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Fig. 5 Cumulative rate of ALT rebound after discontinuation of NA
treatment in HBeAg-positive chronic hepatitis B patients. Six patients
whose HBV DNA + RNA titers reached <5.0 log copies/mL after
3 months of treatment were assigned to group A; the other ten
patients, whose HBV DNA + RNA titers were >5.0 log copies/mL
after 3 months of treatment, were assigned to group B. The
cumulative ALT rebound rate in HBeAg-positive chronic hepatitis
B patients was analyzed using the Kaplan-Meier method

DNA + RNA titer after 3 months of treatment was found
to be significantly associated with HBV DNA rebound
(P = 0.043, OR = 9.474; Table 2). Two other factors,
HBV DNA titer after 3 months of treatment and HBsAg
titer at the end of treatment, were marginally associated
with HBV DNA rebound (P = 0.074, P = 0.070, respec-
tively). After 3 months of NA treatment, HBV DNA titers
decreased in both the HBV DNA relapse and non-relapse
groups, but HBV DNA + RNA levels in the relapse group
remained high. NA therapy suppressed the production of
mature HBV particles in both groups, but in the HBV DNA
relapse group, high HBV replication activity was likely
maintained during the treatment, and immature HBV par-
ticles associated with HBV RNA genomes were continu-
ously produced and accumulated in hepatocytes. After
discontinuation of the treatment, these accumulated
immature HBV particles may have been maturated and
been released from the hepatocytes. Thus, rebound of HBV
DNA titers occurred rapidly after the discontinuation of
NA therapy.

Although the presence of HBeAg before treatment,
HBV DNA and DNA + RNA titers after 3 months of
treatment, and the presence of HBeAg, HBsAg titer, and
HBV DNA + RNA titer at the end of treatment were all
significantly associated with ALT rebound in the univariate
analysis, only the presence of HBeAg at the end of
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Fig. 6 Cumulative rate of ALT rebound after discontinuation of NA
treatment by using combined criteria. The subjects were divided using
combined criteria. Fourteen patients whose HBV DNA 4 RNA titers
reached <5.0 log copies/mL after 3 months of treatment and who
were HBeAg negative at the end of NA treatment were assigned to
group A; the other 22 patients were assigned to group B. The
cumulative ALT rebound rate in HBeAg-positive chronic hepatitis B
patients was analyzed using the Kaplan—Meier method

treatment was identified as an independent predictive factor
for ALT rebound following multivariate analysis (Table 4).
HBeAg is commonly strongly associated with the activity
of HBV replication, and HBV DNA levels are high in
HBeAg-positive HBV carriers. Thus, HBe seroconversion
usually indicates suppression of HBV activity, and the
absence of HBeAg is thought to indicate the inactivation of
HBYV replication.

ALT rebound following the discontinuation of NA
therapy was not observed in six of the 16 patients (37.5 %)
who were HBeAg-positive at the end of treatment. After
examining predictive factors for ALT rebound in these
HBeAg-positive patients, only the HBV DNA + RNA titer
after 3 months of treatment was identified as an indepen-
dent predictive factor for ALT rebound in HBeAg-positive
patients (Table 6). Although the presence of HBeAg indi-
cates high activities of HBV replication and hepatitis, it is
expected to be difficult to discontinue NA therapy without
ALT rebound in these patients. However, these results
indicate that HBV replication activities vary greatly among
individuals and suggest that it might be possible to predict
future replication activity based on HBV DNA + RNA
titers after 3 months of treatment.

A limitation of this study is the small sample size; as
such, selection bias might have affected the internal
validity of the study. As it is not common to discontinue
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NA therapy in Japan, we were only able to examine 36
subjects in our study. Because HBV-related markers such
as HBsAg, HBcrAg, and HBV DNA 4 RNA titers varied
widely among individuals, HBeAg an HBV DNA + RNA
titers were only marginally associated with HBV DNA or
ALT rebound after the discontinuation of NA therapy. In a
previous study, Matsumoto et al. [34] analyzed predictive
factors for the safe discontinuation of NA therapy in 126
clinical HBeAg-negative subjects from 12 clinical centers.
These authors reported that HBsAg and HBcrAg titers at
the end of treatment were predictive factors for the safe
discontinuation of therapy. In our study, we also found that
the absence of HBeAg at the end of treatment was
important for the safe discontinuation of NA therapy, but
we found no association between safety and HBsAg or
HBcrAg titers. However, while HBsAg and HBcrAg are
known to be associated with HBV replication activity, our
results involving HBeAg and HBV DNA -+ RNA titers as
important factors for safe discontinuation appear to be
consistent.

In our study, the duration of NA therapy was quite short
(mean duration was 36 weeks). Similar results might be
observed if the NA therapy was extended, but it might be
difficult to depress the potential of infected HBV replica-
tion with long-term NA therapy. HBsAg titers represent
HBYV replication in human hepatocytes, and it is difficult to
decrease HBsAg levels by NA therapy. Thus, HBV
DNA + RNA levels might be an important factor for
predicting the HBV DNA or ALT rebounds.

As it may be difficult to discontinue therapy in patients
with advanced liver fibrosis, our study subjects were
selected based on liver spare capacities. As shown in
Fig. 1, ALT rebound is likely to occur in most patients
following the discontinuation of NA therapy, and severe
hepatitis could occur in some patients. Thus, if the liver
spare capacity were low, NA therapy would not be dis-
continued; the patients in this study were selected solely
based on clinical aspects, which may have influenced our
interpretation of the results.

In conclusion, HBV replication activity was found to be
an important predictor of safe discontinuation of NA
therapy. These findings suggest that monitoring of serum
HBV DNA + RNA levels would be a useful method for
predicting the re-activation of chronic hepatitis B following
discontinuation of NA therapy.
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Table 1. PBC, PSCIZBi3 %5 GWAS

BAMILERFE MRS F110% HF9%5

S 1y Year .. @3%‘5’ :/70)1/3}&
b [ref] Ethnicity : .
re Case (Validation) Control (Validation) ERIN
Hirschfield 2009 European-American, 505 (526) 1507 (1206) 3744
[4] European-Canadian
Hirschfield 2010 European-American 857 3198 4055
(5] (combined with previous GWAS)
Liu 2010 European-Canadian, 453 (481) 945 (3706) 5585
(6] ITtalian
Mells 2[01]1 European 2774 (620) 9814 (2514) 15722
7
Nakamura 2[0112 Japanese 487 (787) 476 (615) 2365
8
Karlsen 2[01]0 European 285 (766) 298 (2935) 4284
9
Melum 2010 European 715 (1025) 2962 (1837) 6539
[10]
Folseraas 201% European, European-American 715 (1221) 2962 (3508) 8406
[11

)
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F v X (95%CI)

FEIRAY Location BB T SNP ID £/ B (SE) %
PBC 6p21.3 HLA-DQB1 rs2856683 175 (155 ~ 1.98)

PBC 3q25.33 IL12A rs6441286 154 (1.38 ~1.72)

PBC 1p31.3 IL12RB2 rs3790567 151 (1.33 ~ 1.70)

PBC 74321 IRF5-TNPO3 rs10483631 157 (1.38 ~ 1.77) 4] LA 7FY VR
PBC 17q12-21 ZPBP2 rs11557467 0.72 (0.66 ~ 0.79)

PBC 1p36 MMEL1 rs3748816 1.33 (1.20 ~1.17)

PBC 19q13.33 SPIB rs3745516 146

PBC 7q32.1 IRF5-TNPO3 rs10488631 1.63

PBC 17q12 IKZF3 rs9303277 1.38

PBC 6p21.32 HLA-DQBI rs7774434 1.75 replication
PBC 3aq25.33 IL12A rs6441286 1.44 replication
PBC 1p31.3 IL12RB2 rs3790567 148 replication
PBC 2q32.2 STAT4 rs10931468 15 (1.37 ~ 1.64)

PBC 1q313 DENNDI1B rs12134279 1.34 (1.25 ~ 145)

PBC 114233 CXCR5 rs6421571 1.37 (1.25 ~ 150)

PBC 16p13.13 CLEC16A rs12924729 129 (1.20 ~ 1.38)

PBC 4q24 NFKB1 rs7665090 126 (1.18 ~ 1.34)

PBC 5pl3.2 IL7R rs860413 1.3 (1.21 ~ 140)

PBC 14g24.1 RADS51L1 rs911263 129 (1.20 ~ 1.39)

PBC 3q13.33 CD80 rs2293370 1.35 (1.23 ~ 147)

PBC 16q24.1 Intergenic rs11117432 131 (1.21 ~ 143)

PBC 22ql13.1 MAP3K7IP1 rs968451 127 (1.18 ~1.38)

PBC 12p13.31 TNFRSF1A rs1800693 122 (1.14 ~ 1.30)

PBC 7pl4.l Intergenic rs6974491 1.25 (1.16 ~ 1.36)

PBC 3p24.3 PLCL2 rs1372072 12 (112 ~1.27) 6] LtDAZT7FHY TR
PBC 14¢32.32 TNFAIP?2 rs8017161 1.22 (116 ~1.27)

PBC 11q13.1 RPS6KA4 rs538147 1.23 (115~ 1.31)

PBC 6p21.32 HLA-DQBI rs7774434 16 (148 ~173) replication
PBC 1p31.3 IL12RB2 rs17129789 152 (1.39 ~ 167) replication
PBC 7q32.1 IRF5 rs12531711 158 (141 ~ 1.76) replication
PBC 3q25.33 IL12A rs485499 1.38 (1.28 ~ 1.50) replication
PBC 19q13.33 SPIB rs3745516 1.38 (1.32 ~ 144) replication
PBC 17q12 ORMDL3 rs7208487 132 (1.18 ~ 1.48) replication
PBC 1p36 MMEL1 rs10752747 113 (1.04 ~ 1.22) replication
PBC 9932 TNFSF15 rs4979462 156 (1.39 ~ 1.76)

PBC 11g23.1 POU2AF1 rs4938534 139 (1.24 ~ 156)

PBC 4q23 NFKBI rs7665590 1.35 (1.21 ~152) replication
PBC 3q13.33 CD80 rs2293370 148 (1.29 ~ 1.68) replication
PBC 5pl3.2 IL7R rs6890853 147 (128 ~ 1.69) replication
PBC 17q12 IKZF3 rs9303277 144 (128 ~ 1.63) replication
PBC 2q32.3 STAT4 rs7574865 1.35 (1.19 ~ 152) replication
PSC 6p21 HLA-B rs3099844 48 (38 ~65)

PSC 3p21.31 MST1 rs3197999 1.39 (1.24 ~ 156)

PSC 2q13 BCL2L11 rs6720394 129 (1.10 ~151)

PSC 1p36 MMELI-TNFRSF14 rs3748816 0.79

3
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AN DL % AT G & § 5 72 0BT & i
LTRBELZEFZEDRTVE W) BHIDH
%. ZOMFNFEOEBEHERIL 1996 £ HEK
STV, ZO%ER HapMap 70 ¥ = 7
Mzkade bhTuy 4 THROREES, BEE
SNPH¥ AT T UVABN B EDERIZL -
T, DWW GWAS T X 5 5 BB H 5 TR AT S
ER L7z DTEHBEBHEBIZBIIAINET
?D GWAS DIRIFIZDOWTHEST 5.
Il BCHR&EHFX (autoimmune hepatitis ;
AlH)

ATHIZDOWTIESNPR— 2D GWASIZ & %
EEEEEEFOREIZVEZFRESATY RN
75, Yokosawa & 13 81 A 1 & ATH fEHI % Flv»
T 400 18 @ microsatellite (2L 547 5T 4 Fiz
BEMEN 24T 072 2 A, 18p1122 (p=0.008)
E 11p151 (p=0013) D 220D EAEFIEDVH E
12 AIH & BgE L Twiz?,

N FEEMETEREZ (primary biliary cir-

rhosis ; PBC)

Hirschfield 513, 7A U AB LA FFAD
PBC 1031 A &8 A 2713 A% Fivi7z GWAS 12
X oT, PBCE AFEICHET 5 HLA-DQBI,
IL12A, ILI2RB2 BixF#HIB O SNP % 55 R LY,
BIZaR—FEBEBMLARATTFY) S RBEHTE
51232 O #&1{x FEE (IRF5-TNPO3, ZPBP2,
MMEL1) ZHEELTWAY. Liublx, 1%V 7
NEAFFANDPBC 934 A& a¥ ha— ) 4187
N2 X BEHH 6, PBC LBI#$ 5 SNP & LT
Hirschfield & O #i & L 723 &= FFEIZM A T
SPIB, IRF5-TNPO3, IKZF3 O & {z F FE @ SNP
ZHER LY. Mells 51X, I—1 v 3 A® PBC
3394 A &% N 12328 A% W T, PBC & B
T 5HEH O GWAS & 5 #EIZTFHEIZIM 2 STAT4,
CD80, IL7R, CXCR5, TNFRSF1A, NFKB1 7z &
12 & {5 F$HIE D SNP %# & K L 72”. Nakamura
513, HAADPBC 1274 AL EEA 1091 Ao
fEAT 2> 5 PBC & BI#5 % TNFSF15 £ POU2AF1
BIEFOSNP #ERA L, BBMOBETFEIZBN
THAEHE% (L7R, IKZF3, CD80) * 7zidR1E
M 7% (STAT4, NFKB1) BH# % 8% 7-¥ (Table

(4)

BAHLERF MRS 1108 R

1).

IV EREE{CHEEEX (primary sclerosing
cholangitis ; PSC)

Karlsen 51X, 3—ua v X A® PSC 1051 A&
Y ba— 3233 AEHWT, PSC LBE#ET 5
HLA-B #H38%® SNP %2 %/ L 72Y. Melum 5 I3,
3= v F%O PSC 1740 A& a > b a—)b 4799
ANz Hw<T, PSCH A & B & § 5 MSTI &
BCL2L11 D #EZT £ M % 3¢ B L 72", Folseraas
51X, Melum 5 ® GWAS 7 — # |2 imputing |
X A BRI %2 47>, MMELI-TNFRSF14 &1nF
JED SNP 23PSC LBAE T A LR LA &
DEIEFHEIT celiac disease, multiple sclerosis,
PBC »fEfi&EET & LTOEME SN TW AP (Ta-
ble1).

V FEZIa—IVERERRT - FFEEZE (non-
alcoholic fatty liver disease ; NAFLD -
non-alcoholic steatohepatitis ; NASH)

Romeo &, 77V A% 1032 A\, I—1y
$}696 N, A= v 7 F 383 ANEHWT, 9229
{8l ® nonsynonymous SNP %5 NAFLD & B
$ % PNPLA3 &{=T-#I8D 2 DD SNP, rs738409
(1148M), rs6006460 (S4531) %#FER L7z, Th
BT HWIZHRI T rs6006460 12 3 — 1 v 2%, b
ANy 7R TRENLZLHRITH o7z, rs738409
ImE ALT fii e OBEM: S FRD T A, Yuan
Hidg—ay RO 300 ax— bEh12419 A%
BAwT, AL EETs2EETEZEZ
GWAS fg#T L7z & & A, I ALT & PNPLA3
BIZTHED rs2281135 BEEICHBET A Z & 2 5
R L7-", Chalasani 51¥3 —1 v X A® NAFLD
ik 236 A% FH\WT, NAFLD activity score &
B9 % FDFT1 EfnF#I8D SNP 213 L & L
T5DOMDSNPIZBWT, NAFLD \CH 3 5 %RH
B A E e Y& 7. Speliotes &1, I —
oy NAT7176 A CT EORFIRIHEEIZ DWW T
D GWAS 7 — ¥ ® imputing {2 & % B & & A
&, FIZH{ NAFLD 592 A& arv bu—i
1405 A2 X % replication 12 & - T, NAFLD &
B# 3 %5 PNPLA3, NCAN #&{=T4E18® SNP %
% L 72", Kawaguchi 5 & H A& A » NAFLD
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529 A& 2 v hu—)v 932 A% v T, PNPLA3
BIETHE O rs738409 I BWCH B R BE M % 32
W, B ALIZ X % 85 Tl Matteoni 5 @ 33
type 4 OATHEEMEIED SN2, Adams 5
iZa—o v XADNAFLD 126 A& a> ba—)
802 N % H\W7-GWAS T, 107°R{ OPfH ®
SNP @7z T GC (vitamin D-binding protein) ¥
X ULCP1 OFfEIZ B 17 A mRNA BHEITDOW
TNASH# (n=8) L a v bua—V# (n=5)
MTHEEZEZAD. T, MEPOEyI D
WhHY v NI EDOR L steatosis  grade DIZ1E
A DB A ED S /2. Kitamoto 5 & H AR A
@» NAFLD 1326 A& 2~ b a—)v 1184 N DFFEAT
75, PNPLA3 B & OB D SAMMS50, PARVB
BAIZTFHE © SNP 23 E N F iz LT NAFLD ®
ARG, RHEILICBEE L TWwB T & &R L72Y
(Table 2.
VI BBRfE - EVIVE R

Buch i3 F4 Y A4078 A& F 1) N334 AD
GWAS 25, BAECHEST 2 BRFLE%
ABCG8 BEF#HIBIZHE R L 72", Johnson & I
MEAEILFRED 30 GWASTHIRD X ¥ 7 F
J ¥ A X o T, UGT1A1, SLCO1B1, LST-

3TM12, SLCO1A2 ® SNP 2SMLiE#HE Y Vv ¥ ~
CHEST AL EWMELALY. ThHDSNPIZ

2\WTC Buch 5%, JRAE & OBEEBTE X OH
AR & OBEENT % 8 U T UGT1A1 @ SNP %%
BIZBEICBWIBEAELBEET L L ZRL
722 (Table 2).
VIl B BUISMRFR

Kamatani 5%, HAANE ¥ 4 AD B BT
% (chronic hepatitis B ; CHB) 2086 A& 2> b

— V4301 A D GWAS IZ & - T, HLA-DPA1
& HLA-DPB1 %8382 hepatitis B virus (HBV) #
B BETASNP 2FERL, LT
A TRETICL o TY A2 NTu s 47 (HLA-
DPA1*0202-DPB1*0501 B &£ U8 HLA-DPA1*0202-
DPB1*0301) &, protective N7 1% 4 7 (HLA-
DPA1*0Z03-DPB1*0402 £ & U HLA-DPA1*0103-
DPB1*0401) %% L 7. Mbarek & X HARA
DCHB 2667 A\, 2 Fa—)649% A2 X %

(5)

1581

GWAS @ # &, Kamatani 5 0% L 7= 2 o
SNP OB #EWOBBMMER L, T2 7212 HLA-
DQB1 (rs2856718) & HLA-DQB2 (rs7453920)
D2WDOSNPAZCHB L ETAHZ LA RBL
72, Liu S 3HEAOEEREME HBV v 1) 7—
1944 A& CHB 854 NDf##T4*5, GRIN2A &z
FHED rs11866328 3 2 DBATEILICEEE T 5 &
EERHELRLY. Pngbidf Y FA Y7 A0 HB
I F EEEH 3614 A GWASIZ X 5T, HB
D F v EEREORAMEICEE ST 5 SNP &
HLA-DR, HLA class III, HLA-DPB1 (2328, HLA-
DPBI1 122\ T ix Kamatani 5 O & & [F— o
SNP T& - 7z®. Nishida 5%, HAADB X Ui
EIA 1793 A (CHB 781 A, ## A 571 A, HBV
e 5 ARG 441 ) @ GWAS % &, Kamatani
b O L7 HLA-DBA1, HLA-DPBI1 f83 @ 2
B> SNP FEHAGBICHBEET A2 L 2 L
72 (Table 3).
VIl FFEZE - R

Patin 53 3 — 0 v X A O CH 1B ¥ IF %
(chronic hepatitis C; CHC) 2123 A% T,
ML E B ET 200 8EBEFEREZRHRL
=% Urabe 51, HAA® hepatitis C virus
(HCV) 2 X B4 1618 A & 12 AT %% 4854 A
DN S HLA class I 383D 2 D® SNP &,
¥ 5 121& HLA-DQA1*0601 755137 L CTHFAEZE
BT 52 & & L72" (Table 4).

X B &

Zhang & X E A D HBV IZ X A JF%E 2310 A
& CHB 1789 A®D GWAS D#5%, KIF1B @ SNP
rs17401966 2% HBV (ZHE[E 3 % FFHE FAE (2 BEE 3
A EwELAP. Clifford bid, 7Y 7 A
OHBV £ 3 HCVIC X A 386 A& a2~ b

— W 537 ADGWAS TIZEFEE % SNP 2 2o
ol h, HHHEE ANLEDHEIZENWT
TPTE2 3 & U DDX18 & {2 T Ji& 0 SNP %% HBV
RS AHEREICHET A L 2HE L
72, Chan S5 EA® HBV 12 X 5 9 595 A
& CHB 825 ANDOfgHrh 6, FICHBELREE TR
ERR Lo/ 2#HE LY. Kumar &
WHAANOHCVIC L M I34A AN L T &
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Table 2. NAFLD, NASH, JE&E,

YV AGHIZET 5 GWAS

BAMLIRESMRE $1108 $£9%5

s Year ﬁ}ﬁﬁ“f‘/'fﬂ/%ﬁ
B [ref] Ethnicity
re Case (Validation)  Control (Validation) a1k
Romeo 200%3 696 European American, 1032 African American, 383 Hispanics 2111
[12
Yuan %0033 European 7715 (4704) 12419
13
Chalasani 2010 Caucasian (women) 236 236
[14]
Speliotes 2011 European 7176 (CT hepatic steatosis) 9173
[15] (NAFLD 592) (control 1405)
Kawaguchi 2012 Japanese 529 932 1461
[16]
Adams 2013 European 126 802 928
[17]
Kitamoto 2013 Japanese 392 (172) 934 (1012) 2510
[18]
Buch %OO}/ German, Chilean 280 (2000) 360 (1772) 4412
19
Johnson %OO? 3 cohorts (FHS, RS, AGES-Reykjavik) 3424 + 3847 + 2193 9464
20
Table 3. HBV &4«2f9 5 GWAS
. fERT v T
e a E(e% Ethnicity
re Case (Validation) Control (Validation) EXIN
Kamatani 2009 Japanese 179 [616] 934 [1267] 6387
(22] Japanese, Thai (991 +308) (1553 +546)
Mbarek 2011 Japanese 458 (2209) 2056 (4440) 9163
[23]
Liu %01]1 Chinese 1729 (215) 628 (226) 2798
24
Png 2011 Indonesian 1683 (1931) 3614
[25]
Nishida 2012 Japanese 181 184 [185]
[26] Japanese, Korean (256 +344) (236+151) [150+106]

(6)
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# Locaton  fEHMiE{ET s Ty R (GRCD 1%
hepatic fat levels 22ql3 PNPLA3 (1148M) rs738409 9229 SNPs
lower hepatic fat content 22q13 PNPLA3 (S4531) rs6006460
ALT level 22q13 PNPLA3 rs2281135 0.060 (0.007)
NAFLD activity score 8p23 FDFT1 rs2645424 -0.76
degree of fibrosis 7pld Intergenic rs343064 1.29
lobular inflammation 10q22 COL13A1 rs1227756 053
lobular inflammation 11q13 LTBP3 rs6591182 0.54
lobular inflammation 12p13 EFCAB4B rs887304 0.37
AST level 4q32.3 DDX60L-PALLD rs2710833 0.39
NAFLD 22q13 PNPLA3 rs738409 326 (211 ~721) replication
NAFLD 19p12 NCAN rs2228603 165 (115 ~ 2.87)
NAFLD 22q13 PNPLA3 rs738409 166 (143 ~ 1.94) replication
NAFLD 4q12 GC rs222054 2.54
NAFLD 13ql14 LCP1 rs7324845 3.29
NAFLD 22q13 PNPLA3 rs738409 205 replication
NAFLD 22q13 SAMMS50 rs738491 179 (141 ~227)
NAFLD 22q13 PARVB rs6006473 174 (1.38 ~221)
gallstone 2p21 ABCG8 rs11887534 22 (1.80 ~ 2.60) D19H
total serum bilirubin 2q37 UGT1A1 rs6742078 0.239 (0.009)
total serum bilirubin 12p SLCO1B1 rs4149056 0.05 (0.01) V174A
total serum bilirubin 12p12.2 LST-3TM12 rs2417873 0.05 (0.01)
total serum bilirubin 12p12 SLCO1A2 rs4149000 0.06 (0.01)
FHM Location Al s T SNP ID * é{: it;[t: B(9(bs°/f§I) S
CHB 6p21 HLA-DPA1 rs3077 057 (049 ~066)  [GWAS 2nd]
CHB 6p21 HLA-DPB1 rs9277535 175 (161 ~192)
CHB 6p21.32 HLA-DQB1 rs2856718 156 (145~ 167)
CHB 6p21.32 HAL-DQB2 rs7453920 181 (162~ 201)
CHB 6p21.32 HLA-DPA1 rs3077 187 (173 ~ 2.01) replication
CHB 6p21.32 HLA-DPB1 rs9277535 1.77 (165~ 191) replication
CHB vs ASC 16p13 GRIN2A rs11866328 168 (1.40 ~ 2.02)
HB =accine response 6p21.32 HLA-DR rs3135363 153 (1.35 ~ 1.74)
HB waccine response 6p21.33 HLA rs9267665 205 (1.64 ~ 257)
HB =wvaccine response 6p21.32 HLA-DPB1 rs9277535 1.39 (1.23 ~ 1.59)
CHB vs control 6p21 HLA-DPA1 rs3077 042 (0.30 ~ 0.58) replication
C HB vs control 6p21 HLA-DPB1 rs9277542 042 (0.31 ~ 058) replication
CHB vs [resolver] 6p21 HLA-DPAT rs3077 044 (032~ 061)
CHB vs [resolver] 6p21 HLA-DPBI rs9277542 051 (0.37 ~ 0.70)

(7
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Table 4. JH#%, HCC B35 GWAS
" Year . ﬁ]’i/fﬁ‘ﬁ" v 73)1/%( s
B [ref] Ethnicity FKHT
re Case (Validation)  Control (Validation) EAEN
Patin 2012 European 1161 (962) CHC 2123 FO~4
[27]
Duration FO ~ 1/F3 ~ 4
Urabe 2[013’) Japanese LC 682 (936) CHC 1045 (3809) 6472 LC vs CHC
28
Zhang %015) Chinese 348 (1962) 359 (1430) 4099 HCC vs CHB
29
Clifford 2010 Korean, Chinese HCC 180 (206) LC 66 (20) Control 271 (316) 973 HCC vs Control
[30] HCC vs LC
HCC vs LC
Chan %Ol% Chinese 95 (500) 97 (728) 1420 HCC vs CHB
31
Kumar %Ol% Japanese 721 (673) 2890 (2596) 6880 HCC vs Control
32
Miki %Ol% Japanese 212 (710) 765 (1625) 3312 HCC vs CHC
33
Li 2012 Chinese 1538 (4431) 1465 (4725) 12159 HCC vs CHB
(34] HCC vs CHB
Jiang 2013 Chinese 1161 (4319) 1353 (4966) 11799 HCC vs CHB
(35] HCC vs CHB
Table 5. HEHISEM, SEFHPLITEEIZE$T 5 GWAS
. R o TN
B Ee% Ethnicity
re Case (Validation) Control (Validation) 21K
Ge %OO‘.]) European (African, Hispanics) SVR 488 (45+38) NVR 383 (146 +37) 1137
36
Tanaka %00‘.]9 Japanese 72 (122) 82 (50) 326
37
Suppiah %OOS}) European 131 (261) 162 (294) 848
38
Fellay 2010 European-American 988 CHC 1286
[45] African-American, Hispanics (198 +100)
Ochi %010 Japanese 453 (470) CHC 923
46]
Tanaka 2011 Japanese 303 (391) CHC 694
[48]
Thompson 2011 European-American 984 CHC 1284 -
’ rican-American, Hispanics +
(491 African-American, Hispani (201 +99)
Daly 2009 European 51 (64) 282 333
[50]
Singer %()1%) Caucasians, Hispanics 139 (98) 481 (405) 1123
51
Lucena 2011 European 201 532
[52]

®
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v Xt (95%CI)

Location iR T SNP ID $713 B (SE) S
3g23 RNF7 rs16851720 -0.23 (031 ~015) (AC to AA) linear regression
~046 (054 ~ 0.38) (CC to AA) (in all)
2ql4 MERTK rs4374383 0.19 (0.10 ~ 0.37) Cox proportional
(in blood transfusion)
6p21 Céorf10 rs910049 146 (1.28 ~162)
6p21 BTNL2-HLA-DRA rs3135363 1.37 (1.24 ~ 151)
1p36 KIF1B rs17401966 164 (149 ~1.382)
13q12 TPTE?2 rs2830301 0273 (0.191 ~ 0.390)
2ql4 DDX18 rs2551677 3.383 (2.070 ~ 5.529)
6p21.33 MICA rs2596542 139 (127 ~ 152)
22q12.2 DEPDC5 rs1012068 175 (151 ~ 203)
6p21.32 HLA-DQAI1-HLA-DRBI rs9272105 128 (1.22 ~ 1.35)
21q21.3 GRIK1 rs455804 119 (112~ 1.25)
6p21.32 HLA-DQ rs9275319 149 (1.36 ~ 1.63)
2q32.3 STAT4 rs7574865 121 (1.14 ~ 1.28)
W ™ 0,
S Location  BEHiifZF  SNPID ol CRuCD fi%
SVR vs NVR 199132 1L28B rs12979860 2.0 (1.8 ~23) (CCto TT)
SVR vs NVR 19q13.2 IL.28B rs8099917 272 (139 ~534)
SVR vs NVR 19q13.2 IL28B rs8099917 198 (157 ~ 252) replication
ribavirin induced anemia 20p13 ITPA rs7270101
20p13 ITPA rs1127354
ribavirin induced anemia 20p13 ITPA rs1127354 0.44 replication
change of Hb 20p13 ITPA rs6139030 25 (11.11 ~ 50.0)
change of Hb 20p13 DDRGK1 rs11697186 33.33 (1250 ~ 100)
decrease of PLT 20p13 DDRGK1 rs11697186 45 (3.10 ~ 650)
deerease of PLT 20p13 ITPA rs6139030 39 (2.80 ~ 550)
IFN-related cytopenia 20p13 ITPA rs$965469
flucloxacillin DILI 6p21.3 HCP5 rs2395029
fluc loxacillin DILI 3q27 ST6GALI rs10937275
lumiracoxib DILI 6p21.3 C6orf10 rs3129900 35 (26 ~48)
amoxicillin DILI 6p21.33 HCP5, HLA-B rs2395029 45 (194 ~ 105) replication
am oxicillin DILI 3q27.3 ST6GALI rs10937275 41 replication

(9)
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o — )b 5486 ND#ENT 2> &, HBV IR T 2 I
FAEICBI# T 5 MICA BIZ T E o SNP % R
L7, F72MICA ¥ V87 O EEIZY) 2
TUVVREZETHEEITENZ EHBH L 2%,
Miki 51X HARAD HCV I X 5 fFE 922 A & JEHF
#E 2390 A& w72 GWAS 12 X - C, HCV IZ#
K3 5 BFE5AE & B8 3 5 DEPDC5 i ® SNP
R LY. Li 53 EAO HBV 12 X 5
5969 A & CHB 6190 A\ @ fi##7 % & HLA-DRBI-
DQA1 %38 & GRIK1 ® SNP 2 HBV (2K 3 %
P SSEIC RS S A 2 & 2 L2, Jiang &
W E N HBV 2 X 5 BF 5480 A & JF IF9E
6319 A% v 72 GWAS 2 & - C, HBV IZiEH
THIEREIEL BET S 220 SNP # HLA-DQ
B LU STAT4 BInTEEICHER L 72* (Table 4).
X EEEISEM
1. CHCORF A4 vy &=z - Y)Y ¥
EHEIN

Ge blX, a—avRNZT7RAUBAN, T7Uh
RTAVAN, CANRZY ZRT AV HADRY
A vy —=7xz0y - YNEY CPRRIREEZERL
72 CHC (17%9) 5ER 1137 N2 X 5 GWAS 12X -
T, IL28B #AZF$EIE D SNP 25 iEH# IS & B
BT LHZ R LY. Tanaka 5 HAA®
CHC (1Y) #EHI326 A2 X 5 GWAS T, ML
{ IL28B EIzTFHEDSNP & R7 4 ¥ —7 1
VYN ERBREOERSREOMICE R R
BV 2 s L /2%, Suppiah 5136200 3 —
0y RaR— MRS ADRT A4 VE—T x
Ty YNEY SRR %) 72 CHC RN
&% GWAS OfE 58, IL28B #EfzFFED SNP 12D
WO RROBIEME &2 SR LTV 5% (Table 5).

COSNPORBEIZIHCVY 75 4 72RRP 4 »
F—T7 0 YEHEEIZBWTLRD LR TY
90 F7. HCV aT7HEBOT7 I/ BERY,
DA v % —7 20 v FEEBETFORBEEYR
PEGAE & b AR % 380, HCV OER & 18 TS
BrEZ DD ZTHKREN. ZOBRETEIZDON
TIREB) Y- ARZEIBT A v ¥y
R RIEREBEIRNTIC X 2 EE T RB R
DR A ST 5 DS, Bl IL28B 3B 512 In-

(10)

BABLARFESHRE 1108 H9F

terferon A4 BIRTFAFER SN, BEHRD SNP &#E
L7727V —uT 7 MERIZ X 5 T Interferon A4
BIETORBIFFMHIND Z LG5I .

2. U YEFEEEEN

Falley b1, 3 —ua v X%, 77U 4%, &
ANZy 2F%T AW ANFH1286 ANOXRT L~
Fy—7xzuary - YN ¥ 2HPEHEEE T L
72 CHC 3B @ GWAS 12 X o T ITPA EfnT 515
D 22D SNP (rs7270101, rs1127354) HVY /¢
) UHENEIMICEET S L BERE LY.
Ochi &1 2 AIPEAEE 217 o 72 923 A® CHC #E
BlO GWAS 12 & T, BAAIZ B Tid ITPA
& fz ¥ L @ nonsynonymous 7 11 @ SNP
(rs1127354) D& A3 NEY) ¥ FHEME M BY
LTWwWAZ &2t L7z (Table5). 2 #IbFH#
BEBIPT I 7VENVEINZ Iz 3FBEHEEO W
THhIZBWTH, ITPABETFEZEIIGRHEF DY
N Y ORBEIHET BN, HEMETTOR
B3 2o 72 8 T BIEDL WO,

3. 4 V& —70 XA mERRY

Tanaka HIEINRT AL Y F—7 =0 v - Y)Y
v PR & %) 72 CHC SEH] 694 N © GWAS /& #r
WZEh, A v F =720 02X B MIMERDICH
BB 3 5 SNPs % DDRGKI-ITPA & =T
BUZFER L7z, FEICT 20N VFENE
MiZ2wToH GWAS T [H U SNP 128 T 5
WBIEME R R0, W o SNP b ITPA DB RE
T SNP (rs1127354) & iV ESERNEHIRETH -
72, UNEY VIZEANETOE VBT KE N
F & RO/ M IMI R E <, RO /MR E
AR 5 EE 2 51 72®. Thompson 5
DRFIA vy —7z0 Yy YNE) VEEE ST
72 CHC fEPI 1284 AN D GWASHEHTIZ L D, £ ~
¥ —7 20 X B M/MGEA I EICHES 5
SNPs % ITPA Bz FHEIBIZERLL, Y NNEY ¥
FEMEIM E BET S 250 SNP & DRI #Ew
HE AT HED SN2 (Table 5).

4. EXBFEE

Daly & & flucloxacillin % R L 72 333 A D
KIVEREEICE T 5 GWASIZ X - T, MHC %
B SNP (rs2395029) B A BICHEELTB D,
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Z ® SNP » HLA-B*5701 L ZE&#HEH L TWwWbH =
&R HE L2, Singer 5 1% 1123 Ad COX2 &
W HPEL 3 lumiracoxib &5 HIC X 5 FFEED
GWAS 2 X » T, MHC class II #Ei8® SNP & T
BEOMICAELBENELRD, "Tuy il TE
¥ @ % %, HLA-DRBI*1501-HLA-DQBT*0602-
HLA-DRB5*0101-HLA-DQA1*0102 234 &\ B #
THENTOAIAL T ThHolzbWMELTWAEY, Lu-
cena H 1 33— v X A 733 A2 X % amoxicillin
DOIFFEE B3 5 GWAS T, MHC #18 » SNP
(rs9274407) HFEAEFPEEICBEL, < SNP
\Z HLA-DRB1*1501-DQB1*0602 ® % 7 SNP T &
5 1s3135388 L HEEH L TWAB I &2 HRL ¥
(Table 5).

XI GWASEWICH T2 FEREMESIC

2LT

YAYE Y TT VA OWRHEGE Ty bR
@%%ﬁ%&&ﬂ;of&46>7@ﬁﬁ@&w

FIIEH L, EBEOBEFRSMAD» O OTEHED 4
U955, Bhas Ao rsyroud—nrsy
P74 — ARITIIAENL D RBELRL TV, XD
FHELZERZE 572D 1213 KT % 2 Hardy-
Weinberg FH L DTN EI2X o THER % 3
B (quality control check) T AZ LIZEETH
L, SH IR r—REaryha—WwH IV E 7
VELRIBETARELT, Tyt HOBREN
BN (BT A REME 2R 2 & ) ALK
BERINTVE, FREVEROHIEA S~
TN ENET LAY, EREELOEE L
WY 272 DIEHBHLr—A - a2y ba— )V
CEIETH Y7 7Lz, HsBI B RENT
LTHTHEELAZIEZI DI, avybe—Hyr
TN (F7—%) O - EE LS EFE R
LEDRL ELFPNTVELEIETHEH, Ind
EFEEARL 7Ty b7+ —2HOBRECL -
THOBERZEL2TMREDH57-010FF%
%-ﬁ—é%) .

IR ENTZ Y IV ERETFA ~ O
RATIC X o CRIEHE SN EICHERE2ET 5
BIETZETH HI2H 25 b 5 7 replication
study X B LI WERED12E LT, ©

win-

(11)
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ner's curse (BB OW)" &\ o) BEERITS
NTW5BY. ZOFEEIL, & OB EFTTIEHR
BB 2EBEZHESNP 04 v Ak oz
77 M A XOHEMBIIFRS NBEAP D
D, ZDZ EALIELIE replication study DOHFZE
FHFAL VBB THEYF VTV A X2 bkl R
?ﬁ b o, ZoOEL LT rreplication study Dk

W ET AWMHRENRHL LI DTH L.
bJﬁH:UJ0)1ﬁzb‘ﬁ¥1‘ﬁ%f¢T®E§ﬁﬁ¥Tﬁ’f§0)xﬂ%
PHERLZEXE Foxrvxr MY XEEER
BN TN,

2 RFHRBICH T 5 GWAS OB 35 1 Fel A
1%, common disease common variant {RF™ 123
DVWTWw5, GWAS 3L HFHRBOEEWE
HOFEHEEE LTEHMEREICRER SN, 2R
FHREDOBEERRDOBEHIERT H b D LR
WCHIfF sz, Lo L, S OFEHEEFFER
SNTEEBHEROMBHIER L/ Ebh bk
B RHAIBWTE 2, BRI -EHEET
2o TLTHHPI N BEMNERD L
—EOALDPHBEEINWE W) ZENHEER
TWwh. 72& 213 Allen 513, HBEIWCHETA3-0
DCGWASORISHAAND A Z T F ) v ADHK
3, 160 HOBEERT 2 L7228 o2k
THHAL I 2D BE I N L EEMED 20% D H
THo 72", %72 Barrett 51, Crohnim®d 32

D GWASHI 800 AD A ¥ TFH Yy RIZLD,
B 11 OBERIR T OFBMER L B 21 B
HEETORRZ LY, 2hd 2 EETES
HRTEHEUED20% ZHHTEL2DOATH -
72%. oo Rt common SNP % H w7z
GWAS BN D% S A DD o TR VEER
BERAPLDVBRoTVWALAIEZRELTBY, &
LT “missing heritability (kb 7-#EEH)"
I, ZOREIZOWTORERMEZ I T
5L AHTHAHA, rare variant (7 VIVEHED
> SNP) 4% ! (copy number variation),
BIZTHAHEIER (epistasis), BT HEMH
HAYERM, DNAXF LR R b VB8 % &,
epigenetic ZFHEE 2 OB E LTS
Fontws
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kD GWAS IHi\ CHEMLE A N2 2 2 &
TR Z M EZE5R APV O2PfThITw
. AITFV I RIBEROLET VA EHAET
AIODWMELINTHETHAHD, ThErEBD
GWASOTF—Z I ZHEH L THRAT A2 & T
NEED B EDURETY, BICBEEBTIIB W
TIELERLTETWS. 51213 # % ® SNP
v ML T#HHTT % gene set analysis b #F%E
ENTBY, EDFLHLILTRENLENS
BHLREAOR EL BIETHDTH S, path-
way analysis bZFD1DEALRTIENTEXS
P, THHIEHHREOMEREFIIE DR
FIZEBRL TV ATRBEIBVTHAH) L IR
FICEDSVWTWVS., TR0 ERFRMEEIEH
X7 AT7A4 FICRET A HELMEI AT
5.
¥ &EH

common SNP ZHW/=7 VLA FvFICLbHH
HIRATIC X 5 HBFENY 72 55 BB B B AR F IR ZE O e
WD, BREERGHREEF~ —h —RaI%E
=2y MR ENTWE—FT, ZhITO
GWASIZ X 2R T EEEEDO —EAFHHTE
TWABIZHEZWZ EbbhoTE SH%ER
ERRMOMEEZINEL 9 5 HEFEA~DLITH
77O —=FI2LoT, RAMOBEHY A7 DEH
% BRHICO RN o T Z eI RS.

AE SN B 2 EH OFILEH K
‘&L

X ®
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OBJECTIVES:  Direct-acting antiviral agents (DAAs) against hepatitis C virus (HCV) have recently been developed
and are ultimately hoped to replace interferon-based therapy. However, DAA monotherapy results

in rapid emergence of resistant strains and DAAs must be used in combinations that present a high
genetic barrier to resistance, although viral kinetics of multidrug-resistant strains remain poorly
characterized. The aim of this study is to track the emergence and fitness of resistance using

combinations of telaprevir and NS5A or NS5B inhibitors with genotype 1b clones.

METHODS: HCV-infected chimeric mice were treated with DAAs, and resistance was monitored using direct and

ultra-deep sequencing.

RESULTS: Combination therapy with telaprevir and BMS-788329 (NS5A inhibitor) reduced serum HCV RNA
to undetectable levels. The presence of an NS3-V36A telaprevir resistance mutation resulted in
poor response to telaprevir monotherapy but showed significant HCV reduction when telaprevir was
combined with BMS-788329. However, a BMS-788329-resistant strain emerged at low frequency.
Infection with a BMS-788329-resistant NS5A-L31V mutation rapidly resulted in gain of an
additional NS5A-Y93A mutation that conferred telaprevir resistance during combination therapy.
Infection with dual NS5AL31V/NS5AY93H mutations resulted in poor response to combination
therapy and development of telaprevir resistance. Although HCV RNA became undetectable soon
after the beginning of combination therapy with BMS-788329 and BMS-821095 (NS5B inhibitor),
rebound with emergence of resistance against all three drugs occurred. Triple resistance also
occurred following infection with the NS3V36A/NS5AL31V/NS5AY93H triple mutation.

CONCLUSIONS: Resistant strains easily develop from cloned virus strains. Sequential use of DAAs should be avoided

to prevent emergence of multidrug-resistant strains.

SUPPLEMENTARY MATERIAL is linked to the online version of the paper at http://www.nature.com/ajg
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INTRODUCTION

According te the 2012 World Health Organization report, approx-
imately 150 million individuals are chronically infected with hep-
atitis C virus (HCV) worldwide (1). Chronic HCV infection leads
to chronic hepatitis, liver cirrhosis, liver failure, and hepatocel-
lular carcinoma (1). Recently, two direct-acting antiviral agents
(DAAs), telaprevir and boceprevir, have been approved for use
in daily clinical practice to treat patients chronically infected

with HCV genotype 1 (2-9). Triple therapy with peg-interferon,
ribavirin, and either telaprevir or boceprevir has been reported to
be the most effective approved treatment so far, with an eradica-
tion rate of 50 to 70%, compared with no >50% for combination
therapy with peg-interferon and ribavirin alone (2-9). However,
triple therapy is approved only for genotype 1, and many treated
patients experience severe side effects that often result in early
termination of the therapy (2-9). In an effort to establish safer
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and more effective therapies, a number of new DAAs are in devel-
opment, and several have reached the clinical trial stage (10-12).

One of the two available drugs, telaprevir, has been approved
in the United States, Canada, the Europe Union, and some Far
East countries. Although telaprevir, a potent NS3/4A protease
inhibitor, shows excellent antiviral activity, single use of the drug
results in rapid emergence of resistant mutants (13-16). Twelve
weeks of monotherapy with telaprevir resulted in a marked
reduction of HCV RNA (16), and HCV RNA became undetectable
in the serum in 3 of 10 treated patients (16). However, emergence
of resistant mutants caused viral breakthrough and reappearance
of the virus. To date, only one patient who showed a sustained
virological response has been reported (16-18).

To avoid the emergence of resistance, combinations of DA As tar-
geting different viral protein with or without ribavirin have been
investigated (19-22). We previously showed in animal experiments
that HCV can be eradicated by only 4 weeks of combination therapy
with telaprevir and NS5B inhibitor MKO0608 (19). More recently,
the combination of the NS3 protease inhibitor asunaprevir with the
NS5A inhibitor daclatasvir was shown to eradicate the virus success-
fully in patients with genotype 1b (21,22). This interferon-free regi-
men has been reported to be more tolerable with few severe adverse
events. Only some patients developed an elevation of transaminases
and hyperbilirubinemia, probably due to the side effects of asunapre-
vir, which selectively accumulates in the liver with liver vs. plasma
ratios ranging from 40-fold to 359-fold in several animal species
(23). It has been reported that daclatasvir is effective even with very
small doses and that the drug is excreted from the kidneys, suggest-
ing that the liver damage seen in the combination therapy is not
due to daclatasvir (22). As a significant portion of patients with
HCV infection have already developed advanced liver diseases, the
risk of coercing further liver damage should be minimized. Although
it has been reported that telaprevir affects both liver and kidney
transporters (24), no significant liver damage by telaprevir has been
reported so far. This suggests that telaprevir is a good candidate for
a future oral DAA combination therapy with daclatasvir.

We investigated in this study the effect of BMS-788329, a close
analog of daclatasvir and telaprevir combination therapy against
HCV genotypes 1b using a human hepatocyte chimeric mouse
infection model. We also assessed how existing variants with resist-
ant features affect response to DAA combination therapy. Further-
more, we investigated the possibility of multiple drug-resistant
mutants using the combination of BMS-788329 and polymerase
inhibitor BMS-821095. Our results showed that a mutant strain
resistant against all three drugs emerges from clonal infection
after sequential therapy with these drugs. Therefore, our results
advocate for simultaneous DAA combination therapy, and we note
the importance of resistance analysis and drug selection before
therapy in order to successfully eradicate the virus.

METHODS

Animals

Generation of the uPA+/+/SCID+/+ mice and transplan-
tation of human hepatocytes were performed as described

© 2013 by the American College of Gastroenterology
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previously (25). All mice were transplanted with frozen human
hepatocytes obtained from the same donor. Animal protocols were
approvedbyandperformedinaccordancewiththeguidelinesofthe
local committee for animal experiments. Mice received humane
care. Infection, extraction of serum samples, and killing were
performed under ether anesthesia. Mice were inoculated intra-
venously with HCV-positive human serum samples and used
for evaluation of drugs as reported previously (26,27). Mice
were also prepared by injection of genotype 1b clone HCV-
KT9 HCV RNA and its synthesized derivatives into the livers of
chimeric mice (28).

Reagents

HCV-infected mice were perorally administered telaprevir based
on 200 mg/kg body weight of (VX950; MP424; Mitsubishi Tanabe
Pharma, Osaka, Japan), 10mg/kg body weight of BMS-788329
(NS5A inhibitor), and 100mg/kg body weight of BMS-821095
(NS5B inhibitor) (Bristol-Myers Squibb, New York, NY). These
reagent doses were found to yield serum concentrations equiva-
lent to those in treated human patients.

Human serum samples

Human serum samples containing a high titer of genotype 1b
HCV (2.2.x10°-107 copies/ml) were obtained from patients with
chronic hepatitis C after obtaining written informed consent.
Aliquots of serum were stored in liquid nitrogen until use. The
study protocol involving human subjects conformed to the ethical
guidelines of the 1975 Declaration of Helsinki and was approved
by the institutional review committee.

Construction of mutant HCV strains and HCV RNA synthesis
We have previously reported infectious genotype 1b HCV clone
HCV-KT9, which is able to replicate in human hepatocyte chi-
meric mice (27) (GenBank accession no. AB435162). HCV-KT9
mutants (V36A in NS3, L31V and Y93H in NS5A) were gener-
ated by site-directed mutagenesis using following primers: V36A
in NS3, 5-AGGTTCAAATAGCCTCCACCGCAACA-3’ (sense)
and 5-TGTTGCGGTGGAGGCTATTTGAACCT-3’ (antisense);
L31V in NS54A, 5-TCCAAACTCCTGCCGCGGGTACCGGGA
GTCCCTTT-3 (sense) and 5-AAAGGGACTCCCGGTACCCG
CGGCAGGAGTTTGGA-3" (antisense); and Y93H in NS5A,
5"-AACATTCCCCATCAACGCACACACCACGGGCCCCTG
CACA-3’ (sense) and 5-TGTGCAGGGGCCCGTGGTGTGTGC
GTTGATGGGGAATGTT-3" (antisense). HCV RNA synthesis
was performed as described previously (26,29). The RNA was
analyzed using denaturing agarose gel electrophoresis and stored
at —80°C until use.

RNA extraction and HCV RNA quantification

RNA was extracted from mouse serum samples using Sepa Gene
RV-R (Sankojunyaku, Tokyo, Japan), dissolved in RNase-free
water, and reverse transcribed using a random primer (Takara
Bio, Shiga, Japan) and M-MLV reverse transcriptase (Rever-
Tra Ace, Toyobo, Osaka, Japan) in a 20l reaction mixture
according to the instructions provided by the manufacturer.
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Figure 1. Effect of telaprevir plus NS5A inhibitor combination therapy for human hepatocyte chimeric mice infected with HCV genotype 1b.

We established mice infected with serum from two different patients with genotype 1b and administrated 200 mg/kg (mouse body weight) of telaprevir
and 10mg/kg (mouse body weight) of BMS-788329 (NS5A inhibitor). (a) Viral breakthrough occurred in one mouse infected with serum from the first
patient. (b) Viral relapse occurred 5 weeks following the end of therapy in both mice infected with serum from the second patient. HCV, hepatitis C virus.

One microliter of complementary DNA were subjected to
quantification of HCV RNA using 7300 Real-Time PCR System
(Life Technologies, Carlsbad, CA) (27).

Ultra-deep sequencing

We amplified 200-300-bp HCV complementary DNA fragments
using KOD DNA Polymerase by nested PCR using the following
primers: NS3 first set, 5-CTGCATCATCACTAGCCTTACG-3’
(sense) and 5-GAGCACCTTGTACCCTTGGGC-3’ (antisense);
NS5A first set, 5-ACTACGTGCCTGAGAGCGACG-3’ (sense)
and 5’-CCAACCAGGTACTGATTGAGC-3" (antisense); NS3
aa36, 5'-AG AACCAGGTCGAGGGAGAGG-3’ (sense) and 5"-A
AGTAGAGEGTCCGAGCTGCCG-3' (antisense); NS3 aal55-156,
5-GGGCACGTTGTGGGCATCTTC-3" (sense) and 5'-GAGCA
CCTTGTACCCTTGGGC-3’ (antisense); NS5A aa3l, 5-TGGCT
CCAGTCCAAACTCCTG-3 (sense) and 5-GGGAATGTTCCA
TGCCACGTG-3" (antisense); NS5A aa93, 5-TGGAACATTCC
CCATCAACGC-3" (sense) and 5'-CCAACCAGGTACTGATTG
AGC-3' (antisense) and then we performed end repair of frag-
mented DN A, adenine tailing of end repair, adaptor ligation,
and PCR enrichment of adaptor-ligated DNA using TruSeq
DNA Sample Preparation Kit (Illumina, San Diego, CA) accord-
ing to the instructions provided by the manufacturer. Paired-end
sequencing with multiplexed tags was carried out using Illumina
Genome Analyzer IIx.

Direct sequencing

To compare the results of direct and ultra-deep sequencing,
we performxed direct sequencing using the same DNA frag-
ments as ultra-deep sequencing. The primers for NS5B were as
follows: NS!5B first set, 5'-CGTCTGCTGCTCAATGTCCTAC-3’
(sense) and 5-GTCATGCGGCTCACGGACCT-3" (antisense);
NS5B second set, 5'-GACTCAACGGTCACTGAGAG-3 (sense)
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and 5-CCTATTGGCCTGGAGTGTTT-3 (antisense). Direct
sequencing was carried out using a 3130 Genetic Analyzer (Life
Technologies).

RESULTS

Effect of telaprevir plus NS5A inhibitor combination therapy
for human hepatocyte chimeric mice infected with HCV
genotype 1b

We inoculated six human hepatocyte chimeric mice with
serum samples obtained from two patients with genotype 1b.
After HCV RNA levels reached plateau, mice were adminis-
trated 200mg/kg of telaprevir and 10mg/kg of BMS-788329
(NS5A inhibitor) for 4 weeks (Figure 1). HCV RNA levels of
three out of the four mice with serum from patient 1 decreased
below the limit of detection (1.0x10°copies/ml). HCV RNA
levels of the fourth mouse flared up before the end of therapy
(viral breakthrough), and HCV RNA levels rapidly returned to
pre-treatment levels following the end of therapy (Figure 1a).
In the two mice inoculated with serum from patient 2, HCV
levels remained negative for 4 weeks after drug withdrawal in
both mice and then gradually increased to 1.0x10° copies/ml
(Figure 1b). These results indicate that telaprevir plus NS5A
inhibitor combination therapy at the above dose is effective
against HCV genotype 1b (Figure 1a,b).

Combination treatment with telaprevir and BMS-788329 in
human hepatocyte chimeric mice infected with an HCV clone
containing NS3 V36A telaprevir resistance mutation

We established clonal infection with a telaprevir-resistant NS3
V36A mutant KT-9 strain in two human hepatocyte chimeric
mice. Mice were treated with telaprevir alone for the first 2
weeks to confirm resistance and then treated with telaprevir plus
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