FESBNFHRERRNE (FASRRESMRARES)

[BBEEFRREAA U C RIFAD L ABRZBEDEFHN - B ST R ARSI OB
SHEFIREE

HEFNAF 1OV AREERERERREZFIA LTIV X BRISBORET

DIEAFRE T EXk - KIRKFRFMRFAN EBR

WRES

T, CEXRIAILRA (HCV) BPEISMAT 2EBA. AHPTIE 200 EAEHEEEN.
T OEITEBE 300~400 AT DIBIMLTWVWS. RAEDETS. CBFXICHTIERLEEE
ELUTIMNNADEREEET IR -0 - UNNEU S OMBEENH D, 7D
FWR(E50% THDICHENMMNDST, BfEH. BN AEBENDOUNRDES, MEDIL
ADOHIRREDORBENLEL TVWD. COLIRBHFRDP. HCV BERZER(CHIT D757
—A M ABWVEWEA. BOMILABEAODR. MED-1)LALROBRAHGEINS &
s, C BIFFGERE - THES U TCORBENEEFNTVD. UL, BEAB THIREEE
KIBERHNRIETHD . FUREBENT ENS HCV BB ECFENMRIAKFE A CER
LTHS5T . HCV BRIERICHT IV YT A MORIRIIE L <IIGENTLD.

HCV ORERSEIRTICNETI(C CD81. Scavenger receptor class B type I (SR-BI).
claudin-1 BEISNTH D, ol FRRBRRZEERE U T occudin KAEIESNZZ &5, HCV
REHABDES NN DDHD. UL HCV ORRHIBIE. BESIBURNMERFEID L
PORRAZEFAROELFENFRITOENNS. LR OBIANEML TS,

TITABRRE. HEF/Fa1090)LR (BV) OEEOBERIRAEICHUCBERSHROLE
{EZEMIRERTIC KD HCV BRRKIBOMRIAZITLY, TORBRZL(CLUT HCV B /&R (H T
BPUIT_ANERIRIDZICLEBNE LR,

Rk 21 FEE (L HCV BERREAFRIR BV ZRHUVZ HCOV BRSO — 4 & L T.CD81.
SR-BI. claudin-1. occludin 333 BV OFREREI U TE. AFEF. K HCV ZHEFH
IR BV ZAALVZ HCV BEAZEEREITO L LBIC. D HCV BREAZRBHRZRIALL BV
EREFMEIRTT Uz, =510, HCV ZBMAREIR BV ZRVVCREEES FRIRIICHITZ/ (O
w b A7+ & LT, caudin-1 IR BV, occludin IR BV R4 EREL,

C. HREN ZBMERTBET.CRFRD-ILA(HCY)
AHAFEE, BT IAHMEORERERER ORUMEETE(LFNCRETL. KERZEC
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HCV BRSBAR T AT MERT D
EZBNELUTULS,

RAEF TIC HCV OBEHRADEACAL
T. CD81. Scavenger receptor class B type
I (SR-BI). claudin-1 H"RERTEEE L TH
BEL TV T EMRESNTULD. =i, #ifZ
7R HCV B2 B4 & U T occludin BAEIE L.
BEHERAOREEBHASHMIRDDDH
Do UNUIENS, INSBHERERDIEER
BIBRRES# <. FEREREMBENZENS,
HCV BR(CHFTD INSZTEHRDOMEERT®
SZERBOEEERREDORRITELELT
ERUTLVRVLDHIRIRTHS.

I, B/ F210940)LX (BY) B
BEREZUIVARELICIZMEIE - BEEZ RS
Uiz E@RICIRROIETHDICEEZERKX
SRR ZEEHBELESNRBE U, HFR
BV ZRUWVEARSETE, BENVMRHETHDIE
EOREOKEERITI RIS IRD, BICEEHZ
ek 9 2 —EDEEREDOKERFTICEICH
TEBZENDHD>TND. NSRS,
HZFE BV RIRR(IEHOREHET U TR
93 HCV OZEHEEEFENICBUVLVOFRIGE
Uty —IL TH D ENR D,

Bl b IEFERHCV BRICBNWTEELRE
ZiBH> T3 4RB/HOER, EULKEEET
DEALFENFITZIT DI, HF BV RIRRZE
FAUEFEnEERE U, ¥k 20 FEIE-,
HCV RRHEABDRERMT(CFTIL > T, 1)L ARRSE
BERASHNER>TVWRSRZFT D)L
ABREEZTTIINRELUTHRAL, BERS
RFEIR BV D1 )L A BEAHB OREATIC ISR R]
RETHD L #=MHEEL CD81 HIR BV, SR-BI
FI] BV. claudin-1 IR BV S KLU occludin
IR BV DIFRICHIN Uz, CNSORRERS
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FX. AFEE. B HCV ZIBHRE BY O
HCV BREEFM =T L. B8O HCV RS
HEFRIR LTz BV (FRFA ORI ZRAHTZ. &
5(C. HCV ZBAHFIR BV ZRVVZ—AHIUR
(scFv) #E®D/\10OvY hREFTAEUT.
claudin-1 F3R BV. occludin FIR BV f&E~<™D
ASREfEEEUR Uz, &, REEEE AR
REFEBN scFv S5 UDERZERA TLY
2 (FHHlIHEARESDESR) .

D. HRAE
1. HCV B2 455 BV D/FR
1.1. pFastBac-CD81, SR-BI,
occludin DESE
HCV RS8R (CD81. SR-BI. claudin-1.
occludin)¥FIR BV OERIZLITORBETH
12 Sl Fult

CD81 cDNA 54 X> & pCR4-CD81 #
F>TL—hEUTALZ PCR ZELDIBIEL
Jzo pCR4-CD81 i&#(0.1 mg/ml) 1 pl. 10x
PCR buffer for KOD plus 5 pl. 2.5 mM
MgSO,4 2 pl. 2.5 mM dNTP mix 5 pl. 10 uM
primers 3 pl. IMEFBEIK 30 pl. 5 U/pl Takara
kod plus 1 pl ZR&L PCR ZfTo7=, CD81
o0-Z20R0TSA4~< -85,
forward; 5-aaggaaaaaagcggccgcatgggagtg
gagggctgca-3,
gatggtgatggtgatggtacacggagctgttceg-3 &
U7z, PCR DZ&A4(E. 94 C 2 min D#%.94 C
30 sec, 59 C 30 sec. 68 °C 30 sec & 35
4 O)l. PCR#. PCR E¥p)EBIUKENCLD
ik - FREU. HIREESETHD Xhol & Notl
CEDYHLE, RS2 RT7—RO5—
pFastBacl OVIILFoO—-—_>0Y+1 kLI
33 Xhol. Notl Y- F2RWT PCRENMES

claudin-1,

reverse; 5-ccgctcgagtcagt



AT —=23> Uk, ZAF—>3aEMEI
E>> h2)L DH-5alIC RS RATA—A—2
3>L. JS5AZ R DNA ZLOURL/Z#. HIR
BERBT., >— O ABHEITL.
pFastBac-CD81 &#{FR L 1=,

SR-BI cDNA 7 T J X > b &
PcDNA3.1-SR-BI 55 Spel. HindIIl H k
ZAWTYIDE U, Spel. HindIll Y- h&H
UL\T pFastBacl (CSA 5 —23> U, 5
-3 EWE 1 EST> Mz)L DH-5alC
RSORATA—=A—=23>UL.FSAZRDNA
ZEOURUTz8. HIRRES=MER. > — 0T > X
#rZE1TV\. pFastBac-SR-BI ##E&7z,

Claudin-1 ¢cDNA 7 5 O X > b~ (&
pEAK-Claudin-1 &5 > 7L —h&ULT PCR
FEICL DIBIE Uz, p EAK-Claudin-135%(0.1
mg/ml) 1 pl. 10 x PCR buffer for KOD plus
5 pl. 2.5mM MgSO, 2 pl. 2.5 mM dNTP mix
5ul. 10 pM primers 3 pl. JEEFEEIK 30 pl,
5 U/ul Takara kod plus 1 pl #E&U PCR %
o7z, Caludin-1 YO0-=JBDTS54A4Y
— B 5 (X, forward;5-gctctagaatggattacaa

-~

P

ggatgacgacgataagatggccaacgcggggctgcag
ctg-3,
tcccgctggaaggtgcagg-3 & L7z, PCR D&M
(&, 94 C 2min D&, 94 C 30sec, 64 C
30sec.68 C 1 min%& 32H-14)L.PCR#E,

PCREMZEBIUKENCKDDEE - BRU. FIE
BECHD Xbal & Kpnl ICEDEIELE. &
S AT 77—~ —pFastBacl OYILFS
O—=>2Y+4 b_L(C3HD Xbal. Kpnl B k
ZFAWT PCR B ESAH—2a> Uz, 5
A5—-2 a3 EYEI>EF> M2l DH-5a
CERIZRTA—A=2320L, TFRAZR
DNA ZEIR U7z, BIPREESRMRT. > —O1>

reverse; 5-cggggtacctcacacgtagtctt
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ABFEITL, pFastBac-claudin-1 =87z,

Occludin cDNA 752 A~ ~ & phOc6 &5
>TL—bhEUTHULWEZPCRICKDIBEURZ.
phOc6 &% (0.1 mg/ml) 1 pl, 10 x PCR
buffer for KOD plus 5 pl, 2.5 mM MgSO, 2 pl.
2.5mM dNTP mix 5 pl, 10 uM primers 3 pl.
IREFESK 30 pl. 5 U/ul Takara kod plus 1
#ZRESL PCR Z#{TD/z. Occludin ZO—=>
OBHOT 51~ —BedliE. forward;5-gacta
gtatgtcatccaggcctcttgaaagt-3,
cccaagcttctatgttttctgtctatcatagtctec-3 & U
7=o PCR D%&AF(E. 94 C 2 min D&, 94 C
30sec,53 C 30sec. 68 C 2minZ 35Y
1)L, PCR #&. PCR E)ZBRUKEICL DD
B - BB U, Spel. HindIll Y- b&EBULT.
pFastBacl (LS5 —>3a> Uk, 515 -2
a>EYEI>ET> ML DH-5alC hS Y
ATA—=A—=23>20L, TSXZ K DNA &[]
IRUT#%., HIRRBEZRMENT. > — 0T > XfEthe
iTL\, pFastBac-occludin Z571=.

reverse;5-

1.2. Bacmid DfER

FRULEKNSRAD7 —ROF—-—KBE
DH10Bac (Invitrogen ) (ChS>RXTA—XA
—232 L. 50 yg/ml kanamycin, 7 pg/mi

gentamicin, 10 ug/ml tetracycline 2=+, 2%
X-gal (5-Bromo-4-Chioro-3-Indolyl-
-D-Galactoside) 100 pyl KUY 50 mM IPTG
100 pyl Z2M UK LB BT L — & (IPTG,
X-gal 8 TGK plate) (CIBEL. 37°CT 24 15
HgE LUz, FRoa10=-—=EvyoF7Pv I,
PILHUT Ly T ICTKBEMNS bacmid Zi58
U7z, PCRIEICK D ENBEEFHEASNTLS
&R U, BB U bacmid F®& (0.1
mg/ml) 1 pl. 10 x LA PCR buffer 2 yl, 25 mM



MgCL; 2 iy 2.5 mM dNTP mix 3.2 yl. 10 uM
primers 1 pl, JREFEEIK 9.6 pl. 5 U/pl Takara
LA taq 0.2 ul ZE&L PCR ZfTolc. 54N
(& ( 5-
aacgacggccagt-3). Reverse primer (5- ggaaa
cagctatgaccatg-3) &AL V/z. PCR D&HF(E.
94°C 2 minM#.94°C 30 sec, 55C 30sec.
68°C 4 min & 35 -12JL, PCR#. PCREY)
ZEBERXBUBNEBEFOBEAZER UL,
Bacmid DNA Z DH5alC bS5 2 ATA—X -2
3> U.IPTG, X-gal 8 TGK plate TIa&E U,
HEMTABEIO—>ZE& L. bacmid DNA
EREBUE, 2. Wild type-BV (WT-BV)
bacmid FEEHZABEIO-ISERU.
hCL1-bacmid. hOcc-bacmid &REIUEMST PCR
ZITWEBRI SEZTUVRWS &R URE
Lz

Forward

primer tgtaa

1.3. BV DR

1EEA 6 7 L — M 1 x 10° cells/well DI
FET SO #il (Invitrogen) %=#BEL. =BT
1 BSRIERE L. ARET(C tube A (cellfectin
(Invitrogen) 6 ul. MFEENEPEESELRL
Sf-900 iEtth (Invitrogen) 100 pl) & tube B
(bacmid 1 pg. MBEEMEMEEESERL
SF-900 151t 100 pl) ZAE U.tube A & tube
B &EXIEHUL., BIITRVEDICPDLD
ERYF 42 OUM#. ERT 30 PEMEL
7z, 1ISREEET D& THEESE SO #ifE
ZIMEGHEMEEEFR Sf-000 BT
B, IBMEBREL. tube A & tube B EDIE
ARRICIMBEENEMEGS FR0 Sf-900 15
#h 800 pl ZHDX. DxILICER=E (1 ml) A0
U. IL—hEEZ—IIL—TTEHUTS B
. 27CTIEBELZ. €Dk, HiEREL.
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& EMEMEESD 2 ml D Grace’s Insect
1 (Invitrogen) (3420, 27°CT 3 BRIS
&Lz, 38%&. IEEL/%Z800xg T 109
BiELTDETERLE (P1 A by EER
T3B) . FELT, 2 x 10°cells/ml D SfO HHRR
#AEF—TZX(C200 m AEL. B2
PLAbMYZ 2 mlZX. 27°CT 2 HREEE
L7z, 2 B#%. 1B5&E LE% 800 x g T 10 £/
BLIDIETERLE (P2 A DY O ERT
3) .

1E8A 6 W L— T 2 x 10° cells/well @
BET SO fifa=iBEL. P2 A hvo%E 10,
100, 1,000 pl $DHIX. 27°CT 3 HMEEE
L7z (#=2ml) . 3H#%. 800xgT 109
Bz L. LEEBURUZ, TR (MERZ) (C
{Z protease inhibitor (SIGMA) KT 1%
Triton-X ZS¢ PBS (137 mM NaCl, 2.68
mM KCIl, 8.14 mM Na,HPO,, 1.15 mM
KH,PO,) TS, BEIRLE THEH U]
BlERE U, 158 ERS KLU B LR E
FAULT,. Western blot EICTENE T DER
BoORR=MHE LU,

4 x 10° cells/ml @ SO flifaE A EF—T5
AJ(C 100 m BEL. MBELHNEMEESO
50 ml @ Grace’s Insect i (Invitrogen)&.
FIRRDOTEZ P2 A by o%& 50 ml 1A,
27°CT 3 HMIgELZ, 3 B&. 586"
800 x g T 10 HlELIDZETERLIE.
B L7=ig&E LE% 18,400 x g T 25 ofdE
52wz, /I5NIZEZE PBS TSR,
800 x g T 10 #REELUL. LB ZESIC
18,400 x g T 25 =L Lz, B5SNEk
% protease inhibitor =% TBS 200 pl T
#%®UL. BCA™ Protein Assay Kit (PIERCE
Biotechnology Inc., USA)ZAWTERER



BZRAELR. 28,
7Ze

[, 2 BRED P2 A MY UERFETEDIL
T. Y7L HCV RBHFEIR BV DIFR%ETD
Tz

REBIF(CIE BSA =AW

1.4. BV OFIFMEE

ERHEEL0UT 10 ig Z#H U 15 %
polyacrylamide gel ZHUL\T SDS-PAGE %Z
1T o /=4 . TRANS-BLOT® SD SEMI-DRY
TRANSFER CELL (Bio-Rad Laboratories,
Inc., USA) (C & D polyvinylidene fluoride
(PVDF) [E_E(C 240 mA, 20 HEEAE% R
BUz. 518, PVDF 8% 5% AFLZ)L
&% T-TBS (10 mM Tris-HCl (PH 8.0),
0.1 M NaCl, 0.05% Tween 20) [CBL. =R
T 2 BERZELIOYVF > IBEZITOIZ.

T-TBS (10 mM Tris-HCl (PH 8.0), 0.1 M
NaCl, 0.05% Tween 20) T 3 [@ #E&F L.

T-TBS ([C & HD 1/2000 (CHFR L £
claudin-1 #if& (ZYMED). #1 occludin ik

(ZYMED). #it SRB1 #i#k (Novus Biologicals).

B U< {EH CD81 #itk (BD Biosciences
Pharmingen #t) ¢& 2 BRKRISEEE.
T-TBS T 3@ %% L. HRP LT 2 R
#é 1 KRGS E . RIC T-TBS T 5 [E
%% ULJ=#%. ECL™ Western Blotting
Detection Reagents (GE Healthcare
Bio-Sciences Corp., USA) ZF7z(E ECL plus
Western blotting detection system (GE
Healthcare Bio-Sciences Corp., USA) & L)
TRASHE, BEICTEXLEZ X BRIvILA
(KONICA MINOLTA MEDICAL&GRAPHIC,
INC., Japan) ZHH{E L. JFEFEEEOREZE
727z,
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1.5. B ERER
Huh 7 #ifa % 96 well plate (Becton,
Dickinson and Company, USA) 2x10°cells
/well THIEL. 37 C. 5% CO, DHRHLFTFT
24 BHEEBEELUE. ABREAT BV, HCV
pseudovirus (HCVpv) BELUHL gpb4 Hidk
(Santa cruz biotechnology #1). BV D%
MEHRADBAZEEIZINAR) 2R T2
MA>FaR—hL. BREASEAREREL
HCVpv ZHEEFEASE. BEREREL.
BV. HCVpv E&i&RZEHa(C 50 pl/well TN
L. 37 C. 5% CO,DEMATT 30 HEEE
U. HCVpv &ffifaCRfEE. €DE. U
TILAESOEMZEREL. UL DMEM 15
% 100 ul/well THRME. 37 C. 5% CO,
DFRHFTT 24 ISEIBERLUZ. €DHE. FLL
DMEM g (C3Z#alL 24 KREIBEL Z.
Luciferase assay system LT2.0 (Evh>—
> BEAAF) BBVWOLSTIIS—UE
MZBEL. HCVpY ORBRMNEE ML /=,

1.6. Claudin-1-BV @ BXSB ¥ I ANDRRE
6 il BXSB ¥ X (C claudin-1-BV 1 mg
#7213V K (PERTUSSIS TOXIN A
PROTMER) &HCEBRTICIRS L. 2 8
A4, claudin-1-BV 0.5 mg &ML > ) CEIC
/5 U, €D#. 1 BB &IC caudin-1-BV
0.5 mg Z 7 BIFERERS L. FACS (CXD#H
claudin-1 FiAOESZHRE. RIERE

T hCL1-BV 0.25 mg Eﬁﬁﬂm(ﬁxﬁu 38

#ZICEEEBE U,

1.7. Occludin-BV @ BXSB ¥ AANDRE
6 BRI BXSB ¥ X(C occludin-BV 1 mg




7 =3)0> KB (PERTUSSIS TOXIN A
PROTMER) &#H(CHBBE TS Uz 2 A
Ri%. occludin-BV 0.5 mg =Py > ) CEA(C
#5 Uz, 0. 1BMI &(C claudin-1-BY
0.5 mg % 5 BliEEAR S L. western blotting
(CL DL occludin FADELEZEERE. BR
9% & LT occludin-BV 0.25 mg EREEFR(C
#®¥5L. 3 BRICHEEEREE U,

C& B
TR D RICE EHTERUI

D. & B
1. HCV B F/MAFIR BY #HLVE HCV B
RO

VEEERE, 75 ) D ILAND 5 — DR
I BV B 77T ) DA AR F—DRE%
EIDTELERHU. BY S AFLANRTAILA
ORERBEHETY —ILEUTERTH S

BEMEZE R L. E5(C HCV B2 SR (CD81.

SR-BI. claudin-1. occludin) Z#R Lz BV
DRIF(CKIIUTE (Fig. 1),

ZITERIXREEE, B8 HCV BRE2EHK
FIR BV T, HCV BEREEEEZBTL
1z. HCVpv D Huh7 g \DREEiEER IR
FUREETD. HOV RRSZE4FIR BV #AIE
L THE HCVpv RBEER(CHDILE DTSN
DETEE<EBR=NAH o= (Fig. 2). RS
T 73> bO—IJLOH CD81 HFARUBTIE
HCVpv DREEENBRESN T ENS,
PR EEARRTIIEMD HCV BEpEREBET
(& HCVpv BEEEAEZ CERAVLEIREENE RS
na3.
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2. ZEMAFIE BV OfFR
BIEDRRZBFX. 2 SEHHIE BV O
ZMHOREEIAMH, CD81 HIR BV. SR-BI
IR BV. claudin-1 ¥3I8 BV, occludin %I}
BV @ P2 X by O%HDI—EDRE CRRPEE
#32&T. CD81/SR-BI iR BV.
CD81/claudin-1 ¥¥i] BV, CD81/occludin 5
Il BV . SR-Bl/claudin-1 % IR BV .
SR-BI/occludin #IR BV ZRBTETDI L%
B LR (Fig. 3).

3. Claudin-1 %38 BV. occludin I BV O%
&=

HCV BURASZEMAFIA BV £ AVVZREBEE DT
A=D/)\rOY hRAFFT1 EUT. claudin-1
FIR BV. occludin I8 BV OGRERG DR
A BOREBEEIYDAEZHAWDZET
claudin-1. occludin (L33 2HUMMEN' LRT
B EEERU,

E. &

CD81 ®17 BV, SR-BI I8 BV. claudin-1 %
18 BV. occludin #I{ BV ZFHWLT HCVpv @
Huh7 flifRCxd 3 dREZBTLIZE S, LY
IND BV BTE HCVpv DOREEIAE (FHR
SNz, BEFEEORE T, 777/ 01
JLABRZEBEFIR BY B(CK>TTFFT /D
AIWARG T —DREERFEEENTLW S E
DS, HCV B (L (IEBRDORERBENES L
TWBREDEERIND, INFTORENS.
HCV ORBRER(CIIEBHROZEERNEES LTS
AJEEMITRE SN TR T &S, BV FHIRR
ERAVERIFRN HCV BRETHRR & L TEA



TEDEDEEREINI=,

BV ST LKL, EROEEAETE
RELICIFRTEDACHD. €ZTHET, 2
XD HCV BEZBHZRIRUTVWS BY &
REXMHOB/TEERAAT. SHIE YTILEE
HFHIR BV TOD HCV BREBMEORT DD
EEIFC, MUV, 07 RSZEEHRE BV
DRBEHZRELUTLSFETHD.

FJz, HCV B EHFIR BV &AL V2R
FEESFRIRD/)\rOy RRYFT1EUT.
claudin-1 %I BV. occludin IR BV OREs
HZJRELZ, RIBEEL, HCV BEZBAR
IR BV TOREFFIERE DI RENRDO N T v
— RNy DFRETRBRBRIER >
STZXAMRIRROBRERED. H. X&E4ZE
FAWT, KREMEHEER U= fi~ o A8
WS—FEFHES A TSURER LTINS,

F. SRERfEBRIAE
B2=ELIN
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EREZE, IFEEX, /\AKE{ : Claudin R
DRENDEERE-S 2T 5T LD
H HARFS 51 30FS @l ¥ 22 F
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BH i AR B, J\K B{(C,; LKk
JINUFPICEB UREMT LILF - X
£ 37MBAAXR MO0 —Fx ¥ 22456
A Mg

B g2k, i 83X, /UK & Claudin #
REZSUZISRFLAREVE Tight
junction FREIEDIRR £ 131 BIHAERES
¥Rt 23 3 8 B

WMASES], BIER. ABSEL BRESS. F
BEX., \ANB(C ; Claudin-4 ZERN & U=
B—FYvT 1 AEORFE BAERFAE 25



= ¥ 225 5H B

WARRE. AETEH. FBRE3h. BREE. F
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Figure 1 HCV receptor —expressing BVs.
BVs were subjected to SDS-PAGE followed by western blotting. BV
and Huh7 cells were used as a negative and positive control,

respectivelv.
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Figure 2 Effect of HCV receptors-expressing BVs on infection of HCVpv to

Huh7 cells.

After 2 h of incubation of BVs and HCVpv , Huh7 cells were treated with the mixture
of BVs and HCVpv for 24 h. The cells were lysed, and the luciferase activity was
measured. Data are means + SD (n=3).

29



CD81/SR-BI-BV

- -
CD81 - SR-BI p - ‘V .

WT-BV Huh7 WT-BV " Huh7
BV BV

CD81/claudin-1-BV

WT-BV Huh7 WT-BV Huh7
BV BV

CD81/occludin-BV

CD81 Occludin

WT-BV Huh?7 WT-BV Huh?7
BV BV

SR-BI/claudin-1-BV

WT-BV Huh7 Huh?7

SR-BI/occludin-BV

SR-BI Occludin

-

WT-BV Huh7 RS MRS
BV BV

Figure 3 Preparation of double HCV receptors-expressing BVs.
BVs were subjected to SDS-PAGE followed by western blotting. BV and Huh7
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Tumor necrosis factor-a (TNF), which binds two types of TNF receptors (TNFR1 and TNFR2), regulates
the onset and exacerbation of autoimmune diseases such as rheumatoid arthritis and Crohn’s disease. In
particular, TNFR1-mediated signals are predominantly related to the induction of inflammatory responses.
We have previously generated a TNFR1-selective antagonistic TNF-mutant (mutTNF) and shown that mut-
TNF efficiently inhibits TNFR1-mediated bioactivity in vitro and attenuates inflammatory conditions in vivo.
In this study, we aimed to improve the TNFR1-selectivity of mutTNF. This was achieved by constructing a
phage library displaying mutTNF-based variants, in which the amino acid residues at the predicted receptor
binding sites were substituted to other amino acids. From this mutant TNF library, 20 candidate TNFR1-
selective antagonists were isolated. Like mutTNF, all 20 candidates were found to have an inhibitory effect
on TNFR1-mediated bioactivity. However, one of the mutants, N7, displayed significantly more than 40-fold
greater TNFR1-selectivty than mutTNF. Therefore, N7 could be a promising anti-autoimmune agent that

does not interfere with TNFR2-mediated signaling pathways.

1. Introduction

The severity and progression of inflammatory diseases, such as
rheumatoid arthritis, Crohn’s disease and ulcerative colitis, can
be correlated with the serum level of tumor necrosis factor-o
(TNF). Thus, TNF blockades such as anti-TNF antibodies and
soluble TNFRs, which neutralize the activity of TNF, have been
used to treat various autoimmune diseases in clinical practice.
However, TNF blockades inhibit both TNFR1 and TNFR2 sig-
naling. Thus, treatment with these drugs can lead to an increased
risk of infection (Gomez-Reino et al. 2003; Lubel et al. 2007)
and lymphoma development (Brown et al. 2002). TNF has
been reported to induce inflammatory response predominantly
through TNFR1 (Mori et al. 1996), whereas activation of the
immune response is initiated via TNFR2 (Kim et al. 2006; Kim
and Teh 2001; Grell et al. 1998). Therefore, blocking TNFR1-
signaling, but not TNFR2-signaling, is a promising strategy
for the safe and effective treatment of inflammatory diseases,
which overcomes the risk of infection associated with the use of
non-specific TNF blockades (Kollias and Kontoyiannis 2002).

In our previous studies, we used the phage display technique
(Imai et al. 2008; Nagano et al. 2009; Nomura et al. 2007)
to generate a TNFR 1-selective antagonistic mutant TNF (mut-
TNF) that blocks TNFR1-mediated signals but not those of
TNFR2 (Shibata et al. 2008b). Moreover, mutTNF showed supe-
rior therapeutic effects using an inflammatory disease mouse
model (Shibata et al. 2008a). Thus, a drug for autoimmune dis-
eases that selectively targets TNFR1 is anticipated to display
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higher efficacy and safety compared to existing treatments. In
this study, we have attempted to isolate TNFR | -selective antag-
onists with higher TNFR 1-selectivity than previous mutTNF by
constructing amodified phage library displaying mutTNF-based
variants.

2. Investigations, results and discussion

Here, we attempted to improve the TNFR | -selectivity of mut-
TNF using a phage display technique. Firstly, we constructed
a phage library of TNF mutant using mutTNF as template. We
designed a randomized library of mutTNF to replace the six
amino acid residues (aa 29, 31, 32, 145-147) in the predicted
receptor binding site. As a result of the 2-step PCR, we con-
firmed that the mutTNF mutant library consisted of 4 x 107
independent recombinant clones (data not shown). To enrich
for TNFR1-selective antagonists, the phage library was sub-
jected to two rounds of panning against TNFR1 on a Biacore
biosensor chip. After the second panning, supemnatants of sin-
gle clone of E. coli TG including phagemid were randomly
collected and subjected to screening by bioassay and ELISA to
evaluate their bioactivity and affinity against each TNF receptor,
respectively (data not shown). Consequently, twenty candidates
of TNFRI-selective mutants with antagonistic activity were
isolated (Table).

Next, we determined the detailed biological properties of ecach
candidate. Positive clones were engineered for expression in
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Table: Amino acid sequences and biological properties of TNFR1-selective antagonist candidates

TNF Amino acid sequence Relative affinity (% Kq)" Bioacovity via TNFR1
29 31 32 145 146 147 TNFRI TNFR2 TNFRI"/TNCR2 Agonistet! activity Antagonist? uctivity

mutTNF L R R A E S 100.0 100.0 1.0 - +
NI S - W R - - 550.0 21.6 255 + -
N2 S - w - - - 200.0 N.D. N.D. + -
N3 S - w R D - 550.0 44.8 12.3 - +
N4 S - w - D - 183.3 19.1 9.6 + -
N5 S - w - S E 275.0 25.8 10.7 + -
N6 A D T - - - 200.0 21.6 93 + -
N7 S N D D A - 104.7 25 419 -

N8 R I A D - - 169.2 26.7 6.3 + -
NS H H - - N G 169.2 33.0 5.1 + -
NI10 T N N - - - 314.3 28.6 11.0 + -
N11 T N N - - 275.0 18.3 150 + -
NI12 F S T - - 440.0 58.0 7.6 + -
NI3 F S T - S E 440.0 73.9 6.0 + -
Nl14 R w Y T N T 3143 19.2 16.4 + -
N15 F K T N A T 275.0 24.1 11.4 + -
N16 M L T N S T 367.0 7.7 47.7 + -
NI17 Y L A T H T 137.5 1.6 86.0 + -
NI8 Y L A T H - 110.0 4.7 234 + -
NI19 \Y Q Y N N - 367.0 N.D. N.D. + -
N20 F S T P Q R 2444 N.D. N.D. + -

Conserved residues compared with mutTNF are indicated by an em dash (- ) The affinity values are shown as relative values (% mutTNFL. N.D.: not detected

41 Affinity for immobilized TNFRI and TNFR2 was assessed hy SPR using BlAcore3000. The dissociation constant (Ky) of TNF mutants were calculated from their sensorgrams by BIAEVALUATION 4.0
software

b TNFR |-selectivity was defined as relative affinity [TNFELI/ relative affinity ITNFR2] for muTNF

¢V TNFR-mediated agonistic actvity was measured, using a HEp-2 cell cytoloxicity assay. The intensity in agonistic activity was evaluated as the following. Cell viability ar 107 ng/ml each muranc 0-25% (of
non teatment): (+), 25-50%: (£). 50-100% (--)

9V TNFRI-mediated antagonistic activiry of mutant TNFs on wiTNF induced cytotoxicity in HEp-2 cells was measured. The intensity in antagonistic activity was evaluated as the following. Cell viability at
105 ng/ml each mutant in present of 5 ng/ml wiTNF. 0-25% (of non treatment): (—), 25-50%: (+), 50-100%: (+}

E. coli BL2IADE3 and each recombinant protein was puri-
fied as described previously (Yamamoto 2003). As anticipated,
gel electrophoresis confirmed the mutant TNF proteins to have
a molecular weight of 17 kDa. Moreover, gel filtration chro-
matography established that each mutant forms a homotrimeric
complex in solution, as is the case for wild-type TNF (wtTNF)
(data not shown). To analyze the binding properties of these
TNFR1-selective TNF candidates, their dissociation constants
(Kq) for TNFR1 and TNFR2 were measured using a surface

plasmon resonance (SPR) analyzer. Our previous SPR analysis
showed that although mutTNF has an almost identical affin-
ity to TNFR1 as to wtTNF, it displays more than 17,000-fold
greater selectivity for TNFR1. As shown in the Table, all the
candidates exhibited higher affinity for TNFR1 than mutTNF.
Furthermore, clones N1, N7, N16, N17 and N18 showed more
than 20-fold higher TNFR1-binding selectivity compared to
mutTNF. To examine the bioactivity of all candidates via
TNFR1, we subsequently performed a cytotoxicity assay using

A B c
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Fig.: Bioactivitics and antagonistic activitics of N7. (A) To determine the TNFR 1-mediated bioactivitics, several dilutions of wiTNF (closed triangle). mutTNF (open circle) and
N7 (closed circle) were added to L-M cells and incubated for 4 h at 37°C. (B) Indicated dilutions of mutTNF (apen circle) and N7 (closed circle) and constant of wtTNF
(5 ng/ml) were mixed and added 1o L-M cells and incubated for 4 h at 37 °C. TNFR 1-mediated antagonistic activity was asscssed as described in the Experimental scction.
(C) To determine the TNFR2-mediated bioactivitics. diluted wtTNF (closed wriangle), mutTNF (open circle) and N7 (closed circle) were added to
hTNFR2/mFas-prcadipocyte cells and incubated for 48 h at 37 “C. After incubation, ccll viability was measured using the methylene blue assay. Data represent the

mean 1 $.D. and were analyzed by Student’s t-test (*p < 0,05, **p <0,01 vs mutTNF)
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