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B C
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human immunodeficiency virus HIV

ETV TRV
HBV
B
B
TRV
[P*HITFV TRV Moravec
Biochemicals Brea, CA, USA Toronto

Research Chemicals North York, ON, Canada
[*H]ETV ETV
American Radiolabeled Chemicals St. Louis, MO,

USA Toronto Research Chemicals
Organic anion transporting polypeptide
OATP  1B1 [*H]estradiol-17 3
-D-glucuronide E,G E,G  American
Radiolabeled Chemicals Sigma-Aldrich St.
Louis, MO, USA OATP1B3

[*H]cholecystokinin-octapeptide sulfated
CCK-8 CCK-8 PerkinElmer Life
Science Boston, MA, USA
OATP2B1
E3S
Sigma-Aldrich

[*H]estrone-3-sulfate E3S
PerkinElmer Life Science

0AT2 [*H]guanosine 3’ ,
5" -cyclic monophosphate cGMP
CGMP Moravec Biochemicals

Sigma-Aldrich

nucleoside transporter

[*H]adenosine Ado

Biochemicals
OATP1B1

Equilibrative
ENT
Ado
Sigma-Aldrich
rifampicin RIF
OATP 0AT2
bromosulfophthalein BSP Sigma-Aldrich
0AT2 indomethacin
Sigma-Aldrich ENT
4-nitrobenzyl mercaptopurine riboside

Moravec

1DM

NBMPR

5 lot number XOK
BioreclamationlVT (Baltimore, MD, USA)
lot
number BHL Celsis IVT Baltimore, MD, USA
human embryonic kidney 293
(HEK293) HUMAN SCIENCE ( )
HepG2
10 fetal bovine

serum FBS, Sigma-Aldrich 50 units/mL
penicillin-50 mg/mL streptomycin Pen/St,
Dulbecco®s Modified Eagle

Medium DMEM  High Glucose

5% CO, / 95% air 37 CO,
ETV TRV
5
37
InVitroGRO HT Medium (BioreclamationlVT)
50 x g
5
InVitroGRO KHB buffer
(BioreclamationlIVT) Trypan blue
80%
suspension transport
assay

InVitroGRO KHB buffer
2x 10° cells/mL

37 3
150 pL  ETV TRV
InVitroGRO KHB buffer 150 pL assay
ETV TRV
1uM 0.4 pCi/mL
1.5
InVitroGRO KHB buffer BSP 200 uM NBMPR

100 pM
DMSO Sigma-Aldrich
0.2%
2N NaOH 50 yL
silicone oil=1:5.4 (w/w),
0.4 mL

dimethyl sulfoxide
DMSO

mixture oil mineral oil:
Sigma-Aldrich



100 pL 10,000 x g 30
mixture oil
scintillation vial
2 mL
LSC-6100,

NaOH
Clear-sol

Aloka Co., Ltd.
10 pL
Pierce® BCA™ Protein Assay Kit
[*H]ETV

[PHITFV [1]

[1]
L (pmol/mg protein/min)]
=L (dpm)1/L
(dpm/nmol HJ/[ mL)]Ix [
x [1000 (pmol/nmoD)]/[

protein/mL)] x [ mu]/L
(min)]

(mL)]
(mg

OATP HEK293
OATP1B1 OATP1B3
OATP1B1/HEK293
OATP2B1/HEK293
Mock-Zeo/HEK293

OATP2B1
O0ATP1B3/HEK293
HEK293
Mock-Neo/HEK293

HEK293

OATP1B1/HEK293 Mock-Zeo/HEK293

Zeocin Invivogen, Carlsbad, CA, USA
300 pg/mL
OATP1B3/HEK293 0ATP2B1/HEK293
Mock-Neo/HEK293 G418 disulfate salt
(Sigma-Aldrich) 400 pg/mL

5% CO, / 95% air
37 C0,

OAT2 cDNA 0AT2

O0AT2 transcriptvariantl O0AT2-546aa
GenBank accession No. NM_006672 CDNA
cDNA
PrimeSTAR HS DNA polymerase (
polymerase chain reaction PCR
PCR Zero Blunt® TOPO®
PCR Cloning Kit Invitrogen
pCRe-Blunt -TOPO® vector Invitrogen
0AT2/TOPO

)

DNA

0AT2/TOPO
Xhol
DNA
pcDNA3.1/Neo(-) vector (Invitrogen)
OAT2/pcDNA3. 1

BamH1 OAT2/cDNA

DNA
« )
0AT2 HEK293
0AT2 HEK293 OAT2/HEK293
O0AT2/pcDNA3.1  reverse-transfection
HEK293 G418 disulfate salt

OAT2/HEK293 G418 disulfate
salt 400 pg/mL 5%
€O, / 95% air 37 C0,
OAT1 cDNA 0AT1
OAT1 transcript variant 2 GenBank
accession No. NM_153276.2 CcDNA
CcDNA PrimeSTAR HS
DNA polymerase PCR
PCR PrimeSTAR
HS DNA polymerase PCR
OAT1/cDNA
Xbal BamHl

pcDNA3.1/Neo(-) vector
OAT1/pcDNA3.1

Total RNA cDNA

total RNA
column (Nippon Gene,

ISOGEN with spin

)

Total RNA DNA
human
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH)

PCR
DNA DNasel

total RNA (1.0 pg)

High Capacity cDNA Reverse
Transcription Kits with random primers (Applied

Biosystems, Foster City, CA, USA)

cDNA



Reverse transcription-PCR (RT-PCR)

CcDNA PCR
OATP1B1/HEK293 OATP1B1 mRNA
OATP1B3/HEK293 OATP1B3 mRNA
OATP2B1/HEK293 OATP2B1 mRNA
OAT2/HEK293 OAT2 mRNA
Mock-Zeo/HEK293 Mock-Neo/HEK293
mRNA
GAPDH mRNA
HEK293
HepG2
HEK293
HepG2
OATP1B1/HEK293

OATP1B3/HEK293 0ATP2B1/HEK293 O0OAT2/HEK293
Mock-Zeo/HEK293 Mock-Neo/HEK293

4.0x 10° cells/mL HepG2 3.0x 10°
cells/mL collagen type-1 Sigma-Aldrich
24-well plate 24

sodium butyrate Sigma-Aldrich
10 mM 24
transport assay

Transport assay OATP1B1
Na'-plus Krebs-Hesselei buffer (Na’-KHB)  pH
7.4 [HIEG E,G
0.1 uM 0.1 pCi/mL
OATP1B3
Na'-plus KHB pH 7.4 [*H]CCK-8
CCK-8 0.01 uM
0.25 pCi/mL
0ATP2B1 Na'-plus KHB pH 6.5
[*H]E3S E3S 50
uM 0. 25 uCi/mL
0AT2 Na*-plus KHB pH
7.4 [*H]cGMP cGMP
2 uM 0.1 pCi/mL
ENT
Na'-plus KHB pH 7.4 [*H]Ado Ado
10 uM
0.2 pCi/mL
OATP1B1
RIF 10 pM OATP1B3
O0ATP2B1 BSP
100 pM 0AT2
1DM 100 uM
ENT NBMPR
100 pM

DMSO 0.1%

Transport assay 37 Na*-plus KHB

1 200 pL

37 E,G CCK-8 E,S
cGMP Ado

3 5 3 1.5 1

Na'-plus KHB 0.2

sodium dodecyl sulfate (SDS)

(LSC-6100)
10 pL
Pierce® BCA™ Protein Assay Kit
(pmol/mg protein/min)

[1]
HEK293
HepG2 TRV ETV
HEK293
HepG2 TRV ETV
OATP1B1/HEK293

OATP1B3/HEK293 OATP2B1/HEK293 O0AT2/HEK293
Mock-Zeo/HEK293 Mock-Neo/HEK293

4.0x 10° cells/mL HepG2 3.0x 10°
cells/mL collagen type-1 24-well
plate 10
transport assay
Transport assay 37
Na'-plus KHB TRV ETV
Na*-plus KHB 200 pL
TFV ETV
1 pM
0. 25 pCi/mL 1.5
RIF 10 uM BSP 100
200 uM IDM 100 uM NBMPR 100 pM
DMSO 0.1%
Na'-plus KHB 0.2% SDS
(pmol/mg
protein/min)
0AT1 HEK293 TFV
Lipofectamine™LTX Invitrogen 1.2 pL/well

OPTI-MEM®  Invitrogen
OAT1/pcDNA3.1
30

125 pL/well
pcDNA3.1 500 ng/well



HEK293 4.0
collagen type-1
24

x 10° cells/mL
24-well plate
sodium butyrate 10 mM
24 transport assay

37
Na'-plus

Transport assay
Na'-plus KHB
KHB 200 pL

TRV

1puM
1.5
Na'-plus KHB

0.25 pCi/mL

0.2% SDS
(pmol/mg protein/min)

TRV mRNA

37
2% FBS Hepatocyte Culture Medium
HCM, Lonza, Walkersville, MD, USA
50 x g 3
2% FBS HCM

80%

Trypan blue

collagen
3.0x 10°
3

type-I 12-well plate
cells/mL
HCM

total RNA cDNA

24 TFV 10
DMSO  0.1% HCM

24

M

total RNA 10
CcDNA

total RNA
100 ng

real-time PCR

KAPA
SYBR FAST gPCR Master Mix KAPA BIOSYSTEMS,
Boston, MA, USA Eco™ Illumina real-time
PCR system Illumina, San Diego, CA, USA
real-time PCR
CC chemokine ligand CCL 3 CCL5 interleukin-8
IL-8 interferon stimulated gene 15 1SG15

-7-

myxovirus resistance protein 1 MxA
toll-like receptor 3 TLR3

PCR
95 20 9%5 3 60 20 72 1
40 AACt
GAPDH
B -actin ACTB mRNA
Student’ s
t-test Excel
Statcel 3 ( )
ETV TFV
5 ETV
ETV 1
M pmol/mg protein/min 37
6.3+ 0.7 4 2.8 +
0.5
ETV
100 p MNBMPR 200 p MBSP
ETV ETV
37 NBMPR
4.0+ 1.1 BSP
4 2.7 £ 0.7
TFV
TRV 1 uM pmol/mg
protein/min 37 3.5+ 0.4
4 2.3+ 0.3
100 p M NBMPR
200 p M BSP TFV
TRV 4
2.7 £ 0.2 2.7+ 0.4
HEK293



BSP
ETV BSP
ETV
BSP

OATP1B1 OATP1B3 OATP2B1 0AT2

OATP1B1/HEK293
OATP2B1/HEK293
OAT2/HEK293

OATP1B3/HEK293

CDNA

GAPDH mRNA RT-PCR
OATP1B1/HEK293

O0ATP1B3/HEK293
OATP2B1/HEK293
OAT2/HEK293

Mock-

OATP1B1 mRNA
O0ATP1B3 mRNA
OATP2B1 mRNA
O0AT2 mRNA
Neo /HEK293
MRNA
GAPDH mRNA

Zeo

OATP1B1/HEK293  OATP1B3/HEK293
OATP2B1/HEK293 OAT2/HEK293

EG 0.1 pM CCK-8 0.01 pM
E3S 50 p M CGMP 2 uM

Mock- Zeo Neo /HEK293

HEK293
ETV

HEK293

ETV

0AT2/HEK293

protein/min
4.3+ 1.2
ETV

ETV
14.6

pmol/mg
Mock-Neo/HEK293
0AT2

1.5

200 pM BSP
4.7+ 2.3

OATP1B3/HEK293

OATP1B1/HEK293
OATP2B1/HEK293
ETV

NMBPR ETV

NBMPR

ETV

NBMPR

ENT2
HepG2
HepG2
ETV
OAT2/HEK293

NBMPR
0AT2

NBMPR ETV

NBMPR

TRV

pmol/mg protein/min
HEK293
TFV

0AT1

TRV

TRV 10 p M
CCL5  IL-8
MRNA

1SG15 MxA

1SG15 MxA

TLR3

ENT1
NBMPR  OAT2
ENT1
ETV

ENT2

NBMPR Ado

NBMPR

0AT2 ETV
NBMPR

ETV
ETV ENT1 ETN2

0AT2

TRV

TRV
BSP
ETV
HEK293

BSP
HepG2
TRV

ENT

TRV
0AT1
TRV
10.1 +
20+ 1.6

2.2

TRV

CCL3
TLR3 mRNA
CCL3
n=2
IL-8
mRNA

8.7
CCL5



OAT2 ETV
OAT2 SLC22A7 12
CGMP  p-
E2
0AT2
ETV
ETV
0AT2
0AT2
0AT2
ETV 0AT2
ETV B
ETV
ETV
OAT2 ETV
C
ENT1
ENT1
C
ENT1
0AT2 ETV
0AT2 ETV
BSP

OATP1A2 OAT7
sodium/taurocholate cotransporting
polypeptide NTCP

ETV

BSP

0AT2 ETV
ETV
0AT2
ETV ETV
TRV
TFV  0AT2
TFV ETV
TRV
ETV BSP
BSP TRV
TRV
TFV
TFV CCL3 mRNA
TFV CCL3
TRV
CCL3
CCL3 CCL3
co8* T CCL3 HIV
CCL3
5
CCL3 glycoprotein B
CCL3



HBV CCL3
HBV
CCL3 HBV
TRV
ETV 0AT2
O0AT2 ETV
TRV
TRV
TRV CCL3 mRNA
TRV
TRV CCL3
1.

Furihata T, Fu Z, Suzuki Y, Matsumoto S, Morio
H, Tsubota A, Matsumoto S, Chiba K.
Differential inhibition features of direct
acting anti-hepatitis C virus agents against
human organic anion transporting polypeptide
2B1. Int J Antimicrob Agents. 2015, in press.

Furihata T, Matsumoto S, Fu Z, Tsubota A, Sun
Y, Matsumoto S, Kobayashi K, Chiba K. Different
interaction  profiles of direct-acting
anti-hepatitis C virus agents with human
organic anion transporting polypeptides.
Antimicrob Agents Chemother. 2014;58:4555-64.

Panigrahi R, Chandra PK, Ferraris P, Kurt R,
Song K, Garry RF, Reiss K, Coe IR, Furihata T,
Balart LA, Wu T, Dash S. Persistent hepatitis
C virus infection impairs ribavirin antiviral

activity through clathrin-mediated
trafficking of equilibrative nucleoside
transporter 1. J Virol. 2015;89:626-42.

2.
) ) . C
organic anion transporting polypepti
de 2B1 2015 3

Suzuki Y, Furihata T, Fu Z, Matsumoto S, Tsubota
A, Sun Y, Morio H, Chiba K. Identification of
simeprevir and asunaprevir as unique OATP
inhibitors with long-lasting properties. 19th
North American regional 1SSX meeting/29th JSSX
annual meeting (San Francisco, USA Oct. 2014)

. C
Organic anion transporting
polypeptide 1B1/1B3 9
2014 6

Panigrahi R, Chandra PK, Ferraris P, Kurt R,
Garry RF, Balart LA, Coe I, Furihata T, Wu T,
Dash S. Persistently infected HCV cell culture
impairs RBV antiviral activity through
clathrin mediated trafficking of ENT1. 2014
AASLD Annual Meeting (Boston)
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Organic anion transporting polypeptide 2B1 (OATP2B1)

O0ATP2B1
on, DDI) C
TP2B1
ASV OATP2B1
HEK293 HEK293
O0ATP2B1
0.49 + 0.12 0.16 + 0.06
0ATP2B1
0.05 0.08 £ 0.01
SMV ASV  0ATP2B1
C
(direct acting antivirals, DAAs)
DAAs
a
C
DAAs

organic anion transporting

polypeptide 1B1 OATP1B1 OATP1B3
DAAS [TLV]
[SMV] [ASV]
[DCV] [SOF]
OATP1BL  OATP1B3
OATP2B1

(drug-drug interacti

C
0A
SMV
OATP2B1
Estrone-3-sulfate (5 nM)
OATP2B1
SMV ASV OATP2B1 IC, (UM
SMV ASV
IC, (U M) 0.19 +
SMV ASV OATP2B1
DDI
DAAs
OATP2B1 TLV SMV  ASV
DCV SOF
TLV SMV ASV DCV SFV Shanghai

Biochempartner (Shanghai China) ChemScene LLC
(Monmouth Junction, NJ, USA) AdooQ BioScience
LLC (Irvine, CA, USA) ChemScene LLC
Medchemexpress LLC (Princeton, NJ, USA)

0ATP2B1 taurocholic
acid (TCA) bromosulfophthalein (BSP)
testosterone (TST) Sigma-Aldrich (St. Louis,
MO, USA) ( )

dimethyl sulfoxide

(DMSO)
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0ATP2B1 complimentary DNA (cDNA)

OATP2B1

CDNA PrimeSTAR HS
DNA polymerase (TAKARA, , )
polymerase chain reaction (PCR)

PCR PrimeSTAR
HS DNA polymerase PCR
OATP2B1 Xhol
BamHI DNA

pcDNA3.1/Neo(-) vector
(Life technologies, Carlsbad, CA, USA)
OATP2B1/pcDNA3.1

DNA
« )
OATP2B1 HEK293
Human embryonic kidney 293
(HEK293) HUMAN SCIENCE ( )

Dulbecco’ s modified Eagle’ s medium (Life

technologies) 10% (v/Vv) fetal bovine
serum 50 units/mL penicillin - 50 pg/mL
streptomycin
OATP2B1 HEK293 (OATP2B1/HEK293)
HEK293 (Mock/HEK293)
OATP2B1/pcDNA3.1 pcDNA3.1 Neo(-)
vector reverse-transfection HEK293
G418 disulfate salt (Sigma-Aldrich)
OATP2B1/HEK293 Mock/HEK293 G418
disulfate salt 400 pg/mL
5% CO, / 95% air
37 0,
Total RNA CDNA
OATP2B1/HEK293 Mock/HEK293 total
RNA ISOGEN with spin column (Nippon Gene,
)

Total RNA DNA human
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH)

PCR DNA
DNasel
cDNA total RNA (1.0 pg)

High Capacity cDNA Reverse

Transcription Kits with random primers (Applied
Biosystems, Foster City, CA, USA)
Reverse transcription-PCR (RT-PCR)
cDNA PCR
OATP2B1/HEK293 OATP2B1 mRNA
GAPDH mRNA

Western blotting

Mock/HEK293 OATP2B1/HEK293
150-mm
PBS (-)
PBS (-) 800x g 4 3

SET buffer (0.25 sucrose, 1 mM EDTA, 10 mM
Tris, Protease inhibitors cocktail, pH 7.4)
1,000
xg 4 10
100,000x g 4 40
0.8% NP-40, 0.4% deoxycholic
acid 0.08% sodium dodecyl sulfate (SDS)
SET buffer
100,000x g 4 40

Pierce® BCA™ Protein Assay Kit
(Thermo Scientific Inc, Rockford, USA)

Western blotting

(10 p 9)
SET buffer 10 p L
laemmili buffer 37 30
10% SDS-polyacrylamide gel
(PVDF)
PVDF 5% Skim milk
(wako) Tris Buffered Saline with Tween 20
2
rabbit anti-OATP-B (H-189) IgG
(400- ; Santa Cruz Biotechnology, CA)

mouse anti-Na+/K+ ATPase 1gG (1,000-
; Sigma)  Can Get Signal solution 1 (TOYOBO,
)
horseradish
peroxidase-conjugated goat anti-rabbit 1gG
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(5,000 ; Sigma) horseradish
peroxidase-conjugated goat anti-mouse IgG
(5,000 ; Abcam, Cambridge, UK)
Can Get Signal solution 2 (TOYOBO, )

Amersham ECL Western blotting detection
reagents and analysis system (GE Healthcare,
Giles, UK) LAS-4000 (FUJIFILM, )

Transport assay
OATP2B1

OATP2B1/HEK293
OATP2B1/HEK293
Mock/HEK293 collagen type-I
(Sigma-Aldrich) 24-well plate
4.0x 10° cells/mL 24
sodium butyrate (Sigma-Aldrich) 10
mM 24 transport assay

Transport assay OATP2B1
Na'-plus Krebs-Henselei buffer (Na'-KHB) (pH
6.5) [*H]E3S (2120.1 GBg/mmol) (PerkinElmer
Life Science, Inc. Boston, MA, USA)
E3S (Sigma-Aldrich)

5nM ( )
50 uM ( )
0.25 pCi/mL
OATP2B1 TCA (
), TST ( )
BSP ( )
1mM, 1 mM 100 pM
Transport assay 37 Na*-plus KHB
1 200 pL
37 E3S
3
Na'-plus KHB 0.2% SDS
(LSC-6100,

Aloka, )
Pierce® BCA™ Protein Assay Kit
(pmol/mg protein/min)

[1]

[1]
[ (pmol/ mg protein/ min)]

=L (dpm)]/L

(dpm/nmol)1/[ (m1x [ (mb]
x [1000 (pmol/nmo)]/[ (mg

protein/mL)] x [ mL]/L
(min)]

DAA 0ATP2B1

Transport assay
TLV (0.1, 1.0, 10, 40

100 pM)  SMv (0.01, 0.04, 0.1, 0.4, 1.0,
4.0 10 uM) ASV (0.01, 0.04, 0.1, 0.4, 0.6,
1.0, 4.0 10 uM) DCV (0.1, 0.4, 1.0, 4.0,
10, 40 100 pM) SFV (1.0, 4.0, 10, 40
100 pM)
TLV (0.1, 0.4, 1.0, 4.0, 10, 40 100 pM)
SMv (0.01, 0.1, 1.0, 10 100 uM)  ASV (0.01,
0.04, 0.1, 0.4, 1.0, 4.0 10 M)  DCV
(0.1,1.0, 10, 40 100 M) SFV (1.0,
4.0, 10, 40 100 pM)
DMSO 0.1 %
DAA OATP2B1 50% [1Cs]ce (uM)
[2]
[2]
[ (%)1=[100/(1+1/[1Cs0] o) ]
OATP2B1
Mock/HEK293
)
I DAA
(uM)
DAA OATP2B1
DAA OATP2B1
TLV SMV DCV
SFV (0.1, 1.0 10 pM) ASV (0.01, 0.1
1 ) 0.1% DMSO
Na’'-KHB 1 37
Na*-KHB DAA
transport assay
D)
DAA OATP2B1
DAA OATP1B
DAA (1.0 pM)
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0.1 % DMSO Na*-KHB
(pH 6.5) 1 37
( )
37 © 1
3 ) 37 Na'-KHB 2
DAA
transport assay
(%)
DAA OATP2B1
DAA OATP2B1
SMvV (0.001, 0.01, 0.1, 0.4, 1.0 10
uM) ASV (0.001, 0.01, 0.04, 0.1, 0.4 1.0
uM) 0.1% DMSO
Na'-KHB 1 37 Na'-KHB

Swv (0.001, 0.01, 0.1, 0.4, 1.0
ASv (0.001, 0.01, 0.04, 0.1, 0.4
transport assay

10 uM)
1.0 pM)
DAA  OATP2B1
50% [Icw]cmme (uM) [2]

Student’ s
t-test Excel

Statcel 3 ( )

0ATP2B1 HEK293
O0ATP2B1/HEK293 Mock/HEK293
CDNA OATP2B1 mRNA RT-PCR
OATP2B1/HEK293
OATP2B1 mRNA
OATP2B1
OATP2B1/HEK293 Mock/HEK293
Western blotting
Mock/HEK293 0ATP2B1
OATP2B1/HEK293 OATP2B1

OATP2B1
E3S
OATP2B1/HEK293 Mock /HEK293
OATP2B1 E3S
( 0. 005 uM 50 pM)
OATP2B1/HEK293
Mock/HEK293 E3S
0.18 + 0.03 0.006 + 0.001
(pmol/mg protein/min) OATP2B1/HEK293
Mock /HEK293
TCA (1 mM)
BSP (100 pM)
TST (1 mM)
TST OATP2B1
OATP2B1
OATP2B1/HEK293

316.2 = 37.4 (pmol/mg protein/min)  Mock
/HEK293 42.9 + 7.3 (pmol/mg protein/min)

TST (1 mM)
BSP (100 pM)
TCA (1 mM)
OATP2B1/HEK293
E3S
DAA OATP2B1
OATP2B1 E3S
TLV SMV ASV DCV SFV
( 0.01-100 pM)
TLV
[ICSO] co
(uM)  16.22 + 2.73 SMV ASV DCV
[1Cs]c (uM) 0.49 £+ 0.12
0.16 £+ 0.06 35.5+ 4.10
[1Cso]eo 10.15 + 2.80 0.92 +
0.08 50.10 + 18.02 (uM)
SFV
SMV ASV
in vitro
TLV
DCV SFV OATP2B1
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SMV ASV 0ATP2B1
E3S
DAA 0ATP2B1 SMV ASV
[ I CSO] cotpre
DAA 0ATP2B1
0ATP2B1 2.6 2.0 0.19 £+ 0.05 0.08 +
E3S TLV SMV  0.01 (uM)
ASV DCV SFV [1Cso]corpre
SMV (1.0 10 pM) 0.39 + 0.05 0.37 +
40.2 * 0.12 (uM) SMV
59 29.2+ 5.4 (%) ASV ( 26.0
36.1 £+ 12.0 8.6 * 2.5 ) SMV ASV
6.4 (%) SMV 0ATP2B1
ASV
ASV (0.1 1 M)
48.1
+ 3.1 14.8+ 56 ™)
68.0 + 24.3 18.4 *
0.5 (%) SMV ASV SFV DAA
0ATP2B1 0ATP2B1
TLV DCV SFV TLV
E3S
E3S
testosterone penicillin G
DAA 0ATP2B1
TLV
SMV ASV  OATP2B1
0ATP2B1
SMV ASV sulfasalazine, BSP, montelukast DHEAS
SMV 1
3 SMV ASV
34.3 + 14.9
58.1 + 3.3 (%) 3
Pubchem SMV
83.1+ 8.8 109.1 + 7.0 (W) 1 ASV
ASV
1 3
57.1 + 5.6 77.5 %
24.5 (%) SMV ASV
100.6 + 1.4 111.9 £ 17.0 (%)
SMV O0ATP2B1
0ATP2B1 AJ
0ATP2B1
SMV ASV 0ATP2B1
DAA 0ATP2B1
AJ
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(
)
DAA
0ATP2B1 OATP2B1
DAA  0ATP2B1
DAA OATP2B1
OATP2B1
OATP2B1
O0ATP2B1 MDCK
0ATP2B1 protein
kinase C (PKC)
E3S
SMvV ASV  PKC
SMV
ASV
OATP2B1
SMV ASV
A CsA  O0ATPi1B1
CsA 18
CsA
( ) OATP1B1
SMv ASV OATP2B1
OATP1B
SMV ASV OATP
DAA OATPs
DDI
fexofenadine pravastatin
0ATP1B1/1B3/2B1
SMV ASV
OATPs
SMvV
ASV DDI

OATP1B1/1B3/2B1 SMV ASV
in vivo DDI

DAA (SFV )
OATP2B1
SMV ASV
OATP2B1
SMV ASV  0ATP2B1 in
vivo DDI
SMV ASV C
OATPs
DDI
1.

Furihata T, Fu Z, Suzuki Y, Matsumoto S, Mor
io H, Tsubota A, Matsumoto S, Chiba K. Diffe
rential inhibition features of direct acting
anti-hepatitis C virus agents against human

organic anion transporting polypeptide 2Bl.

Int J Antimicrob Agents. 2015, in press.

Furihata T, Matsumoto S, Fu Z, Tsubota A, Sun
Y, Matsumoto S, Kobayashi K, Chiba K. Different
interaction profiles of direct-acting
anti-hepatitis C virus agents with human
organic anion transporting polypeptides.
Antimicrob Agents Chemother. 2014;58:4555-64.

2.
) , . C
organic anion transporting polypepti
de 2B1 2015 3

Suzuki Y, Furihata T, Fu Z, Matsumoto S, Tsubota
A, Sun Y, Morio H, Chiba K. ldentification of
simeprevir and asunaprevir as unique OATP

-16 -



inhibitors with long-lasting properties. 19th
North American regional I1SSX meeting/29th JSSX
annual meeting (San Francisco, USA Oct. 2014)

; C
Organic anion transporting
polypeptide 1B1/1B3 9
2014 6
1.
2.
3.

-17 -



C
a 2b 48
72 SVR/ (S/R) / (P/N)
MRNA miRNA MAP3K8
MRNA P/N S/R miR-17-5p P/N
S/R MAP3K8 MAP3K8 3
miR-17-5p HCV MAP3K8
miR-17-5p HCV
MAP3K8 miR-17-5p
a 2b/
HCV
MAP3K8/miR-17-5p HCV
MSD 600-1000 mg/day
MSD 48 72
HCV1b 2011 12 2013 3
B C (1-4)
130
(c @) HCV
1b (©))
©)
a 2b/
C
MRNA
miRNA mMRNA miRNA
C
HCV
Sustained vilorogic response (SVR)
24 HCV
(null) 12 2
1og10 1U/mL
a2b 1 1.5 pg/kg 12 2 logl0

-18 -



1U/mL HCV
(relapsers) HCV
HCV RNA

HCV RNA Amplicor HCV version Roche
Diagnostics Basel Switzerland
MRNA

SVR  n=5; relapsers n=3;

null  n=4 MRNA

GeneChip Human Genome U133 Plus 2.0 Array
(Affymetrix SantaClara CA)

R 2.12.1 statistical software
BioConductor package

MiRNA

SVR  n=5; relapsers n=3;
null  n=4 miRNA
miRCURY LNA microRNA Array series (Exigon
Vedbaek  Denmark) Total RNA
Hy3 miRBASE 14.0
MiRNA

R 2.12.1 statistical software

BioConductor SVR relapsers n
ull mRN
A miRNA p Benjamin

i-Hochberg false discovery rate (FDR)

R statistical software

mRNA

PCR MRNA
TagMan Universal PCR Master Mix
(Life Technologies) TagMan probes
(http://www.roche-appliedscience.com/sis/rtp

cr/upl/adc.jsp) 18S
rRNA
miRNA
PCR miRNA
Tagman probe
system RNU48
miRNA
SVR/relapsers
null/ 1.2
p 0.005 miRNA
MicroCosm Targets miRanda PicTar PITA
TargetScan mRNA
MRNA
1.5 p 0.003
miRNA
PCR

Kyoto Encyclopedia of Genes and Genomes
(KEGG) Pathways Agilent Literature Search
3.0.3 beta Cytoscape 3.0.2

Huh7.5.1 10
Dulbecco’ s modified Eagle’ s medium
JFH1 Huh7.5.1
HCV

SIRNA

Mitogen-activated protein kinase kinase ki
nase 8 MAP3K8 3 siIRNA uucgucuuuau
aucuugugtt uguugcuagguuuaauauctt aucuugugcc
aaguauacctt SIRNA

St. Louis MO miR-17-5p

GeneCopoeia (Rockville MD)

-19-



HCV

HCV
GeneCopoeia (Rockville MD)
CellTiter-Glo
Luminescent Cell Viability Assay (Promega M
adison WI)

24 SIRNA
Lipofectamine RNAIMAX (Invitrogen San Diego
CA) TransIT-LT1 (Mirus

Madison WI)

miR-17-5p
pGL3

MAP3K8 3

CR
miR-17-5p

48 Dual-Luciferase R
eporter Assay System (Promega)

SDS-polyacryl
amide gel electrophoresis

MAP3K
8 MAP3K8 (ab70853 Abcam S
an Diego CA) B
B -actin (EP1123Y  Abcam)
1L28B ITPA
DNA MagNA Pure LC and t

he DNA Isolation Kit (Roche Diagnostics)
Interluekin 28B (1L28B) rs8099

917 rs12979860 1inosine triphosphatase
(ITPA) rs1127354 TagMan SNP Genotyping Ass
ays
/
/

chi-square Fisher’ s exact Student’ s

t Mann-Whitney two-tailed tests

SVR
95
P
0.05
SPSS(ver.17.0  IBM-SPSS Chi
cago IL)
62 48 SVR
36 28 Relapse 6 5
26 20
SVR/relapse (S/R)
/ P/N P/N
y -GTP
1L28B
MRNA
MRNA 39 MRNA
17 MRNA
MRNA
RNA /mRNA
mRNA
PCR
MAP3K8 p =5.2461027 TMEM178
(transmembrane protein 178 p= 7.31x 10°)

PSME4 (proteasome activator subunit4 p=2.43
x 10™) EIF3B (eukaryotic translation
initiation factor-3B p=3.16x 10°®) mRNA
P/N S/R
MAP3K8 P/N
S/R

-20 -



miRNA
mIRNA 76 miRNA
111 mIRNA
MAP3K8 TMEM178
PSME4 EIF3B mRNA
MAP3K8 TMEM178
PSME4 EIF3B MRNA
mIRNA
MAP3K8 hsa-let-7g"
hsa-miR-17-5p -20b -297 -374b -494 -602
-668 -1297 TMEM178
hsa-miR-106b" -122-5p PSME4
hsa-miR-492 -675-5p EIF3B
MIRNA
miRNA MRNA
miRNA
PCR
miR-122-5p (p=2.75x 10®) miR-675-5p (p=1.00
x 107) miR-17-5p (p= 1.73x 107%)

miRNA  P/N S/R
MAP3K8 mRNA miR-17-5p
(r=-0.592 p=4.31x 107)

P/N
rs8099917 [p= 3.67x 10° od
ds ratio (OR) = 7.51 95% confidence interv
al (Cl) = 2.14-29.27] miR-122-5p (p= 5.60

x 10* OR= 0.11 95% CI = 0.03-0.38)  miR
-17-5p (p= 2.02x 10 OR= 0.56 95% Cl = 0.
41-0.76) MAP3K8 (p= 8.58x 10 OR=

2.86 95% CI = 1.31-6.25)
HCV MAP3K8
MAP3K8
MAP3K8 HCV

MAP3K8 siRNA
Huh7.5.1

SiRNA
SIRNA  HCV
HCV
miR-17-5p
HCV

MAP3K8 miR-17-5p HCV

miR-17-5p MAP3K8 HCV
miR-17-5p
MAP3K8 HCV
miR-17-5p MAP3K8
MAP3K8
miR-17-5p
HCV

miR-17-5p MAP3K8
HCV

miR-17-5p MAP3K8 MRNA 3’
miR-17-5p

MAP3K8 3

miR-17-5p

C

mRNA  miRNA

1SGs

1SGs 1L28B

1L28B 1SGs

1SGs P/N S/R

HCV

MAP3K8
HCV  Toll-like receptor
4 (TLR4)
TLR4 inhibition of kappa B kinase (IKK)

nuclear factor kappa B (NF-kB) pl105

NF-kB p1l05 MAP3K8
NF-kB

-21 -



MAP3K8 MAP3K8
MAPK/ERK kinase (MEK)-extracellular
signal-regulated kinase (ERK)

MAP3K8 HCV
MAP3K8 HCV
HCV
MAP3K8 HCV
miR-17-5p
MAP3K8
HCV
HCV
MAP3K8 HCV
miR-17-5p
hsa-miR-17-5p HIV
miR-17-5p HCV
miR-17-5p MAP3K8
miRNA mMRNA
MAP3K8
HCV

miR-17-5p low
density lipoprotein receptor (LDLR)
LDLR

HCV
miR-17-5p HCV
MAP3K8

equilibrative nucleoside
transporter 1 ENT1

PKC-zeta Raf-1

MEK  and p38 MAPK ENT1
MAP3K8
ENT1

MAP3K8/miR-17-5p HCV

MAP3K8/miR-17-5p

invitro invivo

HCV

mRNA miRNA
MAP3K8 miR-17-5p
HCV
HCV
MAP3K8/miR-17-5p
HCV
1.

Kondo C, Atsukawa M, Tsubota A, Shimada N, Abe
H, Itokawa N, Nakagawa A, Fukuda T, Matsushita
Y, Nakatsuka K, Kawamoto C, lwakiri K, Aizawa
Y, Sakamoto C. Safety and efficacy of partial
splenic embolization in telaprevir-based
triple therapy for chronic hepatitis C. Intern
Med. 2015;54:119-26.

Abe H, Tsubota A, Shimada N, Atsukawa M, Kato
K, Takaguchi K, Asano T, Chuganji Y, Sakamoto
C, Toyoda H, Kumada T, Ide T, Sata M, Aizawa Y.
Factors associated with sustained virological
response in 24-week telaprevir-based triple
therapy for chronic hepatitis C genotype 1b
patients with the 1L28B minor genotype. Hepatol
Res. 2015;45:387-96.

Nakagawa A, Atsukawa M, Tsubota A, Shimada N,
Abe H, Kondo C, ltokawa N, Arai T, Hashimoto S,
Matsushita Y, Fukuda T, Nakatsuka K, Iwakiri K,

-22 -



Kawamoto C, Aizawa Y, Sakamoto C. Relationship
between HCV dynamics and sustained virological
responses in chronic hepatitis C genotype 1b
patients treated with telaprevir-based triple
therapy. Eur J Gastroenterol Hepatol.
2014;26:1329-34.

Abe H, Tsubota A, Shimada N, Atsukawa M, Kato
K, Takaguchi K, Asano T, Chuganji Y, Sakamoto
C, Toyoda H, Kumada T, Ide T, Sata M, Aizawa Y.
Predictors of response to 24-week
telaprevir-based triple therapy for
treatment-naive genotype 1b chronic hepatitis
C patients. Gastroenterol Res Pract.
2014;2014:549709.

Masaki N, Sugiyama M, Shimada N, Tanaka Y,
Nakamuta M, lzumi N, Watanabe S, Tsubota A,
Komatsu M, Masaki T, Enomoto N, Yoneda M, Murata
K, Ito K, Koike K, Mizokami M. Pretreatment
prediction of the outcome of response-guided
peginterferon-a and ribavirin therapy for
chronic hepatitis C. J Gastroenterol Hepatol.
2014;29:1996-2005.

Atsukawa M, Tsubota A, Shimada N, Abe H, Kondo
C, ltokawa N, Nakagawa A, lwakiri K, Kawamoto
C, Aizawa Y, Sakamoto C. Serum 25(0H)D3 levels
affect treatment outcomes for
telaprevir/peg-interferon/ribavirin
combination therapy in genotype 1b chronic
hepatitis C. Dig Liver Dis. 2014;46:738-43.

Tsubota A, Mogushi K, Aizaki H, Miyaguchi K,
Nagatsuma K, Matsudaira H, Kushida T, Furihata
T, Tanaka H, Matsuura T. Involvement of MAP3K8
and miR-17-5p in poor virologic response to
interferon-based combination therapy for
chronic hepatitis C. PLoS One. 2014;9:e97078.

Atsukawa M, Tsubota A, Shimada N, Kondo C,
I'tokawa N, Nakagawa A, Fukuda T, Matsushita Y,
Narahara Y, Osada Y, Yamaguchi H, Nakatsuka K,
Iwakiri K, Kawamoto C, Sakamoto C. Effect of
fluvastatin on 24-week telaprevir-based
combination therapy for hepatitis C virus
genotype lb-infected chronic hepatitis C. Eur
J Gastroenterol Hepatol. 2014;26:781-7.

Shimada N, Tsubota A, Atsukawa M, Abe H, Ide T,
Takaguchi K, Chuganji Y, Toyoda H, Yoshizawa K,

lka M, Sato Y, Kato K, Kumada T, Sakamoto C,
Aizawa Y, Sata M. A 48-week telaprevir-based
triple combination therapy improves sustained
virological response vrate In previous
non-responders to peginterferon and ribavirin
with genotype 1b chronic hepatitis C: A
multicenter study. Hepatol Res.
2014;44:E386-96.

Atsukawa M, Tsubota A, Shimada N, Kondo C,
Itokawa N, Nakagawa A, Hashimoto S, Fukuda T,
Matsushita Y, Narahara Y, Iwakiri K, Nakatsuka
K, Kawamoto  C, Sakamoto  C. Serum
25-hydroxyvitamin D3 levels affect treatment
outcome in pegylated interferon/ribavirin
combination therapy for compensated cirrhotic
patients with hepatitis C virus genotype 1b and
high viral load. Hepatol Res. 2014;44:1277-85.

Shimada N, Toyoda H, Tsubota A, Ide T, Takaguchi
K, Kato K, Kondoh M, Matsuyama K, Kumada T, Sata
M. Baseline factors and very early viral
response (week 1) for predicting sustained

virological response in telaprevir-based
triple combination therapy for Japanese
genotype 1b chronic hepatitis C patients: a
multicenter study. J Gastroenterol.
2014;49:1485-94.
2.
. Bovine lactoferrin
. 4
(2014.4.9 )
. TVR3
HCV . 100

(2014.4.24 )

. IL28B minor genotype C
3
. 100

(2014.4.24 )-

-23-



peg-1FN/ribavirin
100

25(0H)D3

(2014.4.24 ).

.C 1L28B
Alfacalcidol 3
Pilot Study. 100
(2014.4.25 ).

minor genotype

. C Naive
Telaprevir+Peginterferon+Ribavirin3
100
(2014.4.25 ).
. C 3
HCV RNA SVR
48 . 50

(2014.5.29 )-
. Non-responder

T12PR48  SVR . 50
(2014.5.29 ).

Peg-IFN/ribavirin/telaprevir

50
(2014.5.29 )-
. B
HBe
50 (2014.5.29 )-
. C

Telaprevir+Peginterferon+Ribavirin3

50 (2014.5.29

.C
25 OH)D3
18 (2014.10.23 )-
Telaprevir3 1L28B Major
genotype C SVR
; 18

(2014.10.23 )-

. Simeprevir3 vitamin D

18

(2014.10.23 ).

. Response-guided

Peginterferona +Ribavirin Genotype?2
C 1L28B
. 40
(2014.11.27 ).
; C
25(0H)D3 . 40

(2014.11.27 ).

=24 -



Furihata T, Fu Z, Suzuki
Y, Matsumoto S, Morio H,
Tsubota A, Matsumoto S,
Chiba K.

Differential inhibition
features of direct acting
anti-hepatitis C virus agents
against human organic anion
transporting polypeptide 2B1.

Int J
Antimicrob
Agents

In press.

2015

Furihata T, Matsumoto S,
Fu Z, Tsubota A, Sun Y,
Matsumoto S, Kobayashi
K, Chiba K.

Different interaction
profiles of direct-acting
anti-hepatitis C virus agents
with human organic anion
transporting polypeptides.

Antimicrob
Agents
Chemother

58(8)

4555-4564

2014

Panigrahi R, Chandra PK,
Ferraris P, Kurt R, Song
K, Garry RF, Reiss K, Coe
IR, Furihata T, Balart
LA, Wu T, Dash S.

Persistent hepatitis C virus
infection impairs ribavirin
antiviral activity through
clathrin-mediated
trafficking of equilibrative
nucleoside transporter 1.

J Virol

89(1)

626-642

2014

Tsubota A, Mogushi K,
Aizaki H, Miyaguchi K,
Nagatsuma K, Matsudaira
H, Kushida T, Furihata T,
Tanaka H, Matsuura T.

Involvement of MAP3K8 and
miR-17-5p in Poor Virologic
Response to Interferon-Based
Combination Therapy for]
Chronic Hepatitis C.

PLoS One

9(5)

97078

2014

Kondo C, Atsukawa M,
Tsubota A, Shimada N, Abe
H, Itokawa N, Nakagawa A,
Fukuda T, Matsushita Y,
Nakatsuka K, Kawamoto C,
Iwakiri K, Aizawa Y,
Sakamoto C.

Safety and efficacy of partial
splenic embolization in
telaprevir-based triple
therapy for chronic hepatitis
C.

Intern Med

54(2)

119-126

2015

Abe H, Tsubota A, Shimada
N, Atsukawa M, Kato K,
Takaguchi K, Asano T,
Chuganji Y, Sakamoto C,
Toyoda H, Kumada T, lde
T, Sata M, Aizawa Y.

associated with
virological
response in 24-week
telaprevir-based triple
therapy for chronic hepatitis
C genotype 1lb patients with
the IL28B minor genotype.

Factors
sustained

Hepatol Res

45(4)

387-396

2015

-25-




Nakagawa A, Atsukawa M,
Tsubota A, Shimada N, Abe
H, Kondo C, Itokawa N,
Arai T, Hashimoto S,
Matsushita Y, Fukuda T,
Nakatsuka K, lIwakiri K,
Kawamoto C, Aizawa Y,
Sakamoto C.

between  HCV
dynamics and sustained
virological responses in
chronic hepatitis C genotype
1b patients treated with
telaprevir-based triple
therapy.

Relationship

Eur J
Gastroenter
ol Hepatol

26(12)

1329-1334

2014

Abe H, Tsubota A, Shimada
N, Atsukawa M, Kato K,
Takaguchi K, Asano T,
Chuganji Y, Sakamoto C,
Toyoda H, Kumada T, lde
T, Sata M, Aizawa Y.

Predictors of response to
24-week telaprevir-based
triple therapy for]
treatment-naive genotype 1b
chronic hepatitis C patients.

Gastroenter
ol Res Pract

2014

549709

2014

Masaki N, Sugiyama
Shimada N, Tanaka
Nakamuta M, lzumi
Watanabe S, Tsubota
Komatsu M, Masaki
Enomoto N, Yoneda
Murata K, 1to K, Koike

Mizokami M.

M,
Y,
N,
A,
T,
M,
K,

of]
of]

Pretreatment prediction
the outcome
response-guided
peginterferon-a and
ribavirin therapy for chronic
hepatitis C.

J
Gastroenter
ol Hepatol

29(12)

1996-2005

2014

Atsukawa M, Tsubota A,
Shimada N, Abe H, Kondo
C, Itokawa N, Nakagawa A,
Iwakiri K, Kawamoto C,
Aizawa Y, Sakamoto C.

Serum 25(0H)D3 levels affect
treatment outcomes for]
telaprevir/peg-interferon/ri
bavirin combination therapy
in genotype 1b chronic
hepatitis C.

Dig Liver

Dis

46(8)

738-743

2014

Atsukawa M, Tsubota A,
Shimada N, Kondo C,
Itokawa N, Nakagawa A,
Fukuda T, Matsushita Y,
Narahara Y, Osada Y,
Yamaguchi H, Nakatsukal
K, Iwakiri K, Kawamoto C,
Sakamoto C.

Effect of fluvastatin on
24-week telaprevir-based
combination therapy for
hepatitis C virus genotype
1b-infected chronic hepatitis

C.

Eur J
Gastroenter
ol Hepatol

26(7)

781-787

2014

Shimada N, Tsubota A,
Atsukawa M, Abe H, lde T,
Takaguchi K, Chuganji Y,
Toyoda H, Yoshizawa K,
Ika M, Sato Y, Kato K,
Kumada T, Sakamoto C,
Aizawa Y, Sata M.

A 48-week telaprevir-based
triple combination therapy
improves sustained
virological response rate in
previous non-responders to
peginterferon and ribavirin
with genotype 1b chronic
hepatitis C: A multicenter
study.

Hepatol Res

44(14)

E386-396.

2014

- 26 -




Atsukawa M, Tsubota A,[Serum 25-hydroxyvitamin D3Hepatol Res{44(13) (1277-1285 |2014
Shimada N, Kondo C,|levels affect  treatment

Itokawa N, Nakagawa A,loutcome in pegylated

Hashimoto S, Fukuda T,|interferon/ribavirin

Matsushita Y, Naraharalcombination therapy  for

Y, lwakiri K, Nakatsukajcompensated cirrhotic

K, Kawamoto C, Sakamotolpatients with hepatitis C

C. virus genotype 1b and high

viral load.
Shimada N, Toyoda Baseline factors and very{J 49(11) |1485-1494 [2014

Takaguchi K, Kato
Kondoh M, Matsuyama
Kumada T, Sata M.

H!
Tsubota A, Ilde T,
Kl
K!

for predicting
virological response in
telaprevir-based triple
combination therapy for
Japanese genotype 1b chronic
hepatitis C patients: 4
multicenter study.

early viral response (week 1)Gastroenter
sustainedol

-27 -




