOLOZEYE L THWDBEIHERIZEBWT, DNA X RNA
HAERNICEGT 5720 0ENRETH S, DNA X° RNA ZZF D F £AKRNICES L THl
Nl B2 2 N TEF, N THODIOM SN T LE S 2, BIRTIEFICE
WTARY F—INBERAIRKTHY, TANVART Z— FETANART Z—F bR~
R B —PRBINTE 2, ZNOOFRAEEZFMT 2I2H 72> T, BIETOEAL)
RO BLE, FEBUWIM, Lt ENEORRLZ T T 5BRICEHEE R T 7 7 4 —Th 573,
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ZHICHE I MBEEEZS ST L 0bhTnD Z Ens, HARGIEZIFEML L Ad X
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LI L2V E DI ENTWD, 2070 Ad X7 X —THOHIECTE 9, JFME:
IFREL TS EINTND, L LA b ERRICIE, KESH7 ELBE LSO 90%
D Ad BTN X =5 ) A EIRGFLTEY, 220607 ’Fﬁiéﬂf@?%/vx&
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A ThHD, BEEAETE 2 0RE S, BAERY A VA EEEFEE YA VAL LTH
WDIFFEDM T D b FEABITIZE - T 7203(13), ITEOHIFFHIZ L - Trtke
PR NESGHARRYE 7 A LV ADR 2 LB S AL, AFEDIE L TW D58 Th 5, Ad DISMT H~
NNRATGANART V=T DA NVA, VETANARREZERFHKE L THWE DR
BRI TEY ., ZHEOBRMEDETTT TH 5 03(14). +0 72180 035 D e W E R
HLE HALNDHZEND, ILRDIZUENBEEIN TS, BEEEMHEE Y A VAL 5 PiE
BNFATIE, VANV ADOETEZE D & DI X DM FDIENNT, T A VA L D il
FIEDTEMALR T E L TWD L Wb T\ b, BIGEEIRIE Y A VAL T A VAT Z—
LRRRICHE 2 DIGREBEFRB Ity FEHEET 52 N TE S0, BUETIIPUEE %
¥ A& HE9R4 5 7212 Granulocyte Macrophage colony-stimulating Factor (GM-CSF)72 & ot
ISR 0T ORIy FEBH L LONEAHEINLTND, —F T, ¥
ANABKRDOIEIERN R 2 @0 5 K 0 iR, FEAETObNT I e ole, HR Za
PEIZH T 2B EO—RTHA 50, TNALHIOMELEL LT, Ad 25 CIEGEMEEY A
WWADE L TTE A DFFEERMENT A LA ZR—Z2 L LTHBEINTWS2HIZ, U1
ADHFGBRRICET 2 MANFFCEE L TR ED, BEOT T a—F I X D%
EEOLETWAHHRKTHDL EBEZLND, 29 LeERND, AL, Ad X7 ¥ —OfE5%
fiet: Ad OFANBAFEICIANT T, Ad DA FRIRHE A BT 2 72 D O JERERFJE 03 LA AT K
ThdEEZT,

— TR, Z R0 B R a— R LW/ »ra—F 1 7 RNA ORFENE I Tl T
B NS TIANANER TS /) v a—F 4 7 RNA bIEH £ DT 5 (15-17),
Ad D57 7 X, 1 £720% 2 FEE O Virus-associated RNA (VA-RNA) & FEIEHN 5 % 160 Ha bk
DNy T va—T 47 RNABR T — REFTVAH(18,19), VA-RNA (X Ad DE§ A K &
IEEL, BIERLH SN TS Ad X7 ¥ —IZH VA-RNA B TFREGFLTHDHEDOD,
VA-RNA [ZOW TR E L TR ENZ OV ONREIRTH 5, T Z TAIFZE Tid VA-RNA
KB LFE 24T o 72, 2T, BAER Ad, BIL O AD <7 ¥ —0 VA-RNA R 7' 1
77 A NEERINHENT Lo, 55T, 2 D 5 VA-RNA © 9 5 VA-RNAILIZHE B
L. ZDOAPRHERE DMFI &2 3 7=,
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FB—F AR AdBIORAD R ¥ —033%EET 5 VA-RNA O EEBRIAENT

NI EEG SN Ad X7 2 —1ZERGEZFEL. RIEEY A R A0 | B
Interferon (IFN) OFEAZFHFETH Z ENWMESNTND, £, Ad X7 X —IZ &> Tifl
EN D HRGIEEMALIE, ZOHD Ad Z 237 BB X OSHIE G PEW 6 5 50
ZHETLHZ LT, REAIITBRFRBNEROBINCORN D Z LML TS, Ad
R A —ERF OB OTEVELIZIE, Ad X7 ¥ —47 ) K EIZEF LT D Ad Ei61
DENRIERNEGT D L HE SN TVD DI LT, HRGIEDTEM L ICSW T
KRR R Z N,

— 7 CUMIER & G Tl EOWFFE TlX, VA-RNA 23 JERGER Ad X7 # — (HE3R Ad X
7 52—=) Inb LTI, HlNOKEERE »—Tdh 5 RIG-IIMDAS % L7fRI&IC
KV IRIFN OFEAZTHET 5 2 & T HRREZTEHET 2 Z LB 60 E 72> TV 5 (20,
21), S LI, VA-RNA [T#R5%%, <4 7 2 RNA (MIRNA) &Rk E T ety v
ZhZ\TH L THEIMARET S mRNA ORBLEBARICIHET S 2 L 2AHE S
N72(22,23), 2D & 972 VA-RNA OAEBEREIE, 6 EOBEFHBZHET 52 LT, Ad
OWEFHIZTHE L- A ANREZ SV H L TS b0 L RIS, M TYMZE=E T,
VA-RNA 73 short-hairpin RNA (shRNA) D7 atv o v 7 & BEHNCLET 5 Z & T, shRNA
FEHAD NI Z—IZLD RNA THORRZIET SEL Z L 2WE L TWDH(24),

ZH LIzl RENS, Ad X X —ERRHIHELT 2 VA-RNA 23, BIEROFELSC, H AR
LA ORBUK T OO THEEG LTV A AEEERSZZ b, LrLans, AdX7
Z—® VA-RNA HEBL7 1 7 7 A WVITFEIZIZA G0 E oo Cnie o Tz, & 2 TARETIE
Ad X7 Z— BLOEAR AdER%O VA-RNA BB 70 7 7 A L%, E&EMEB L0~
T A % W CEERITHENT L7,
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Cells

SK HEP-1 i (& k9 F Sk AR 13 Dulbecco's Modified Eagle's Medium (DMEM) (10%
FBS, HU/EMEEA) . 293 Ml (& MRV fkiia )X DMEM (10% FBS, HiEME,
L-glutamine % 4). HUVEC (normal human umbilical vein endothelial cells)iZ EGM-2 % Z i1
MHWT, 37°C. BIFZRRUE, 5%CO, fA1E [T Lz, 7285, AMFRICIHWTEA L
FBS (X9 ~T 56°C. 30 73 DI@LALEE 24T > TR IZHEH L7z,

Mice



C57BL/I6 ¥~ A (A A, 5 iMiH) IZAARSLC L0EAL, T XToOEWERIT, KK
KEE FEBRIFLICH > TIT o 7=,

Viruses

By Ad (WT-Ad; Ad serotype 5) (%, American Type Culture Collection (ATCC) X v A
L7-, Ad-CAL2, Ad-E4-122aT-CAL %, Y2 Tl EIT/ER S O % L72(25),
#FE Ad 13, HEK293 Ml 3-4 RIS &85 2 & CREMT L7-(26), FHN7-% Ad 21
b > LD AR TREL L, 10 mM Tris (pH 7.5), 1 mM MgCl,, 10% glycerol 725
PR DV TN Lz, & Ad OEWFR X A % —I% Adeno-X Rapid Titer Kit (2 X 0 & L
7

Real-time RT-PCR analysis

M, FBEORE YR — b LI2HEA 5. ISOGEN 11 % FC Total RNA A fhiti L.
DNasel T#'/ & DNA %2 L7=, Superscript VILO cDNA synthesis kit % V> Cififin 5 i
%Z4T7\ > cDNA % Ak L7212, Fast SYBR Green Master Mix, Tagman 2xFast Universal PCR
Master Mix Z FVNCTE&ERY PCR #1T > 72, HIEIZ13 StepOnePlus real-time PCR systems %
Ay

Statistical analysis
FERFERIT, FHMM4S.D. & L TERLE, AEEMTEIZIL, Student's t-test 2 v 7=,

[FER]

BERMIRIZ 31T B VA-RNA REBL 7 1 7 7 £ VOB

F9. EFEMIRICHIT S VA-RNA BEEZ 572012, IEFMIlTHSH HUVEC (2
WT-Ad, £ 7213 Luciferase Z87t& » b 254 L 72 7¢ k8 Ad <7 % —(Ad-CAL2) % MOI 10,
F 7213 100 TYEM &4, VA-RNA FE Bl % & &) RT-PCR (qRT-PCR) {42 X v fi## L 7= (Fig.
1), 1EM% 6 BRILIEETO X A LR A > MIEW T, WT-Ad, Ad-CAL2 TEREED W T HLIC
BWTH, VA-RNA OFEBNHER SNTZ, WT-Ad & Ad-CAL2 % [Hifgd 25 &, WT-Ad 1EA
FETIT AD 7 AOERINEE Z 572, VA-RNA = B —BSRBRR9 I L, 7EM#% 96 By
M CiE 6 BpfHfR & i L TEOTRFIC b E L7z, — 7T, Ad-CAL2 fERIREICZH 1T S VA-RNA
a B, MEA% 12 K2 B — 2 & LT BEEIHER, 2 I3m0nIci g LTz,
ZHiE, Ad XU X —RHIRNTEIE L 220 o 12720 Th D EEZbND, ZORE, Ad
R B —=NHERE S5 VA-RNA =2 B —Hud, WT-Ad & Heifg U CIEITIRLS e, =& %
1T MOI 100 THE SH-#EICH 1T 5 VA-RNAI JEBLET 48, 96 BR#% TE N EHK 2000,
12000 5D FENOW-, BWEOHFFETIE, WT-Ad OHFEFFZRH T 5 VA-RNA 1, 1 Hifg
W70 1X10° 2 =L Wb TR Y (28), ABFETHEONZT —&Z b Ad ~ 27 & —{EH
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—77T,MOI10, 100 TL#Z L TH S & Ad 7/ L35S % L72WIZE D 537 VA-RNA
2 =T OER EIHEUKAE L Tve, £72.0 VA-RRNAL & 1T OB TIE, WT-Ad,
Ad-CAL2 DWFHUZIBNT b [RIFRE D = B — 3 i S vz,
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Figure 1: Time course profiles of VA-RNA expression in HUVECs following treatment with an
Ad vector and WT-Ad. HUVECs were treated with WT-Ad or Ad-CAL2 at MOls of 10 (A) and 100
(B) for 1 h, and the VA-RNA expression levels were determined 6, 12, 24, 48, 72, and 96 h after

treatment by real-time RT-PCR analysis. The data are expressed as means £S.D. (n = 3 or 4).



Wiz, & N SRHIERE TH 5 SK HEP-1 fliaa W ¢, RfORE21T-o72, 7o,
Ad X7 X — 3B EIETE L e & STV B3, 23 AR R SR Ok Tl 3 EEE
THIENAMBN TS, LirL, SK HEP-LMildiZiW\WTid, £ L 57 Ad X7 X —D
H ST O TR Z & SRR STV 5 (27), EBROFKE R, SK HEP-1 Ml VT
% Ad 725 VA-RNA 33889 % Z L g &7z (Fig. 2), F72 VA-RNA FEBLEIZ DWW T
t, HUVEC & [AlEk T, Ad-CAL2 78 WT-Ad # K& < TRIZHER ooz, LEDRERERNS
Ad X7 Z—HITE L2 Wl Ch o> TH, R Ad X7 #— L0 ERRoFEHR T a7
7 A VT VA-RNA 3BT L Z LR ENT,
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Figure 2: Time course profiles of VA-RNA expression in SK HEP-1 cells following treatment with
an Ad vector and WT-Ad. SK HEP-1 cells were treated with WT-Ad or Ad-CAL2 at MOls of 10 (A)
and 100 (B) for 1 h, and the VA-RNA expression levels were determined 6, 12, 24, 48, 72, and 96 h

after treatment by real-time RT-PCR analysis. The data are expressed as means £S.D. (n = 3 or 4).



< U ZFBIC T 5 VA-RNA RELF 0 7 7 £ LV OfFNT

WA EARNIZE T D VA-RNA FEBLE % = % 72912 WT-Ad, Ad-CAL2 % 10'° IFU/mouse
TRHFHIRNEEG L, ~ 7 2 0FEICBIT 5 VA-RNA ORBE LT LT-, £ Of %R, WT-Ad,
Ad-CAL2 DWW FFUTEBWNTEH, VA-RNAL I & HICRBDHER SN, EBEMETHRbN
T2, ZDORIAT v 7 7 A /MFIHAdH TRESRER LD TH -7, WT-Ad FEHEIZ
BWTIE, #5% 24 KN 5 48 R IZ20 ) T VA-RNA FELES N L, Z D 96 RFfitk
2T TRAICER U CUe, —J7 T Ad-CAL2 FEREICE W T, H5% 24 BRI B R
AU VA-RNA =2 B —H8 i L TR Y . WT-Ad & il UCh B~ 5 im R R O e B
Tholo, Fio. IR Ad X7 ¥ —Tld, £ Ad Bl 172 E1 BB FIHRAFRIICREL
THZENHOLNTNDN, ZNHDOEEFRHIZEL TS VA-RRNA L7289 Rsl 7 m
77 ANERLTOE (Fig. 3), LLEDREENG, ~ 7 AMFIICHNTH, o Ad s 1
EIRBRIZ, FEHEAEL Ad X7 X — X1 0 VA-RNA 3 RBLT 25 Z LR ST,
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Figure 3: Time course profiles of VA-RNA expression in mouse liver following administration
with an Ad vector and WT-Ad. C57BL/6 mice were intravenously administered with Ad-CAL2 or
WT-Ad at a dose of 1 x 10*° IFU/mouse. Livers were harvested 24, 48, and 96 h after administration.
The Ad gene expression levels were determined by real-time RT-PCR analysis. The gray shaded
boxes indicate RNA levels with no significant differences between gene expression in the liver
transduced with Ad-CAL2 and mock-transduced cells (p>0.05). The data are expressed as means +
S.D. (n=5-6).



HBER Ad X7 & — (Ad-E4-122aT) 128115 VA-RNA BT 0 7 7 L LV DFENT
FITHIRARZ L H 1T, FEHEA Ad X7 X — 2B\ T, Ad X7 ¥ —47 7 L EO%FE Ad

BIETRDOTNICHETHZERMLNTEY . 2 Ad X7 X —EEHICH B DR
FEES, BEABRTFORBUK TOEERFKTHDL EEX LTS, T L THHF
ZEETIE, E4 B F O Pl TEEICHBLL TV 2D mIRNA Th 5 miR-122a OAHAH
BH 2T 5 2 & T, HIRICRIT 5 B4 Bin - ORBLZMH L, FFREEOJRES & HHsE
{57 OFBIFE RS v HE 72 Ad-E4-122aT % BA%S L CU 5 (25), BLBRIEW 2 L ICARN 7 X — T,
E4 BInFOH72 LT Ad BIEFOREZ LI AEETH D Z LB o TVDHHR, K
A7 HZ—ZBWT VA-RNA OFRBHIH SN TND 00 W) JIZE L TUIARH TH o 7=,
% ZC AR ¥ —|Z Ad-CAL2 & [F] U Luciferase 38577 &= » b & #4534 L 7= Ad-E4-122aT-CAL

(Fig. 4A) Z#H&E5 L=~ 7 ZADRFgIC BT 5 VA-RNA OFHE % Ad-CAL2 &5 L=~
TALHI LT, TORR, B4 Bz FOFRBME & & BT, VA-RNAL I OFEBLE B2 H)
flEn Tz, —F T, Vo727 —VORABEICHRERETIBEINT. VA-RNA D¥
BUNHI DSBS T EANDROEIC L D L O T Wz EorEniz (Fig. 4B), LLEOREED
5. Ad BB ORBUL TIZ X > T VA-RNA ORBLLIIH SN Z EBRHLNERD | 5
22D Ad BI5F25 VA-RNA ORBUZF G T 5 Z L BRIl
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(A)

miR-122a-targeted sequences
(4 copies)

@ e
P

IE1(-) VA Ad genome  E3(-) E4 I

i —
ITR ITR
(B) E4 Luciferase
Hkk n.s.
1.4 — 35
g 12 § 30
a 2
o 1.0 2 25
2 2
308 ¥ 20
2 2
g 06 g 15
R 210
® &
0 . ! 0
Ad-CAL2 Ad-E4-122aT-CAL Ad-CAL2 Ad-E4-122aT-CAL
%* *
16 r 16 [
5
§ 1.2 g 12 f
g0 g o7
% 08 2 08
@ 0.6 f % 06 |
[
£ 04 2 o0af
<02 Zo2f
0 . ) 0 .
Ad-CAL2 Ad-E4-122aT-CAL Ad-CAL2 Ad-E4-122aT-CAL

Figure 4: Reduction in VA-RNAI expression in mouse liver following administration with
Ad-E4-122aT-CAL. (A) Schematic diagram of Ad-E4-122aT-CAL. A luciferase expression cassette
was inserted into the El-deleted region. CA, chicken beta-actin promoter with cytomegalovirus,
CMV, enhancer; ITR, inverted terminal repeat; VA, virus-associated RNAI and [I; 122aT,
miR-122a—targeted sequences. (B) C57BL/6 mice were intravenously administered Ad-CAL2 or
Ad-Luc-E4-122aT at a dose of 1 x 10" IFU/mouse. Two days after administration, the livers were
harvested. The Ad gene expression levels in the livers were determined by real-time RT-PCR

analysis. The data are expressed as means = S.D. (n=5-6). *p<0.05, ***p<0.0001.

11



[(Z£]

ARETIE, Ad 72— X2 HRGETEMHEALBERE OB AT T VA-RNA OFHL 7 1
7 7 ANVDIENT ATV, (kD o7 my M X2 Tidfs biieh> 72 VA-RNA O
EENRBREDT — X 2155 2 LITkEh L, FATETlE, Ad X7 ¥ —D1ER#% 12
BEE LA IFN-BOIEH AR STV 223 (21), ABFZRIC BV THEFHIIE TIX/ER # 6 BF
f7225 VA-RNA OFELR I SN Z L b, FEHE#ENGHELL T 5 VA-RNA 23 R
g ZIEMAL LT B ATREMEAS R S vz, F7-1EM% 24 FRELIEETIX. Ad-CAL2 BED
VA-RNA # 3L 8(T WT-Ad & i L TR T~ D —RRE Th o7z,

—J7. =7 AR BV T, Ad-CAL2 TIE WT-Ad & bl U T ~% e 0 0 —FLED
VA-RNA NFBLT 5 Z LR LN E oz, ~ 7 AR CIE, Bfifia & ik LT WT-Ad
& Ad-CAL2 @ VA-RNA FELEDZN/NS o lo)y, 2T~ 7 R 2T > iE O
TiE, E FADIFEAEEIHECTE 2V Z EICERT I EEZLND, RIS, A LA
DR RN R P B RO Lo THEIN D, BREWZ L2, T o O M
IZb b Ad DY IR TH 5 Coxsackievirus and adenovirus receptor (CAR)Z3Hi4 5 & &
HiZ, ¥ A CAR &t b CAR OMEMEL EV, T72bh, Ad 3~ 7 AR A ATEE
THHZHPDLLT ., 7 AOBERNEMELS | FRUANVARLFIZES>TURIFEALL
FEAINBRNENIBLWEOREREMEZ RTZENMONTEY . TORKITEL AT
B 5(29), Mz CEMBEARTIE, BEEMIE & g L, BRI OISO/ E I L 5 ¥
A L A SRR OABIESE 72 ENBEFICHFE SN D720, WT-Ad ThoTH VA L AITIES
MIHERSN T2 b D& PREND, BT~ T AT TIE, WT-Ad © VA-RNA JEBL&E7)3
KL 2o TWBHLEEZHIL, invivo IZBWTH BRGEDOIEMLZFEL 2 5725100
VA-RNA BRREILLTWDH 0 EHERI SN D,

EDIC, v U A TO VA-RNA BB 7 0 7 7 A 03, D Ad a7 v 7 7 A v
ERT= X D 7o @ E R LT Z £ D D Ad 151723 VA-RNA OFBLUZF S LT % Al
PENREZ B, 2T, HigCEIT 2 Ad BB OREZ M vTie e e R Ad N7 & —
T 5 Ad-E4-122aT(25)# 5-F D VA-RNA B EZ RN L=, £ OfEH., Ad B ORE
ZIHlT % Z & T VA-RNA OFRBLEIIH ShD Z EBRH LN Eolz, =T, Vv 7=
T —EBORRBIIAEZIT R, ©LAHIMER TH-72Z &6, B4 Binf. 70132
DD Ad EIEFOFBEMENC L V. VA-RNA OEEERE Sh-bDEELZ BN,
VA-RNA 1% box B AiSl & FRHEN DN 7 1T —F —(KIFAIC RNA R Y A 7 —F 2L -
THREIND72D, RNAKRY A7 —F 12 X-> THE SN Ad Efa T &ide< B
LEEECRBZHIEH I TN D EHERI S D03, ED Ad 815778 VA-RNA OFBLUZF 5 L
TNWDLDO0EED T, TOEBEIIE AHTH D,

Ad X Z—InGEEEESNIZ U A VAR R B, BSOS E ORI
B2 LA SN TEY, Ad-E4-122aT X7 ¥ —i%, Ad Bl TOFRBEMEI VS 77 e
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—F CHEEZBET 2 Z LTI L TnD, L LR, Ad-E4-122aT 7 Z — %
THHEENERIHEART 20 TIERL, BREEOMH L VS 7 I r—F TOBRED
SN D D EEbD, —J7 T, VA-RNA [JEEEEYZ O b ONHRGEEZFET S5 &0
I T Ad IR T & 13 E 2> TV DM, Ad-E4-122aT X7 Z —|ZEBW T H 2 OFEBLH i
WENTZ &0 D, Ad-E4-122aT X7 #—T VA-RNA ZRKIEXE 5 Z LT, L eetto
BWADRY Z—|270 5 Z ERNHIFF S D, M A TADR 7 % —D VA-RNA %5l &%, WT-Ad
LT D RO TRV O TH o 7223, £ THAE ED miRNA FEABEICEL 52 %
EWV) T ENTRRENTVWS, LLEXY . VA-RNA K8 Ad X2 % — (AdAVR X7 % —)
TR AD R Z— L LT THATH D LB BND,

L2sL728 5, AJAVR X7 X —(%, ek Ad 7 & — & bhiig U CHAGE N A3 D T
VAR Z—ERIA O/ r—2 0 7/ T d % HEK293 #liflid T VA-RNA % k7 R |Z
HEIFETH, H07RED AJAVR X7 ¥ —%5455 Z L X TE T2 (30), #iZ, VA-RNA
DS Ad DEEFEEATEHET D A T = X LB MRS 5 2 &3, B Ad X7 2 — OB IC EEL
ThdreEZLND,
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T2 VA-RNAIIIZ X % Ad BEFEDO(RKE

Ad X7 2 —CIEGARME Ad OEARFTHE L THOLND 58 Ad 5, 2MmiER Ad
DK 80%DIMIER L, 2 FEEHD VA-RNA (VA-RNAI 1) % =— R LTW5(18, 19), #ric
VA-RNAI |3 Ad OBl % k& <R L. VA-RNAI O KB L0 Ad B3+ o—I1c %
THH SN DB, 32, TDOAN=ALE LTI, HLUANVAREIZEZE 7 Double-stranded
RNA-dependent protein kinase (protein kinase R; PKR) DMk Z L ET 2N L < ambh
TV 5(28, 33), PKR IFACK, ARSI RNA 2585k L, 1632 2 & Tlilad & R 7 B G
RAEILESE D55 FTh D0, VA-RNA 1355 TR TOEIERTERIZE Y | HEOAXT L1
— 7GR G EE e TRIEEE LD ENHMLNTEY (34, ZHIZEY PKR XI5
TaAf L LTHETLIHDLEEZLNTND, —FH T, VA-RNAII (X VA-RNAI &K 60%4+H
[FA72B8N 2 A L TR Y ([ L9 ICHEMER s 4 & 2 OO VA-RNAL & i L T PKR
DIEERIMELS (35). VA-RNAI Z B TRE ST TEH Ad OHFEIZIZE A EED LW T
EDRHEIN TS, L7L, VA-RNAI ZREESH72 9 2T VA-RNAI  REBSE D &,
VA-RNAI DA% KBS HE-E Ll L Ad OHEFENES O—I2H S b 2 &5 (32,
36). VA-RNAIl £ 57O T Ad OHFEIZH G L TWD b0 EEbitd, LML b,
VA-RNAII N ED X D72 AN =X L% LT Ad DEEFEICEF G L TW D00k, L E 7o
TR,

& B IZUTAE, VA-RNA 235 B O miRNA ORIz BE b 5% T 5 Dicer (2L -~ T
Uik <. VA-RNA 3k miRNA (mivaRNA) ZEAT 5 Z &R HE ST\ 5 (37, 38),
miRNA /Z. RNA-induced silencing complex (RISC) Z ik L. FEH)EmT mRNA @O 3FEFIER
fEIE (3" untranslated region; 3'UTR) (Z#5E 95 Z & TEDOREIZME T 50+ ThHDH, Ad
LIS DT AL ZIZEA L TH 7 A L ZH K mIRNA 25, 7 A )L AR08 X O s 1368 2 4
HTZET, UANVADERICHGT 5 Z LA I TV 5 (16, 17, 39-44), mivaRNA 1
RISC (ZEUVIAEND Z &5 (45-47), mivaRNA 23] 5 /s OAEF & s 1 DO FE B2 i+ 5
LT Ad OHEICHEETHEBZ LN, EZARYUTREDO I E TOMIT,
VA-RNAI [ZH12K 7% mivaRNAL | Ad O35 A (R, 0 L A VA-RNAI (Z Dicer IZ X -
T mivaRNAI (27 et 7 3nd 2 ETEOMEEERD Z ENHALMNE 72> T 5 (48,
49), — i TZE TIZ. mivaRNAIl 78 mivaRNAI LV & RISC H1i2%< BV AT T\ 5
ZEMHE SN TE Y (45-47). mivaRNAIL 25 Ad OHESEIC A 5925 Z E AR ST\ 5,
% ZTARFETIZ. VA-RNAII OAFEEREOMEBTIZ T T, mivaRNAINIZAE B L, fli% OfGET
{172,
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[=BATEE L T5ik]

Cells

HeLa #lfE (& = 505 fhMmAaRR) L A549 fllia (b b At fSiimiEkR) 13 DMEM (10%
FBS, HUAEMEEA) . 293 Hifll, 293T e (b - AG VAR B SkMIKK) 12 DMEM (10% FBS, #t
AWE, L-glutamine &F) MW\ T, 37°C, fafiAKtE, 5%CO,{F1E F T L=, 72k,
ARAFFENZ IV THEH L7z FBS 1%, 37X T 56°C., 30 43 [ D IV ALER 24T - 7= 4 2T L7z,

Plasmids

VA-RNAI Il D3 Z KK LT-a> ha—1L7F 23 KT 5 pAdVAntage-ANael, J (NZ
AVEILVARNAL Il OB % FEBLT 2575 A I R Th 5 pVAL pVAI X, VA-RNAL, 1l % 5 EL
I 577 A R TH 5 pAdVAntage (Promega) % b & 12 YHFFER Tl = IZ/ER S 7= (49),

IR EEE B> VARNAI 238142577 23 KTHDH pVAI-mut 1E, QuikChange
Site-Directed Mutagenesis Kit (Agilent) &, 77 14 ~—& L T QC pVAIImutS &% QC
pVAIIMUtAS (Table 1) % AW T, pVAILIZERZHH AT 5 Z & TER L=,

3-mivaRNAII, miR-27b (ZFE#iH72El % % RLuc 51D FUTR IZHHA L7 LR —& —7
7 A 2 K T & % psiCHECK-2-3-mivaRNAIT, psiCHECK-2-3'-mivaRNAIImutT,
psiCHECK-2-miR-27bT,i%. psiCHECK-2 (Promega) % Xhol/Notl #L¥Ed~2% = & TE=7 7 7 X
> b, A4 Y = DNA TH 5 3-mivaRNAIIT-S, AS, 3-mivaRNAIImMutT-S, AS, miR-27bT-S,
AS (Table 1) #Z*hZFNNA TV EA V= a L LT T T A NETAF—va T 5
Z & TIERIL 7=,

RLUC i&f5 1D Tl CUL4A #Efs 1D 3’UTR ALV AR—X—TF7AI FThHD
psiCHECK-2-CUL4A-3'UTR (%, AT DO L D IT/ER L7z, F7°. HelLa Mifa L v i &7z
cDNA 7>, CUL4A i&{5 1 ® 3UTR % KOD Plus Z /= PCRIZL » THEIR L 7=, 6 h
72 PCR [l i % | psiCHECK-2 % Xhol/Pmel 4L 425 Z &L THRIET T T AL N T4 —T 3
> J % Z & T, psiCHECK-2-CUL4A-3UTR % %37-, & 512, QuikChange Site-Directed
Mutagenesis Kit Z VT, psiCHECK-2-CUL4A-3'UTR @ 3-mivaRNAIl FlfE S HE A28 H
ZHENT D Z & T, psiCHECK-2-CUL4A-3UTR-mut % 157-,

Determination of Ad genome copy numbers

- fAa % [ % . DNeasy Blood & Tissue Kit z > C Total DNA Z it L7-, Ad 7/ &=
v —%E, 57 Ad (WT-Ad) (3 Tagman 2xFast Universal PCR Master Mix %, 31 %! Ad (Ad31),
117 Ad (Ad11), 35 %! Ad (Ad35), 4 75! Ad (Ad4)D 4/ 2= B —4i% THUNDERBIRD SYBR
gPCR Mix Z Z N ZH AW TEREM PCRIZ L W JIE L 7=, HIlE (21X StepOnePlus real-time PCR
systems % fV 7=, 4% Primer A2 OY Probe OFEEFIIX, Table 1 127~ L7z,
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Infectious titer assay

Ad Bl Z b U 7o THRIBE. R L, BORTEMEERE A 3 ARV IR L7241, O
5L TUANAREEG T FEEGT, BOe U A VA% HEK293 MlfdiZiminL ., 48 kf
fii#2 12 Adeno-X Rapid Titer Kit z T, Ad EYsHifass 2 HE L7,

Luciferase reporter assay

HelLa #fi|Z Lipofectamie2000 % W T LR—X—7F 2 3 K& 4 VA-RNA 3577
A3 R (pAdVAntage-ANael, pVAII, pVAII-mut) & 721% 3'-mivaRNAII mimic % [FIIRFIZ kZ >
ATzl v a Lz, 48 KA > % = ~<— K L7212, Dual Luciferase Reporter Assay System,
TriStar LB 941 Multimode Microplate Reader % 1\ T Luciferase {5 2 & L 7=,

Viruses

WT-Ad, Ad4, Ad11, Ad31, Ad35 /%, ATCC L VIEA LTz, 2460 Ad 1%, HEK293 Hifaic
34 WYL SE5H Z L TREFR L 72(26), VA-RNAI }2 O} VA-RNAII K#8 Ad T % Sub720
(21, 36)F LTV VA-RNAI K48 Ad ThH 5 Sub722(32)i%. Dr. G. Akusjarvi (Uppsala University,
Sweden) N HHEE L TWe/2& | 293T Mifld CREMT L7z, HoHNH Ad 2kt r Y
LD FERELE OIS CTORERLL . 10 mM Tris (pH 7.5), 1 mM MgCl,, 10% glycerol 7> & 72 5 ¥k
THENT L=, Ad DWEREH) 2 A % — (virus particle: vp) 1% Maizel & o J5:(50)12 & 0 HlE
L. &M% A4 % — (infectious unit: IFU) (% Adeno-X Rapid Titer Kit (Z &V & L 7=,

Determination of miR-27b copy number

MiR-27b ZEEL L~V DHIE L, 47> 5 | ISOGEN % v T Total RNA Z i L. Tagman
MicroRNA Reverse Transcription Kit, Tagman MicroRNA Assay Kit, StepOnePlus real-time PCR
systems & AV TITo 7=,

Western blotting assay

Whole-cell lysate 30 pug % 5xSample Buffer (250 mM Tris-HCI (pH6.8), 30% 2-mercaptoethanol,
10% SDS, 20% glycerol) &RA L7 95°C TS5 MEE L, 10%DOZEMRY 727 VLT I K7
NV N TIEITRME T CERIKEI 21T o7z, BEXIKEIR D7 /L% PVDF A V7 L TS
L. 5%AF ALY MTBS-T, F72ix 3%BSA/TBS-T TV 1 v/, F—kFE, ZIK
PR Z TR L7, J&£21% Chemi-Lumi One Super % fV>, LAS3000 Tkt 21772,
EEfbiE Image J # W TIT o 72,

Microarray gene expression analysis
Hela #fif iz siControl. £ 721% 3-mivaRNAIl mimic # 7 > A7 =7 > 3 > L., 48 Bi[iE%
& L7z, & D% Total RNA % [H]IY L, Agilent 2100 Bioanalyzer platform % v > T, Quality check
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BiTotm, 2O T A ERWGEDNA YA 7 a7 LA M OFORENT L. X8 T34 4
WARFE L 7=,

Prediction of 3'-mivaRNAII target genes
MiIRNA OB Tl AT 5T 5 miRDB (51) % H T, 3-mivaRNAI OFE)E R
T ERE LT,

Real-time RT-PCR analysis
FHEICHEL TfTo T,

ChlIP assay
1%HR VLT VT R D-MEM TZ 2R 7 Lz Ad BGsfifaz L A 7 L —/X—"TH#|

B, (A1 L. SimpleChIP Enzymatic Chromatin IP Kit 7' &1 k 2 /L{ZHE - T7 n~F - % il
L72, & v NI Micrococcal Nuclease © DNA % i {b L, DNA 2356 E 72 A X IZWF
FALEN TS Z EZBEBXIKINC L > THERR L7206, FFHUAT 2~10ug 7 u~F %
FIELRE LT, X A7 47 2 ba—LOHURIZIL, ¥ v NIRRT Normal Rabbit 19G %
L, oo nazrnrAr GHRE—X e TREFLIEDOL, Rl 7,
K58 L, Fast SYBR Green Master Mix & 454~ A ~—(Table 1) % A\ T DNA Wi O H %
T-7=,

Statistical analysis
BEmICHET D,

[FER]

VA-RNAIIIZ £ 5 Ad H#5E Ot

F£ 7. VA-RNAII 78 Ad HETE Z R 1ET 2 03~ 5 72 DI VA-RNAINN B EL 7 Z 2 X (pVAIL)
ZH A L7z Hela fiaic WT-Ad /&4 S8, MaNO Ad 77 220 B — 502 @RI I figbT
U7z, JYetk 12 R LARE C Ad 77/ A OERLAERD BT, VA-RNAII % 58| 5L S H7-
M ClX, = br—L 77 23 K (pAdVAntage-ANael; ANael) %38 A L7=# & g L C.
JEYLt% 24, ABIFFICIIT D Ad 7/ A a B —HSAEEIZHEIL Tz (Fig. 5A), — T,
L% 3 R CIE Ad 7/ A E— I ER 2N D E D . VA-RNAI OFELIE Ad DINTE
ERNRITIIRESEEL TWARNWZ PRI NIz, F7o, Y% 12 e &£ Tl pVAIl |
D VA-RNAI FEHLEN Ad 7/ 2RO VA-RNAN 2 K& ER-> T2 Enb, EA
L7277 A2 RN BB LT VA-RRNAI S Ad DEFEICH G LTV D b0 L E 2 55 (Fig.
5B),
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Figure 5: Ad replication is upregulated by overexpression of VA-RNAII. (A) HelLa cells were
transfected with a control plasmid (pAdVAntage-ANael; ANael) or a VA-RNAII-expressing plasmid
(pVAII) for 48 h, followed by infection with WT-Ad at 100 VVPs/cell. After 3, 12, 24, 48, and 72 h of
incubation, the Ad genome copy numbers were determined by qPCR analysis and expressed as
relative values (ANael, 3 h postinfection=1). (B) HeLa cells were transfected with ANael or pVAII
for 48 h, followed by infection with WT-Ad at 100 VPs/cell. After 0, 6, 12, 24, and 48 h of
incubation following Ad infection, the copy numbers of VA-RNAII were determined by gRT-PCR
analysis and expressed as relative values (pVAII, 0 h postinfection=1). These data are expressed as
means £ SD (n=4). *, P<0.05; **, P<0.01; ***, P<0.001 (Student’s t-test).
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VA-RNAII @ 3 EKFOEF23 Ad DEFEIZ G 2 DHE

VA-RNAII 73 Dicer (2 X 0I5 &, VA-RNAI @ 5K L O 3K MmICH KT 5 2
FE¥ED mivaRNAII (5'-mivaRNAII, 3-mivaRNAI) MEA SN D, Ziuh 2 FEEO mivaRNAII
D H B, 3-mivaRNAIl 2322 K < RISC IZHV IAE N D Z & BBEIZ @A STV 5 (45-47),
% ZTIZ, VA-RNAII @ 3-mivaRNAII (ZFEY 3 2 BELFNICZEF %2 4D VA-RNAI Z 58819
577 A3 K (pVAII-mut) Z1ERL L VA-RNAI @ 3-mivaRNAII [ZF824 3 2 EH25 Ad D
VEIZ 52 5 B a it LT, T OREE. pVAIl 2 A L7ZfilZ sV TalZ S - Ad H95E
DOAEREDS, pVAII-mut 3 AMIFIZ B W CIIBIEE S e o 72 (Fig. 6A), F£7-. VA-RNAI I
KHE Ad (Sub720) TIZNTEMED VA-RNAI 23385 L7220 729, pVAIL O3 AT X 2 HE5HAE
HEHRENAWT-AD LV k&< 25852 TWER, WT-Ad & RO ENMEONTZ, Zh
%, Fig. 5B T/RL7- X 91T, Ytk 24 FEfE & CIINFEMED VA-RNAI RBELENMK <, Ad
I T 2 H G N/ NSW2DTHD EEZTWD, AT, AS49 fifid s v 7=t (Fig.
6B) <°. AMALN O Ad Bi 7 EEAEIZ K HEHE (Fig. 6C) 2B W Th . [AEROFER NG D
A7z, —7 . Renilla luciferase (Rluc) @ FiElZ 3-mivaRNAII, 3 KX OZ O BAROFEHAL
BN LI LR —2—7" 72 REER L, pVAI ERIFIZ N7 VA7 27 v a v LT
@ Rluc DIEMEZERIEL & Z A, pVAIl ZE A L 7-H#ild TlTANael & ik LT Rluc OEMED
BBl ST, 6> T, pVAIL B LU pVAII-mut 2> 55 S 37 VA-RNAIL 23,
ZEI mRNA FRICHEEET 2 Z & 3R &7z (Fig. 6D), YL EDOFER2 G VA-RNAII
D Ad FEFEIR N FITIT, 3-mivaRNAIl & =2 — R 2 HEOEFINEE TH D Z L AREN
77

19



Sub720

WT-Ad

ek

%

Ln

~

Jaquinu Adod swouad py aane|ay

wu <
- 4

wn

o

o

1.2

u

.
<
—

0.8[
06T

awouad p

<

1 o
c o
2AIE|DY

o

pVAIl  pVAII-mut

ANael

pVAIl  pVAII-mut

ANael

%k k

*kk

(42111 N41) p131A py aAne|ay

18T

'
e
~N

laquin

16T
1.2 |
06

c
au

o

o4l

v dA1e|SY

.
)
(=]

pVAIl  pVAll-mut

ANael

pVAIl  pVAI-mut

ANael

(@]

O ANael
m pVAll

u pVAIll-mut

M
™ e «
- - =]

Auanoe aseiaydn| aae|ay

et
S

20



Figure 6: 3-mivaRNAII-encoding sequence is crucial for VA-RNAII-mediated promotion of
Ad replication. (A) HeLa cells were transfected with ANael, pVAII, or pVAII-mut for 48 h,
followed by infection with Ad (WT-Ad or Ad lacking VA-RNALI, I1; Sub720) at 100 VPs/cell. After
24 h of incubation, the Ad genome copy numbers were determined and expressed as relative values
(ANael=1). (B) A549 cells were transfected with VA-RNAII-expressing plasmids (ANael, pVAII,
and pVAII-mut) for 48 h, followed by infection with WT-Ad at 100 VPs/cell. Ad genome copy
numbers were determined 24 h after infection and expressed as relative values (ANael =1). (C) HelLa
cells were transfected with VA-RNAII-expressing plasmids (ANael, pVAII, and pVAII-mut) for 48 h,
followed by infection with WT-Ad at 100 VPs/cell. After 24 h of incubation, IFU titers of progeny
WT-Ad in the cells were determined and expressed as relative values (ANael=1). (D) HeLa cells
were cotransfected with VA-RNAII-expressing plasmids (ANael, pVAII, and pVAII-mut) and
reporter plasmids (psiCHECK-2, psiCHECK-2-3-mivaRNAIIT, and
psiCHECK-2-3-mivaRNAIIT-mut). After 48 h of incubation, luciferase activities were determined.

RLuc activities were normalized to Fluc activities. These data are expressed as means = SD (n=4).

21



VA-RNAII 235 ED miRNA EEAIZ 5 2 B8

VA-RNAI 1%, 5ED miRNA C RO CT nwy v /&b 2 &5, Exportin5,
Dicer, Ago2 &\ 5 7215 D miIRNA FEEAICBA D 2 40 F 2 BEAHINCIAE T 5 Z L3l ST
% (24,52), —JC. VA-RNAII 78 miRNA JEAIZ 5 2 582803 S0 s STy, £
Z C. VA-RNAI Il 3¢5 FD miIRNA OFEAIZ G- 2 2 B E 5 7-DIZ, Hela fifid THREL
DHER SN TV D REA 72 mIRNA TH 5 miR-27b D3I E A T L 7=, % VA-RNA 357
T A REEANLHIIICE T S miR-27b O 2 B —H A~ 7= & Z 5, VA-RNAL Il 38357
7 23 K (pAdVAntage) 3 KT VA-RNAI FELZZ 23 K (pVAI) 28 A L7cHifdiZds T
X, 2> be— 77 A3 K (ANael) & T miR-27b OFEILEMN L NL I 60, 400471
STV, ZHUTH LT, pVAII ZEA L7200 Tl miR-27b BEEDOH E/RAE
{BIXH o7 (Fig. 7TA), F£72. Rluc 51O Tl miR-27b OB Z A L7
LiR—H—7F A3 F&4% VA-RNA EHR 7T AI RERIFIZF 7 A7 27 ar L, b
K= =T v A %iTo72& 2 A, pAdVAntage, pVAI %8 A L 7= Tk Rluc OiEMEN |
FL7=—5 T, pVAIl &3 A L7=Hifd Tl Rluc OIEPEICZ ki~ 7= (Fig. 7B), LLE®D
RN VA-RNAL 28 miR-27b OpEA R L ONEM & LE T 5 D2k LT, VA-RNAI
MiR-27b DIGTEIZ B A 5 2 7o\ Z &R &z,

—7J7C. VA-RNAI [ZBI L TlE, miRNA FEARIK OFE ) 7efH5E & 1352, Dicer DFEHL
ZOHLOEMET D ELHEINTVWS(B3), & 2T, VA-RNAI 4 [FERIZ Dicer M3
Z T 2 0t 5 72912, Hela AIIEIC WT-Ad, Sub720, 35 & Y VA-RNAI O #4 % K48
L7z Ad (Sub722) Z &S 87-0%, Dicer ORBEZ N LIz, T O, WT-Ad 2K
Y SHTHIRRIZ 3V TiX Dicer OFBLENBEE TN L TV o DIZHF L, Sub722, Sub720 %
JEGe ST T, Dicer OREBUL FIIBIEE I7eh o7z, L7zh3 - T, VA-RNAI 73 Dicer
DI 295 DI LT, VA-RNAII X Dicer O3 HL 240 L7222 E2VRENT- (Fig.
7C),
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Figure 7: VA-RNAII does not inhibit miRNA activities. (A) HeLa cells were transfected with
pAdVAntage-ANael (ANael), pAdVAntage, pVAI, or pVAII. After 48h incubation, miR-27b copy
numbers were determined by gRT-PCR analysis. (B) HeLa cells were co-transfected with ANael,
pAdVAntage, pVAI, or pVAII and reporter gene-expressing plasmids. After 48h incubation, renilla
and firefly luciferase activities were determined. Renilla luciferase activities were normalized to
firefly luciferase activities. These data are expressed as the means £ S.D. (n=3-4). (n=4). **p<0.01
(Student’s t-test). (C) HeLa cells were infected with WT-Ad, Sub722, or Sub720 at 1000 vp/cell.
After 48h incubation, Dicer expression levels were evaluated by western blotting analysis. Data

shown here are representative of more than two independent experiments.
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3'-mivaRNAII iZ X % Ad #EFEDOEE
INETIZESNIZHMAENS, 3-mivaRNAII 28 Ad OHEZ RS 5 = & AVURIEB X iz,

Dicer (2 X % VA-RNAIl DI EFTIXEEAFE L. £ 2 3-mivaRNAII IZIEW < 20T
AV 74— (3-mivaRNAII-136, 137, 138) 2 {F{Ed 5 (45-47) (Fig. 8A), £ Z CTE T,
3-mivaRNAIl D& T A Y 7 +— L &b FER L (3-mivaRNAII-136, 137, 138 mimic), Zi15H
Z AN L7z HeLa M2 381 5 Ad O Z R L7z, ZDRR, 3 20T A Y 7+ —24D
9 5. 3-mivaRNAII-138 mimic 721723 Ad #i5E = A BIRET 5 Z LR L & 22572 (Fig.
8B), Lo TUEZ O TIX, 3-mivaRNAII-138 mimic % 3'-mivaRNAIl mimic & L CTHW 5
ZE b L7z, ERRBFHC LY. 3-mivaRNAIl OFFINEETHDL Z ENHLMNIT o722
& T, seed BiSI (MIRNA OFEHEIR - OREICHR b EE L D 5RO 2-8 & H O
BCA) 12255 A > 3-mivaRNAII (3-mivaRNAII-mut) %3 A L7-#lC3B1T % Ad D5 %
A L7z & 2 A, 3-mivaRNAIL mimic 23R EKAFRIIC Ad OHFEZRE L 72D LT,
3-mivaRNAII-mut mimic |Z Ad OEFEIZEEE L7y~ 7= (Fig. 8C), MZ T, A549 fllia % H
WomRRES (Fig. 8D, E) =0, AN O-F-F& Ad KA REIZ L 53 (Fig. 8F) 128\ TH,
FIEEOFERNE D NTZ, F7z. 3-mivaRNAII (239 % antisense 2'-O-methyl oligonucleotide

(3-miviRNAII inhibitor) % 3-mivaRNAII mimic & [FIFEFZE A4 % & 3-mivaRNAII mimic
\Z & D Ad BIFEOMREEN ¥ v L &7z (Fig. 3G), —J7C. 3-mivaRNAII inhibitor H{& %
O L7235 TlE, AB49 M BTl Ad OEIENA ISR S uTuz (Fig. 8H) 73,
HelLa #i Cix Ad OBFEIZ 28 bIX 720> > 7= (data not shown), X512, ZHE T 5% Ad
(Ad5) % FAWTHRFI 1T > TE 7228, VA-RNA OEFINNE 72 5o i iEH o Ad (Ad4, Adll,
Ad31, Ad35) (2B L CTHRIERORKET 21T o 72 & Z A, Ad5 H 20 3-mivaRNAI mimic O A
IZE D fhoimiERo Ad OHEGE SIS A EIRE S L7z (Fig. 3E), UL EOFERMNG
3-mivaRNAII 73 Ad OD¥IEAREET 5 2 LR STz,
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Figure 8: 3'-mivaRNAII promotes Ad replication. (A) A schematic diagram of the processing of
VA-RNAII by dicer, producing 3=-mivaRNAII-136, -137, and -138. (B) HelLa cells were transfected
with 3=-mivaRNAII-136, -137, or -138 mimics at 50 nM for 48 h, followed by infection with Ad
(WT-Ad and Sub720) at 100 VPs/cell. Ad genome copy numbers were determined 24 h after
infection and expressed as relative values (control=1). (C) HelLa cells were transfected with
3-mivaRNAII (3'-mivaRNAII-138) and 3'-mivaRNAII-mut mimics at the indicated concentrations
for 48 h, followed by infection with Ad (WT-Ad and Sub720) at 100 VPs/cell. Ad genome copy
numbers were determined 24 h after infection and expressed as relative values (control=1 at the
respective concentration). (D) A549 cells were transfected with 3'-mivaRNAII-136, -137, or -138
mimics at 50 nM for 48 h, followed by infection with WT-Ad at 100 VPs/cell. Ad genome copy
numbers were determined 24 h after infection and expressed as relative values (control=1). (E) A549
cells were transfected with 3-mivaRNAII-138 and -mut mimics at 50 nM for 48 h, followed by
infection with WT-Ad at 100 VPs/cell. Ad genome copy numbers were determined 24 h after
infection and expressed as relative values (control=1). (F) HelLa cells were transfected with
3-mivaRNAII (3'-mivaRNAII-138) mimic at 50 nM and incubated for 48 h, followed by infection
with WT-Ad at 100 VVPs/cell. After 24 h of incubation, IFU titers of progeny WT-Ad in the cells were
determined and expressed as relative values (control=1). (G) HeLa cells were co-transfected with
3-mivaRNAII (3'-mivaRNAII-138) mimic and 3'-mivaRNAII inhibitor (antisense 2’-O-methyl
oligonucleotide against 3'-mivaRNAII) at 30 nM each for 48 h, followed by infection with WT-Ad at
100 VPs/cell. Ad genome copy numbers were determined 24 h after infection and expressed as
relative values (control=1). (H) A549 cells were transfected 3'-mivaRNAII inhibitor at 50 nM and
incubated for 48h, followed by infection with WT-Ad or Sub722 at 100 vp/cell. Ad genome copy
numbers in the cells were determined by qPCR analysis 72h after infection. (I) HeLa cells were
transfected with 3'-mivaRNAII (3'-mivaRNAII-138) mimic at 50 nM for 48 h, followed by infection
with Ad4, Adll, Ad31, or Ad35 at 100 VPs/cell. Ad genome copy numbers were determined 24 h
after infection and expressed as relative values (control=1). These data are expressed as means=SD
(n=4).
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~A 7 BT VA YR X W in silico HTIZ X % 3'-mivaRNAII EZHEE T D HERERIFEHT
F9°. 3-mivaRNAIl DIERIBERFEZ IR T 572912, HelLa AfEIC negative control siRNA
(siControl), F721% 3-mivaRNAIl mimic 2 h 7> A7 =7 v g L, WHOE m%%ﬁév
A7 T UAFRNTIC K - TR IR L=, ZOFEE., 3-mivaRNAII mimic OE Az
T, FBLED siControl B ARE & s U T4y LU P IS S 458/ 1-7% 918 | h%fﬁb
oo ZOHDL, MRNA OSBRI AT LDV EDTHSH mRDB(51) % AV T,
3'UTR (T 3-mivaRNAIl DFERIELSZ b DIs 2 it L7z, 2 2 TV 9 ARSI & 13, seed
BBzt 3 2 M EMHES O Z L TH Y . T H 3-mivaRNAI-138 OFERIELSIL TGTTTCC
Th D, BROME, 3-mivaRNAI OIERERIEIR T4 14 BIo FICR VAT Z E N TE
(Fig. 9A),

3-mivaRNAIl DIERERBIR T DR Y AT

~A a7 AR L Oin silico fEITIC X » TEAEMERF L LTl Sz 1438
BFIZHONT, SHRDIEVIARZITT-, £7 . HelLa flaIZ 3-mivaRNAII mimic 438 A
L. 81 ORBE%S qQRT-PCR IZ X » THENT L7z, AEZRFBINRD bl 10 510
25, 8 EmT1E 3-mivaRNAII mimic DA LV BELENAEITIK T LTz, ANK2,
DUSP16 (ZOW IR DX T B0 o 72728, D B RS L= (Fig. 7B), 7233,
B &N o 72 4 Ein+ (FXYD6, KMO, SEZ, SNTN) (22oW T, ~A 7 a7 LA fE##r
DY T FIMEBERNZ NG, HeLa il TIHIZEAERBELIL T b0 EE X b,

WIZ, Hela ffiic WT-Ad, Sub722, Sub720 % ji&s S8, &K EIn~ORREL qRT—PCR Iz
X o TIRBT L7z, ZOfEHE, WT-Ad, Sub722 /&Yl (VA-RNAI FE3EE) & Ad FERY:
fidl, Sub720 &Y (VA-RNAIN FEFBRE) A i L CREEOIK T R4 LN DL, 8#
5t ® 5 b 5857 (CUL4A, RNF4, CD164, KCTD16, NFATC2) T&H-~7= (Fig.9C), &5
2. 245 5 DDOEREIE Db, Ad OHFEICEI ST 2 b D& B IRT 572012, siRNA &
AWTEBETEZ /) v 7 X7 LTEHIRICET S Ad OHEFEZ G L 72, % SiRNA 23K

R TORBEEZFBEICINH TE D Z L 2R LI-DOY (Fig. 9D) | J&Yett 24 Biffio Ad 7/
Lab—AERELZE Z A, siCULLA AR T siControl EAREL LB L TR 7 5 H D
Ad 7 L3R &= (Fig. 7E), LLEDHE RS . Ad OHEFEIZ B 5925 mivaRNAI R 5E
5L LT, CUMA ZRIET DHZ LITEI LTz,
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Figure 9: Identification of 3'-mivaRNAII target genes. (A) A schematic diagram of analysis for
identification of mivaRNAII target genes. (B) HelLa cells were transfected with 3=-mivaRNAII
(3=-mivaRNAII-138) mimic at 50 nM. After 48 h of incubation, mMRNA levels of the indicated genes
were determined by qRT-PCR analysis. (C) HelLa cells were infected with Ad (WT-Ad, Sub722, and
Sub720) at 1,000 VPs/cell. After 48 h of incubation, mRNA levels of the indicated genes were
determined by gRT-PCR analysis. (D and E) HelLa cells were transfected with siRNAs targeting the
indicated genes at 50 nM. (D) After 48 h of incubation, mMRNA levels of the indicated genes were
determined by gRT-PCR analysis. (E) After 48 h of incubation, cells were infected with WT-Ad at a
multiplicity of infection (MOI) of 5. Ad genome copy numbers in the cells were determined 24 h
after infection and expressed as relative values (control=1). These data are expressed as means=SD
(Ato C, F and G, n=4; D and E, n=3).
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mivaRNAII IZ & 5 CUL4A DIEEEINE D26 22 f7AT

F£ 9. CULAA D1 E % Western blot |2 L - TigHT L7= & Z 4. 3-mivaRNAII mimic % &
A LTl 36 KO WT-Ad BEESHIIZ 35U T, CULAA DFEELS & /X 7 B L~ LT b i
SN TV (Fig. 10A, B), F£7-. 3-mivaRNAIl D& T A V7 4 — L %&E A L7 CUL4AA
DRBIEEFHT LTz & 2 A Ad DT A ARAE L 72 D> 727 AV 7 4 — A (3-mivaRNAII-136,
-137) 1%, CUL4A ORI ZME L7zh - 7= (Fig. 10C), 3-mivaRNAIl D& T A V7 4 — A
IXENZENE2 D seed Bl & B o738, 3-mivaRNAII-136, 137 [ZEC51 | CULAA ZHERg & LT
Bod ., B ERBBICTFEN RN ERERINT, 61T, 7T7AIRNTEED
VA-RNAIl Z B 72/ T, CULAA ORILNA EITHH Tz (Fig. 10D),

S 512, mivaRNAII 75 CUL4A @ 3UTR (T4 L. Post-transcriptional gene silencing (& &
0 Z OFRBLZ KT 2 0 EREHT 572912, CULAA @ 3UTR % Rluc O Rty m—=>
LIz ViR—%—7F A3 K (psiCHECK-2-CUL4A-3UTR), B L O/ n—=r7 L1
CUL4A @ 3UTR _LITHEET % 3-mivaRNAI O FllfSE SRS ER A M A - L R—2 —7 5
A I K (psiCHECK-2-CUL4A-3UTR-mut) Z{ER L7, 3-mivaRNAIl OFERAEHELS] 2 =2 &°
—% Rluc ® FIICHHALTZLAR—Z—7F A R TH 5 psiCHECK-2-3-mivaRNAIIT % 7~
Ura7arybhr—)t Lz, Helafifgizc Ziu 07 F A X K& 3-mivaRNAI mimic % [A]
Bl h 7> A7 =227 va L, Rluw ofFEZ2ELREZ, = 0KHE,
psiCHECK-2-3'-mivaRNAIT, psiCHECK-2-CUL4A-3'UTR %3 A L7-#ETiZ. 3-mivaRNAII
mimic MEAIZ XV Rluc OIEMED PR ZIHES L7, —J7 T, psiCHECK-2-CUL4A-3'UTR-mut
TIE Rluc OFEPEIZ=a Y b e—/L#E L bl L2 L CE 59, mivaRNAIl A3 CUL4AA D
JUTR LIZHET DIERIES 2 L CE ORI Z M+ 2 2 & 2R &7z (Fig. 10E), £72.
RISC D FE B/ 2 /7 ThDH AgQo2 %/ v 7 X7 35 & 3-mivaRNAIL mimic |2 X
% CULAA OFRBMEI I Lz Z & 25, mivaRNAIL 23 RISC Z 41 L 7= Post-transcriptional
Gene Silencing (2 &V CUL4A OFEELZIHIT 5 Z LRS- (Fig. 10F),

VL EOFERNS . Ad YRR B L= VA-RNAIL 28 mivaRNAII (27 ety v 7 &,
Post-transcriptional gene silencing (2 & ¥ CUL4A O3 EH A MHIT 5 Z L AVR ST,
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Figure 10: 3'-mivaRNAII suppresses CUL4A expression via posttranscriptional gene silencing.
(A) Hela cells were transfected with 3'-mivaRNAII (3'-mivaRNAII-138) mimic, or siCUL4A at 50
nM. After 48 h of incubation, protein levels of CUL4A were evaluated by Western blotting analysis.
(B) HeLa cells were infected with Ad (WT-Ad and Sub720) at 100 or 1,000 VPs/cell. After 48 h of
incubation, protein levels of CUL4A were evaluated by Western blotting analysis. (C) HeLa cells
were transfected with 3'-mivaRNAII-136, -137, or -138 mimics at 50 nM.After 48 h of incubation,
MRNA levels of CUL4A were determined by gRT-PCR analysis. (D) HeLa cells were transfected
with ANael or pVAIL After 48 h of incubation, the mMRNA levels of CUL4A were determined by
gRT-PCR analysis. (E) HeLa cells were cotransfected with 3'-mivaRNAII (3'-mivaRNAII-138)
mimic and the indicated reporter plasmids, described in the left portion. Luciferase activities were
determined 48 h after transfection. RLuc activities were normalized to Fluc activities. The mutated
nucleotides in the sequences complementary to the seed sequences of 3'-mivaRNAII are shown in
red. SV40,SV40 promoter; n.s., not significant. (F) HelLa cells were cotransfected with a
3-mivaRNAIl mimic (3-mivaRNAII-138), siCUL4A, and siAgo2 at 50 nM. After 48 h of
incubation, the mRNA levels of CUL4A and Ago2 were determined by gRT-PCR analysis. These
data are expressed as means*=SD (A and C, n=4).
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CUL4A ZHMBIRE D Ad HEFEIZ B3 2 2EMl Ao AR AT

FROBEREEF DA Y —=2 7 TIE, &Y% 24 KO Ad 777 L3 B =80T LGE
i Z1T> T2 572D T, CULA /v 7 X0 D Ad OHFRIZOWT, X0 FEH7e R
WraiT>7, £7. CUL4A / v 7 X0 U MfcisT 5 Ad 77/ Ao B —E0 & R IRFRI IS ]I E
Lol A, BYeth 24 WR721F T <L 48, T2 i CTHAEICE W AD 7/ L = B —5 )
i sz (Fig. 11A), — T, Btk 3REM O Ad 7/ Lo B ER A b2 &
25, CULAA %/ v 7 X0 LT H Ad OMIENTELZRICHZI L/ < . CULWA D/ v 7
ZUNAd T ) AOBERIZREEL CTWD Z EARENT, 70, MIINO 5T A L AkL
TEIZOWTHETLIZE 2 A, CULAA O/ v 7 X2k Ad ¥ A X2 —HEIEN
L CW/= (Fig. 11B), MMz T, % Ad B DB EIZOWTEH, mMRNA &, ¥ 37 &%
ZALEA qRT-PCR, Western blot [IZ L > TaHliL72& Z A, CULAA D/ v 7 XD A28 |
% Ad BIFORBENHEI L Tz (Fig. 11C,D), & 512, A549 #lii T CULAA & / v 7
XL Th, Ad OHFEN A EICEE S vz (Fig 11E),

UL EDOFEREMNS, CULAA D ) v 7 B2k » T Ad DRRGEME#ES LD Z LR EN
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Figure 11: Suppression of CUL4A gene expression promotes Ad infection. (A) HelLa cells were
transfected with a 3-mivaRNAII mimic (3'-mivaRNAII-138) or siCUL4A at 50 nM for 48 h,
followed by infection with WT-Ad at 100 VPs/cell. After 3, 12, 24, 48, or 72 h of incubation, the Ad
genome copy numbers were determined and expressed as relative values (control, 3 h
postinfection=1). (B) HeLa cells were transfected with siCUL4A at 50 nM for 48 h, followed by
infection with WT-Ad at 100 VPs/cell. After 24 h of incubation, IFU titers of progeny WT-Ad were
determined and expressed as relative values (control=1). (C) HelLa cells weretransfected with a
3-mivaRNAII mimic (3'-mivaRNAII-138) or siCUL4A at 50 nM for 48 h, followed by infection
with WT-Ad at 100 VPs/cell. mRNA levels of the Ad genes were determined by gRT-PCR analysis
at 12 h (E1A, E2A, and E4) or 24 h (hexon and fiber) after infection. (D) HelLa cells were
transfected with a 3-mivaRNAII mimic (3'-mivaRNAII-138) or siCUL4A at 50 nM for 48 h,
followed by infection with WT-Ad at 100 VVPs/cell. After 24 h of incubation, the protein levels of the
Ad genes were evaluated by Western blotting analysis. Numbers at the right of the membranes
indicate the protein sizes in kilodaltons. Note that the sizes of the Ad major capsid proteins, hexon,
penton base, and fiber, are 108 kDa, 63 kDa, and 61 kDa, respectively. (E) A549 cells were
transfected with siCUL4A at 50 nM for 48h, followed by infection with WT-Ad at 100 VPs/cell.
After 24 h of incubation, Ad genome copy numbers were determined and expressed as relative

values (control=1). These data are expressed as means=SD (n=4).
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CUL4A OFEFHMHNT K 5 Ad HEFHILEMAE DT

CUL4A DOFRBINHNC K 2 Ad DIEFENEHEDS, & D L 5 7o BRI K 2 & O Db 2 38 7=,
CULAA 1T, DX v RSB L B3 X T Y A—BE LTHIET D Z &b
TWD, oI BOaEXTF AL T 0T T V=LA X 50O B L 72553, CUL4A
WCBILThH, DROMER L 725 2 7R O ST 5 (54-58), = Z T, #H
HENTWDIERFD 5 B, Hela Ml THELL TV DO OIER 1% SIRNA & v
T/ w7 XA LD Ad ORSEZFHl L7-, £9°. % siRNA |2 X D ERELE DR
M ZHR L7005 (Fig. 12A), Ad 7/ A3 —AHIE L=, 0%, cun, c-Myc
By XAy LTEMIZEW T, Ad OHFESA B SN TRBY . b 0BEF2
Ad OEFEICFH G35 Z LR Eniz (Fig. 12B),

WIZ. CULAA D/ v 7 X7 BRI, c-dun, c-Myc OFEBEINT 2 0521772, =
NHDH L RIEDONRIC CULAA NHEE LTS 5IE, CULAA O/ v 7 X2k b
RNILE S, BBEN EAT 25137 THH0, c-Myc ODFREBELEIZCULLA D) v 7 XD
ATV LA LTV, —J5 T, cdun OFBEIX CULAA O/ v 7 B2k~ T
EHLTEY, mivaRNAI mimic EARETH DOT 0720 6 EFEA A R 67z (Fig. 12C).,

UL EOFEFRMN S CULAA OFEBUMGNC L > THfif % faiiiz c-dun 23, Ad OIEFEIZ T 59
BT ENREE NI,
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Figure 12: Identification of CUL4A-target protein involved in Ad replication. (A and B) HelLa
cells were transfected with siRNAs targeting the indicated genes at 50 nM. (A) After 48 h of
incubation, mRNA levels of the indicated genes were determined by gRT-PCR analysis. (B) After 48
h of incubation, cells were infected with WT-Ad at 100 VPs/cell. Ad genome copy numbers in the
cells were determined 24 h after infection and expressed as relative values (control=1). These data
are expressed as means = SD (n=4). (C) HelLa cells were transfected with 3'-mivaRNAII
(3'-mivaRNAII-138) mimic or siCUL4A at 50 nM for 48 h, followed by infection with WT-Ad at
100 VPs/cell. After 24 h of incubation, protein levels of the indicated genes were evaluated by
Western blotting analysis. The optical density of the bands quantified by Image J. Relative values

normalized by GAPDH were shown above the bands (mock, siControl=1).
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c-Jun i, 55K AP-1 O#ERLIA 1 CT& Y . c-Jun N-terminal kinase (INK) (2 X % U &k
BT CEMHEET 22 ENmon TS, £ 2T, Ad BYEFEC c-dun 28 VLS LB 0
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mivaRNAIl % c-dun OB EFICH LG L TNDHHDLEEZTND,

WIZ, INK 7 F e Ad O¥IEIZ 5T 20 ME T 272912, INK O FELEH

(SP600125(59), CEP1347(60)) # W Iofait&#1T-o7, £9. Ad BIEFORBLELX, 7/
LT E A EERL TV W EG% 12 R CERE L E 24, IFEAIOTRINC L > T Ad
BnF DORBNTAZEICHH STz (Fig. 13B), 7o, YL 24 %D Ad 7/ L2 B
—HEERELIZEZA, ZHELHFELIHA LT (Fig. 13C) Z M6, INK A Ad O
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[FEROBRF 21T 572 & 2 A INKBEEAI TR O X 5 70 Ad OREGBHERNRIT A b /e
-7= (Fig. 13D, E) Z &5, MAPK D723 TiX INK & 7 F L B3 RE BRI Ad DIEFREIZ % 5
THEDEEZ LI,

EBHIZVINK 28 Ad D FRBUCE G- L TWZZ &5, c-dun 25EHE Ad D4 7 2 DNA
ICREA L. Ad B FORBAEZFTEL TWHOTIERWNEEX T, 2T, U R c-Jun
WX BHUARE V- ChIP 7 o A28V (c-dun & Ad 7 A3FEA LTV Dt Lz,
LG R 1 OFE S TRIBSNC T 24 —7 > 7 7 ¥ AT — 2 _X—Z2TdH % JASPAR(63) Tili-~
7z cdun DFEEETF—T7 % Ad 7/ L ETHRE L, #8T DR 2 5 Lok % & &1 PCR 12
Ko THHERRTZ, TOE, Ad 7/ L EIZSTET D c-dun 54T F— 712 c-dun BiES
LTCW5 Z &R Eini (Fig. 13F),

UL EOFERN S Ad FEGERFIZIEME(E &5 c-dun 23 Ad OHEFRIZA 5 LT 0 . CUL4A
D)y I ETATLDZFOT T ABEIRI D Z & TAdDOHTEPMEE S D T & B3RIE
Iz,
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c-Jun binding Location on Sequence 14 b [ control IgG
motif Ad genome

T A TCA sitel 16382-16390 ATGACTCAG
A Cc :

site2 7073-7082 ATGATGTCAT
site3 9802-9811 ATGATGTAAT
A T IQ :l- site4 16050-16059 ATGACGCCAT

site5 35649-35658 ATGACGTAAC

l phospho-c-Jun Ab

1.2

% input

Negative
control

Figure 13: INK signaling is involved in mivaRNAII-mediated promotion of Ad infection. (A)
HeLa cells were transfected with 3'-mivaRNAII (3'-mivaRNAII-138) mimic or siCUL4A at 50 nM
for 48 h, followed by infection with Ad (WT-Ad, Sub720) at 100 VVPs/cell. After 24 h of incubation,
protein levels of ¢c-Jun and phospho-c-Jun were evaluated by Western blotting analysis. (B and C)
Hela cells were treated with JNK inhibitors (10 uM SP600125 or 20 uM CEP1347), followed by
infection with WT-Ad at 100 VPs/cell. (B) After 12 h of incubation, mMRNA levels of the Ad genes
were determined by gRT-PCR analysis. (C) After 24 h of incubation, Ad genome copy numbers were
determined and expressed as relative values (dimethyl sulfoxide [DMSO]=1). (D and E) HeLa cells
were treated with 10 uM U0126 (an ERK inhibitor) or 20 uM SB202190 (a p38 inhibitor) and
infected with WT-Ad at 100 VPs/cell. (D) After 12 h of incubation, MRNA levels of the Ad genes
were determined by gRT-PCR analysis. (E) After 24 h of incubation, Ad genome copy numbers were
determined. These data are expressed as means=+SD (B and C, n=4; D and E, n=3). (F) HeLa cells
were infected with WT-Ad at 100 VPs/cell. After 24h of incubation, cells were hanvested and ChIP
assay was performed. Data shown here are representative of more than two independent
experiments.

41



[(Z£]

T E T, VA-RNAI OEFRFEREDMEIHIIHEA TV D —F5 T, VA-RNAIL 238D X 9 724
BBEATHNRIEAERLNE R TNRDSTZZ &0 6 RETIL VA-RNAINIZE R %
0 FRIT 24T > 72, ZDFER. VA-RNAII 28 mivaRNAI ~D 7 a3 v 7 %4 LT miRNA
FRICHERET 5 Z & C. Ad O A(RET 5 Z & &2 i L7z, JEATAF%E Tk, VA-RNAIL 23
Ad DOESIEZ RS % — 75T, mivaRNAI 12 Ad Ol AR L7222 & 2 8E LTV 5 (48,
49), ©>F Y, 2 f¥HD VA-RNA ® 5 5, VA-RNAI (T Dicer (ZUIHF S92 Ad DOEEFE %12
# L. VA-RNAII I Dicer |2 & - CTHIlr &4 mivaRNAIL & 725 Z & T Ad OBl & e+ 5
EV o XTERRBEEEA A L T D E VR D, EHEH VA-RNAIL L, VA-RNAI OFEHIZ
LoTHEENEZLEEZ LN TVSA(34). VA-RNAI D F5 75 PKR DFLEREN EV 2 & (35)%0,
BCxHZ VA-RNAIL @D J5 7% Dicer 12 X 2 BIBiEh# 3 @2 & (47). S HIZ RISC 18R b X
<HIAEND 3-mivaRNAII-138 N RAIC Ad OEEZRE L2 L 2BE 25 &, Ad
D3k & 7o IR N BR BRI S T 2 72 O ICHE(L T 2182 T, VA-RNA Orex Z 3¢ T
LN SN D, ZIVET, VARRNAL 3H 512500053, VA-RNAI 2BFEET 2B
TIF LA EEm SN T IR o1 > TUAMIFEIZ L > TRB LA RIZ TAd DEfk) &
W) A NVAFRIRBURIZEB W T, FFICHELREREZ L ODEEZL TN D,

—JF T, UA /L AHK mRNA OEZE/HEIEE LT, VA VA B OBR 7R Z I3
HZ LT, UANADOBREG A L SED Z ENMBNTVWA(L6), 2T, RISC 125
BRIV IAEND 3-mivaRNAII-138 DIERIELSIZ, Ad 7/ A E TR L1z, £ O
F. 11014-11020 (VA-RNAII H &) |, 25140-25146, 32215-32221, 32661-32667 & H DHE JE3 5%
Bl WINE A TRABTHFEL TWDHR, ZDHH 32215-32221, 32661-32667 7% E4
RO FHICALE L TE Y . mivaRNAII 23 E4 i#fsF DR B ZMEI4 2 /eeErENE 2 bh
7oo L2 L72235, mivaRNAI ARt Ad 57 £ R U K 512 E4 E\in 03B
RESN T2 E2v5 (Fig. 11C) . Z O AREMEIT SR E S -,

~A 7 a7 LA RHTIZ K DR8N T OFE R Ad OEIEIZEI S35 mivaRNAI AR AR
5t LT, CUA ZRETHZ LIk Lz, L L—FT, SO~ A 7 a7 LAfE
Mricksun i, OmivaRNAITL & AR, siControl & AR & Hig L CTHEAIESF D mRNA
B LLTIZ/e D @siControl #ARFZ, —EfELL EO T 7 FARKRisiTng, &
W) TR AT 122 b 00 B3, Fig. 9B TV A 7 1 7 LA il & RO 035
LB T, 14 8B+ 8 Ba o e EF o=, £7-. insilico it T seed Al 58
IR 72ES Z SUTRIC S DR 2 L7223, FZERICIT miRNA 12 X DR ER 7O
FEELHIEIIEME T, 5'UTR X° ORF _LIZEERIBLAIDMFAE L7V | seed Bd¥l & SERITHEAHAY T
ERLSTHRAPMHI SNV T2 bbb 5, 20D, ABRIORAY Y —=27 Tl
TLE S TENEEFPFEET D ARBEIEEETE T, ZORICEL T, bR 55
DRHD D D,
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AWFFE T mivaRNAI OFERJE{SF & L CHEZE L7z CUL4A iX, Cullin 7 7 XV —D—H T
b5, Cullin 77 IV —iF, E3 2EXF L UH—FOREZ L7 L LTHREL, =%
FoALEN U THER S V8 B o R 5 2 & T, HIRaEHIS° DNA OEE e ik x 7o AR
S EHIET 5 Z E N5 TV 5 (56, 64, 65), Cullin 77 2 U —0D w7 A L AHFTE~D 5
T2 HE LN ONH Y, 2L 2T~ RATA NV AD—FETH % Epstein-Barr Virus
1%, CULY/4 ZPAET 5 Z & T Cdtl Ozl L, Ml f a2 t#+ 52 L ToM Ao
HRE A RS H(66), £/, B M R— U A LAO—FE (HPV16) (X, CUL2 ZFIH L
TR AHEIE T R OfRERET D Z & TUA NV ADEYE{EEd 5 (67), M T Ad
WZBALTH. Ad O E1B-55k, Edorf6 73 CUL2/5 #FIf LT p53 72 EDE X X7 B %45y
it 5 2 L RHE I TN DH(68), L L7 5, CULAA 23 Ad DHIFFIZBIS-34 25 & )
BT BT < RFRIZ K T Ad OHIIC T 5T 287 7efd FREFEZFRET HZ LI
P LT=E Wz B,

E BITABIZETlE, CULAA DOIEBIMHNIC K » THfiEZ a7z c-dun 25, Ad OHTEICH 5
THZEHREHELNE LT, c-dun 2510 INK DL 7Tk Zr— RiE, TR b—3 200
ZVE, MRAD 5L - BERE, RIEVES A A L DpEATe Ehk 2 I EBBIZICEI S LT Y,
Ad IS D T A LA KIS & OBIEIZEE T 2 WA S H D (69-71), =& 2iFe MYA RA TRy
ANVA (CMV) 1, ABFZETHWZ INK BREANC K - THIESIE S, BB
Z—D7aE—4—L L TRAINTND CMV 7' aE—4%—OfFEMEE INK FLER]CHRES
THIENRESNTND(72,73), 16> T, CMV D% 7 5 DNAIZ AP-1 A LT, A
NABIEFDORREFESTHZ L TUANADOEIHICEE LTS bDEEZ BNS, Ad
IZHBWTH c-dun DEBEOBIE CHAICH BT 2 b0 & AL, FEERIZ ChIP 7 vt A1 Off
ENH ADd DS 7 ADNAIZE c-un BFEATHZ EBRHALMNE /o7, L L7 5 c-dun
ARSI T LS Ad BIEFO RIRICAET 500 Tldkehole, o, K7 71—
R T 2K MIERO Ad DY ) A ETcdun fESGETFT—7 2R L THLLE A, £TO0M
HEHDT 7 N ETE DL EOREEFT—7BOh o7z, LorL, AdS &R LY 7 7 —7
CIZET 25 Ad2 ZBrZ, fhd Ad TIE, c-dun FEEETF— 7 OALEIL, I THRFSIL T
HDIBThoT-, T, cdun DEFED 7 1T —& —fEkICkE S UG FOREL 2 3HE 4
HE0H 0L, AdYT S AOBEHEEFTICHES L TR RBRFRIICTEGE LTS HO
EHERIL TV D, ARERZR7 X —BRICIGHT R Ad X7 X =0 b RET 5 Ad BB
FOFBLE INK [HERTIHI TE RN EBIRFTZIT o720, INK BRFANC L 5 Ad ~
7B =50 Ad BL - OFBIHNIBIE SN2~ 7= (data not shown) ,

— T, AR A FEARNE Ad IEAT 22 81%, FORRETH DL LEX TS,
Ad 75 FE BT 2 NIEMED VA-RNAILIZ &% CULAA O BUK FiZ, £30% (Fig. 9C) TH
2% DIZxf LT, mivaRNAII 5 AR 21X CULAA DR BLE: 1 50%LL FIZ/K T LT3 (Fig. 9B),
ZORER XY . NIEMED mivaRNAN BB EITZ T EE L 72, TOKEZH > Z L TAd
DOFEAEETE 2 & PRI N D, BUT, MM Ad I CUL4A 1257 % shRNA 38817
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Ty FEEH L, CULAA DI Z LRI TE L L DI B T2 2 & T, BSAMIBIC
BT DGR Ad OEFEIELZIE EIFTE b LB b5, M T, CULLA IZ—HD
DAAII THBENTTHE L TV LR E, NADRIBEEMIZERY 9 52 &)25(56). CULLA
Dy ET AR, GUEENRICEET AL H D, £, AdIZII Ny r—T
JRIRRIR YT ) DA RITIRA D & 0 | NEEEAEYE Ad (ZHEHTRE 72 B AR 13 1 X139 4kbp
T D, shRNA FEHL T~ MMI K 400bp & FEFIT/ NS WD LD EEEMYE Ad 12 ShRNA
WHAE Y NEEEHLTH, thoOBFRERF2BHT 272000k AR—2AR8EZ s T
WDHEWVWHIETHENTND, 4%, 2O X5 RSB AD R, AIEEMRICTHFS T2 8%
R L0,
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o o

ARFFETIE, Bia Rz Ad OLBICHETZEBIZEEO—BRE LT, Ad BT S
non-coding RNA T 5 VA-RNA (275 B L72AFFRIC LY LA 72,

F—ETIE, Ad X7 X —ERRED B IR OIGETELRS, mIRNA OREEILEICEE 535
L&D VARRNA OB a7 7 A Va2 BN Lz, @EOHFFE TIL, VA-RNA 23l
NOBBRRHZ R AR L CIALIFN OFEAZFHET 5 Z L2, miRNA Ok & B A
\ZFL#E 5 2 & T shRNA O REPTI S5 Z ENMEINTE N, ZRHBb TR
FHEDVARNAIZCLE > THIEHZENTWDZERHLMNERY 5%D Ad T Z—D
FATBAFE 1T I 1T D HEL R F LAMVE BT,

BT, ZVE THIZE A TV R o 72 VA-RNAIN O A BERE DRI 2 kA 7=, %
DFER VA-RNAII O 7' 1 ¥ > 7Y TdH 5 mivaRNAII 23 Post-transcripitonal gene silencing
IZ &> T CULAA DB AT 52 & T, Ad DEFEZEET 2 Z LB E o7z,
TR XY BEEND VA-RNAIL OABRFERE & 1 3RHIREY 7 VA-RNAIL OFEEENE vl 720 |
T A VAR IR BRI B W CREBLIREO N NS S iz, N CREM 7 A 1 = X L g
EAT-72Z L12X D CULAA <° INK 23 Ad DEFEICH ST 5 &), Ad &g L0 AEAE
RIZBET 2 LWR 2152 Z LIcpksh L, BBRER oL BIZmT TH A R FepcR s
BEoni,

PIEX Y, AHFFETIEVA-RNA IZE B L, Ad X7 ¥ —|2 & 5 B s 1R IE-C IR B A fi
PEAd 12 8D D3 AR ZE~DIC A ATRE 72T L WEI LA 155 2 L ITHE LTz,
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AREKEZDICHI-0 | KIGEHBY: 2 T8, JHiEZIBL & &I, BV IR
A £ Lo, RIRRFRFFIFER B0 KOmZEEICERER EHOE L
KLET, T, ARICHTV ., TR D THREZ T RIKZR LGSR I
i B AE, RHERFE T A NA - HARERR SRR IR S IR A TS
W LET,

AWPFEICBE LT, BEAQME. THEELIEE £ LIERRRERFGCEEER FHE
e SCAEESL e, BhEL mlRnRESe A, RMEATSER WS LICREA TR O
BeRLET,

WIEAETE 2L DITH T2 | FEIRIRD < LR TV 2N T RIRK 7 R P 5e 8 o0+
WG B O BERRICTRE O LET

7o R L RBIBR IS W TRIFRIERI 2150 £ L7OMSITEIE A A AR BL 2
(D Z D EFLE L BT £,

B, RVEAEAR A RS Y | SE LTI ¥ LSRRI L0 LH L EF £,
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Table 1. The oligonucleotides and primers used in this study.

No Name Sequence (5'-3")
1 hGAPDH-F GGTGGTCTCCTCTGACTTCAACA
2 hGAPDH-R GTGGTCGTTGAGGGCAATG
3 hGAPDH-Probe FAM-CACTCCTCCACCTTTGACGCTGGG-TAMRA
4 mMGAPDH-F CAATGTGTCCGTCGTGGATCT
5 mGAPDH-R GTCCTCAGTGTAGCCCAAGATG
6 mGAPDH-Probe FAM-CGTGCCGCCTGGAGAAACCTGCC-TAMRA
7 | VA-RNAI-F GGGCACTCTTCCGTGGTCTG
8 | VA-RNAI-R AGGAGCACTCCCCCGTTGTC
9 | VA-RNAII-F GGCTCGCTCCCTGTAGCCGG
10 | VA-RNAII-R AGGGGCTCGTCCCTGTTTCC
11 | E2A-F CACTACGGTGCGAGTGCAA
12 | E2AR GGTAGCTGCCTTCCCAAAAAG
13 | E2A-Probe FAM-TCAAAGCCTGGGCACGCGC-TAMRA
14 | E4-F GGGATCGTCTACCTCCTTTTGA
15 | E4-R GGGCAGCAGCGGATGAT
16 E4-Probe FAM-ACAGAAACCCGCGCTACCATACTGGAG-TAMRA
17 Hexon-F ACGATGACAACGAAGACGAAGTAG
18 | Hexon-R GGCGCCTGCCCAAATAC
19 Hexon-Probe FAM-CGAGCAAGCTGAGCAGCAAAAAACTCA-TAMRA
20 | Fiber-F GCGCCTATCCGAACCTCTAGT
21 | Fiber-R AGAGGCCGTTGCCCATTT
22 | Fiber-Probe FAM-ACCTCCAATGGCATGCTTGCGC-TAMRA
23 | Luc-F TCCTATGATTATGTCCGGTTATGTAAA
24 | Luc-R TGTAGCCATCCATCCTTGTCAA
25 | Luc-Probe FAM-AATCCGGAAGCGACCAACGCC-TAMRA

26

3'-mivaRNAIIT-S

TCGAGAAGGGGCTCGTCCCTGTTTCCGGACAGCAAG
GGGCTCGTCCCTGTTTCCGGATTAATTAAGCGC

27

3-mivaRNAIIT-AS

GGCCGCGCTTAATTAATCCGGAAACAGGGACGAGCC
CCTTGCTGTCCGGAAACAGGGACGAGCCCCTTC

28

QC-pVAIImutS

CCCCGCTTGCAAATTCCTCGAGCCACGGGTGCGAGCC
CCTTTTTTGC
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29

QC-pVAIIMutAS

GCAAAAAAGGGGCTCGCACCCGTGGCTCGAGGAATT
TGCAAGCGGGG

TCGAGAAGGGGCTCGTCCCTGTTTCCGGACAGCAAG

30 mivaRNAIIT-S
GGGCTCGTCCCTGTTTCCGGATTAATTAAGCGC
) GGCCGCGCTTAATTAATCCGGAAACAGGGACGAGCC
31 mivaRNAIIT-AS
CCTTGCTGTCCGGAAACAGGGACGAGCCCCTTC
) TCGAGAAGGGGCTCGCACCCGTGGCTCGACAGCAAG
32 mivaRNAII-mutT-S
GGGCTCGCACCCGTGGCTCGATTAATTAAGCGC
) GGCCGCGCTTAATTAATCGAGCCACGGGTGCGAGCC
33 mivaRNAII-mutT-AS
CCTTGCTGTCGAGCCACGGGTGCGAGCCCCTTC
TCGAGGCAGAACTTAGCCACTGTGAACAGCGCAGAA
34 miR-27bT-S
CTTAGCCACTGTGAATTAATTAAGCGC
GGCCGCGCTTAATTAATTCACAGTGGCTAAGTTCTGC
35 miR-27bT-AS
GCTGTTCACAGTGGCTAAGTTCTGCC
36 Ad4-F AGACAGCGACTCTTCACTGC
37 Ad4-R TCGTCCTCATCATCGCTTGG
38 Ad11-F GCACTGCTATGAAGACGGGT
39 Ad11-R TCCGGGCAATCCAACTGAAA
40 Ad31-F ATTGATGTGGAGTCTGCCGG
41 Ad31-R ACAGGGGGCTCCGGTAATAT
42 Ad35-F TCCGTGGACTGTGATTTGCA
43 Ad35-R CCAACATTGGCAGCCTTCAC
44 CUL4A-F ACCTCGCACAGATGTACCAG
45 CUL4A-R AGGTTGACGAACCGCTCATTC
46 RNF4-F ATGAGTACAAGAAAGCGTCGTG
47 RNF4-R CACAAGTGAGGTCCACAATTTCA
48 RasGRP1-F ACATCACCCAGTTCCGAATGA
49 RasGRP1-R GCTGTCAATGAGATCGTCCAG
50 CD164-F ACCCGAACGTGACGACTTTAG
51 CD164-R CGTGTTCCCCACTTGACAATC
52 KCTD16-F ATGGCTCTGAGTGGAAACTGT
53 KCTD16-R TCAATGTGGAATGGCGAGTAAA
54 NFATC2-F GAGCCGAATGCACATAAGGTC
55 NFATC2-R CCAGAGAGACTAGCAAGGGG
56 CNRIP1-F TAATGACGGCCCGGTCTTTTA
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57 | CNRIP1-R TGCAGCGTGCTGGGTTTAAT

58 | IGF2BP2-F AGTGGAATTGCATGGGAAAATCA
59 | IGF2BP2-R CAACGGCGGTTTCTGTGTC

60 | ANK2-F ACCTGCAATCAGAATGGACTCA
61 | ANK2-R TGCAATGTGAAGAGCGGTATT
62 | DUSP16-F GCCCATGAGATGATTGGAACTC
63 | DUSP16-R CGGCTATCAATTAGCAGCACTTT
64 | FXYDG6-F ACCCTGAGGATTGGGGGAC

65 | FXYD6-R CATTGGCGGTGATGAGGTT

66 | KMO-F TAGCCCTTTCTCATAGAGGACG
67 | KMO-R CTCTCATGGGAATACCTTGGGA
68 | SEZ-F CTGGCTCACGGACTCTCTTTA

69 | SEZ-R CTGTTGTGACAAAGTGGACGC

70 | SNTN-F TGTATGCACAGTACCCAGGAC
71 | SNTN-R AGCAGTGGTGGCAATAGCTTT

72

CUL4A-3'UTR-F

TTCTCGAGCGCATCTGCAGACGGTTC

73

CUL4A-3'UTR-R

GGGTTTAAACCACTGTTCAACCTC

74

QC-CUL4A-3'UTR-F

GGGGCTAGTGTGTTTGAGATCTCATTCTAAGATTGAG
TCTGGCAG

75

QC-CUL4A-3'UTR-R

CTGCCAGACTCAATCTTAGAATGAGATCTCAAACACA
CTAGCCCC

76 | Ago2-F CGCGTCCGAAGGCTGCTCTA

77 | Ago2-R TGGCTGTGCCTTGTAAAACGCT
78 | E1A-F TCCGGTCCTTCTAACACACCTC
79 | E1A-R ACGGCAACTGGTTTAATGGG

80 | c-Jun-F TCCAAGTGCCGAAAAAGGAAG
81 | c-Jun-R CGAGTTCTGAGCTTTCAAGGT
82 | XPC-F CTTCGGAGGGCGATGAAAC

83 | XPC-R TTGAGAGGTAGTAGGTGTCCAC
84 | c-myc-F GGCTCCTGGCAAAAGGTCA

85 | c-myc-R CTGCGTAGTTGTGCTGATGT

86 | Chkl-F ATATGAAGCGTGCCGTAGACT
87 | Chkl-R TGCCTATGTCTGGCTCTATTCTG
88 | Adb-sitel-F GGTATTGTCACTGTGCCCCC

89 | Ad5-sitel-R CCCAATACACGTTGCCCCT
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90 | Ad5-site2-F CGCAGTAGTCCAGGGTTTCC
91 | Ad5-site2-R ACTGGAAAGACCGCGAAGAG
92 | Ad5-site3-F GGTTGTTTCTGGCGGAGGT
93 | Ad5-site3-R AGGACATGGTGCTTCTGTCG
94 | Ad5-sited-F AAGAAGCGCTCCGACCAAC
95 | Ad5-sited-R GTAGTTGCGCGCCTCCTC
96 | Ad5-site5-F GCCAAGTGCAGAGCGAGTAT
97 | Ad5-site5-R TCGTTTCTGGGCGTAGGTTC
98 | lgr5 intron3-F TCTGCCTCAGGCTTACATGGA
99 | lgr5intron3-R CACAAGAATTCTGCAGCACATTT
Table 2. The miRNA mimics, inhibitors, and siRNAs used in this study.
No Name Sequence (5'-3")
1 | 3-mivaRNAII-136 mimic UCCGGAAACAGGGACGAGCCCC
2 | 3mivaRNAII-137 mimic CCGGAAACAGGGACGAGCCCC
3 | 3-mivaRNAII-138 mimic CGGAAACAGGGACGAGCCCC
4 | 3-mivaRNAII-mut mimic CAAAGAUAGGGACGAGCCCC
5 | 3-mivaRNAII inhibitor CGGAAACAGGGACGAGCCCC
6 | siCUL4A AAGCAUGAGUGCGGUGCAGCC
7 | siRNF4 GAAUGGACGUCUCAUCGUUUU
8 |siCD164 GGACUGGUGAUUCAUUUGU
9 | siNFATC2 CCAUUAAACAGGAGCAGAA
10 | siAgo2 GCACGGAAGUCCAUCUGAA
11 | sic-Jun GUCAUGAACCACGUUAACA
12 | siXPC GCAAAUGGCUUCUAUCGAA
13 | sic-Myc CGAGCUAAAACGGAGCUUU
14 | siChkl GGUGCCUAUGGAGAAGUUC
Table 3 The primary antibodies used in this study
No. Antigen Host Manufacturers
1 Dicer (13D6) mouse Abcam, Cambridge, UK
2 B-tubulin rabbit Abcam, Cambridge, UK
3 CULZA ot Santa Cruz Biotechnology, Santa Cruz,
CA
4 Hexon (65H6) mouse Abnova, Taipei, Taiwan
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5 Ad5 rabbit Abcam, Cambridge, UK
6 CUL4A (EPR3198) rabbit Abcam, Cambridge, UK
Santa Cruz Biotechnology, Santa Cruz,
7 c-Myc (9E10) mouse
CA
8 c-Jun (60A8) rabbit Cell Signaling Technology, Danvers, MA
9 GAPDH rabbit Trevigen, Gaithersburg, MD
10 | phospho-c-Jun (Ser63) rabbit Cell Signaling Technology, Danvers, MA
phospho-c-Jun (Ser73) ) o
11 rabbit Cell Signaling Technology, Danvers, MA
(D47G9)
Table 4. Materials used in this study
No. | FEBRFIEL i A e
DULBECCO’S MODIFIED EAGLE’S
1 ] Wako
MEDIUM (DMEM), Opti-MEM
2 | AR IEIMIE (Fetal bovine serum; FBS) GIBCO-BRE, Biosera
3| iAEMmE GIBCO-BRE
4| KT 4 vy a Nunc
5| HUVEC Lonza
6 | EGM-2 Lonza
American  Type Culture  Collection
7| B4R AdS (WT-Ad)
(ATCC)
8 | Adeno-X Rapid Titer Kit Clontech
9 | ISOGEN, ISOGEN II Nippon Gene
10 | DNasel New England Biolabs
11 | Superscript VILO cDNA synthesis kit Invitrogen
12 | THUNDERBIRD SYBR gPCR Mix TOYOBO
13 | Fast SYBR Green Master Mix Applied Biosystems
14 | Tagman 2xFast Universal PCR Master Mix | Applied Biosystems
15 | AU=T DNA Fasmac
16 | Tagman probe Hokkaido System Science
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17 | StepOnePlus real-time PCR systems Applied Biosystems

18 | C57BL/6 mice Nippon SLC

19 | pAdVVAntage Promega

20 | Al BREE SR New England Biolabs

21 | =7 M/ DH5a TOYOBO

22 | QuikChange Site-Directed Mutagenesis Kit | Agilent

23 | Lipofectamine2000 Invitrogen

" Ad lacking both VA-RNAI and Il (Sub720), | kindly provided by Dr. G. Akusjarvi
VA-RNAI-deleted Ad (Sub722) (Uppsala University, Sweden)

25 | psiCHECK-2 Promega

26 | Dual Luciferase Reporter Assay System Promega
TriStar LB 941 Multimode Microplate ]

27 Berthold Technologies
Reader

28 | DNeasy Blood & Tissue Kit Qiagen
Tagman MicroRNA Reverse Transcription . )

29 | Applied Biosystems
Kit

30 | Tagman MicroRNA Assay Kit Applied Biosystems

31 | 10% polyacrylamide gel Wako

32 | PVDF membrane Millipore

33 | Chemi-Lumi One Super Nacalai tesque
anti-mouse 1gG, anti-rabbit 1gG, anti-goat o

34 ) ) Cell Signaling Technology
1gG HRP-linked antibody

35 | LAS3000 FUJIFILM

36 | miRNA mimic, inhibitor Qiagen

37 | Agilent 2100 Bioanalyzer platform Agilent

38 | siRNA Gene Design

39 | siKCTD16 Qiagen

40 | KOD Plus TOYOBO

41 | DMSO Sigma Aldrich

42 | SP600125 Wako

52




43 | CEP1347 Tocris Bioscience
44 | SB202190 Cayman Chemical
45 | U-0126 Cayman Chemical

46

SimpleChIP Enzymatic Chromatin IP Kit
(Magnetic Beads)

Cell Signaling Technology
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