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Effect of genetic polymorphism on the activity of drug
transporters and its clinical significance

ZHANG Hai-xia, WANG Lian-sheng

( Institute of Clinical Pharmacology , Central South University , Changsha 410078, China )

Abstract :  Drug transport is an important source of inter-individual variations in drug responses
and is also a common site where drug-drug interactions happen. In recent years, more and more no-
vel identified transporters have been added into the transporter super family, and this trend will con-
tinue in the future. Among the transporter members of this family, ATP-dependent efflux transporter
P-glycoprotein ( MDR1) and organic anion transporters ( OATP ) are the most important proteins in-
volved in drug transport. MDR1 is the most well known transporter. Widely distributed in tissues
such as the gastrointestinal tract, liver, kidney and so on, MDR1 plays an important role in drug ab-
sorption , distribution and excretion. Its functional genetic polymorphisms have significantly changed
the pharmacokinetics of its substrate drugs, which has important clinical implications. OATP ex-
pressed in multiple tisues, and it mediated the drug excretion through the bile acid and kidney. Some
genetic polymorphism of OATP genes is the cause of some abnormal drug responses.

Key words: multidrug resistance protein;  organic anion transport proteins;  genetic poly-
morphism
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25 ) i LR X 25 W Ak ) R
MR 25 W 19 5% 5 J7 X, 25 W) % 0 1R g3 O A HE R 6k
Wove W R G 2 2 24 Y (muld-
drug resistance gene 1, MDRI) N 1Y ABC %% iz
1k, X4 P-glycoprotein (P-gp) , J& # T2 B AL 4% A HL
FH BS T %% 32 £ Ik 1 B1 (oganic anion transporting poly-
peptide 1B1, OATP1B1) K4 FE A HLIH & T %%
B

ABC #% iz {& ( ATP binding cassette , ABC ) & —
41 ATP e AR M0 1R 5 10 4% 12 85 B, 7 7 M I DL
BT e A Al R RO T A A A B L A
SR 25 DL B B R 0 A HE
ABC iz R 2 — MR BEER, B E &3 48 1
SRR, F PR R JEAE Ry AL B, G,
D,E,FH GT KK, NS5k is ) E =
POk ,ABCBI ( X 4 MDRI) J& ABC ik h i
W . % E A RYTE 2 2T 2y 80 i
JiL H B B, B BE R ATP K i B I () RE B T 8
i FE LR W) B Gs w0 M A, S B4 I P 2 ) vk
BT o 45 e BB T 7 AR 25 . ABCBL BY IR A BT
iR 25 ) UL Rovr 2 oAb im R 25 9. A HLBT B 1
Fia ik OATPIBI & 3 21 25 ¥y 48 B 5% iz 14,
OATPIBI N AFIEF R B Wz &R, KW H
7T 2K & 2 M2y ). 4R R, ABCBL FI
OATP1B1 & 25 ¥y fC 3 Jy 24 vh i 1 T B ol IR
BOOBOR Bz 2 A, AMTCH G S BATH K
M) 285 W) A0 A K 25 ) W R AR

1 Z#mzZE e MDR1 X B i
RHEFHE

ABCB1 X Fi £ 25 1fit 25 % 4 MDR1. MDR1 fH
2 AN X WSS B R R R, LR B 1 280 A A
BR, A 2 A~ ATP 25 & 0 s f1 12 S5 X . MDRI
JZ AR RS S R A, A E
JfL 22 35 19 MDR 1 5 45 5% Ji Jias W WA 1 25 49 9 k3% [m]
2 o s, 02 25 0 0 R 0, O TRD 4 AR BE 25 W 1
EACH, B2 O B o X & B A, MDR1 X
259 1 A0 HE 5 T 3B 6 25 0 B R MR A A E K
25 W) A5 i 3B R W BR E TA) AR O8R5 W i
A MR AE 24 5, BF R FE DE 9 MDR 43 506 25 )
AN W7 A HE 2 IR R R W . T iR L I 52 A N A
Az 35 i 4 4R MDR 1 58 3o 41 HE R 1 25 9 i A AH

REHZL, B WL, MDR1 X i 9 25 % f We ic | 40 20
oA DA JCHE W& AR i R AR R
Wb 2 i AR R R ks a0 LA B
MDR1 f IS 913 )12, i 2 W R 24 #4 nT e 3L %
&, W 1A 2 W M S RN Ak B0k S R A R
AR A, 505w 5 HIV 2R 40 61 58] B I8 5
TRAEBR = Ay 2845 LA RF Z B 259 55 o

MDRI JEH Y o ik @ 0 T 7q21, 3 &K #
it 100 kb, & F 28 NANE T M 28 M E T
MDRI mRNA K 4.5 kb, i f X K BF 5 5 H 4 K
el >+ 5% . MDRI fE NBEh & — N2 B ESH
HEE HWM O L&KM 40 ZANREH R EZ BN
5 ( single nucleotide polymorphism , SNP) , # 4 ¥ &
il , B C3 435T 4, & WF 58 A9 MDR1 £ &5 4 &
Xt MDR1 552 T e A B & 5% i, )R8 A7 L Ay
S T H AR TS, C3 435T fii F 26 5 4b
B8 FRLAS . 75 NBE P A5 R AR
B mmEANRS52%  AEMEEE AN 16% , M
ANH39% ~54%""

Hoffmeyer 45" 1 4G & BL, 75 A 1K i 18 40 41,
3 435TT R4~ f& MDR1 21 21 & & A 2] ¥ 2E B A {k
3435CC ) —2, A F MDR1 41 41 & & J5 b,
Mk MDRI JiK ¥ 25 %) # & =F 5, 3 435CC & 57 3K
M2 WE VR B Cmax | 25 B il 28 F 1 FH (area under
curve , AUC) #MIk F TT 2 ik # . X Fh 8L 4 78 )i
S5 5 00 R AR O 2E AT 3k RS S 20K A B S A R
A o T H AR F 38, 76 41 J8 i B0 4% 40 i
bR 4 L fl 1 21t 2R OB T2 L &5 BT
3 435CC A A A1 JE) I 5 A% 40 B HE B3 MDR1 8 £ 4
B P AT R R T OTT RS HIV & [
PO J&E MDRIT (4 JiK % Z — , MDR1 ] D) & fI%
AW R R B B 25 0 i AR IT M OGS AL 8L,
CD4 " 21 fifd . HIV i 3 B2 K 19 52 AL 55 41 21, Fellay
28D i e R LS R B, 22 0d 6 A A B B B
RITIE T 3 435T S5 2L [ B HIV 95 A J7 3L
WAL T B A/ MDR1 B4 . Bk 25 51 45 i 45 3]
T Brumme %5 Fl Haas 26" {51 15 20 4 BF 9% 3iF 52 .
5 AN SE I UE B MDR 1 78 A1 J& 1 B0 42 40 M (1 3 3k
55 55— Fpu SCUE 9 25 W) —— %% B R0V 19 48 i N ik
BERA DG . 3 435CC M35 16 41 A 1 CD4 ™ 4H it 9 %5
FHF AUC B LT TT " . HZ,C3435T
AR S 4141 MDR1 55 5 B A g fF L, 53X R 1
FE 25 8l 2 25 800 KOG IR 25 W1 R 97 ¢ 45 O Tl BA
R AR A TR i h -
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C3 435T 5% MDR1 3£ 35 1 J5 R H | 38 A 7
o —FP AT B8 JE % AL a5 B2 3L ) mRNA B 1% 8%
R o mRNA £ 52 Pk | s mRNA f9 55 82 i T 0 B
BEER B EA R, WA EHINN,C3 435T
A& MDRI 3% [H (1) 53 Hh — 26 5 45 {7 5 A7 76 1% 8
KFR XA g AL TS 8 F 800 o 7 X8, 8%
JE X mRNA i T 1R & 220 X 3k, [N 0t , 2 B
C3 435TXf MDRI Jk H 3¢ 35 5% mi ML ] 5 22 JF J& 2
5 B 5T

G2 677T/A ( Ala893Ser/Thr) & 5 C3 435T
— & AE R MDR1 P AF R BF 58 B — A~ % 0L 58 48 7
R, SR I AR BF 9 88 £ 1 — 4> SNP . Kim 2517 ]
H1 §1 41 e 25 9 A R AR A6 & /E 2 MDR1 1 IS 9 0F
FERM,2 677GG # 4 H AUC 4 2 TT A %L A 4]
W A, A C3 435 T JE R I AUC f) 52 i i 3
— %, MDR1 % 2 /= 2 [ 1 236TT, 2 677TT i
3435TT ] A A~ fk 4 & 4k F & AUC & Z
MDRI %1/ %1[ 1 236CC,2 677GG F1 3 435CC | 1]
WA, 5N — B, AT AR E R R
MDR1 ) 4fi ffd th i 5 7 5 7 B 2 677T 54 48 Jifd
MDR1 %3z Hb = =F W36 PR T 2 677G R 40 Jifd, 41
JiEL P b R = SR AR D

FRBESE F W, MDR1 X #H 56 25 4 14 Py o 72
R Y73 B wE R ), A 2 A 2 I R 24
Wy B I AS R 22 S T8 ) I R A

2 ANBEBETFHIZEER OATP X
MEEHEFHE

N IE BFRE B EFHHN S RE, 49
ez Rl A R A TR e 0 A S TR 5 R
AV B kA A P B F % i2 5 B (organic
anion transport proteins , OATPs ) 5 A Ll [H & T ¥ iz
{4 ( organic cation transport , OCT ) B§ K % % . OATPs
WA 11 A6, i T B v B Y 5% 6 i Bt
OATPA RN AN Z 5 A HLIYI B T 1 ¥ iz, K 3%
R A NAIE TR EEE. A
Ja ok kB, OATP ¥z A A2 2= 5 A LI & 5 .k
PER T UL LW B 7 iz . 18 OATP B K ik
o, OATP1B1 J2 H §i ik i 2 W 25 ¥ 5 AV He iz
. OATPIB1 76 A 40 Jf B kIS I A0 M A7 35 3
AE 2 5 IO JTF 17 0 Joik R 58 A I oA 54 ) oAb
PN AL 7 W 5T A0 A At 7T L B AR Al T R AT,

R EFLY .

B L K B 98 R B, OATPIBI 1 & — 1> 15 J&
SRIEE, T AR & B 44 AR, B
17 A RAh T AER LR AR 4 AR R LR AR,
20N TFHE T, HR3IAMMTEEES FIX.
e/ L REAZ A T Ay WA S, RO [ NRE
BAT MO R B A B KM %2 R, A388C
(Asn130Asp) Fl T5S21C( Val174Ala) 7E3E-£ 7 A
o R Ay B R T4% F 1%, I Ny 63% il
16% , & & AN K 40% F1 14% ; A388G i
T521C 4y %%k iy 4% & OATP1BI1 % 1b F1 OATP1B1
%5 9878 Wi Fh %€ A8 A& Bk OATP1B1 = 15 Hf A: 7
B9 W Bk OATP1BI % la, A452G( Asnl151Ser) {{ 7
W N B A kB, MR 3.0 8% ; C463A
(Prol55Thr) 1 A1 929C ( Leu643 Phe ) Il { 7F /&
g A R IE B 5 5 8% F19 % 5 Gl 463C
(Gly488Ala) 1 A2 000G ( Glu667 Gly ) | H 7¢ 4 -
EE N AR, MR R 9% F1 34%
4B K S R AE G B I R B R B R, A388G,
T521C,G1 463C Hl A2 000G %5 58 45 R[] #2 Jif Hh
WA T OATPIBI [ 4% 33 35 1

Nishizato 25" ¥ 5 % B, [1 g OATP1B1 K4
AT J5, # 388G / 521C S A 4 P 1Y 32 ik

el TT R R BR R E K TR A A 2
WA B WA IESE A388G Il T521C 2 & PEA8
S % OATP1B1 I PE 2w JE % & 2 . OATP1BI1 %5
AR W] i R £ YT B AUC 5 F1 C, fH B T
B, OATPIBI = la/ % 15 4~ K% 2 OATPIBI1 =
la/ % la A~ 4& Ff1 OATP1IBL = 1b/ % 1b /& AUC
54 % B 45% 1 80% ; OATP1B1 % 15/ % 15 4~
% 2 OATP1BI1 * la/ * la /1K AUC {H % &
929% , [t OATP1B1 % 1b/ % 1b | % & 149% "7,
OATP1B1 % 15 fil OATP1B1 = 5 %5 {7 3£ A 7] Jk />
TRl 7T A I HE L BE— 8 i BE 5 K B
OATP1 B1 3 [ B4 38 F1 35 A% Ath VT 19 25 9 97 35040 ¢,
AN T 5 PR AR i 3 IR D 3 AR A VT IR 9T fS B JIE [
THREA R EER o BRIk AMIT A, X P4
Z B IR AL X T R AT VTR AT AR AT
25 80 2 A 2 LAY B 0 i L, M G BF g 4R
AN BT AT BE R I IR Ath VT 28 25 W36 9T o AH DG B
SUWLTE AR AN B B S 1 AL R

TE R4 21 3535 19 OATPs o Bk T OATP1BI
bh 345 OATP2B1 I OATP1B3 ., H §i X5 Wi &
Z 54 s AR D, B AR
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Bl OATP2B1 b &+ X H A & Jil 2 45 48 7 C1 457T
(Phed486Ser) % C1 175T ( Thr3921le ) , & {1 Xf
OATP2B1 Jit ¥ M 2% W Bt IR b 1) &% i 1% M # I A
WELW, fEmmE NS LB T OATPIB3 [y
34 e A X %€ A8 T334G (Serl12Ala) , G699 A
(Met2331le) #1 G1 564T ( Gly522Cys ) , 47 & 4 3
HT8% ,T1% Fl 2% . LB AR T fE B & 3,
AT 334G FI 699 A 25 {7 SL A 1) OATP2B1 H 4 #
[7i) ) e Y TK AN 5 T R () AR GZ BB ), T 1 564T
A5 M i 22 52 4 42 5% Tl I IR Al 114 9 3 3 Y

OATP1 A2 J& OATP i ZK ik b o5 — > 3% 3| G i
W ZjWitia k. HATE A, OATP1A2 £ 55514 (1)
S A0 45 IE T R A B IR ER A, S RESS A, 1
RIEEER T3 T4, R R Z AR50, & G
MR B R Z AR sl A AR R AR E , 1 B AL
TH G, PR, N-H % 7%, R OATP X
B IR B R 2 N B BT iR
iE R 3B A T ORI B A0 A P R 0, R —
Sy T N R ORK P2 A 2 B, X A AT 4L 2
Yy BE R /N Sz i B S, fE — 2 B
5L R 40 %) L B 9 45 R 3R W1, OATP T A2 Af Xt 42
SRBEN,BARAEE - 2R B RAE., TE
E-EF AP, L JE &K B A404T ( Asnl35lle) |
AS516C(Glul72Asp) Pk Jz C2 003G ( Thr668Ser ) ,
HAES M A 11% ,5% Fl 4% . 4505 $2E 08
516C,404T 12 003G Jg i MK F 1) OATP1A2
e BT AT AR R — 2 rh X A Y 25 W 850
BN R AN AR 22 S R A

3 FIEMRE

i 220 ZAESR AT X 25 4 AR Al 1Y 3t 1% 2
g B 2 S A N8 B i ot , IF i it s 3h
T AR 2 B G — B % I S8 SO O e 1] A A
Oy S RE o B T AR B s R ST R TR R R 2
508 25 BF S v T S R R B T A . A
A , 25 1 e 12 Ik 5 B HC AR G 1 gt A% 24 B = BF 52
JIR 2 R S s B R B R

4 i A Y DNA I Y 52 R O gt 1% 25 B 1 B
FERE ML TR R SCHE 0 s B KA R T 2 W B
ia AR N 22 257 S n R I o (EL g B A R O
Le TR, IR A BB BB M S T .
e, TN TT R A PR R AR G BT 5T, TS AL SR

BR T 54> SNP 5[] i, £ A7F 50 v ok 45 BEAR A9 R £ 25
Wy B FE5 5 DRI R 68 1 A A

W 25 Wy T iz 1R 1) 38t A% 25 B 2 B 5 R L T E)
FBR PO R AR AR, A AR K B 2OE .
EOR, BUA BT FE R B AT X #2210 R
T MR AR AR 2 W) AR A R R R AR T
T H E G B R R R, Lk 25 o 1
HEAEHL A, BB A BT X4k N
i AR L2 W 0 A B AT LA R X 25 W R A R A
Ty Nk BEAT R B 09 20 A, AT o A B 25 BOHT 2
Bk 4 A3t 5 1l

e Sd ¢

[1] Hoffmeyer S, Burk O, von Richter O, et al. Functional po-
lymorphisms of the human multidrug - resistance gene ; multiple
sequence variations and correlation of one allele with P -glyco-
protein expression and activity in vivo [ J] . Proc Natl Acad
Sei USA,2000,97(7) :3473-3478.

[2] Ameyaw M M, Regateiro F, Li T, et al. MDR1 pharmaco-
genetics ; frequency of the C3435T mutation in exon 26 is
significantly influenced by ethnicity [ J ]. Pharmacogenetics ,
2001,11(3) .:217-221.

[3] Sakaeda T, Nakamura T, Horinouchi M, et al. MDR1 gen-
otype - related pharmacokinetics of digoxin after single oral ad-
ministration in healthy Japanese subjects [ J ]. Pharm Res,
2001,18(10) :1400-1404.

[4] Johne A, Kopke K, Gerloff T, et al. Modulation of steady -
state kinetics of digoxin by haplotypes of the P -glycoprotein
MDR1 gene [ J ]. Clin Pharmacol Ther, 2002, 72 (5):
584-594.

[5] Verstuyft C, Schwab M, Schaeffeler E, et al. Digoxin phar-
macokinetics and MDR 1 genetic polymorphisms [ J] . Eur J
Clin Pharmacol ,2003 ,58 (12) :809-812.

[6] Verstuyft C, Strabach S, E1-Morabet H, et al. Dipyrida-
mole enhances digoxin bioavailability via P - glycoprotein inhibi-
tion[ J]. Clin Pharmacol Ther,2003,73 (1) :51-60.

[7] Hitzd M, Drescher S, van der Kuip H, et al. The C3435T
mutation in the human MDR1 gene is associated with altered
efflux of the P-glycoprotein substrate rhodamine 123 from
CD56 " natural killer cells [ J] . Pharmacogenetics , 2001,
11(4):293-298.

[8] Fellay J, Marzolini C, Meaden E R, et al. Response to an-
tiretroviral treatment in HIV -1 -infected individuals with allelic
variants of the multidrug resistance transporter 1 ; a pharmaco-
genetics study [ J]. Lancet,2002,359(9300) :30-36.

[9] Brumme Z L, Dong W W, Chan K J, et al. Influence of
polymorphisms within the CX3 CR1 and MDR-1 genes on ini-
tial antiretroviral therapy response [ J ]. AIDS, 2003, 17



2 3578 S X 2 e 18 AT A R e B FGIR PR X

M, 4

H=

[10]

[11]

[12]

[13]

[15]

[16]

[17]

(2):201-208.

Haas D W, Smeaton L M, Shafer R W, et al. Pharmacoge-
netics of long-term responses to antiretroviral regimens contai-
ning efavirenz and/ or nelfinavir ; an adult AIDS clinical trials
group study [ J ]. J Infect Dis, 2005,192 (1) :1931-
1942.

Almond L M, Edirisinghe D, Dalton M, et al. Intracellular
and plasma pharmacokinetics of nevirapine in HIV -infected in-
dividuals[ J ] . Clin Pharmacol Ther,2005,78 (2) :132-
142.

Kim R B, Leake B F, Choo E F, et al. Identification of
functionally variant MDR1 alleles among European Americans
and African Americans[ J]. Clin Pharmacol Ther ,2001 ,70
(2):189-199.

Tirona R G, Leake B F, Merino G, et al. Polymorphisms in
OATP-C : identification of multiple allelic variants associated
with altered transport activity among European- and African-
Americans [ J ]. J Biol Chem,2001,276(38) :35669-
35675.

Nozawa T, Nakajima M, Tamai I, et al. Genetic polymor-
phisms OATP-C
(SLC21A6) and OATP-B ( SLC21A9) . allele frequen-

of human organic anion transporters
cies in the Japanese population and functional analysis[ J]. J
Pharmacol Exp Ther,2002,302(2) :804-813.

Niemi M, Schaeffeler E, Lang T, et al. High plasma pra-
vastatin concentrations are associated with single nucleotide
polymorphisms and haplotypes of organic anion transporting
polypeptide -C ( OATP-C, SLCO1B1) [J]. Pharmacoge-
netics ,2004 ,14(7) :429-440.
Nishizato Y, leiri I, Suzuki H, et al.

OATP-C ( SLC21A6 ) and OAT3 ( SLC22A8 ) genes:

Polymorphisms  of

consequences for pravastatin pharmacokinetics [ J ] . Clin Phar-
macol Ther,2003,73(6) :554-565.

Ho R H, Choi L, Lee W, et al. Effect of drug transporter
genotypes on pravastatin disposition in European- and African -
American participants [ J ] . Pharmacogenet Genomics ,2007 ,

17(8) :647-656.

[18]

[20]

[21]

[22]

[23]

[24]

[25]

Mwinyi J, Johne A, Bauer S, et al. Evidence for inverse
effects of OATP-C ( SLC21A6) 5 and 1b haplotypes on
pravastatin kinetics [ J ]. Clin Pharmacol Ther, 2004, 75
(5):415-421.

Zhang W, Chen B L, Ozdemir V, et al. SLCOIB 1 521T—
C functional genetic polymorphism and lipid - lowering efficacy
of multiple -dose pravastatin in Chinese coronary heart disease
patients [ J]. Br J Clin Pharmacol ,2007 ,64 (3 ) :346-
352.

Ho R H, Wang Y, Leake B F, et al. Multiple OATP trans-
porters mediate the cellular uptake of rosuvastatin [ J ]. Clin
Pharmacol Ther ,2005,77(3) :11-51.

Teiri I, Suwannakul S, Maeda K, et al. SLCO1B1 ( OA-
TP1B1, an uptake transporter ) and ABCG2 ( BCRP, an
efflux transporter ) variant alleles and pharmacokinetics of pita-
vastatin in healthy volunteers [ J ]. Clin Pharmacol Ther,
2007 ,82(5) :541-547.

Pasanen M K, Neuvonen M, Neuvonen P J, et al. SL-
CO1B1 polymorphism markedly affects the pharmacokinetics of
simvastatin acid [ J ]. Pharmacogenet Genomics , 2006, 16
(12):873-879.

Morimoto K, Oishi T, Ueda S, et al. A novel variant allele
of OATP-C ( SLCO1B1) found in a Japanese patient with
pravastatin - induced myopathy [ J ]. Drug Metab Pharmacoki-
net ,2004,19(6) :453-455.

Letschert K, Keppler D, Konig J. Mutations in the SLCO1I -
B3 gene affecting the bstrate specificity of the hepatocellular
uptake transporter OATP1B3 ( OATP8) [ J]. Pharmacoge-
netics ,2004 ,14(7) :441-452.

Lee W, Glaeser H, Smith L H, et al. Polymorphisms in
1A2

human  organic  anion-transporting  polypeptide

(OATP1A2) . implications for altered drug disposition and
central nervous system drug entry[ J ]. J Biol Chem,2005 ,

280(10):9610-9617.

(KXt 34E)



