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ABCG2 Gene Polymorphisms Significantly Affect the Plasma Concentration of Rosuvastatin and Its Metabolites

CHEN Yu'?, ZHAO Shihan'?, TANG Cailin’>, CHEN Qi*, LI Yinluo®, ZHANG Yanyan', BAI Xue'”" (1. College
of Pharmacy, Guizhou Medical University, Guiyang 550025, China; 2. Department of Pharmacy ,GuiZhou Provincial People's Hospital ,
Guiyang 550002, China)

ABSTRACT: OBJECTIVE To investigate the effect of pharmacokinetic-related gene polymorphisms of rosuvastatin on plasma con-
centrations of rosuvastatin( RST ) and its metabolites: rosuvastatin lactone (RSTL). METHODS The plasma concentrations of RST
and its metabolites were determined through an established performance liquid chromatography mass spectrometry method. And the plasma
concentrations were determined and DNA was extracted in the Chinese group of 520 people who were stably taking RST for more than one
week. Nine SNPs in RST pharmacokinetics-related organic anion transporter, breast cancer resistance protein, cytochrome P450 enzyme
genes were genotyped by using the Sequenom MassArray iPlex platform. Univariate and multiple linear regression were used to analyze the
effects of baseline characteristics and gene polymorphisms on RST and RSTL respectively. RESULTS  The reserch results revealed that
ABCG2 1s2231142 variations were highly associated with the plasma concentrations of RST, RSTL (P <0.05; RST: * =9.7% ;
RSTL: r* =3.3% ). SLCOIBI rs4149056 significantly affected the concentrations of RST (P <0.05, r* =1% ). But, SLCOIBI
154149056 had no significant effect on the concentration of RSTL. After inclusion in the multiple regression model, ABCG2 1s2231142,
age, and creatinine were retained in the regression model (P <0.05). CONCLUSION The effect of ABCG2 rs2231142 gene poly-
morphisms on the plasma concentration of RST in the Chinese is greater than that of SLCOIBI rs4149056. ABCG2 1s2231142 variations
are the independent factor affecting the plasma concentrations of RST and RSTL.

KEY WORDS: rosuvastatin; plasma concentration; ABCG2; SLCO1BI
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IAE 2 10% 2406, & P,s, (cytochrome P450 family
2 subfamily C member 9, CYP2C9) {tif /b & Fri &7
At 7T N FE ( rosuvastatin-5S-lactone , RSTL) , FAK N
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#(eGFR) >30 mL + min ™" + 1.73 m > |, RATILI 5B
B ARITIEEGENTI S . BT ,520 BAF6 AR
BRNAHT . ZHFE C AR 5N A N R EE B fe 2

FUasnyitiE, A B e A E G R

1.2 mEkE

BEMA RST 1 )5, REMAE S mL F
EDTAH S ,2 h JF 4 °C,3 000 r » min ™' B0
10 min, Y45 12 MK AT JZ M40, F - 80 C v
R . 2 IR B REGE R
L3 25Kk Bl

T WA 35 - B 56 F (HPLC-MS) J7 i 647
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L) WA Lo BUAh, WFFEE X A B N T &
g Mg (R 1) o
RSTL {14 1fi 25 9 5 B A, HLRHR 23 /83 10 Al
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SR IEA L E LN
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Tab.1 Baseline characteristics of patients and the effect of baseline characteristics on the plasma concentrations of rosuvastatin

(RST) and rosuvastatin lactone (RSTL). n =520,x +s

Diseases and

p(RST) /ng - mL ! p(RSTL)/ng - mL !

Characteristics xX*s
medications X*s Estimate P value x*s Estimate P value
Demographicdata
Total number - 520 4.11 £4. 16 0.56 £0. 59
Age (years) - 62.84 £10.71 0.016 0. 000 0.012 0.014
Sex
Female - 160(30.77% ) 4.30 +4.28 -0.103 0.265 0.59 +0.51 -0.125 0.276
Male - 360(69.23% ) 4.02 +4.12 0.54 +0.63
Medical history
Arrhythmia No 482(92.69% ) 3.93+3.70 0.338 0.033 0.54 £0.59 0. 348 0.076
Yes 38(7.31% ) 6.17 +7.59 0.70 +0. 68
Heart failure No 328(63.08% ) 4.07 +4.03 -0.016 0. 860 0.56 +0. 58 -0.106 0.356
Yes 192(36.92% ) 4.19 +4.48 0.54 +0. 63
Hypertension No 283(54.42% ) 4.36 =4. 60 -0.072 0. 400 0.60 0. 68 -0.173 0.102
Yes 237(45.58% ) 3.80 £3.55 0.50 +0. 46
Hyperlipidemia No 466(89.62% ) 4.07 4. 19 0.071 0.618 0.56 =0. 60 -0.141 0.424
Yes 54(10.38% ) 4.41 £3.93 0.52 +0.56
Biochemical measurements
ALT/U - L~} - 32.25 +25.76 - -0.002 0.204 - 0. 000 0.961
AST/U « L~! - 31.05 +£25. 40 - 0. 000 0. 825 - 0. 001 0.526
CREA/pmol - L~! - 85.04 +36.34 - 0. 005 0. 000 - 0. 004 0. 002
Medication
B-blockers No 68(13.08% ) 4.17 +£4.36 -0. 064 0. 608 0.59 +0. 68 -0.067 0. 666
Yes 452(86.92% ) 4.10 4. 14 0.55 +0.58
ACEIs No 244(46.92% ) 4.13 +3.79 -0.098 0.247 0.57 +0. 61 0. 050 0. 636
Yes 276(53.08% ) 4.08 +4.49 0.54 +0.58
CCBs No 363(69.81% ) 4.32 +4.65 -0. 065 0. 484 0.57 +0. 66 0.201 0.079
Yes 157(30.19% ) 3.60 £2.62 0.53 +0.40
PPIs No 255(49.04% ) 3.68 £3.70 0.193 0.022 0.56 +0. 62 0. 062 0.554
Yes 265(50.96% ) 4.53 +4.55 0.55 +0.57
Clopidogrel No 16(3.08% ) 4.72+3.78 -0.298 0.216 0.96 +0. 80 -0.522 0.079
Yes 504(96.92% ) 4.08 +4.18 0.54 +0.58
Aspirin No 23(4.42% ) 4.86 +5. 14 -0.235 0.230 0.84 +0.95 -0.178 0.462
Yes 497(95.58% ) 4.07 4. 11 0.54 +0.57

TE:ALT - A9 5: 50 AST - A 2565 ; CREA - JJLEF; ACEIs — 55 53k AL RHM HI 7 ;

CCBs - £ 3 FHHF 1 ; PPTs — B T2 M 71

Note; ALT — Alanine aminotransferase; AST — Aspartate aminotransferase; CREA — Creatinine; ACEls — Angiotensin converting enzyme inhibitors; CCBs — Calcium channel

blockers; PPIs — Proton pump inhibitors.

2.2 EFEBSA G TR MK E &N F L E R
te %
28 X R IR AR 9 AL A3 FF & Har-
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PTG, 45 5 R : CYP2C9 151057910 1) fi% /N 25
PEFER AR/ T 0.1, RAS AR, TC A B4l
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ML 25 Y6 . ABCG2 152231142 {if & GG/GT/TT  1s2231142 38 %81 ( D' =0.996, 7 =0.993) , %I
BEPR I XE RST #1 RSTL I 25 B 2% A 4 it2# 7% RST.RSTL Ifil 25 ¥ J& /9 52 W 5 rs2231142 1 0.,
X (P < 0.05), fii ABCG2 1s2199936 5 W% 3 K& 1A B,

F2 RST X EA sequenom Al £ R Fn i /N 4E fir 2 [ H 5
Tab.2 Genotypes and MAF of SNPs assoiated with RST

Genotype ,n( % )

Gene SNPs Mutation MAF
Wt Het Mut

SLCOIBI 54149056 T>C 315(0.76) 60(0.14) 39(0.09) 0.17
rs2306283 G>A 225(0.55) 167(0.41) 20(0.05) 0.25

rs4363657 T>C 111(0.27) 217(0.53) 79(0.19) 0. 46

SLCO1B3 rs7311358 A>G 218(0.53) 162(0.40) 28(0.07) 0.27
SLCO10A1 1rs2296651 G>A 328(0.79) 79(0.19) 6(0.01) 0.11
ABCG2 rs2231142 C>A 190(0. 46) 178(0.43) 45(0.11) 0.32
rs2199936 C>A 189(0.46) 175(0.43) 44(0.11) 0.32

ABCBI rs1045642 C>T 170(0.41) 183(0.44) 59(0.14) 0.37
NRIH4 156163822 G>T 324(0.78) 85(0.21) 5(0.01) 0.11
CYP2C9 rs1057910 A>C 397(0.96) 17(0.04) 0(0.00) 0.02

1 :SNPs — IR Z 51k s MAF - A8 SR A (3R PR A<

Note : SNPs — Single nucleotide polymorphisms; MAF — Mutant allele frequency.

£3 hzhe sk E X RST RSTL L 253K 69 % 9. n=520,% s
Tab.3 The effect of pharmacokinetics — related genes on concentrations of RST and RSTL. n =520,x £

) ) p(RST)/ng + mL~! p(RSTL) /ng + mL !
Gene SNPs Genotype
xxs P value xX*s P value
SLCOIBI rs4149056 TT 3.65 £3.28 0.048 0.56 +0.59 0. 657
CT 4.40 £3.42 0.46 +0. 36
cC 4.15£2.77 0.47 +0. 38
1rs2306283 GG 3.87 £3.88 0.33 0.51 +0.56 0.125
GA 4.30 £4.40 0.61 +0.58
AA 4.76 +4.36 0.64 +0. 67
rs4363657 TT 4.39 +4.19 0.485 0.68 +0.71 0. 007
TC 4.06 +4.50 0.54 +0.56
cC 3.82£2.89 0.43 +0.34
SLCOIB3 rs7311358 AA 4.29 £4.42 0.275 0. 60 £0. 62 0. 396
AG 3.93 £3.81 0.50 +0. 50
GG 3.80 £3.63 0.56 =0. 60
SLCOI10AI 152296651 GG 4.12 +£4.26 0.957 0.56 +0. 54 0.079
GA 4.24 £3.92 0.56 +0.72
AA 2.82+1.27 0.30 +0. 09
ABCG2 rs2231142 GG 3.20 £3.39 0. 000 0.46 +0. 47 0. 000
GT 4.27 £4.05 0.58 +0. 62
T 7.46 £5.59 0.88 +0. 68
2199936 GG 3.21 £3.40 0. 000 0.45 +0.47 0. 000
GA 4.32 +4.07 0.59 +0. 62
AA 7.54 £5.62 0.89 +0. 68
ABCBI rs1045642 GG 4.30 +4.03 0.733 0.60 0. 62 0.853
GA 4.03 +£4.25 0.51 +0.54
AA 4.01 £4.29 0.57 +0. 54
NRIH4 1s56163822 GG 4.28 +£4.40 0.254 0.57 +0. 60 0.851
GT 3.55£3.19 0.52 +0.47
TT 3.63 £1.49 0.45 +0.29
CYP2C9 rs1057910 AA 4.14 £4.30 0.795 0.55 +0.55 0. 820
CA +CC 3.56 +1.98 0.72 £0.81
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A —=ABCG2 152231142 %f RST 54101 ;B — ABCG2 152231142 X%f RSTL [F)5%01 ; C — SLCO1BI 154149056 %if RST {540 ; D — SLCO1BI 154149056 %} RSTL #5401 ; A B

5 ABCG2 12231142 2875 %) RST \RSTL MM 25 FEA L, P <0. 05,

A —the effect of ABCG2 152231142 on RST; B - the effect of ABCG2 152231142 on RSTL; C - the effect of SLCOIBI 154149056 on RST; D - the effect of SLCOIBI
rs4149056 on RSTL; A and B compare with the serum concentrations of RST and RSTL for ABCG2 rs2231142 mutation, P <0.05.

1 T EZEEAT ABCG2 152231142 SLCOIBI 14149056 %+ RST . RSTL 1 75 % &

e, n=520,x+s

Fig. 1 The effects of ABCG2 1s2231142 and SLCO1BI rs4149056 on concentrations of RST and RSTL under different genotypes.

n=520,x +s

2.3.2  SLCOIBI {3 j5 3 A % RST KAt i414 RSTL
L2659 B By B SLCOIBI rs4149056 {37 f5 TT/
CT/CC JEH RIS RST B M 254 &, 2 R H A 4
TH2EE (P <0.05) ;% RSTL Ifl 25 ¥ & 4011 2#
X (P >0.05);SLCOIBI rs2306283 154363657
FLPAIXE RST M 245 ¥R TR W, TS i 24 & L
(P>0.05), {{ 1s4363657 {ii i TT/CT/CC ;@e
I RSTL I 25 e FE A 5 % 520 (P < 0.05) .

=3 KE1C. D,
2.3.3  JARJERHEXF RST K ACiH4 RSTL I 25 ¥k 3
QIS A, R A4S SLCOIB3 SLCO10AI |
ABCBI NRIH4 .CYP2C9 %5 5 AR {7 5, HiHL K
fi7 &5 % RST, RSTL [fil 2 ¥ & 3 JC B & 0
(P>0.05), %3,
2.4 Motk R R AL EF A RST XA
# 4 RSTL i 25 3% £ 49 B & oA

AT RZ I RST 2 RSTL I 25 ¢ 3 1) 37 IR 3%

IR A PR 306 25 22 T A A AR5 AR DG TR
Xf RST RSTL {1y 24 v i st A% R R A i o [w) it
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3N AR5 R R Flist 4% 2R X RST (RSTL [y
mliWU“,%ﬁﬂnPw.l MRER, WA ZEEIH
i, AT 2 E 4Pk A, [0 H SR 3 Ak,
P <0. 0517‘?‘9”?“1‘%%‘“43 SRy W) 24 ) 3% Tk BE Tk
SEPRE IR P R R R A [ 5 56 &R o T A R
f LB, SRS IE A 2 3278 1% 22 TR 25 455 80 T fi B 1)
el

2.4.1 LR MAARSHL P 3R X @ AR A 7T 1M 24
WRE R 499 A T ABCG2 rs2231142  SLCOIBI
rs4149056 AW A I8 M 2, 45 5 R :ABCG2
1s2231142( P = 0. 000) 4EJ% (P = 0.003) . CREA
(P =0.000) (R4 75 2 & [l H AL AL o LAE [a] 5 ¢
Zobonl g B Y e B O ABCG2 1s2231142 (7 =
9.7% ) AFI8(r* =3.6% ) .CREA(r* =3.6% ) , &4~
Z2 7 [A] 5 80 1] i B RST (14 I 24 v 3 A% S 1 HL 451)
H15.90% . S3tra R 4,

2.4.2  BARPRR KARS L R 0 5 EF A 7T R
MZVRE R 2 X2 HEERIEB A, A T
( ABCG2 ) rs2231142, SLCOIBI  rs4363657 .

T2y 2024 4 1 TS5 59 B 10



SLCOI0AI rs2296651 AF4y A8 & 2 H &
vEA £ A R, 45 R OABCG2 152231142
(P =0.000) SLCOIBI rs4363657 (P =0.026) AE
(P =0.044) CREA(P =0.004 ) {4 4 7F £ & |n] 5 55
Aivp, HCAE [ U9 9C & v o] i B Y B 9 o ABCG2
rs2231142 (r* =3.3% ) . SLCOIBI 14363657 (1 =
1.8%) AE#(r" =1.3% ) .CREA(r* =2. 1% ) , %4~
27 [a] AR TR0 T B¢ RSTL I 24 1k B8 A8 S 1 He 45k
7.20% o SHTEERIE S,

F4 HXEEMRSTMAREYHHSELELMER
Tab.4 The effects of variants on plasma concentrations of RST

in multiple linear regression model

Univariate Analysis Mutiplyvariate Analysis

Variants
P value 2 Estimate P value Adjusted r2

ABCG2 12231142 0.000  0.097 0.423 0. 000 0. 159
SLCOIBIrs4149056 0.048 0.010

Age/years 0.000 0.036 0.011 0. 003

Arrhythmia 0.033  0.010

CREA 0.000 0.036 0. 005 0. 000

PPIs 0.022  0.011

RS MXHEEXRSTLmAARED AN S ELEL2MER
Tab. 5

The effects of variants on plasma concentrations of

RSTL in multiple linear regression model

Univariate Analysis Mutiplyvariate Analysis

Variants

2 Estimate

P value r P value Adjusted r2
ABCG2 rs2231142 0.000  0.033 0. 308 0. 000 0.072
SLCOIBI rs4363657 0.007  0.018

SLCOI0AI rs2296651 0.079  0.007

-0.180 0.026

Age/years 0.014 0.013 0.010 0. 044
Arrhythmia 0.076  0.007

CREA 0.002  0.021 0. 004 0. 004
CCBs 0.079  0.007

Clopidogrel 0.079  0.007

3% i

3.1 # v RST B R ¥4 RSTL wydE 3 % B &
AR B 9% & B0, RST L 10% 3@ & 15 1 HE
M. RST BB B30 4% L P B B o R 405
AN EE RST 19 Ik 245 7 i, ™ 8 B D BB L 35 (eG-
FR <30 mL » min~' - 1.73 m %) B} ™ 2% (i fj§ RST
A ] 55 2 o fH 2, AR AR AP IE R R B, 4
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