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B 7rdolA v Ry X gwkga)
obE Stk MRP4 A A the A ko] A

A7 2 B AW 10 o7
o F4 Ul ol @
]:

2 A= &) A E 7ER] A
93] k. okAl WA wlolel o] AN LYY Fa1 A A A
SRS 47] g Adq Fer|zts A ¢ glorn, Ao
7= AR A Fo] E-33to] HBV-DNAZF 4 ¥ A EAY oA
AE7F mlekgt Azt e A Folth. o|gA FAte] wmE
AEREY S 2710 dSsr] Hsl ofd 7R A A
EE AFESIAIRE 1 o ST) ol AA| dAfelA F&Adol A
. wEtd B dSEUt 28 A RE 27| Y8 blolelx,
A Y sFa00s gges g dAFEe] HiuxHa Yok, 2y
ol 72 819 sl GFErF B ALY 7H A=k} o] 7
gk A 5REG-o] T o] AdE o 9lt7<]°ﬂ et A= gl
= AT FEFEDUR RP4 FAA el EAshE dd9r] o
& A (single nucleotide polymorphism, SNP) ¥} 5+ B 7+ st
At Al epr| R X g50kg-o] gk o] dEEo] eA Polr

1P e 7=

g 2 By - g Rd Fo 3 48F o) F3 e 2104
S e R, YAAEE FFHoR ZASIG A, Had
o7 XMA=E SNPo thgt genotypingS A 536‘}9} . o]

TFoA gl A WA E MRP4 497 SN = haplotype-tagging
SNP& AAst= #Hel wet 12 A& A é}oﬂ‘ﬂ} dujA &
212 haploview program=- ©]-&3}%t}.

aﬂ} g BY ZtgelA] emRd e g% XLELHJ?% z7] 0
d=g £ e Tk 24F HBV-DNA 7o)X= MRP4 promoter
Holo] -2055 C>A (p = 0.025), 3'UIR #¢ 4672 AG (p=0.016)
g #do] glom, olg A¢H LD blocko] MRP4 G-A Aol &
ASFATH p = 0.0287). HBV-DNA B2 <ol Al -2055 C>AS] AA
A3 (odds ratio, OR, 4.535; 95% confidence interval, CI,
1.51-13.61; p = 0.007)3} 4672 A>GS] AA A (0R, 4.98; CI,
1.78-13.89; p=0.002)¢] A&= AT}, MRP4 4672 A>GS] G allele



& Ay F7)9 mpolyxa E9dAz Aol ddod(p
0.0091), MRP4 -2055 C>AE #7] AR&HE 458 F 2
HBeAg B 422 E Aol UAT(OR, 4.29; CI, 1.27-14.56; p
=0.019). A& : MRP4 promoter 92 -2055C>A¢}t 3'UTR H<
4672A>GE SRR U FF 245 & HBV-DNA A ojH-9F s o]
R, FoF Ao FFZ AgqgHES dFe £ JdS Aoz A7

At

s = 2 v BY

u - SNP, MRP4

e

= o
@, Belnd, ARug, FRFED
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W BE zhdel A ghulpd X 2akgat
k2 ok MRP4 FAAF thEAd ko] A

1.4 &

w4 BY rde] Amol Qo] B8 Fubole 2] Fore] F7b
i itk o= BEH GFS ABAA HFWFOE A9 it o
Hus A2 duen 2% 4TS FMIAGE 2747 895
$17] wlolch. w4 BY 4@l AR 9ol AT Fupole) 247t
EEARe stelEetlon AAHET AvE golswAl, g W
A AgHoz Azel ASAAR FriolH zAlel gulnae] 57
e Az BT Qe Fastth ot do Az B T
opstra RElsA | dEe FRsEd 2ae AL 27 gl

R

FAHLAFIE FAAIQL g E-d (Lamivudine,  (-)-B-
dideoxy-3'-thiacytidine, 3TC)2 B¥ 7+ wlolg2=2] I HA
of BAHoz Zgsto] wlolgx FAL AT A 10
gutolel 2~ g9 FAA JdAd grFEdE dA 2 A
FA35 k. oA U4 dloly o] MANIETE Fa1 X EHH]] A
S-S A7) g3k F4ds 5|k AT F glow, AFol7lE 3§t
AWk A 5ol E-§3te] HBV-DNAZF &7 S A @AY A =7t vk
3 AA7F duks Aotk mE glujide] A5 A olF A x|
of e} thFEARH Y 1), T A e T 27| dozof 9
73 A7F oJu@A JaqE A A S537] ofHol, wEbs Ao mE X
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Breakthrough
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HBV DNA S8

Y| & YMDD mutant
B

- S0 ig i cl‘ﬂ- e Non Fig 1. The variability of
o =

Igga_ﬁ_} response treatment response to
lamivudine in chronic
y o RNEZEE  hepatitis B,
Sustained Recurrence
response

Tz, 8% HBV-
A3 Eg)A o)Ak 107 o
nRdo] Ag5ukeS HHEsA S35

o] o]&A theFat AL ufolgix Q9 &

0 SOl HEFHoR FHoJsy] wrgoE Ayztdr).

Wetd woh dEEot ¥ ARE 27 A8 welels, 84 2 %
2012 PO F AFEe] nusm Yok U T bR
78009 Sl FEEE D Ao AAA ARNSY thRy

o] A#AF =R ek AF= gl

kRl e 22 7] -0 wel =4 ATP binding cassette (ABC)
transporter®} solute carrier (SCL) superfamily?] 2 7}A] 3o =
FF3t}. ABC transportero]+ multidrug resistant gene /P-glycopr
otein (MDR), multidrug resistance associated protein (MRP), breast
cancer resistance protein (BCRP) &©] &3&}ar, SCL transporter®] &
organic anion transporter (OAT), organic cation transporter (OCT),
concentrative nucleoside transporter (CNT), equibrative nucleoside

transporter (ENT) &©] t}h o]y st thfst FErFaHe F/ol



we} substrateo] Wk AstEr} trEn, wak 2o wel vy
AE7E Aolsitt. mEk EA SE9 AW FExY WEE
ARG = BAHAA Fo3 9T st k! ABC transporter &
MRP: cyclic nucleotide®} nucleotide analogue?] ko] o sl=
Aoz &elA dom, MRP4°] wd ¥ guto]e] ~AQl adeforvir,
zidovudine®] A|XE9] HWtEo] A@AHo|gEo] B ?
grjEde] A EY 7% 2 BHE Ado] e dEFSEHo
e e 7)sol ¥ErE AgE, e Ede] 5 w27 4A6H
A FAETL e FAZUYAME 4 w55 FAA X & A
olar, wepA vlolg 2 AT o7t ==
S YA} wpz7HA R gul R o] ¢kEa i, = HBV vlo|H 2 AAA
j s
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1. 94

20013 1955 2005 8E7FA] AAstw METE~ HAdy At
Ho| WEsle] vHd BY 1 AR For Judnke IAxE F
HBV-DNA X7} 10° copies/mL ©o]F o2 grlEd Fo & 485F o]

F4 #ge fAE dFoR sigirh. 20T oA mRASIE do
T DN F2o] 7heaald 21041 dger $FA 948 24}
oF 4= SNPel thgh genotypings A3 st

2. Wy

7F. A Fo € Ad3F

g RS mi Y 100 mg¥ 48F ol Folstglon, #id Fo
7 &% HBV-DNA, HBsAg, HBeAg, anti-HBs, anti-HBe, ALTE Fx3sksk 7t
715 AA, TREEEA A E i 58 =AY, = FoF
< Aol wep Aoldigltt. B d Fo ¥ 2—37Hé e Rl
HBeAg, anti-HBe, 77155 7AAHAST, ALT, ALP, & W& 5)& v
SA30 A, HBBV-DNAw 370, 671 (o5 67049 7H4) 11402 54
stAA 12718 ol F4 #AFSqIth. €% HBeAg, anti-HBe HAME
HhALH 9 (RIA) (Dade Behring, Malburg, Germany) .2, @7 HBV-DNA
o] AL hybrid capture I1 ¥ (Digene, Diagnoitic Inc, Beltsville,
MD, USA. #ZE 3A= 0.5 pg/ml, 1.4 x 10° copies/mL) &2 A8
. A8 @yt Hrhe FoF 245 3 HBV-DNAZF hybrid capture 11
Mol AZ A< 0.5 pg/ml (1.4 x 10° copies/mL)H|"rel A2
HBV-DNA &-do 2 3}9it). Viral breakthroughh dgrEd 5 &
HBV-DNA =17} 0.5 pg/mL W] “POE ZA1E A7 Al 0.5 pg/mL ©]
Ao R FUtete AR Ao, I B AVl ok 2 A8
27 7bel wet theksgitt. 7]34 ATZAE B rEd Asd
o F&gFE F= QA 9oz BuFHdd AFE AFY o
ALT, HBV-DNA 3], A 5 TRt S5 ZAfste] o o4

ol &-3t3ict.

o

1}. MRP4 Genotyping® haplotype ¥4

o] Ao A Al DGGE (denaturant gradient gel electrophoresis),
TDGS (two-dimensional gene scanning) 2 DNA sequencing W}H o & 3k
Aol Al wAH MRP4 4970 SNP 5 12708 AAsAcE A4 WS 2



AWM E7E sk=rQlo) A 5% o], nonsynonymous SNP, intronol] =] 3h
SNP 5 mRNAQ] splicingd] W3IE =T 7FsAdo] 2 o=z o
5= SNP, A% A#ETE @Al A= LD block WolA & HAgHe]
NP AEsitte &S adste] dAsr.

A E SNPol &l 4] primer extension 2] € F<2l SNapShot Kit
£ o] &3t tdexte] dAogRE FE3 DNAE E4 5] F39
(genotype)= AT, dujAlEd FAolA&= EM (Expectation
Maximization) algorithm= ©]-&3} haploview program < ©]83}o]
A2 & 7}53F haplotype & EAtt.

o. 34 4

g Fde]  Azmwkgo] 9L HA= SNPE Zolr] 93l
Fisher's exact test®} chi-square testE A PsFRTE. 1811 v 2
g FA A FAHOZ on A Y2 SNPo] tisiA] AE A
Ao HBV-DNA, ALT, do], A4 2 T3S L sl oMz 27
2~8l 3] AE A (binary logistic regression test)< Al3Jalodct. p 7t
o] 0.05 F|RQI A-E Folsttt AAs L TA Age d=%&
SA T2 1A(SPSS, Version 11, Chicago, IL, USA)S o]&3}9it}.



m. 2 3

1. 38R 943 53

A3z &= 2109 F 927} 1609, HBeAg FA3 Q1 A-7F 176 &
2 ottt JF Febr| 7 31/Y o)l FeF Al HBV-DNA Txu
HaL 3.75 x 10° copies/mL, ALTO] L 218 TU/L °)YTH(E 1

Table 1. Baseline characteristics of the patients

Characteristics N = 210 (range)
Age (years) 43.8 ( 21 - 68 )
Gender (M:F) 160 : 50

ALT (IU/L) 218 ( 14 - 889)
HBV-DNA (copies/mL)”" 3.75 x 10°

HBeAg (+ : - ) 176 : 24

Duration of treatment (month) 31.9 ( 8 - 85 )

* Mean

2. WRP4 $34 BAQ] TIPS T2 B WE

21078 ¢ thAFsk}oll A MRP4 SNP 12700l thalo] genotypingS A A&k
% Haploview 3.32 T2 13L& o]&3lo] 1271¢] MRP4 SNPol| tislo] s}
t)-¢}el 1 H (Hardy-Weinberg equilibrium) FHAF2} minor allele
frequencys AlAFelth. 1271 2% Hardy-Weinberg equilibrium <
WA, W= 0.05 o]ske] SNPE $IATH(E 2). Promoter -9
-2055C>A%} -1985InsA AFolell 743k LD blocke] #&E a1, 1VS-35G/A,
K304N 2 $323Sel = LD blocko]l AATHZH 2).

Table 2. Hardy-Weinberg equilibrium & minor allele frequency of the
Candldate SNPs of MRP4

Mame Position ObsHET | PredHET | Hwpuyal %Geno FamTrio | MendErr MAF M. A, Rating
l -2055 1 0,424 0,436 0, 8285 8.8 0 0 0,321 & =
2 |-1985ins A 70 0,352 0,471 0,0020 853 0 0 0,38 T ¥
3 [-15084/G 547 0191 0,173 0,409 853 0 0 0,096 G ¥
4 |-B42G/C 1413 0427 0,467 0,314 937 0 0 0,371 G ~
51223 938149 031 0,372 0,0577 86,3 0 0 0,247 T v
6 |IWS6-38G/A 95409 0,331 0,33 1.0 85,8 0 0 0,209 A v
7 [K304M [elsi=tEE] 0,269 0,313 01147 879 0 0 0,195 T I
g [5323s 96645 0,439 0,494 01728 90,0 0 0 0,447 & M
9 |IMS3+TT/C 108603 0.473 0,494 0.6629 879 0 0 0,445 C +
10 |IVS10-57G/4 116420 0184 0177 1.0 858 0 0 0,098 A ¥
11 [KIT1EK 240647 0.271 0,313 0,126 835 0 0 0,194 G ~
12 |46728/3 300000 0,508 0,496 0,8934 932 0 0 0,458 A =
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Fig.2 The LD measure of the A/RP4 polymorphisms in this study population. (A4)

52 21

Gene structure and positions of the 12 AKP4 polymorphisms investigated in this
study. (B) LD block & statistics for MRP4 gene. The absolute values of the D' was
provided in the plot.

3. SR Y FoF 24F HBV-DNA &3 3%} WRPA §3% THE QT
A4

7. SHRd Tk 24 F HBV-DNA &4 %9} promotor H-
-2055C>A9] AAA

g B Y Aol A gprEd FoF 2450 4] HBV-DNA &7 of -
2+ MRP4 -2055C>A2] AAAMNLE FAtsH7] Y8ll, MRP4 -2055C>A2]
genotype frequency® ZAMSH 23}, MRP4A A AF promoter -9
-2055C>A7F AA FAEQ A§ HBV-DNA Aol A 878 (44.4%),
HBV-DNA Bl S Aol e 108 (55.6%) 0.2, (C 432 6398 (75.9%),
207 (24.19%), CA FAF 2 527 (73.2%), 1978(26.8%)°] H]ato] A
HA &= 7Fsdel B E=3vh(p = 0.025, & 3).

HBV-DNA &< control2 H| A TS case® A3}o] haploview
3.32 T2 WS o] &3t A HlE(allele frequency)w &
3tls W, 7 Tt FAFSR folg AolE Hli(p=0.0214),
HBV-DNA B]SH 3} A#H thHFHdAF(associate allele)= A allele
o ATHIE 3).



Table 3. The Association of MRP4 -2055C>A and 4672A>G with the
virological response at 24 weeks

Week 24
HBV-DNA <10’ HBV-DNA >10° Total p value
(n = 155) (n = 55)
-2055C>A
cC 63 (75.9) 20 (24.1) 83
CA 52 (73.2) 19 (26.8) 71 0.025
AA 8 (44.4) 10 (55.6) 18
A allele 0.28 0.41 0.0214
46720>G
AA 22 (56.4) 17 (43.6) 39
AG 73 (76.0) 93 (24.0) 96 0.016
GG 42 (82.4) 9 (17.6) 51
A allele 0.42 0.58 0.003

NOTE. The frequencies of genotypes are indicated in absolute values and
percentages in parentheses. The number of samples genotyped varies because of

genotyping failure for some individuals.

MRP4 -2055C>A TS X Z A -] HBV-DNASF ALT £, A4 2
A8 T 94edd A SPEFE Asta, FoF 245 HBV-DVA
AoAdRE FEHHATE Blo] o|¥EF ZA2H IAZAS Aldsd,
EAIH 2] HBV-DNA ]9} -2055C>A t}gAdo] FAIFo R Fofgt 4
= AT, g Ed FoF 6719 ol MRP4 -2055C>A2] AA -7
2 C HAToll Hd] HBV-DNAZF &35 A & 7FsAde] 4.5 8] A=
=SFTH(OR, 4.535; 95% CI, 1.512-13.605; p=0.007)(3E 4).

¢

Table 4. Multiple analysis for loss of HBV-DNA at 24 weeks with the
clinical factors including -2055C>A in MRP4

95.0% CI for EXP(B)

Factor p value 0Odds ratio
Lower Upper
Gender .697 1.185 .505 2.784
Age .367 1.017 .981 1.054
HBV-DNA® .019 1.672 1.087 2.574
ALT .059 .998 .996 1.000

10



AA of -2055C>A .007 4.535 1.512 13.605
Constant .013 .004

* Log scale

. guig Fok 24 F HBV-DNA €A o3¢} 3'UTR 46724G <]
Siluee:)

g B Y Aol A g Ed FoF 2450 4] HBV-DNA &7 of -
9} MRP4 4672A>G2] AR S ZA8H7] 9130, MRP4 4672A>G2] genotype
frequencys FA}gH A3}, MRP4A F-AAF 3'UTR H-9 4672A>Go] AA
AHES 2= 4971 HBV-DNA 2ol A 229 (56.4%), HBV-DNA H]2
Ao E 178 (43.6%) 0.2 e om | AG 48 2t AS= 7+
Zy 73%(76.0%), 239 (24.0%), GG FAFANM= 47 4279(82.4%), 9
H(17.62%) 0.2 Fos AFolE HATHp =0.016, & 3). FHAAH Hl
T2 248 3%S w, T #3o FAZOE {fold AolE Bl
(p=0.008), HBV-DNA H] 3} d#d NHFHAAE= A alleleo] AT
(£ 3).

MRP4 4672A>G TFEAS X ZEA A HBV-DNAS} ALT X, A4
AE o dAeH A =ywasE Aok, FoF 245 HBV-D
SHAEE FTHEHTE Sto] ojHEF EX Y IAZAS Adsd,
46720>G T Tro] BAIF o2 fFod dF QAT gujEd F
oF 6719 F-oll MRP4 4672A>Ge] AA Aol Hls] AG FH 2] 3hxjo|
] HBV-DNAZF & 4€ 7FsAl& 38(0R, 1/0.332; 95% CI, 0.14-0.79;
p=0.013), GG A Fo] +H=E 7FsAd2 4.98 8] =SoHOR, 1/0.201;
95% CI, 0.072-0.562, p=0.002)(3& 5). ThA] 3l , A\ AP S F
oF 24 Fo|E HFATOE FoldS 7HeAdol GG i Foel vEto
4,98 Wl =2 A & F AT

= g

Table 5. Multiple analysis for loss of HBV-DNA at 24 weeks with the
clinical factors including 4672A>G in MRP4

95.0% CI for EXP(B)

Factor p value Odds ratio
Lower Upper
Gender .416 .703 .300 1.644
Age .401 1.015 .980 1.051
HBV-DNA" . 180 1.312 .882 1.950
ALT .056 .998 .995 1.000

4672A0>G .006

AG of 4672A>G .013 .332 140 .790
GG of 4672A>G .002 .201 .072 .562

11



Constant 274 .115

* Log scale

o). ZuRd FoF 245 HBV-DNA S A9 MRP4 A9 <uiA
4

T BY 7+l Aol A gu) Ry FoF 2450 A HBV-DNA & o] 5
o} ¥ haplotype©] MRP4oll EAjat=AZS ZALe7] 938, MRP4 12
70 SNP2] genotype frequency= 7FA| 3L Haploview 3.32 T 2138 o]
|3to] dujAY 4L AAg 23, MRP4 F- A A2] promoter F-9
-2055C>A%F  -1985ins Alolell 7+ LD blocko]l A3, olF AA
haplotypeo] t©&Fo] Hl& HZHo] =H JhsAol  =odt}
(p=0.0287)(2% 3). 3' UTR FQ1 4672A>GeF AFt’d SNP ZFoll A
A Q73 K1116K 7ol 4o & LD blockS #al haplotype &4
S AP, D (linkage disequilibrium coefficient)3ta kA
7k AGS} AA haplotypeoll A HBV-DNA S H &A1} EA o g #2353
Aol 9rH(p=0.0147, 0.0018)(1¥ 3).

L L1 L ]
3 g B
i 2 o 5 5 £ e
2 £ 2 & 5 4 ¥ 8 & 2 2 8§
T &8 2 % E g8 g § 2 & ¢ &
Block 1 {0 kb) Block 2 {1 kb) Block 3 (59 kb)
2 7 10 1 12
Haplotype | Freq, Case, Confrol Ratios | Chi Square| p value
Haplotvpe Associations
= -Block 1 '
i CT 0388 (322 1 F3.8, 105.8 : 154.2 1.515 0.2183
A [0.328 |40.1 : 55.9, 76.6 . 183.4 a7 100287
CA 0.285 |[23.7: 723, B 1824 10,897 0.3437
E-Block 2
[ [0.455 472 1 46,5, 118.6 ¢ 165.4 2,042 0,753
Al 0.214 |16.8 ¢ 8.2, €5.0 ¢ 2149.0 .57 |0, 2098
GG 0190 [13.5 : 60.5, 58.4 : 25.6 .78z 0,782
i GGG [0.155 [17.5 ¢ 76.5, 40.5 : 243.5 1,003 03766
4G 0503 [37.1 1 BE.D, 1451 ¢ 122.9 052 |0.0147
A [0.300 [40.2 : 53.8, 68,5 ! 193.5 9771 0,008
TRA [0.188 |14.0 : 60.0, 43.6 : 724 .4 1,047 |0, 7554
- G [0.057 |27 913, 10.8 %12 0.793 |0.6015

Fig 3. MRP4 gene haplotypes distribution in the patients with or without virologic
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response at 24 weeks.
4. vlo]lE 2 EX@AT MRP4 46720G ¢ VA

g B A oAl gl REd FoF & onlolg s E3t g0l
Ak 7-9-9F MRP4  4672A>GC] AB/AEES A7l s, MRP4
4672A>G2] genotype frequencyS FAF3H A3}, MRP4 Fd#}Fe] 3' UTR
ool EAE 467205G2] AA A B} F wpolg 2 E3kd ol
et 9= 1098 (25.6%, 10/397%)oloy, ¢ HApTAE
657 (44.2%, 65/147%)o]Act. wekd  AWA EdWol=
BHTolA A 2889t p=0.043; F 6). 9o G HHvde
Ao B FoF 2450 = HBV-DNAZ} &4 2 7FsAE EShthp =
0.008; & 6).

AR Wz BEAsd FEok 243 HBV-DNA H]SAT <
HAFAAFE A alleleolaL(p = 0.008), wholez Eataddst
A NHFHAAE G alleleo] ATHp = 0.0091) (& 6).

= o

Table 6. The genotype and allele frequency of MRP4 4672A>G in the patients
with or without virological response at 24 weeks and viral breakthrough

Week 24° Viral Breakthrough”
4672A>G HBV-DNA <10° HBV-DNA >10° No Yes
(n = 137) (n = 49) (n = 111) (n = 75)
AA 22 (56.4) 17 (43.6) 29 (74.4) 10 (25.6)
G carrier 115 (78.2) 32 (21.8) 82 (55.8) 65 (44.2)
A allele 0.42 0.58 0.51 0.37
G allele 0.58 0.42 0.49 0.63

p=0.008, hp = 0.043 (p value of chi-square test in genotype frequency)
NOTE. The frequencies of genotypes are indicated in absolute values and

percentages in parentheses.
5. HBeAg 2413} MRP4 -2055 CA o] A#A

g B 7HY FAelA el R FoF & HBeAg & o F-9f MRP4
-2055C>A9] AABAS FAEZ] Ysl, MRP4 -2055C>A°] genotype
frequency® ZAgH A3, MRP4 -2055 A9 (C FAES 2= A$7)
HBeAg AT oA 419 (59.4%), H]AZTolA 2878 (40.6%) o=

13



Ueltor, CA 18-S 2+ 295 27 2578 (42.4%), 349 (57.6%),
M FAdANNE 27 59(29.4%), 1279 (70.6%) 0.2 293 o] =
BAAHp = 0.036). AR HEZ FA431%S u HBeAg A&7}
AFAE YA A= A alleleolATH(p = 0.0107). T FEA|ZMAE
HBeAgel A &d 7FsAd2 C FAFel wa]l CA F43 FxpolA]
2.379(OR, 2.37; 95% CI, 1.10-5.08; p=0.026), AA FA PG A= 44
o] E=TH(OR, 4.29; 95% CI, 1.27-14.56, p=0.019)(3E 7).

[\
¢ ol

Table 7. The Association of MRP4 -2055 C>A with the Loss of HBeAg

HBeAg®
-2055 CA Loss Persistence OR (95% CI) p value
(n =71) (n = 74)
cC 41 (59.4) 28 (40.6) Reference
CA 25 (42.4) 34 (57.6) 2.37(1.10-5.08) 0.026
AA 5 (29.4) 12 (70.6) 4.29(1.27-14.56) 0.019
A allele 0.26 0.40 0.0107

?p = 0.036 (p value of chi-square test in genotype frequency)

NOTE. The frequencies of genotypes are indicated in absolute values and
percentages in parentheses. All ORs and P values are adjusted for age, gender,
initial HBV-DNA and ALT, and duration of treatment.

v. z

R

FA7 WHolo] wah Jie] Ao gk Aol ool gt
o AREH AANHL FAFo gt}

3ol tEte Mde

o] o] FofolA AZE Fol Aoitd AW FEE FERSI
ddd FAARolE gAsta, HIsta, I AIdE Y=
M2 WHI EFE0 EYFEATtE Aotk =, tiFEo
Aoyt FENRSS T FH™9 add FdAacle] <3
FAHAY JF 2= EFIA dAAld, ol tdd 29
A8t Aol FAAT g iz shsaiz. AFAA
A7 Lol slEsEAIL, 7 Aol Y A= tFe] FAawo]gol
AMEA TF2HA S, HapMap project®] 231 haplotype map©]
FMEEA QA FAA FZo g ols|7} Zdojxa A gk
Aol FolsfAHT”. LI Aol Hld] T fFAY BHES
Agsta A&EsHA FEE 5 Ade HAPgEol MEEHANL, 5F

14



THAAAe} ZFHel AdAAAHE "eled =& T F A
WhHol JEEI ol Z2IOES softwares AT T A
ook, 7 Aol genotyping & WHFLE & & AU SNapShot
assay, SHAHAAE AAAY FHAE 2L AuHiAIE EA49
AFEEE EAI8 A Wyl 2 haploview TR 52 o]EA)
FAAGGA A EET EHS  whHoe=m =3 AEAHHT
(bioinformatics) o2 &F3l7]1% 3},

HZ N mE FEREEe] o FHE 8l ARl
gt #o] Zolxa rt. diFEe] FE2 A o Eojed
(absorption), *3¥(distribution), WAF(metabolism) =
(excretion)®] 4 TAI(ADME)E AXHA AA o] o] &Hr}, o
#AAst= Aol FEFTEA, o|2F=2, FEUAIAL H FEF
Folth. o] F & Aok dYEste dErsdUgt s
Aol o e 714 F/Y FHEEMo] SAsE. o] gt &
Somo] JAAY F/mAdS G9ste 7ol x4 /M EEH 7]
#o] Ao Wy = oy s AHLE met 5 & okEdt
e 2 FHgo] Zxto] met IA =2 A YERE FHolth. A
2 gl wtd s AAste A Wolrt FEERSO] JIJAAE
A FEsle Aoz B,

TR AEF 3ol @717 Mold g (SN E 3174 8119]
FERES o] ZolE YEMIE WA F shuolth. Izt AVIANES
bt

D ofy &L
oo o2l = oo
HN Lo

[e)
g A3} SNpo] oF 290 bp B st AR EAlte Ao FA
g, dA7A 1200 TR o] AL JATH. o] F SNPE T3]
OFE F&A, grAlaEr 2 FEENE codingdle FAAE EA)
ste=d, 2%FE% 2 (pharmacokinitecs)¥ 2F%E 9% (pharmacodynamics)
of J&& mA 7FsAdo]l =ol GFEFHAE FokollA] FoA HA
AT HAAZ IH NP2 ¢kE adto] Z WHEE YelE o= <

B Erimo 287 Ho] wEl A ABC transporter®t SCL
superfamily?] 2 714 Fg oz EFITH Y ABC transporters <%
FFo] a3k oA E ATP hydrolysis IAES T3 AAFHo= A
2Fshi= WEH | SCL transporteri= A|EW 9} o) Fo] EA18l= o] 9]
W3t = cotransport WA O R FES F53kt}h. ABC transporter
2 BEHFHE FEFEFEUODR, MRP, BCRP 5)& Atiidgoz Zu
(150-200 kDa), ™+ 2 7§2] ATP binding domaing 7FAaL AT}, SCL
transporter2 Ww{ ¥ © SETSFTM(0AT, OCT, CNT, ENT 5)< 12
702] putative membrane-spanning domaing ¥ 3st= AR FERE
ZFA 3L 9l ol ek theFel oFESEHFTMS FiFol wEl substrate
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oF5SH(pharmacokinetics) 29¢lo] g&g H=t}. &9
AAst= sy go=zE Y dES A=
}‘43} GES FFotn wiAdstEdH #Aste I A
Ad FEFFTIHo|tt, o] F7E 13|

s /\P%}fi %%#%%H“% 3k A% 9ol ZF, lymphocyte,
gonad—, placenta—, brain-blood barriero| = £2]38}7]o] oA =7]7}
OFE 28 HIQA Aeoe, dEe dF vL7F 2o syes &
|59 Aol EFEFTEWel ity AHxof mep ENSS gEbd
T YdrteE Holth.? g Rdz e pucleoside analog-reverse
trnascripases inhibitor (NRTI)A|A|2] oF&E wh$-& HAY o] oFE&F
E W= 34 AXE ol triphosphate anabolite HEjZE —’—Zﬂo}L
okFo] T v AAAo] A}, AksdE FES FEFIUIL FF
st Qe o] JNEEHA, AAZ AIDS $AFe] xR 3l
(peripheral blood mononuclear cell)S 7FAal SAHE siHTH, A¥E
W 2439 NRTI 558 ZAAS= coefficients of variation < 50%
ooz HIFHUA R ®F gxjo] we} Ayt dws] Atk A
St HuEX bV o}y 7A] o]y d AUt YdHoew A
Q3= & 7 AN olgg Ao Tdde dEgE @
oste et Aztdct. AR A es TxFA Gt of
NELE gz MEY dE5EsE SAHSE 31L& o9

ML B oo ot
o} o) iﬁ gl
O, i _17‘,

9k bt rD R o
A&H“

FAAE Beh e A et 4ot
o] F RIS AHe] A FIFE PH F T8 O
AR RO AAAG FRLEBU B FA
we s g g G gl

o

rir 2 4 o
N

o o i@ ot
e 1o T

(% |o
olo ffll o2l A
o [f mo U wiot (12
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o
i
rlr
o
R
o

A .

oA diAtE e AR WHEH] die] FEEme &
Aoforat MEuks Fiste] AME wrog Uz g lomn ) o

s A4S < 4%3}= ABC transporter”}
o QA A GES wWEsie HEF
MDRo] lom o]E2 o= gl ol oFEAFo 7)ol
A3 & ool Y54 HIE st AR Wol wEv)
o7 dAFY FEFAA AT =Ho] Ha Yot
=

42l ABC transporterol+=

o
sl

ofr ¥ ofl ol O AN
ot

H o 5 ol & oo

Al

Fo] & @we okEEo] glutathione, glucuronate, sulfate9}
conjugate) Ho] HFHoZE AXTS T3 E 4+ Qe
conjugate SgE FEIZ HIH o] AA FAo] glojzth. o]
A conjugate SHEES AX Po=z Hkste IS MRP family
7} @9t 9o MRP4  (ABCC4)9F MRP5  (ABCC5)+= cyclic
nucleotide ¢ nucleotide analogEe] whol #olgtth. # whapa o]
H ool HrshA HHEA ¢ 9 ovlole X~ A3A 5ol ALEH
= 7] TEE nucleoside analog FES AX Fro g 2wksle] A=
24 2 AxY $EFEE W3] dE AYAE S UEE 75l
Ak, a8y o} FulolHAAE UIFoR oyt FEFFTEHI
AFdAgo] A=A AFE Hils &Folrt,

MRP47} AW monophosphate FEjS] NRTI & A ¥ o2 W=3l=
g #ojsiez 23 24P triphophate FENS] NRTI F=7F
olx = 7|Ho R Egye FoT oz FAAY. AAZ MRP4
TSl WA ol glulo] ] A A2 adeforvir, zidovudineo] Al
¥ o2 UEYHE At d3@Ae Jx,” Zidovudinee] 7§ MRP4
Uty Ao wel AEW QAkEE  zidovudine® HE7F EF
(mono-, di—, tri-) ZAsts Aoz Buydet.®

oo ol
o H

b
oL

Ir

1o

a4 73 BY Ut SRS ddeR IUelA AMEE L e BT
S FHbolH A= A 10 oJdzt FoF A4 v R, ofd 2]
of7} dar H AREE7] AlAEE dEFeioleh SR Sol Ut
7ol ep FEF-dol Axtel nlsf npo]H
2 Aol gddte]l &5d dFol v EApelA FulolH s o
of FEAR AeulEe & Alw dAidn. o] gAE 9 7E
d QAo = AR = BV 9/ AL el Ao 285}l
Holgj & S45 AAlsts ofEol7] wEel, viFde Asdde
Higo 2 AAE & Ao A3t #F% FUsA 2 dde 559
=H Zwo] seE Az
At 10 odzE dAdelA Ehrl s FekelbdA o83l gAE
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E2GA dd AL Al we A gkgo] UF teFsiA YERd
+ Aolth(Fig 1). 1990dd] ¢H¥ Hiud =<l g BY k4
g ddoRs guRd XN5d4E st Qgoketd o
Zoh. HBeAg YA BY 1 FAoA A EHESS virological
response (HBV-DNA &)L A2 32 u 88.3 %, HBeAge] A A3
S AR 3 ALE 1da 26.7%, 213 36.9%, 3dol 46.5%% T},
g Frjgs gy FU oA = HBeAge] A /A AT & Foks
Gt oAl AdEtE A7 BTh. HBeAge] EA A * IFAE
gEbd 1d, 29 & AEES 38%, 49% o AEES okxlo] B
71k et o2, el Rd FoF kAl A wlo]g 2o <3l
viral breakthrough &< 1ol 11.3%, 2ol 35.7%, 3ol 53.9% =
=4 debdot ! 2R s ugE 2 w o= By nHviA =z
guRde] Ngaie o] mEt v et AL & 7
C}.

mepa] QoA epu| Y Foko] WA= okA] U4 wfole o]
ARNEZE 231, ALsHA] i AHHA Agdes d7] 93 g+
g Feplts AY ¢ flow, dRolis IBV-DNAZE &3 HA4 &
A A AZ=7F v ekgt sarE vk Aotk aEu oA AlA
o] g Ede] N5 Zdde A wmel 53] opYFsta, Tk A
e 5o z7)o dogo] AT ofuA APE A 45T
glol olggk LAl F gk 2SS F7|7F olHY. =, T 7
o] dojfof me} u4d uvloly 29 FHARIETL F7FekARE o= $x}
o] wte} theFsle] Fepr|ziwto 2= YAdutolg 29 EHARE o=
o ¢ glow, UiAdutolg 2t EdekA] Rl A ESH 02 vloly ATt
AAF ] Y= FAoA FAE THAL w] AR vl A
olst}.? weba Fapuith o} thFdk A ZHE32

AxE 3

N

2 off o [

L 4

o,

|

ol [‘-|~
o
g
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o

A gerde] AsNES d5E AL dINRE ST
F7HA MBedgel 24/EA AR ABD ZAAE A

Fob o EE& AT A, S HBV DNA, of b, & ee]
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3 YA EE NBAT] ASE7}F ol 48 F8Ado] ot

AAQ7HA] B guide] 83deS dS5ae dARET FF
245F 5 HBV-DNA =21 WAl Eddolo] dhfoli} HBeAge] A4/d A
A% 59 A7) A5AIAE vy 7)o 5T F Ade AR
24 AAEZ UTF?. Ao gigez FoF 24F Fox g
HBV-DNAZ} &A% &&= gzt I3 7ot g Aol Hixo] =
HE wE AP Aol ERFHAY. A9 JFES B AT ¢

o] 2.8 x 10° copies/mL (Digene Hybrid CaptureI =¥ o] AZ3%A)
2 39S ul HBV-DNA Bl S-S F FoFahato] 8%(16/198 ) A%
2 afgAR, d3ATe STl vskel 8 BFsriu st
Viral breakthrough®] =4 WX 7} HBV-DNA H]L-A oA 1 dol 63 %
2 AT 25%0] vt folshAl gk, Hedge] 44

ol E 1dol 34%, 21 do] 57%F Y whA Bl S A oAM= 1de]
2 % dx #FHA FUh wEpa GejREd Fo] £ 6 sjdo]
= HBV-DNAZE 5357 & #4717 Fostol = HBeAg ©
225 W F gla wgutelel e BANET}F Fong 27
Foks FAsE AL FIUT.? B AFoAN Tk 24F Fox
HBV-DNAZ} S A5 7] &8 75 o] -2055C>A2 AA AP L ¢ BT
o ul3] 4.5 #, 4672A>G2] AA FA P2 GG F-A P H]Fle] 4.98 Hl
S ¢ F AT mEA olHE FHF e A= thE kA
£ A3k Zlo] Efo] HEet AlsdTt.
EgAHolyg ko disk wkg3 o] FH ARl
Z A4S dFe] HsiAe xddl slEds
FAEHA AlEstd 4 Qlojof gtk B dATFeAE
A AFe} 7™ wet 1) e FoF 2459

=

oft ot

ol
e
o fo
o 9

-

.% O]}\]—X_-']

c response (8% HBV-DNA X2 3th) 2) AW EA ]
Hpol|g 2o E¢g 9wl viral breakthrough &4 7%, 3) 7]

£ d5T F U+ HBeAg &8 5= A8kl th(Fig 1).
gy Zhzt AlEstE ddddel Edd s AEekA ERekeE A
L BA7 AT, dFEtd virologic responseE % HBV-DNAC]
AR FIeda, de 71FoZ 1.4 x 10° copies/mL (0.5
pg/mL)E AH&SIAEH, o= & dAFolA HBV-DNAC] ol 285
E hybrid capture IT H(Digene, Diagnoitic Inc, Beltsville, MD,
USh)o] A= sAIYd Holx HAA=Z IBV/F 247 EFolA 2 A=
2 94" FHE 9uste AL otk Egk AU uvlo]e] 29
HHAS olu| &= viral breakthrough @@= #r|Ed 8 &
HBV-DNA <=X17} 1.4 x 10° copies/mL V7o SHE A7t thA] 1.4
x 10° copies/nl. o] o2 F7lete A2 Aoldda, FAlHAdutol
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29l WDD RolF= 34 dAME ot EE doA FEldd
22 oyt

A&7 (association)ol & 54 Y7 THYGo] A 2
& YEle @@ BA4 &ojolrh. @] dAss e FR
AR Aol ARkl AV, AAl AW FAAE FEAA
ko]l FWo YA sle] AH/EFY JH (linkage diseq

=2
T
L
o
o

uilibrium, LD)
of oA Yebd ¢ AT, THA g A E dFIANS YEE
T At =, A AE AP P 53] wids HAs e FAY
o Al 1 ¥ 79 ZAAY & da, JAEd 148 249 Aol
EA FAAg3 dHo] AdH oz Adtr]o] YElhUE dA4Y =
Ak, EtA AFE ST H AAA HAH AF dAFS H
STHGHARTE AAZR Au o] dRIQIAfol AL, EE Holx Hl A
Zke} 2 LD EFQto] EAEA YElUE ddolgte AS SHeEE
Aol Fasith. ol YA HtEAFOoR [HY AA] A
Fola HAS FAAE AAYHE ARESTE. £ JtEsitid g
FAWolgo] 7| eATFE At Ay AWAdS FARFE F=
Aol Fosltl”, A B AFoME 7eATE AlFPaA = £

o 2y Aol AAIS ARAALE dA7MA Bad dd FAA
o] 7l ATE HuUgk FAsto] AETA gu|E S TH5Aol =2
A g Thetglct.

ol AFE 9l =i nFES & B Ay, MRP4 FE Aol EA1E
= 7]%5 A (functional) SNPS H.a1gk o= 2b7] oyt 28y F
ol exonic splicing enhancer analyses@® mRNA®] splicing ol W3}t
E 2T 71540 ofF =& AoE FHHE MRP4 FAA SNPS
AARste], AMEY i d sE2e Addol A=A B ATt
AATE. Anderson 572 AIDS $AE o w Hxgod Gy g
i FEE =48 1, 4131769 TT F+-4AdE o] G carrierol
Hsto] MEY FEFZ7F oAl Rrha stk & dFelA 12
70] MRP4 SNP F F<F 2450l A HBV-DNAC] Sd3} dAfd Aoz
Eb 4672A>GE 4131T>GeF F-AF%F 3' UTR H-olojA, F SNP 7+9
ALEAPo] EAT 7FsAdel Urk. & ATFoNAl 4672A>G2F AT+
2} SNP Fol A mlnd Q1A 3k K1116K 7ol 9 o] & LD block & #ar
haplotype #4248 A1335}AS o], D (linkage disequilibrium
coefficient)qt= HlA AT HBV-DNA A Gy A4
haplotypeo] EA3t= AR Hol 1 7F5AL ofF =ohal At54d
th. 3" UIR %291 A= #¢tskd ofvk: mRNAS| QHAAdol| #oste]et
Azt

MRP4 4672A>G2] G allelee F2F Z=7|<Ql 240l HBV-DNA S}
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A#AF o] JomA, F7]ol= viral breakthrough @7do] ®o] e}
U= 232 5y, olx FoF 24F HBV-DNA &do] H] LA T
v & ARt a7t HA @A THE AFEX P Ahitd A A
d HQTh oA otk HBVE AAAHE7 AHetA ZsliA UERE
Aoz WAt =, 4672A>G2] Gallele2] 7% MRP4 S=<5hijo] ub
do] A alleleBTh= Srolx, gpm|Ede] MEeHtZFo] A7+ 1A
9 Alzd 243E grRde s BVE AohA dAS AR
FAEA Far] wEdd A Zrh B AFolA = HBV-DNA F37F
1.4 x 10° copies/ml H|RFQ HE A7} SHdFo7 BFEo 71 HY
7} A3 5tk FHZol 10° copies/mL B RSl Sk} Qtol & HBV
AA A= uwlg} viral breakthrough A&l A =Zol7F Ytie=
H%7F Qldth. HBV-DNAZ} 200 copies/mL ®]¥FQl <ol H]8] 2 x
10-10%copies/mL, 10°-10"copies/mL 2 10'-10°copies/mL ol A viral
breakthrough ¥4 9] odds ratio’} 242} 1.10, 1.93, 2.69 & =}o|7}
wola & BV Addoz EdAwolrl wAsy] Ha, WAy
QW7 AET & = 2o A7) "ol Fufold A A =5
ST W w3 e AE A gF¥(selective pressure)©] 7|

il

W Ao FElgk Aol Eo] AoldA Ak, oAl WAL T oF
Aol gk Aol delo] AR 7|3F F vpolgl s HA7F AuE e
Z fEed EdRo)Eo] AEF o AEF Y TSt dado|nh M
EA Eddolo AEd AEL Fulolej A9 HiolH X~ F2 oA
ol 98 HAHE=d,P Al Ao violglx F24] gA|so] n k3
A5 ol vloly 2 AE Y gdHow &S wks IS 7]
A HEalH, Wb wlolH 2 FA JA|Fo] dHst Ao s =AWl
Hhajo] EHA o]FEHol7] wto] ol dAd Fo] glojzit),

agste] FEEe woly 2 T4 AAlTE THAE FutolE A7t
WA Aol THg 2L F4L A AP a8y o] A4 vt
olg 2 JAlFo] e o7 FAE HluTd wvt L= A2 old
Zoltt, 2 SkAlgtE Zhzte] wet AlEd sE=7F thEvE Hloly
2 FA AT dEd 7 J7] "WEolth. AAE FEULHE =
FEALAE FAMS A9 U vlolgl a7t 29T dEL A
dZF HBV-DNA x| 9} #H&o] dojAf, 2|5 d-& HBV-DNA %]
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Abstract

Genetic variation of MRP4 associated with variability of
lamivudine treatment response in chronic hepatitis B

Ki Jun Han

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Kwang Hyub Han)

Background & Aims: Lamivudine 1s an effective therapy in
chronic hepatitis B patient, but variability of treatment
response including the emergence of resistant hepatitis Bviru
(HBV) mutants and recurrence after cessation of drug are the
major concern. The aim of the study was to investigate
relationships with genetic polymorphisms of MRP4 (drug
transporter gene) and treatment response of lamivudine in
patients with chronic hepatitis B. Methods: Twelve MRP4
polymorphisms were genotyped in 210 patients with lamivudine
treatment. Treatment response was sub-grouped to loss of
HBV-DNA at 24 week, loss of HBeAg and viral breakthrough. The
associations with the susceptibility to treatment response
were estimated by binary logistic regression. KResults: It was
found that that a statistically significant 1ncreased
susceptibility to virologic nonresponse at 24 weeks was
associated with the homozygous allele with MRP4 -2055 C>A AA
genotype (odds ratio, OR, 4.535; 95% confidence interval, CI,
1.51-13.61; p=10.007) and 4672 A>G AA genotype (OR, 4.98; CI,
1.78-13.89; p = 0.002) compared with the heterozygotes and
homozygous allele with -2055C>A CC, 4672A>G GG genotype,
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respectively. —2055C>A AA genotype was also associated with
high probability of persistence of HBeAg (OR, 4.29; CI,
1.27-14.56; p = 0.019) compared to —-2055C>A AA genotype and
heterozygote. Viral breakthrough was associated with G allele
of 4672A>G (p = 0.019). Conclusions: Results suggest that the
genetic polymorphisms in drug transporter MRP4 may play a role
in mediating susceptibility to virologic response at 24 weeks,
loss of HBeAg and viral breakthrough in Korean chronic
hepatitis B patients during lamivudine treatment.

Key Words : Lamivudine, chronic hepatitis B, treatment response,
genetic polymorphism, drug transporter, MRP4
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