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ok% A oA HH W (multidrug resistance associated protein,
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o] Zle] MRP2 frd#t 2dol mA= 3ol tisto] ol gkt

2 By 4 gk aw wd S endocytic retrieval, exocytic insertion
of ofgk Alxxvto =9 sorting Ale] XAH, Ho] Ao A WAL A9

4 ol 9sto] gebd 5 dom F AT o T HAN A9

MRP2 @ 2dS 934+ 54 promoter/enhancer 97} & 83}
U dA7A = el AR erREH HE 197(-197)%-¥ 517(-517)7k
A1e] @7 F97F MRP2 @ @S fAeks de 283 o=
53] -4413% -436 AFolol TATA box7} 83 95 3
= d, 1 o]¥E o7]9 TATA binding protein(TBP)3} 2& A}
A AN EFAZE 27 Motk g3 e MRP2 o 2ol T8
stk 287 Y boxtt GC boxE Abgdl ¢l Aow gy’ =
g do] AAHoREH HE S1ZFH 2487149 497 H9 % MRP2
ol wkE o] F 238l o] 7)o == hepatocyte nuclear factor 1(HNF1),
upstream stimulatory factor(USF)-like element 5°] Ag3st= Aoz
o 5ok
A 744 o] MRP2 3 2e] AAF o] digh A4 5 7Hd & 4
AL & ) F84 9 farnesoid X-activated receptor(FXR),
pregnane X receptor(PXR), constitutive androstane receptor(CAR)ell
o)k AAL Aot} F olE F8A9 A EH 2 chenodeoxycholic
acid, dexamethasone, phenobarbital 5 °] ZtZ} FXR, PXR, CAR &
Aol Agstd ols F&AZ 9A H W F&AY retinoid X
receptor(RXR) 9} ©] & A (heterodimer)E ©]F¢ MRP2 mRNA <7l
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o. a4 2 44

L3 2 A=

re
o
-

= 11098 9 AU 9499 =4 1 SAE e E &
o =4 e A= RUCAMel 27 ake] z1dha}gl o

A A E Aol g A F AW FAE DU oA A E A
DNA+ DNA blood mini kit(Qiagen Gmbh, Hilden, Germany)
So] 239tk RUCAME 7t 842 okE B8 5 Z4o] eh}s]
TEA L] A ZE, S A, s wrE e A A fF, HE SE f
7ouwerg A 29 47, okEel U AR AN, A T A B 5
of we} -78H 147149 A2 ERstESE Hol v o] AFe o
Bol o@ 54 2Pl ASAE dHuE ARZA, 97 oS
% vhep T =g 3-5H & T} ol U=
2, 1288 7hsAel Huge e, 07 osht Akl A wAlH

o
o

F2, 6-80e A9 FAY 4

o4

o

MDR1, MRP2, MRP3 &%z ®Weo]= two-dimensional gene
scanning(TDGS) % denaturing gradient gel electrophoresis(DGGE)Z&
o] &3to] Rt WA genomic DNAE FPoz ALE3}o]
MDRI1, MRP2, MRP3 f#A#A& FHA7]+ lon S

THEL A e

(PCR)= A& 5, 97|14 U2 A== FHI2=2 Al multiplex
=

e}

A wgS o] BE exony T3

7b& $+74 3] denaturation A%l ¥ THA] renaturation Al 7S

# "ozt e dd FdAE XS = DNAY AT
3

=]
heteroduplex”’} #A =% 39 th. =3 primero] HEXZE I3 &3



S E9°] DNA bandES #2433 t}h. Multiplex T34 A4 w82 &
o] =Z ¥ DNA X752 urea, formamide® o] Fo]x 318tz WA

T Ao A7FES A7IEA A 2 e wel £2EE

2 3. dA79dEs T oA @3} 2714 (Bio-rad, Hercules, CA,

Ho]9]  heterozygote®t homozygote H|&-2 SNaPshot W H(DNA
link, Seoul, Korea)= ©|83to Z43IA

MDR1, MRP2, MRP3 & #t2] promoter A9 f1x WolE= o]
AARE 7IFo 2 -2000 A 71874 & automatic sequencerE ©]-8-3f
of A8kt

ZF 2] A A 32 expectation-maximization algorithmol] -7 g+
Haploview 3.2(Broad Institute of Harvard and MIT, Cambridge, MA,
USA)E o] &3t 4353

3. o] 2 & AF

pMT21-MDRI1, pcDNA3.1-MRP2, pcDNA3.1-MRP3 plasmidE 77t
F+3 92 Quickchange site-directed mutagenesis kit(Stratagene, La
Jolla, CA, USA)E o]&3dt] TFEL A W& APt 7]
A de AHES H7] AFHOE transformation A7 F Plasmid
mini preparation kit(Qiagen Gmbh, Hilden, Germany)< ©]-&3}%

DNAE *%3}1 automatic sequencer® o] o] 1= )&l s}c}.

4. Immunoblotting

HEK(human embryonic kidney) 293T AZZ 10% $Ejo} 3

(Gibco, Grand Island, NY, USA), 100 unit/m¢ penicillin G, 100 ug/mé
streptomycin(Gibco, Grand Island, NY, USA)¢] X3%t¥ Dulbeco’s



modified eagle medium(Gibco, Grand Island, NY, USA)ol 4 37T, 5%
COz 3ol w3ttt Wild type, Wo] F2-& lipofectamine-plus
reagent(Invitrogen, Carlsbad, CA, USA)E o] & 3dlo] HEK293T A X o
Z+7}y transfection Al ZTh. Transfection 3 A 24A1F 9 AL E
0.05% trypsin-EDTA(Gibco, Grand Island, NY, USA)E o] &3lo] o
L sz AaE N (Gibeo, Grand Island, NY, USA)o 2 Al W A
2 gk % lysis bufferg ¥l 2&3 F3 704 1027 33] ¥HiEalo
MEE I3t o] F 4T A 13000 rpme = 1023 94 &4
stol A NS A, @We] FX = Bradford protein assay
(Bio-Rad, Hercules, CA, USA)=Z AZFsAvt. LA wws
acrylamide oA 7|5 3t +2lg F nitrocellulose membrane
(Amersham Pharmacia Biotech, Piscataway, NJ, USA)° 2 &7t}
Membranes 5% Z A&, 0.1% tween 20(Sigma Aldrich, St. Louis,
MO, USA)o] ¥ irgkF ooz oA 143 & gk F
Ax BAE 4CoNA 12417 wrEAIZ . & MDR1I @38 A=
Calbiochem(San Diego, CA, USA), & MRP2 @& & A= Kamiya
Biomedical Company (Seattle, WA, USA), &k neomycin
phosphotransferase I t& & 38 A= Upstate(Lake Placid, NY, USA)
A Zhz F+dekal 3 MRP3 & & A+ MRP3 fIH=E E7
of AAAIA AUt 0.05% tween 20°] FTFHE QAASFT HE o] §35}¢]
33 AAE F o]z AYAR AFZolA 1AZE REEAIZ T o]
tween 20°] ¥ AMFFAow 33 AHI v& ECL solution

kit(Amersham bioscience, Uppsala, Sweden)ZS A}-&3lo] & A3}t
5. MDR ¥ MRP #3# 7|5 =3

Wild type, o] ZF&L transfection?d HEK293T AXE 0.1 mM
Ca”¢b 1 mM Mg”' 2 &3 Adugsdon T o Add F, A%



Z7F 10x10° 7/meo] F == 01 mM Ca’’¢f 1 mM Mg~ & 53 o
AtgdENo g Mgt AEE 500 wA fluorescence activated cell
sorter flow cytometer& ¥ E.(BD Bioscience, Bedford, MA, USA)el

REG the 94 o g% BAL Zze Rnd @ g% &
%

0.

22 MDR1, MRP3 4=} $ol= 1 uM9 calcein-ammonium
salt(Molecular probe, Eugene, Oregon, USA)S, MRP2 A2t 7%
o= 10 uM$e 5-6-carboxyfluorescein-diacetate(Molecular probe,
Eugene, Oregon, USA)E AF&3t% T}t o]y & AL 5 2
A et 37C Fxo AEE FFIT FEE 308 A AA
MEZF ¥ B4 wWEs == 3 5 FACS flow cytometer(BD
Bioscience, Bedford, MA, USA)E o] &3to] 1x10" /e AE e &

bl FY BA ¥ AU

6. JAA TFEA A4 WS

MRP2 29| 334-49C/T (intron3) 9717F 217+ CC, CT, TTS €

dogXHE RNAS FE39om o] RNAS F3 o=z Superscriptll

RNase H-reverse transcriptase(Invitrogen, Carlsbad, CA, USA)S o]

&sto] AHAAL WES FSAT. 71 22 cDNAE FIo=

forward primer: 5'-CGTGTATAAATCCAGGACCAAGAGA-3/,

reverse primer: 5 -GGAGATGAAGAACAGGCAGGAGTAG-3'S& o]
43t MRP2 exondel tigh Td&4 A wE& A AT

7. MRP2 promoter plasmid A%

MRP2 promoter H#HoA 22 EA WolE 2Zr= genomic DNAS%}
wild typeg 7%+ genomic DNAS 717t 3 92 forward primer:

5'"-AGATTCATGACTTCCTGGCTCCTT-3’, reverse primer: 5 -AC

10



AACAATTCTCCTTCCTCACACG-3'S ol&3te FFasn

=2 Aldsto] 2662 @71%9 promoter F-¢ DNAE ATt o] & t©f
Al F¥ o2 5-Kpnl, 3-Nhel 22 #gl&= 97 A4S xgs+=
primer¢! 5 -CGGGGTACCTTGATGAACATTTAGATTCT-3', 5'-C
TAGCTAGCGATTCCTGGACTGCGTCTGG-3'5 o] &3t FFas
A &S AldstAT. o] & A ES Kpnl, Nhel (NEB, Ipswich,
MA, USA)e =2 A2 F o5 pGL3-enhancer vectorel % AT},

Autonomic sequencer® DNA sequenceZ A & el s} o).
8. Luciferase &4 =3

Luciferase reporter = A 24 =+ Dual luciferase reporter assay
system(Promega Corporation, Madison, WI, USA)S o] &3l =43}
g AEE 10% FdHlo} &, 100 unit/mé penicillin G, 100 pg/mé
streptomycin®] *23%%¥ Dulbeco’s modified eagle mediumol 4l 37T,
5% CO2 3loll

HepG2 A %o wild type, Weo] 2L lipofectamine-plus reagent=

o] &3to] Z+Z} transfectiond F 24X 7 Fo] =AE P, ouo=

%3t HepG2 MXEE o] &3t} luciferase A2

=

luminometer(Berthold Technologies, Wildbad, Germany)E ©]£3}%}
b 2F 54 92 o] MRP2 promoter®] Al Zof m = o dFg dolw
71 93 A= HepG2 A Eol wild type, Wo] F&& zt7
transfection A7l & 24A17F ZFo] 200 uM9 chenodeoxycholic
acid(Sigma Aldrich, St. Louis, MO, USA)E A X g stdt}. o]

T 24X 7 Zo) luciferase FAEE =AYt}

11



9. A Ad BAHW (electrophoretic mobility shift assay)

& ol S HepG2 MENA FE38F9 3L, MRP2 A A2] promoter -
9] wolel thg primere -1774 G (GCACTTATCTTGTTGTTTTT),
HNF3 consensus (GCCCATTGTTTGTTTTAAGCC), Evi-1
consensus (TGAGTATTCTCTTGTAATTTTCC)9F #eo] Al #kskolrt.
o5 primer®l T4 polynucleotide kinase(Promega, Madison, WI,
USA)St [x-"PJATP(NEN, Boston, MA, USA)& o] g3to] ¥4 39
. o] 3 Z}zte] antisense®] | EE primerE Y& & 95T A 5
F2b annealing Al Zth EA® 24 2H65x10" cpm)E 10 wo] AT &
SHel ¥ F 3 G0 wg)I Aol 30&IF WA v
200Vl A 2241 FeF H719s<S AlZl non-denaturing 4%
polyacrylamide Ao HF&E& HIAIZT A7 52 200VolAl 14]

R A0% B AWHAL o] F AL AxAZN e A7 PR

o

7] 23} 9t} Competition assayol A& F A A &S 224242 A4 &

AR 1008 ®ol ¥ § WS AIZ T

12
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jaled
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o
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£
oX
i3
SN2
rg
o
2
a2
i
Me
kel

ALY B GEAA/EFET B
A
o o] 123 o]
20-29 1 1 3 1
30-39 5 5 0 5
40-49 5 7 4 3
50-59 2 16 7 7
60-69 5 8 3 1
70-79 0 1 2 1
80-89 1 0 0 0
2 19 38 19 18
@7 57 37

“ alanine aminotrasferase %7} A4 @A 5} 2u) o4 F7ketA RY
FTA7E 5 o]l A

" alkaline phosphatase %7} 44 4@ wv} 2v) o4 F7heAY R
27k 2 olekel B+

¢ alanine aminotrasferase T 7} A4 AdAEp 2] o)} Frista R
FA7F 2-5 Abeld B¢

d

1% alanine aminotrasferase®} &% alkaline phosphatase =% 2] H]
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2. @l A9 MDR1, MRP2 ¥ MRP3 ### ¥o]

Ak vh(Z1¥1), MDRI19 MRP3 3 #ke] 4 $-ol= 2+7 1

o] WolE vt ey o5 Az Wo] T AU dA e F
Ao 2 Fofg HIE olE Hole AL glth(E4, 3#5). MRP2
AA9] A9 promoter H-91E5 X5t F 12709 ®WolE s}
6). ol5& duiAlE o= FASAS W 2700 LujAF o] AHdd

o
=
A ol SAIAowm ol RE AolE B 5 AAAI FHA

rﬂ@

a
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At
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d 2 A Atolel M= 3 dujAl g o], A HEAA

J 7 AR Aol e 18 dujA Pl EAAoR &
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e l) 4 09 &4
-
1
A2 -
19 -
22000 - - =
e 0870 - exon 28-sense
- : - § C,T
26.232.1 A =y 4
(u; 184 74102 4 4
. . " ’ > * )
& = 4.2 gl - e CTGACATHGGT &GC
a & e -
0. ks ~§
¥ on 28
2248 pL
82 "'gl -
- 1 ¥
VT 0 22w o -
261 e
21 §
182 o 5 ?
72 .3

23P1. TDGS ¥4 HE o433 MRP2 F+3d# ®Wol. (A) votA FT3a
A wks A FZH 46712 MRP2 Z7Zo] Ao EAFI H=Hol uf
BExE9t Wol7l g+ A S heteroduplexE FASH7] W&o 1719 Ao
vEbuA] A § ok ol 3-4709 How uetdth (B) TDGS, DGGE W2
=

22 Wol & automatic sequencer® A &<lgk A o]t}

o]}l
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5]
A

. MDR1¢] §d7 #o|

o] W o]
-8669T/C 1000-44G/A (intron9)
-8534C/T 1236C/T
-2353G/A 1554+24C/T (intronl3)
-935A/G 1725+38G/A (intronl4)
-709C/A, T A893S/T
-693T/C 3435C/T
N21D V12511
®5. MRP39 #d# Wo
o] o]
-2137A/G AS65T
-1767G/A 2526C/T
-1306C/T 2600-123C/T (intronl9)
-1213C/G 2714+29C/T (intron20)
-1134C/T 3039C/T
-890C/del 3579-66C/T (intron24)

349-53G/A (intron3)

613-22G/A (intron5)

3972C/T

4509A/G




#6. MRP29| #x = ¥o

a3l DA ER B %‘”%xéz?]ﬁé/%?}%‘
W o] Al

(4) (%) P 3t (%) P 3t

-1774G/del +/+ 50 30 0.28 9 0.04"
+/= 46 23 20
-/= 14 4 8

-1549G/A +/+ 66 30 0.03" 24 0.11
+/= 42 22 10
-/= 2 5 3

-24C/T +/+ 74 31 0.06 25 0.75
+/= 34 22 11
-/= 2 4 1
-23G/A +/+ 105 55 37
+/= 5 2 0

334-49C/T +/+ 66 28 0.06 23 0.20
(intron3) +/= 41 24 11
-/= 3 5 3

V417I(exonl0) +/+ 92 47 0.22 34 0.29
+/= 15 10 3
-/= 3 0 0
T4861(exonl0) +/+ 107 56 36
+/= 3 1 1
2620+3A/G +/+ 110 56 37
(intronl9) +/= 0 1 0

2934G/A +/+ 100 52 0.52 35 0.35
(exon22, S978) +/- 9 5 2
-/= 1 0 0

3972C/T +/+ 61 29 0.02" 23 0.12
(exon28, 11324) +/- 47 22 11
-/= 2 6 3
4147-35G/A  +/+ 107 52 37
(intron29) +/= 3 5 0
4508+12G/A  +/+ 108 57 37
(intron31) +/= 2 0 0

P e (+/+ vs -/-) AAA

o] &3to] T3k Th "P<0.05

o
K3
=
=
ol
ol
32
tlo

w e gholw, Zhol-AlE A
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7. MRP2
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3 (%)

Wi

ALY &2
3 (%)

o7
=0

o

3 (%)

4508+12G/A
4147-35G/A
3972C/T
2934G/A
2620+3A/G
T4861
V4171
334-49C/T

-23G/A

—-24C/T
-1549G/A
-1774G/del

36 (48.6)2
15 (20.8)
13 (17.5)
3 (4.1
2 (2.7)

30 (26.3)
30 (26.3)

72 (32.7)
51 (23.1)
31 (14.1)
19 (8.6)
11 (5.0)

GGCG CVT AGTCGG

del G CG C VT A G C G G

1
2

28 (24.6)°
5 (4.4)
4 (3.5)

G

G
T A G C G G

=

5
<

74

114

220

A
20

c G G

A

1

=7 & £ YeEhpdnh

|

=]

[e]

GG CG CV T A
=

G G CG C

e

0.013, "P=0.017
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3. MDR1, MRP2 ¥ MRP3 ¥o] {

MDRI1, MRP2, MRP3 ®o] §#Azt9] 7|58 AXE FFoA Lolr 7
$18ke] FACS flow cytometerE ol&3te] 3 54 3% 55 54
stk 1 A B AFelA 2 MDR1, MRP2, MRP3 W o] 72}
o] 7152 wild typedl Hlde] Z AolE Ko 4Tt T MRP2

o] #+#72 % Dubin-Johnson %o W3 ##do] vk <&l
R768W ol A% 1 7]so] 80% A& Haddov o ™

_(')__
AT A Toe A (H2).

A
Ti00 ot T2 1 0 T8 et e e 1o s v e e
HEK-pcDNAB.1: 1950.21 | | HEK-MRP2: 981.63 | | HEK-R768W: 1745.32
B 140 7
§ 120 A
Z 100 1
z
S 80 1
©
+ 60 A
[}
& 40 A
[}
[T
0 4 T T T T T

1¥2. MRP2 ¥Wo] §Az9 71%. (A) U= <o £xtE= 10x10" M A X
7F 33 245 wWES H, AX o E2 Y EH9 Auidd ¢S e
e, (B) MRP2 +#Ax2] vi& 7|52 100%= XS uw W
=

& AYHoR BAG 2o Zolnh,



4. MRP2 ®o] §A%e] wul wg

LS

MRP2 2 ®o]7} MRP2 @

1z
i3
)
=2
o2
o2
o
=
Ny
rr
A
2
(e}
=)
f
N

#3ted  immunoblottingS Al stA T I A3 sk loA

MRP2 Wol+= wild typeel Hlsto] w@hu} gl gko] ofm] QIA zpo] 7} 1}

% ¢r9kal. Dubin-Johnson 39

1 S S S Y = T ] = |
R768W ®Wo]= @l vty gfo] dAstA A3t ATH(IHE3A).
A (a) (b) (c) (d) (e)
190 kDa
—_—
B
(a) (b) (c) (d) (e)
30 kDa
" T —

43. MRP2 o] f 429 MRP2 99 g (A)S MRP2 %3 ALE

1 (o] =
2 Aola, (B)E transfection HEE EAD7]  $89  neomycin
phosphotransferase 2] #d AEE 2 Aot} (a)&= MRP2 wild type, (b)
= V4171 Wo], (c)= R768W Wo] (d)& 2934G/A Wo] (e)= 3972C/T o]

o ¥ wEFS e Aol

22



5. MRP2 # A A Wo]7} splicingol v]|X &= A3

TAEE 54 119 AN FAHORZ Fog RNIE zolE HA
W duiAg s FASe Wel T 334-49C/T  (intron3) W eo|7f
F= A Yotr7] 9fsto] JHA whES A
= ZbzF 270 9] wild, hetero, mutant type®] cDNAS A3 § o] =
TP o2 exondd] Hieg FFEA A &S FYsTE 1 A9 B
E Afol TFaEA A WS 2Eo] 364 bpE, exond”} skipping
o] F+= A$E Ut @ mutant T 170 4 $ wild type} W] s}t

Fa W TEEL A S A= ol R FATATHILHALA).

cC CT TT

subject 0) @ @ @ ® ®

184 MRP2 +3A9 exonddl dle TFast A4 9§, (A)2 exond,

(B)T B-actinoll dld Fdas A4 vks A&,
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6. MRP2 Wo] %A A2 luciferase ZA

2 ATl A & MRP2 3 Ae] promoter §-¢ WolE o] &3}
A A E S FAST F ol 7]%L dual luciferase reporter assay
system< ©o] &35t SAsA Y. 1 A} wild type A E I} v
S ul (-)GCG YA F - 35.7%, GATG dulAl 8L 392% 1 &4 o]
A WhH GACG 9uiAI S & Aol & HolA g hTh(19Eh).
GE5AAE 1 549 Yedo] = chenodeoxycholic acid &S A
213k & MRP2 429 promoter A ES B, oG2S a7 A
of Hla] = FAo] wild type duiAIE 2] A 609% Z7Fek dk
(-)GCG LAY 2 286% <7tetAtt. GATG dHiAE 2 & A
Are} g o] 784% T 7Fs A THIHG).

A

—_ * 3
] 120 |
3}
E 100 -
‘g 20 - 64.3% 60.8%
(0]
1))
S 60 A
=
5 40 -
o
& 20
=
£ 0 : :
GGCG (-)GCG GATG GACG
MRP2 promoter haplotype

2995 MRP2 # A2 promoter ¥Wo] Uu|A &2 luciferase 4. wild
type¢l GGCG «Lwj A& 9 luciferase A ALEES 100%2 BEYS w oA
dujA g G4 ALE AF oz deEry . T P<0.01
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3
E 250 - *
2
2 200 7 160.9% 128.6%
8
9 150 |
©
—
< 100
G
=
e 50
ks
o 0 -
GGCG (-)GCG GATG
MRP2 promoter haplotype

a986. 1 SA4S o7 8 o d MRP2 3 A2 promoter H o]
Qo)A 9 luciferase FA W3} 200 uM9 chenodeoxycholic acid® # &
stz Aoz duj A E 9 luciferase A AEE 100%= HS of dE A

g Fo B4 Axe %2 et "P<0.05
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7. MRP2 f A A2 promoter Wo] F 9o ZAFst= AAXAE 2

o

rlet

MRP2 {7 2F2] promoter F9] Wo] FolA AU 54 14
A kel BAIA R fo)d Nk AolE HQ AuMAY F (-)GCG ¢
ARl PFS Fu AAZA JAAE Loty fs A Ad A
S ol g3t 2 A -1774G/del F-9lel= HNF3 dAbz2 < xprt

s & 7 AJT. =T o] Wo] F9el= Evi-l HdAMERA AR

!
= AFAW ol HNF3nth: B4 o5t 2%she 42 @ &
o]

32

(a) (b) (c) (d) (e) €3] (2) (h)

97 MRP2 A A promoter ¥$ -1774, G/del Wo] F-9o] AZd =
AAzAE AR (a), (b -1774, G 22Ae & @ ko] A3t (o), (d)e
1774, G 221 Aol th3k competition assay, (e)¥ HNF3 consensus 42 A} ¢}
okl 7ho]l Al (f)2 HNF3 consensus 22 Abo] o] 8k competition assay,
(g)= Evi-1 consensus &2 #ke} & owl 74o] A3 (h)> EVi-1 consensus

22 2o g competition assay 4 #}o]t}.
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V. 1%

e FFEA= 1070 ool <4¥A ey 1 F MDRI, MRP2,

MRP37F AW & S S8 985 dria deAe. ols 5%
AE relAd 2@ v MDR1, MRP2&: §5¥o 29 oE 2 w54t
W%, MRP3& ddozo] o8 wE 9% d” mas os 5%
Aol 715e]l "Wojx= AS o=l o3 7F EA4o] AU wEY 4
A AT = AdS Aot AZEAT. AAlE MRP29 fFHdxF Wol
Z 109 7M7F £ @ 52ko] 4%+ Dubin-Johnson %3 ##

B oAFelA e MPR2 HAA Wold o §dte] TAT UujA I
F 270 AupAFel AT B4 A B ol fAH WE Aol

5 Bt o] dmiAIE S F48= Wol 5 MPR2 +d2 exon ¢

Aduj A 8-S FASE intron 99 Wo] AA] splicingol BIFSE FA

Ze Ado® ZelHo promoter F-99 Wol7l T Aow oFy

MRP2 ©u a2 ofg] Qate] olsf =HAY. AF7HA Y AT
9]} chenodeoxycholic acid, cholic acid, ursodeoxycholic acid,
glucocorticoid, endothelin—1, interleukin-18, tumor necrosis factor a,
interleukin-6 & ¥ #2 W<AdA QI Ae} arsenic, cisplatin, rifampicin,
spironolactone, nifedipine, oltipraz, sulforaphane, phenobarbital,
tamoxifen, genipin ¢ <A A x7F MRP2 wa] wtd Z Ao o]
gota G

B a7 Aol Add vuge o

(ot

%1—

N

4 A

/

ol

’
=4 7

1t

[e2
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A Bl A fFod HE zelE B ()GCG A E I ghA 2T’
=4 A SRl A fFoe RiE AolE B GATG d¥iAE -2 wild
type LA el wlsl promoter &4l FaH AT 53] ()GCG <L
vl 2] & 2 chenodeoxycholic acidE A2l S W promoter &4 S 7}
AE% wild type &ulAIF ol nvls] A A Uk}

Chenodeoxycholic acid: cholesterol®] 7+ W #3& A% ZF9o v}z,
gl A lithocholic acid®= A&¥ & oAl to 2 AFSF H= © oA
o] FHid AgelE FFAAF 7 EAo dojd F A
Chenodeoxycholic acid’} MRP2 w3 @& S Z7FA 71

AdgPE & Ao A 93 At Chenodeoxycholic acidete] 23S =
3l FXR7} &4 3w FXReol] RXRa9t olFAE FAF & MPR29
promoter F$ o] Z3sle] MRP2o wHd S F7HAI Atk Aol A7
A dE W 71l o] Wl FXR/RXRa °]F A7} 233t MRP29
Ae AF B4 oln Asq AFolA Wexeh 5 A AR 2R
B 440 A7 dEEe A o= g/ AUIE Alol=
AGTTCA7} AX= db&Exof 9lo] ER-8(everted repeat with 8-bp
spacer)Zt HWHE R Yotk ¥ vtz A Aol & ¥ cholic
acidy} ursodeoxycholic acid®} Z2 542 FXReO A4 3 F #3814
MRP29o] @ 2HHS F7HAR]

v
e
)
N
=
et
8
t
(ot
-
fab)
o
=]
=)
9

conjugated ursodeoxycholic aicd®= FXR9 &A= F 3434 protein
kinas C 9]&4 7] dol| 9oz @538 o=z MRP29 AYS 7
N7lE Roz gy gn”

2 AFAM = -1774G/del Wo] F-9ol 2dT F+ A= A 2
Z}E Matlnspectorgts Z2 1388 o] 43l o8] Byt 71 A
HNF3et= dAAlz4d A7 298 Aol dFsiglal, AAZ o]
AA7E wlo] Fojo Afgittes AL A AAd ZTAUES §3
% th. HNF3-2 al-antitrypsin® transthyretin % 2} 9] promoter°ﬂ el

Fote Az A4E Ae FeUBom b AF, &7, A 5ol 2d
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o] = 10070 o]/ A7 HNF3e| uist 23 H9&5 zta 9l
ok HNF32 a, B, yo #Zo] Al F7=2 5o
HNF3y7} A4 &4 Fa3 985 v HNF32 11, A3, ’\ZLJ
vtk AW WA 24 Tel Fad 9Fg de gor deHd”
A9 wjo &7 AIEZE o]&sto] 3T A7 Aol 9std HNF3
o] wjo} F7] Mz AE=e] 3t B ZHAEZ oA 2] organic anion
transporting peptide 1(oatpl), mrpl, mrp2, mrp3, bilirubin uridine
glucuronosyltransferase(ugtlal)e] &do] RE=A] F Q3= Ao] 4
Ak 99 A& Aol o s HNF3 duck hepatitis B virus
major surface antigen promoter, fibrinogen B promoter &2 A
T8 98 st Aoz ey T HNF3o] A9 a
~fetoprotein promoter?] @A S oA vt= A+ Z3}= Qo] HNEF39]
A TRl Wt P e A g = 0 7 USs ¢
F g AR o}A 74 MRP29] WALl 9lo} A HNF3e o & 3
Me gl vz gld,
HoAFdAE =22 A% 3 5444 HFHE = 7 U MRP2Y
FAz WMol E HE UL § GATG dwiAl g2 wild type Yol A3
vl 8 promoter &Aool ZHAsH7] wiEol, zEla (-)GCG HwiAlE >
wild type @HjAIg ol vl promoter &7do] Hold W ofyt HEAl
of 913 promoter &4 F7l% wild type LujA o] v} 7AE}7)

=
ol ol AMiAE S Zte= AF gFEold HEA] wavozl

Ly
2

& 4

o] Adrag d4ad Aot

® A7 2% MRP2 A= 54 da ddAde] o1 59 W
olo W& promoter®] 74 HAvp e T A JAAYS &
T Ay
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°ol (-)GCG 4wiAl&E 2 wild type dujA ol M 8] promoter &

A o] 743 a1, chenodeoxycholic acid®t #& 7+ ZA GES
Ade T A F7F AL wild type ujAFoll wlste] 7
NS s
2 A5 23 MRP2 A= =54 F93 #HAA o] =om 538 W
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Abstract

Genetic variation and functional change of drug transporters in

Korean

Ji Ha Choi

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Kyung Hwan Kim)

The genetic difference in drug metabolizing enzymes and drug
transporters causes the variable drug response to the same kind of
and dose of drugs. To examine its correlation with the toxic
hepatitis, the genetic variation of MDRI1, MRP2, and MRP3, which
are known to be important drug transporters, and their functions
were Investigated in toxic 94 hepatitis patients and 110 healthy
volunteers.

Genetic analysis showed that MRPZ2 haplotypes have a statistical
significance in their frequencies between the toxic hepatitis patients
and the healthy volunteers. We could infer that the genetic
variations in the promoter region might have an effect on the
function of the MRP2. To examine this hypothesis, we did
luciferase assay for the genetic variations in the promoter region
and we found that the function of GATG and (-)GCG haplotype

was significantly decreased in ‘hepatocellular type’ toxic hepatitis
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and ‘cholestatic/mixed type toxic hepatitis patients compared with
that of wild-type haplotype. Especially, we also found
chenodeoxycholic acid which can induce hepatotoxicity less
increased the promoter activity of (-)GCG haplotype than that of
wild-type haplotype.

When the promoter activity in MRP2 is decreased, it could be
more difficult to secrete drugs and bile acid into bile duct. This
could be the reason why the same drug has more toxic effects on
the liver in toxic hepatitis patients than healthy volunteers.

These results showed that MRP2 1is closely related to toxic
hepatitis and especially the decreased activity of MRP2 promoter is

an important predisposing factor of it.

Key Words : MDR, MRP, genetic variation, toxic hepatitis, haplotype,

promoter
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