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Introduction
The solute carrier organic anion transporter family member 1B1 (SLCO1B1) gene encodes
for a membrane-bound sodium-independent organic anion transporter protein (OATP1B1)
that is involved in active cellular influx of many endogenous and xenobiotic compounds.
SLCO1B1, formerly known by several other names including organic anion transporter 2
(OATP2), OATPC, liver-specific transporter 1 (LST1), and SLC21A6, is located on
chromosome 12 and encodes a 691 amino acid protein with 12 transmembrane helices [1,2].
The gene is a member of the family of SLC21 (human: OATP, rodent: Oatp) transporters
[3,4]. OATP1B1 is expressed predominantly on the basolateral membrane of hepatocytes
[5,6], where it mediates active intracellular hepatic transport of various anionic compounds
[5,6].

The protein sequence of OATB1B1 is similar to those of other organic anion transporters.
The human protein shares 64% sequence identity with rOatp4 and 65% sequence identity
with mOatp4 and 44–47% with other rodent Oatps [3]. Compared with other members of the
human organic anion transporters, OATP1B1 is the most similar to OATP1B3 (SLCO1B3,
previously known as SLC21A8). These two proteins share 80% amino acid sequence
identity, are expressed predominantly in the liver, and have similar substrate selectivity [1].
Functionality between these two human transporters in the SLC21 family can be
distinguished using estrone-3-sulfate, an OATP1B1-selective ligand, and cholecystokinin
octapeptide, an OATP1B3-selective ligand [7]. Note that the selectivity for estrone sulfate
applies only in distinguishing the transport between OATP1B1 versus OATP1B3; estrone
sulfate is an excellent substrate for other organic anion transporters, such as OAT3
(SLC22A9)[8].

Recent reviews describe the role of OATP1B1 in general drug disposition [2] and,
specifically, in 3-hydroxy-3-methyl-glutaryl-CoEnzyme A reductase reductase inhibitor
(statin) pharmacokinetics [9]. As OATP1B1 mediates intrahepatic transport of
pharmaceutical agents, SLCO1B1 is an important pharmacokinetic gene – and, as described
below, an important pharmacogene.
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SLCO1B1 substrates and inhibitors
OATP1B1 mediates active transport of many endogenous substrates, such as bile acids,
xenobiotic compounds, and a wide panel of pharmaceutical compounds. Table 1 lists
endogenous ligands and Table 2 lists drugs and xenobiotics that have been reported to be
substrates for this transporter. Several molecules have been excluded from the table because
of conflicting reports. These include fexofenadine, an H1 receptor antagonist, the active
metabolite of terfenadine [7,33], simvastatin, the 3-hydroxy-3-methyl-glutaryl-CoEnzyme A
reductase inhibitor [11,14], and bilirubin [34,35]. For the case of bilirubin, conflicting
reports may be because of the difficulty in working with bilirubin because of its photolabiity
[36,37].

OATP1B1-dependent transport is an important step in mediating drug hepatic clearance. We
would like to highlight one class of drugs, the statins, because statins are widely prescribed
for cardiovascular disease (CVD) risk reduction [9,38]. OATP1B1 transport is particularly
important for hepatic accessibility of pravastatin, as this compound is too hydrophilic to gain
significant hepto-cellular entry through passive transport [39]. OATP1B1-dependent
transport may also be important for the acid (active) form of simvastatin, a lactone, (and
other statins less hydrophobic than pravastatin) as SLCO1B1 variants were recently
associated with simvastatin-induced myopathies [40], implying that OATP1B1 was involved
with simvastatin transport.

In addition to substrates transported by OATP1B1, there are many pharmaceutical
compounds known to inhibit OATP1B1 transport activity. Owing to the nature of these
experiments, it is known that these compounds interact with SLCO1B1 but it is not known
(except for the case of repaglinide) whether these compounds are actively transported by the
transporter. This list of molecules is given in Table 3. All inhibitors listed were identified by
in-vitro experiments in cells expressing SLCO1B1. We include the half maximal inhibitory
concentration or Ki values, where available in the manuscripts.

These data indicate the wide substrate selectivity of OATP1B1 and show that sequence
variation at the SLCO1B1 locus may have a sizable impact on pharmaceutical response to
many a broad range of drugs.

SLCO1B1 variants and their functional consequences
The SLCO1B1 gene spans 15 exons and 190 common variants with minor allele frequency
greater than 5% have been identified within this gene (www.hapmap.org). Of these, two
common nonsynonymous SLCO1B1 variants have been well characterized: rs2306283
(SLCO1B1:492A > G on reference sequence NM_006446.4, previously referred to as 388A
> G; encoding OATP1B1:N130D) and rs4149056 (SLCO1B1: 625T > C on reference
sequence NM_006446.4; commonly referred to as T521C, encoding OATP1B1:V174A).
These two variants are in partial linkage disequilibrium. Consequently, there are four
important haplotypes: SLCO1B1*1A, containing neither variant, SLCO1B1*1B
(rs2306238), SLCO1B1*5 (rs4149056) and SLCO1B1*15 (both) [43].

In cellular studies, OATP1B1-Ala174 and associated haplotypes, particularly SLCO1B1*15,
have shown reduced transport activity in comparison with OATP1B1-Val174
[11,14,22,43-45]. This may be a result of intracellular protein sequestration and reduced
surface expression [11]. Several studies suggest that the OATP1B1:N130D protein had
increased transporter function but these reports have been inconsistent [11,14,22,43-45].
SLCO1B1 single nucleotide polymorphisms and haplotypes have been implicated in altered
pharmacokinetic handling and pharmacodynamic response for several major drug classes.
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As mentioned previously, OATP1B1-dependent transport is an important step in mediating
hepatic clearance of statins. The minor allele of SLCO1B1 T521C (present in *5, *15, *16,
*17 haplotypes) has been consistently associated with elevated circulating concentrations of
statins, as measured by plasma area under the curve (AUC) values or Cmax [38,46-50],
implying reduced hepatic access. Because statins act primarily through hepatic mechanisms,
reduced hepatic statin availability associated with SLCO1B1 T521C may also influence
statin efficacy. However, studies describing a relationship of this variant with either statin-
mediated LDL-cholesterol lowering or CVD risk reduction are conflicting and the evidence
remains weak [51-56]. Collectively, these data suggest that any effect of SLCO1B1 T521C
on statin efficacy is minor. In contrast, reduced transporter function may promote adverse
drug responses through prolonged systemic statin exposure. This theory is supported by a
recent genome-wide association study that identified this same SLCO1B1 variant
(rs4149056) as the genotype most predictive of simvastatin-induced myotoxicity [40].

Associations have also been observed between SLCO1B1 T521C and pharmacokinetic
handling and drug efficacy for other classes of drugs. Repaglinide is an antidiabetic agent
and OATP1B1 substrate. Repaglinide plasma AUC was increased in SLCO1B1:T521C
carriers in several studies across a range of dosages [20,57,58]. Furthermore, increased
repaglinide efficacy, as measured by plasma glucose AUC reductions, was also observed in
these studies [20,57]. Notably, SLCO1B1:A388G (rs2306283) was associated with
decreased repaglinide plasma AUC and reduced efficacy [20]. No association was observed
between these variants and pharmacokinetic handling of a second meglitinide family
member, nateglinide [20]. SLCO1B1: T521C, as observed in the *5 and *15 haplotypes, has
also been associated with increased irinotecan plasma AUC, an anticancer agent, and, in two
studies, was predictive of irinotecan-induced neutropenia [59-62]. This variant has also been
associated with altered steady state concentrations of the antihypertensive agent, torasemide
[63].

SLCO1B1:T521C has also been associated with increased serum bilirubin levels. Bilirubin
is an endogenous heme metabolite; low plasma bilirubin concentrations have been
associated with elevated CVD risk [64]. SLCO1B1: T521C carriers exhibited increased
serum bilirubin (as well as estrone sulfate) concentrations in two Caucasian populations
[44,65]. These results are further supported by the results of a recent genome-wide
association study meta-analysis that identified rs4149056 as the major genetic predictor of
serum bilirubin levels in a combined population of approximately 9500 Caucasians [66].

Population frequencies
The genotypic frequencies for the single nucleotide polymorphisms s and variants identified
seem to be dependent on ethnicity. Summary is given in Table 4.

Acknowledgments
PharmGKB is supported by the NIH/NIGMS Pharmacogenetics Research Network (PGRN; UO1GM61374). LM
was funded by NIH grant UO1-HL69757.

References
1. Gui C, Hagenbuch B. Amino acid residues in transmembrane domain 10 of organic anion

transporting polypeptide 1B3 are critical for cholecystokinin octapeptide transport. Biochemistry.
2008; 47:9090–9097. [PubMed: 18690707]

2. Niemi M. Role of OATP transporters in the disposition of drugs. Pharmacogenomics. 2007; 8:787–
802. [PubMed: 18240907]

Oshiro et al. Page 3

Pharmacogenet Genomics. Author manuscript; available in PMC 2011 May 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3. Hagenbuch B, Meier PJ. The superfamily of organic anion transporting polypeptides. Biochim
Biophys Acta. 2003; 1609:1–18. [PubMed: 12507753]

4. Hagenbuch B, Meier PJ. Organic anion transporting polypeptides of the OATP/ SLC21 family:
phylogenetic classification as OATP/ SLCO superfamily, new nomenclature and molecular/
functional properties. Pflugers Arch. 2004; 447:653–665. [PubMed: 14579113]

5. Konig J, Cui Y, Nies AT, Keppler D. A novel human organic anion transporting polypeptide
localized to the basolateral hepatocyte membrane. Am J Physiol Gastrointest Liver Physiol. 2000;
278:G156–G164. [PubMed: 10644574]

6. Hsiang B, Zhu Y, Wang Z, Wu Y, Sasseville V, Yang WP, Kirchgessner TG. A novel human
hepatic organic anion transporting polypeptide (OATP2). Identification of a liver-specific human
organic anion transporting polypeptide and identification of rat and human hydroxymethylglutaryl-
CoA reductase inhibitor transporters. J Biol Chem. 1999; 274:37161–37168. [PubMed: 10601278]

7. Shimizu M, Fuse K, Okudaira K, Nishigaki R, Maeda K, Kusuhara H, Sugiyama Y. Contribution of
OATP (organic anion-transporting polypeptide) family transporters to the hepatic uptake of
fexofenadine in humans. Drug Metab Dispos. 2005; 33:1477–1481. [PubMed: 16014768]

8. Erdman AR, Mangravite LM, Urban TJ, Lagpacan LL, Castro RA, de la Cruz M, et al. The human
organic anion transporter 3 (OAT3; SLC22A8): genetic variation and functional genomics. Am J
Physiol Renal Physiol. 2006; 290:F905–F912. [PubMed: 16291576]

9. Mangravite LM, Krauss RM. Pharmacogenomics of statin response. Curr Opin Lipidol. 2007;
18:409–414. [PubMed: 17620857]

10. Abe T, Kakyo M, Tokui T, Nakagomi R, Nishio T, Nakai D, et al. Identification of a novel gene
family encoding human liver-specific organic anion transporter LST-1. J Biol Chem. 1999;
274:17159–17163. [PubMed: 10358072]

11. Tirona RG, Leake BF, Merino G, Kim RB. Polymorphisms in OATP-C: identification of multiple
allelic variants associated with altered transport activity among European- and African-Americans.
J Biol Chem. 2001; 276:35669–35675. [PubMed: 11477075]

12. Tamai I, Nezu J, Uchino H, Sai Y, Oku A, Shimane M, Tsuji A. Molecular identification and
characterization of novel members of the human organic anion transporter (OATP) family.
Biochem Biophys Res Commun. 2000; 273:251–260. [PubMed: 10873595]

13. Gui C, Miao Y, Thompson L, Wahlgren B, Mock M, Stieger B, Hagenbuch B. Effect of pregnane
X receptor ligands on transport mediated by human OATP1B1 and OATP1B3. Eur J Pharmacol.
2008; 584:57–65. [PubMed: 18321482]

14. Kameyama Y, Yamashita K, Kobayashi K, Hosokawa M, Chiba K. Functional characterization of
SLCO1B1 (OATP-C) variants, SLCO1B1*5, SLCO1B1*15 and SLCO1B1*15 + C1007G, by
using transient expression systems of HeLa and HEK293 cells. Pharmacogenet Genomics. 2005;
15:513–522. [PubMed: 15970799]

15. Nakai D, Nakagomi R, Furuta Y, Tokui T, Abe T, Ikeda T, Nishimura K. Human liver-specific
organic anion transporter, LST-1, mediates uptake of pravastatin by human hepatocytes. J
Pharmacol Exp Ther. 2001; 97:861–867. [PubMed: 11356905]

16. Chen C, Mireles RJ, Campbell SD, Lin J, Mills JB, Xu JJ, Smolarek TA. Differential interaction of
3-hydroxy-3-methylglutaryl-coa reductase inhibitors with ABCB1, ABCC2, and OATP1B1. Drug
Metab Dispos. 2005; 33:537–546. [PubMed: 15616150]

17. Hirano M, Maeda K, Shitara Y, Sugiyama Y. Contribution of OATP2 (OATP1B1) and OATP8
(OATP1B3) to the hepatic uptake of pitavastatin in humans. J Pharmacol Exp Ther. 2004;
311:139–146. [PubMed: 15159445]

18. Hirano M, Maeda K, Shitara Y, Sugiyama Y. Drug-drug interaction between pitavastatin and
various drugs via OATP1B1. Drug Metab Dispos. 2006; 34:1229–1236. [PubMed: 16595711]

19. Ho RH, Tirona RG, Leake BF, Glaeser H, Lee W, Lemke CJ, et al. Drug and bile acid transporters
in rosuvastatin hepatic uptake: function, expression, and pharmacogenetics. Gastroenterology.
2006; 130:1793–1806. [PubMed: 16697742]

20. Kalliokoski A, Neuvonen M, Neuvonen PJ, Niemi M. Different effects of SLCO1B1
polymorphism on the pharmacokinetics and pharmacodynamics of repaglinide and nateglinide. J
Clin Pharmacol. 2008; 48:311–321. [PubMed: 18187595]

Oshiro et al. Page 4

Pharmacogenet Genomics. Author manuscript; available in PMC 2011 May 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



21. Niemi M, Backman JT, Kajosaari LI, Leathart JB, Neuvonen M, Daly AK, et al. Polymorphic
organic anion transporting polypeptide 1B1 is a major determinant of repaglinide
pharmacokinetics. Clin Pharmacol Ther. 2005; 77:468–478. [PubMed: 15961978]

22. Nozawa T, Minami H, Sugiura S, Tsuji A, Tamai I. Role of organic anion transporter OATP1B1
(OATP-C) in hepatic uptake of irinotecan and its active metabolite, 7-ethyl-10-
hydroxycamptothecin: in vitro evidence and effect of single nucleotide polymorphisms. Drug
Metab Dispos. 2005; 33:434–439. [PubMed: 15608127]

23. Treiber A, Schneiter R, Hausler S, Stieger B. Bosentan is a substrate of human OATP1B1 and
OATP1B3: inhibition of hepatic uptake as the common mechanism of its interactions with
cyclosporin A, rifampicin, and sildenafil. Drug Metab Dispos. 2007; 35:1400–1407. [PubMed:
17496208]

24. Katz DA, Carr R, Grimm DR, Xiong H, Holley-Shanks R, Mueller T, et al. Organic anion
transporting polypeptide 1B1 activity classified by SLCO1B1 genotype influences atrasentan
pharmacokinetics. Clin Pharmacol Ther. 2006; 79:186–196. [PubMed: 16513443]

25. Liu L, Cui Y, Chung AY, Shitara Y, Sugiyama Y, Keppler D, Pang KS. Vectorial transport of
enalapril by Oatp1a1/Mrp2 and OATP1B1 and OATP1B3/MRP2 in rat and human livers. J
Pharmacol Exp Ther. 2006; 318:395–402. [PubMed: 16627748]

26. Maeda K, Ieiri I, Yasuda K, Fujino A, Fujiwara H, Otsubo K, et al. Effects of organic anion
transporting polypeptide 1B1 haplotype on pharmacokinetics of pravastatin, valsartan, and
temocapril. Clin Pharmacol Ther. 2006; 79:427–439. [PubMed: 16678545]

27. Yamashiro W, Maeda K, Hirouchi M, Adachi Y, Hu Z, Sugiyama Y. Involvement of transporters
in the hepatic uptake and biliary excretion of valsartan, a selective antagonist of the angiotensin II
AT1-receptor, in humans. Drug Metab Dispos. 2006; 34:1247–1254. [PubMed: 16624871]

28. Suwannakul S, Ieiri I, Kimura M, Kawabata K, Kusuhara H, Hirota T, et al. Pharmacokinetic
interaction between pravastatin and olmesartan in relation to SLCO1B1 polymorphism. J Hum
Genet. 2008; 53:899–904. [PubMed: 18641915]

29. Yamada A, Maeda K, Kamiyama E, Sugiyama D, Kondo T, Shiroyanagi Y, et al. Multiple human
isoforms of drug transporters contribute to the hepatic and renal transport of olmesartan, a
selective antagonist of the angiotensin II AT1-receptor. Drug Metab Dispos. 2007; 35:2166–2176.
[PubMed: 17823233]

30. Sandhu P, Lee W, Xu X, Leake BF, Yamazaki M, Stone JA, et al. Hepatic uptake of the novel
antifungal agent caspofungin. Drug Metab Dispos. 2005; 33:676–682. [PubMed: 15716364]

31. Nozawa T, Sugiura S, Nakajima M, Goto A, Yokoi T, Nezu J, et al. Involvement of organic anion
transporting polypeptides in the transport of troglitazone sulfate: implications for understanding
troglitazone hepatotoxicity. Drug Metab Dispos. 2004; 32:291–294. [PubMed: 14977862]

32. Lu WJ, Tamai I, Nezu J, Lai ML, Huang JD. Organic anion transporting polypeptide-C mediates
arsenic uptake in HEK-293 cells. J Biomed Sci. 2006; 13:525–533. [PubMed: 16479312]

33. Niemi M, Kivisto KT, Hofmann U, Schwab M, Eichelbaum M, Fromm MF. Fexofenadine
pharmacokinetics are associated with a polymorphism of the SLCO1B1 gene (encoding
OATP1B1). Br J Clin Pharmacol. 2005; 59:602–604. [PubMed: 15842561]

34. Cui Y, Konig J, Leier I, Buchholz U, Keppler D. Hepatic uptake of bilirubin and its conjugates by
the human organic anion transporter SLC21A6. J Biol Chem. 2001; 276:9626–9630. [PubMed:
11134001]

35. Wang P, Kim RB, Chowdhury JR, Wolkoff AW. The human organic anion transport protein
SLC21A6 is not sufficient for bilirubin transport. J Biol Chem. 2003; 278:20695–20699.
[PubMed: 12670950]

36. Wurtman RJ. The effects of light on man and other mammals. Annu Rev Physiol. 1975; 37:467–
483. [PubMed: 1092254]

37. Migliorini MG, Galvan P, Sbrana G, Donzelli GP, Vecchi C. Bilirubin photoconversion induced by
monochromatic laser radiation. Comparison between aerobic and anaerobic experiments in vitro.
Biochem J. 1988; 256:841–846. [PubMed: 3223957]

38. Kivisto KT, Niemi M. Influence of drug transporter polymorphisms on pravastatin
pharmacokinetics in humans. Pharm Res. 2007; 24:239–247. [PubMed: 17177112]

Oshiro et al. Page 5

Pharmacogenet Genomics. Author manuscript; available in PMC 2011 May 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



39. Corsini A, Bellosta S, Baetta R, Fumagalli R, Paoletti R, Bernini F. New insights into the
pharmacodynamic and pharmacokinetic properties of statins. Pharmacol Ther. 1999; 84:413–428.
[PubMed: 10665838]

40. Link E, Parish S, Armitage J, Bowman L, Heath S, Matsuda F, et al. SLCO1B1 variants and statin-
induced myopathy–a genomewide study. N Engl J Med. 2008; 359:789–799. [PubMed: 18650507]

41. Bachmakov I, Glaeser H, Fromm MF, Konig J. Interaction of oral anti-diabetic drugs with hepatic
uptake transporters: focus on organic anion transporting polypeptides and organic cation
transporter 1. Diabetes. 2008; 57:1463–1469. [PubMed: 18314419]

42. Vavricka SR, Van Montfoort J, Ha HR, Meier PJ, Fattinger K. Interactions of rifamycin SV and
rifampicin with organic anion uptake systems of human liver. Hepatology. 2002; 36:164–172.
[PubMed: 12085361]

43. Nozawa T, Nakajima M, Tamai I, Noda K, Nezu J, Sai Y, et al. Genetic polymorphisms of human
organic anion transporters OATP-C (SLC21A6) and OATP-B (SLC21A9): allele frequencies in
the Japanese population and functional analysis. J Pharmacol Exp Ther. 2002; 302:804–813.
[PubMed: 12130747]

44. Van der Deure WM, Friesema EC, de Jong FJ, de Rijke YB, de Jong FH, Uitterlinden AG, et al.
Organic anion transporter 1B1: an important factor in hepatic thyroid hormone and estrogen
transport and metabolism. Endocrinology. 2008; 149:4695–4701. [PubMed: 18499754]

45. Iwai M, Suzuki H, Ieiri I, Otsubo K, Sugiyama Y. Functional analysis of single nucleotide
polymorphisms of hepatic organic anion transporter OATP1B1 (OATP-C). Pharmacogenetics.
2004; 14:749–757. [PubMed: 15564882]

46. Nishizato Y, Ieiri I, Suzuki H, Kimura M, Kawabata K, Hirota T, et al. Polymorphisms of OATP-C
(SLC21A6) and OAT3 (SLC22A8) genes: consequences for pravastatin pharmacokinetics. Clin
Pharmacol Ther. 2003; 73:554–565. [PubMed: 12811365]

47. Niemi M, Schaeffeler E, Lang T, Fromm MF, Neuvonen M, Kyrklund C, et al. High plasma
pravastatin concentrations are associated with single nucleotide polymorphisms and haplotypes of
organic anion transporting polypeptide-C (OATP-C, SLCO1B1). Pharmacogenetics. 2004;
14:429–440. [PubMed: 15226675]

48. Ho RH, Choi L, Lee W, Mayo G, Schwarz UI, Tirona RG, et al. Effect of drug transporter
genotypes on pravastatin disposition in European- and African-American participants.
Pharmacogenet Genomics. 2007; 17:647–656. [PubMed: 17622941]

49. Mwinyi J, Johne A, Bauer S, Roots I, Gerloff T. Evidence for inverse effects of OATP-C
(SLC21A6) 5 and 1b haplotypes on pravastatin kinetics. Clin Pharmacol Ther. 2004; 75:415–421.
[PubMed: 15116054]

50. Pasanen MK, Fredrikson H, Neuvonen PJ, Niemi M. Different effects of SLCO1B1 polymorphism
on the pharmacokinetics of atorvastatin and rosuvastatin. Clin Pharmacol Ther. 2007; 82:726–733.
[PubMed: 17473846]

51. Thompson JF, Man M, Johnson KJ, Wood LS, Lira ME, Lloyd DB, et al. An association study of
43 SNPs in 16 candidate genes with atorvastatin response. Pharmacogenomics J. 2005; 5:352–358.
[PubMed: 16103896]

52. Takane H, Miyata M, Burioka N, Shigemasa C, Shimizu E, Otsubo K, Ieiri I. Pharmacogenetic
determinants of variability in lipid-lowering response to pravastatin therapy. J Hum Genet. 2006;
51:822–826. [PubMed: 16917677]

53. Igel M, Arnold KA, Niemi M, Hofmann U, Schwab M, Lutjohann D, et al. Impact of the
SLCO1B1 polymorphism on the pharmacokinetics and lipid-lowering efficacy of multiple-dose
pravastatin. Clin Pharmacol Ther. 2006; 79:419–426. [PubMed: 16678544]

54. Tachibana-Iimori R, Tabara Y, Kusuhara H, Kohara K, Kawamoto R, Nakura J, et al. Effect of
genetic polymorphism of OATP-C (SLCO1B1) on lipid-lowering response to HMG-CoA
reductase inhibitors. Drug Metab Pharmacokinet. 2004; 19:375–380. [PubMed: 15548849]

55. Neuvonen PJ, Backman JT, Niemi M. Pharmacokinetic comparison of the potential over-the-
counter statins simvastatin, lovastatin, fluvastatin and pravastatin. Clin Pharmacokinet. 2008;
47:463–474. [PubMed: 18563955]

Oshiro et al. Page 6

Pharmacogenet Genomics. Author manuscript; available in PMC 2011 May 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



56. Zhang W, Chen BL, Ozdemir V, He YJ, Zhou G, Peng DD, et al. SLCO1B1 521T- > C functional
genetic polymorphism and lipid-lowering efficacy of multiple-dose pravastatin in Chinese
coronary heart disease patients. Br J Clin Pharmacol. 2007; 64:346–352. [PubMed: 17439540]

57. Kalliokoski A, Backman JT, Kurkinen KJ, Neuvonen PJ, Niemi M. Effects of gemfibrozil and
atorvastatin on the pharmacokinetics of repaglinide in relation to SLCO1B1 polymorphism. Clin
Pharmacol Ther. 2008; 84:488–496. [PubMed: 19238654]

58. Kalliokoski A, Neuvonen M, Neuvonen PJ, Niemi M. The effect of SLCO1B1 polymorphism on
repaglinide pharmacokinetics persists over a wide dose range. Br J Clin Pharmacol. 2008; 66:818–
825. [PubMed: 18823304]

59. Innocenti F, Kroetz DL, Schuetz E, Dolan ME, Ramirez J, Relling M, et al. Comprehensive
pharmacogenetic analysis of irinotecan neutropenia and pharmacokinetics. J Clin Oncol. 2009;
27:2604–2614. [PubMed: 19349540]

60. Han JY, Lim HS, Park YH, Lee SY, Lee JS. Integrated pharmacogenetic prediction of irinotecan
pharmacokinetics and toxicity in patients with advanced non-small cell lung cancer. Lung Cancer.
2009; 63:115–120. [PubMed: 18221820]

61. Takane H, Kawamoto K, Sasaki T, Moriki K, Moriki K, Kitano H, et al. Life-threatening toxicities
in a patient with UGT1A1*6/*28 and SLCO1B1*15/*15 genotypes after irinotecan-based
chemotherapy. Cancer Chemother Pharmacol. 2009; 63:1165–1169. [PubMed: 18998132]

62. Xiang X, Jada SR, Li HH, Fan L, Tham LS, Wong CI, et al. Pharmacogenetics of SLCO1B1 gene
and the impact of *1b and *15 haplotypes on irinotecan disposition in Asian cancer patients.
Pharmacogenet Genomics. 2006; 16:683–691. [PubMed: 16906022]

63. Werner D, Werner U, Meybaum A, Schmidt B, Umbreen S, Grosch A, et al. Determinants of
steady-state torasemide pharmacokinetics: impact of pharmacogenetic factors, gender and
angiotensin II receptor blockers. Clin Pharmacokinet. 2008; 47:323–332. [PubMed: 18399713]

64. Hopkins PN, Wu LL, Hunt SC, James BC, Vincent GM, Williams RR. Higher serum bilirubin is
associated with decreased risk for early familial coronary artery disease. Arterioscler Thromb Vasc
Biol. 1996; 16:250–255. [PubMed: 8620339]

65. Zhang W, He YJ, Gan Z, Fan L, Li Q, Wang A, et al. OATP1B1 polymorphism is a major
determinant of serum bilirubin level but not associated with rifampicin-mediated bilirubin
elevation. Clin Exp Pharmacol Physiol. 2007; 34:1240–1244. [PubMed: 17973861]

66. Johnson AD, Kavousi M, Smith AV, Chen MH, Dehghan A, Aspelund T, et al. Genome-wide
association meta-analysis for total serum bilirubin levels. Hum Mol Genet. 2009; 18:2700–2710.
[PubMed: 19414484]

67. Mwinyi J, Kopke K, Schaefer M, Roots I, Gerloff T. Comparison of SLCO1B1 sequence
variability among German, Turkish, and African populations. Eur J Clin Pharmacol. 2008;
64:257–266. [PubMed: 18185926]

68. Ho WF, Koo SH, Yee JY, Lee EJ. Genetic variations of the SLCO1B1 gene in the Chinese, Malay
and Indian populations of Singapore. Drug Metab Pharmacokinet. 2008; 23:476–482. [PubMed:
19122343]

69. Couvert P, Giral P, Dejager S, Gu J, Huby T, Chapman MJ, et al. Association between a frequent
allele of the gene encoding OATP1B1 and enhanced LDL-lowering response to fluvastatin
therapy. Pharmacogenomics. 2008; 9:1217–1227. [PubMed: 18781850]

70. Pasanen MK, Backman JT, Neuvonen PJ, Niemi M. Frequencies of single nucleotide
polymorphisms and haplotypes of organic anion transporting polypeptide 1B1 SLCO1B1 gene in a
Finnish population. Eur J Clin Pharmacol. 2006; 62:409–415. [PubMed: 16758257]

Oshiro et al. Page 7

Pharmacogenet Genomics. Author manuscript; available in PMC 2011 May 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Oshiro et al. Page 8

Ta
bl

e 
1

E
nd

og
en

ou
s 

lig
an

ds
 r

ep
or

te
d 

to
 b

e 
tr

an
sp

or
te

d 
by

 O
A

T
P1

B
1

E
nd

og
en

ou
s 

su
bs

tr
at

es
L

ig
an

d 
cl

as
s

T
es

t 
sy

st
em

M
ea

su
re

m
en

t
K

m
 (
μ

m
ol

/l)
R

ef
er

en
ce

s

T
au

ro
ch

ol
ic

 a
ci

d
B

ile
 a

ci
d

29
3c

18
 c

el
ls

T
ra

ns
po

rt
33

.8
[6

]

X
en

op
us

 o
oc

yt
es

T
ra

ns
po

rt
13

.6
[1

0]

H
eL

a 
ce

lls
T

ra
ns

po
rt

[1
1]

D
eh

yd
ro

ep
ia

nd
ro

st
er

on
e 

su
lf

at
e

C
on

ju
ga

te
d 

st
er

oi
d

29
3c

18
 c

el
ls

T
ra

ns
po

rt
[6

]

X
en

op
us

 o
oc

yt
es

T
ra

ns
po

rt
[1

0]

H
E

K
 2

93
T

ra
ns

po
rt

[5
]

E
st

ra
di

ol
-1

7b
et

a-
gl

uc
ur

on
id

e
C

on
ju

ga
te

d 
st

er
oi

d
X

en
op

us
 o

oc
yt

es
T

ra
ns

po
rt

[1
0]

H
eL

a 
ce

lls
T

ra
ns

po
rt

5.
1

[1
1]

H
E

K
 2

93
T

ra
ns

po
rt

[1
2]

H
E

K
 2

93
T

ra
ns

po
rt

[5
]

C
H

O
 c

el
ls

T
ra

ns
po

rt
5.

4
[1

3]

E
st

ro
ne

-3
-s

ul
fa

te
C

on
ju

ga
te

d 
st

er
oi

d
X

en
op

us
 o

oc
yt

es
T

ra
ns

po
rt

[1
0]

H
eL

a 
ce

lls
T

ra
ns

po
rt

0.
54

[1
1]

C
H

O
 c

el
ls

T
ra

ns
po

rt
2.

4
[1

3]

Pr
os

ta
gl

an
di

n 
E

2
E

ic
os

an
oi

d
X

en
op

us
 o

oc
yt

es
T

ra
ns

po
rt

[1
0]

H
E

K
 2

93
T

ra
ns

po
rt

[1
2]

T
hr

om
bo

xa
ne

 B
2

E
ic

os
an

oi
d

X
en

op
us

 o
oc

yt
es

T
ra

ns
po

rt
[1

0]

L
eu

ko
tr

ie
ne

 C
4

E
ic

os
an

oi
d

X
en

op
us

 o
oc

yt
es

T
ra

ns
po

rt
[1

0]

L
eu

ko
tr

ie
ne

 E
4

E
ic

os
an

oi
d

X
en

op
us

 o
oc

yt
es

T
ra

ns
po

rt
[1

0]

T
hy

ro
xi

ne
 (

T
4)

T
hy

ro
id

 h
or

m
on

es
X

en
op

us
 o

oc
yt

es
T

ra
ns

po
rt

3
[1

0]

29
3c

18
 c

el
ls

T
ra

ns
po

rt
3

[6
]

T
ri

io
do

th
yr

on
in

e 
(T

3)
T

hy
ro

id
 h

or
m

on
es

X
en

op
us

 o
oc

yt
es

T
ra

ns
po

rt
2.

7
[1

0]

C
ol

um
ns

 a
re

, i
n 

or
de

r:
 e

nd
og

en
ou

s 
su

bs
tr

at
e;

 li
ga

nd
 c

la
ss

; t
es

t s
ys

te
m

, t
ha

t i
s,

 c
el

l s
ys

te
m

 f
or

 in
-v

itr
o 

ex
pe

ri
m

en
t v

er
su

s 
in

-v
iv

o 
ex

pe
ri

m
en

t; 
ex

pe
ri

m
en

ta
l m

ea
su

re
m

en
t; 

K
m

, w
he

re
 a

va
ila

bl
e,

 a
nd

 f
in

al
ly

,
re

fe
re

nc
es

. S
ev

er
al

 li
ga

nd
s 

w
er

e 
st

ud
ie

d 
by

 d
if

fe
re

nt
 in

ve
st

ig
at

or
s 

an
d 

th
es

e 
da

ta
 a

re
 li

st
ed

 in
 s

ep
ar

at
e 

ro
w

s.
 D

at
a 

or
ga

ni
ze

d 
by

 li
ga

nd
 c

la
ss

.

Pharmacogenet Genomics. Author manuscript; available in PMC 2011 May 03.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Oshiro et al. Page 9

Ta
bl

e 
2

D
ru

gs
 a

nd
 x

en
ob

io
tic

s 
re

po
rt

ed
 to

 b
e 

tr
an

sp
or

te
d 

by
 O

A
T

P1
B

1

D
ru

g/
xe

no
bi

ot
ic

 s
ub

st
ra

te
s

In
di

ca
ti

on
T

es
t 

sy
st

em
M

ea
su

re
m

en
t

K
m

 (
μ

m
ol

/l)
R

ef
er

en
ce

s

Pr
av

as
ta

tin
H

M
G

 C
oA

 r
ed

uc
ta

se
 in

hi
bi

to
r

29
3c

18
 c

el
ls

T
ra

ns
po

rt
30

[6
]

H
E

K
 2

93
T

ra
ns

po
rt

[1
4]

H
um

an
 h

ep
at

oc
yt

es
, X

en
op

us
oo

cy
te

s
T

ra
ns

po
rt

11
.5

[1
5]

A
to

rv
as

ta
tin

H
M

G
 C

oA
 r

ed
uc

ta
se

 in
hi

bi
to

r
H

E
K

 2
93

T
ra

ns
po

rt
[1

4]

29
3c

18
 c

el
ls

In
hi

bi
tio

n 
of

 p
ra

va
st

at
in

tr
an

sp
or

t
[6

]

H
M

G
 C

oA
 r

ed
uc

ta
se

 in
hi

bi
to

r
H

E
K

 2
93

In
hi

bi
tio

n 
of

 E
st

ra
di

ol
17

ß-
D

-G
lu

cu
ro

ni
de

tr
an

sp
or

t

[1
6]

L
ov

as
ta

tin
H

M
G

 C
oA

 r
ed

uc
ta

se
 in

hi
bi

to
r

29
3c

18
 c

el
ls

In
hi

bi
tio

n 
of

 p
ra

va
st

at
in

tr
an

sp
or

t
[6

]

L
ov

as
ta

tin
 (

ac
id

)
H

M
G

 C
oA

 r
ed

uc
ta

se
 in

hi
bi

to
r

H
E

K
 2

93
In

hi
bi

tio
n 

of
 E

st
ra

di
ol

17
ß-

D
-G

lu
cu

ro
ni

de
tr

an
sp

or
t

[1
6]

C
er

iv
as

ta
tin

H
M

G
 C

oA
 r

ed
uc

ta
se

 in
hi

bi
to

r
H

E
K

 2
93

T
ra

ns
po

rt
[1

4]

Pi
ta

va
st

at
in

H
M

G
 C

oA
 r

ed
uc

ta
se

 in
hi

bi
to

r
H

E
K

 2
93

T
ra

ns
po

rt
3

[1
7]

H
um

an
 h

ep
at

oc
yt

es
In

hi
bi

tio
n 

of
 E

21
7ß

G
an

d 
E

1S
[1

8]

R
os

uv
as

ta
tin

H
M

G
 C

oA
 r

ed
uc

ta
se

 in
hi

bi
to

r
H

eL
a 

ce
lls

T
ra

ns
po

rt
4.

0–
7

[1
9]

R
ep

ag
lin

id
e

A
nt

id
ia

be
tic

 a
ge

nt
In

-v
iv

o
Pa

tie
nt

s 
w

ith
 d

if
fe

re
nt

SL
C

O
1B

1 
va

ri
an

ts
ha

ve
 d

if
fe

re
nt

 p
la

sm
a

co
nc

en
tr

at
io

ns

[2
0]

In
-v

iv
o

Pa
tie

nt
s 

w
ith

 d
if

fe
re

nt
SL

C
O

1B
1 

va
ri

an
ts

ha
ve

 d
if

fe
re

nt
 p

la
sm

a
co

nc
en

tr
at

io
ns

[2
1]

7-
et

hy
l-

10
-h

yd
ro

xy
ca

m
pt

ot
he

ci
n

 
(S

N
-3

8)
Ir

in
ot

ec
an

 (
an

tic
an

ce
r 

ag
en

t)
ac

tiv
e 

m
et

ab
ol

ite
H

E
K

 2
93

T
ra

ns
po

rt
[2

2]

B
en

zy
lp

en
ic

ill
in

A
nt

ib
io

tic
H

E
K

 2
93

T
ra

ns
po

rt
[1

2]

B
os

en
ta

n
E

nd
ot

he
lin

 r
ec

ep
to

r 
an

ta
go

ni
st

s
C

H
O

 c
el

ls
T

ra
ns

po
rt

 a
nd

 in
hi

bi
tio

n
by

 c
yc

lo
sp

or
in

 A
,

ri
fa

m
pi

ci
n

[2
3]

A
tr

as
en

ta
n

E
nd

ot
he

lin
 r

ec
ep

to
r 

an
ta

go
ni

st
s

H
eL

a 
ce

lls
T

ra
ns

po
rt

[2
4]

E
na

la
pr

ila
t

A
C

E
 in

hi
bi

to
r

H
E

K
 2

93
T

ra
ns

po
rt

26
2

[2
5]

Pharmacogenet Genomics. Author manuscript; available in PMC 2011 May 03.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Oshiro et al. Page 10

D
ru

g/
xe

no
bi

ot
ic

 s
ub

st
ra

te
s

In
di

ca
ti

on
T

es
t 

sy
st

em
M

ea
su

re
m

en
t

K
m

 (
μ

m
ol

/l)
R

ef
er

en
ce

s

T
em

oc
ap

ri
l

A
C

E
 in

hi
bi

to
r

In
-v

iv
o

Pa
tie

nt
s 

w
ith

 d
if

fe
re

nt
SL

C
O

1B
1 

va
ri

an
ts

ha
ve

 d
if

fe
re

nt
 p

la
sm

a
co

nc
en

tr
at

io
ns

[2
6]

V
al

sa
rt

an
A

C
E

 in
hi

bi
to

r
In

-v
iv

o
Pa

tie
nt

s 
w

ith
 d

if
fe

re
nt

SL
C

O
1B

1 
va

ri
an

ts
ha

ve
 d

if
fe

re
nt

 p
la

sm
a

co
nc

en
tr

at
io

ns

[2
6]

H
E

K
 2

93
 a

nd
 h

um
an

he
pa

to
cy

te
s

T
ra

ns
po

rt
[2

7]

O
lm

es
ar

ta
n

A
C

E
 in

hi
bi

to
r

In
-v

iv
o

Pa
tie

nt
s 

w
ith

 d
if

fe
re

nt
SL

C
O

1B
1v

ar
ia

nt
s

ha
ve

 d
if

fe
re

nt
 p

la
sm

a
co

nc
en

tr
at

io
ns

[2
8]

H
E

K
 2

93
T

ra
ns

po
rt

[2
9]

C
as

po
fu

ng
in

A
nt

i-
fu

ng
al

 a
ge

nt
H

eL
a 

ce
lls

T
ra

ns
po

rt
[3

0]

T
ro

gl
ita

zo
ne

 s
ul

fa
te

T
hi

az
ol

id
in

ed
io

ne
s

oo
cy

te
s

T
ra

ns
po

rt
[3

1]

M
et

ho
tr

ex
at

e
C

he
m

ot
he

ra
pe

ut
ic

 a
ge

nt
H

eL
a 

ce
lls

T
ra

ns
po

rt
[1

1]

A
rs

en
ic

E
xo

ge
no

us
 to

xi
n

H
E

K
 2

93
T

ra
ns

po
rt

[3
2]

C
ol

um
ns

 a
re

, i
n 

or
de

r:
 d

ru
g 

or
 x

en
ob

io
tic

 s
ub

st
ra

te
; i

nd
ic

at
io

n 
(h

ow
 d

ru
g 

is
 u

se
d 

fo
r 

di
se

as
e 

tr
ea

tm
en

t)
; t

es
t s

ys
te

m
, t

ha
t i

s,
 c

el
l s

ys
te

m
 f

or
 in

-v
itr

o 
ex

pe
ri

m
en

t v
er

su
s 

in
-v

iv
o 

ex
pe

ri
m

en
t; 

ex
pe

ri
m

en
ta

l
m

ea
su

re
m

en
t p

er
fo

rm
ed

; K
m

, w
he

re
 a

va
ila

bl
e,

 a
nd

 f
in

al
ly

, r
ef

er
en

ce
. S

ev
er

al
 li

ga
nd

s 
w

er
e 

st
ud

ie
d 

by
 d

if
fe

re
nt

 in
ve

st
ig

at
or

s 
an

d 
th

es
e 

da
ta

 a
re

 li
st

ed
 in

 s
ep

ar
at

e 
ro

w
s.

 D
at

a 
or

ga
ni

ze
d 

by
 d

ru
g 

cl
as

s.

A
C

E
, a

ng
io

te
ns

in
-c

on
ve

rt
in

g 
en

zy
m

e;
 H

M
G

 C
oA

, 3
-h

yd
ro

xy
-3

-m
et

hy
l-

gl
ut

ar
yl

-C
oE

nz
ym

e 
A

 r
ed

uc
ta

se
.

Pharmacogenet Genomics. Author manuscript; available in PMC 2011 May 03.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Oshiro et al. Page 11

Ta
bl

e 
3

In
hi

bi
to

rs
 o

f 
O

A
T

P1
B

1 
id

en
tif

ie
d 

fr
om

 in
-v

itr
o 

tr
an

sp
or

t e
xp

er
im

en
ts

D
ru

g
In

di
ca

ti
on

T
es

t 
ce

ll 
sy

st
em

Su
bs

tr
at

e 
w

ho
se

 t
ra

ns
po

rt
w

as
 in

hi
bi

te
d

K
i o

r 
IC

50
 (
μ

m
ol

/l)
R

ef
er

en
ce

s

R
os

ig
lit

az
on

e
T

hi
az

ol
id

in
ed

io
ne

 P
PA

R
γ

ag
on

is
t

X
en

op
us

 o
oc

yt
es

E
st

ro
ne

-3
-s

ul
fa

te
[3

1]

H
E

K
 2

93
Su

lf
ob

ro
m

op
ht

ha
le

in
IC

50
, 6

.0
[4

1]

Pi
og

lit
az

on
e

T
hi

az
ol

id
in

ed
io

ne
 P

PA
R
γ

ag
on

is
t

X
en

op
us

 o
oc

yt
es

E
st

ro
ne

-3
-s

ul
fa

te
[3

1]

T
ro

gl
ita

zo
ne

T
hi

az
ol

id
in

ed
io

ne
 P

PA
R
γ

ag
on

is
t

X
en

op
us

 o
oc

yt
es

E
st

ro
ne

-3
-s

ul
fa

te
[3

1]

C
H

O
 c

el
ls

E
st

ra
di

ol
-1

7β
-g

lu
cu

ro
ni

de
K

i, 
1.

2
[1

3]

C
yc

lo
sp

or
in

e 
A

Im
m

un
os

up
re

ss
an

t
H

E
K

 2
93

Pi
ta

va
st

at
in

K
i, 

0.
24

[1
8]

C
H

O
 c

el
ls

B
os

en
ta

n
IC

50
, 0

.3
[2

3]

T
ac

ro
lim

us
Im

m
un

os
up

re
ss

an
t

H
E

K
 2

93
Pi

ta
va

st
at

in
K

i, 
0.

61
[1

8]

R
if

am
pi

ci
n

A
nt

ib
io

tic
H

E
K

 2
93

Pi
ta

va
st

at
in

K
i, 

0.
48

[1
8]

C
H

O
 c

el
ls

B
os

en
ta

n
IC

50
, 3

.2
[2

3]

R
if

am
yc

in
 S

V
A

nt
ib

io
tic

H
E

K
 2

93
Pi

ta
va

st
at

in
K

i, 
0.

17
[1

8]

X
en

op
us

 la
ev

is
 o

oc
yt

es
Su

lf
ob

ro
m

op
ht

ha
le

in
K

i, 
2.

0
[4

2]

G
lib

en
cl

am
id

e
A

nt
id

ia
be

tic
 a

ge
nt

H
E

K
 2

93
Pi

ta
va

st
at

in
K

i, 
0.

75
[1

8]

R
ito

na
vi

r
H

IV
 p

ro
te

as
e 

in
hi

bi
to

r
H

E
K

 2
93

Pi
ta

va
st

at
in

K
i, 

0.
78

[1
8]

Pa
cl

ita
xe

l
A

nt
ic

an
ce

r 
ag

en
t

C
H

O
 c

el
ls

E
st

ra
di

ol
-1

7β
-g

lu
cu

ro
ni

de
K

i, 
0.

03
[1

3]

M
if

ep
ri

st
on

e
Sy

nt
he

tic
 s

te
ro

id
C

H
O

 c
el

ls
E

st
ra

di
ol

-1
7β

-g
lu

cu
ro

ni
de

K
i, 

3.
3

[1
3]

L
ith

oc
ho

la
te

B
ile

 a
ci

d
C

H
O

 c
el

ls
E

st
ra

di
ol

-1
7β

-g
lu

cu
ro

ni
de

K
i, 

0.
7

[1
3]

C
lo

tr
im

az
ol

e
A

nt
if

un
ga

l a
ge

nt
C

H
O

 c
el

ls
E

st
ra

di
ol

-1
7β

-g
lu

cu
ro

ni
de

K
i, 

9.
0

[1
3]

R
ep

ag
lin

id
e

A
nt

id
ia

be
tic

H
E

K
 2

93
Su

lf
ob

ro
m

op
ht

ha
le

in
IC

50
, 2

.2
[4

1]

C
ol

um
ns

 a
re

, i
n 

or
de

r:
 D

ru
g 

th
at

 is
 id

en
tif

ie
d 

as
 in

hi
bi

to
r,

 I
nd

ic
at

io
n 

(h
ow

 d
ru

g 
is

 u
se

d 
fo

r 
di

se
as

e 
tr

ea
tm

en
t)

; c
el

l s
ys

te
m

 u
se

d 
in

 in
-v

itr
o 

ex
pe

ri
m

en
t; 

su
bs

tr
at

e 
w

ho
se

 tr
an

sp
or

t w
as

 in
hi

bi
te

d 
in

 th
e 

st
ud

y;
K

i o
r 

IC
50

, w
he

re
 a

va
ila

bl
e 

an
d 

re
fe

re
nc

e.
 S

ev
er

al
 d

ru
gs

 w
er

e 
st

ud
ie

d 
by

 d
if

fe
re

nt
 in

ve
st

ig
at

or
s 

an
d 

th
es

e 
da

ta
 a

re
 li

st
ed

 in
 s

ep
ar

at
e 

ro
w

s.

IC
50

, h
al

f 
m

ax
im

al
 in

hi
bi

to
ry

 c
on

ce
nt

ra
tio

n.

Pharmacogenet Genomics. Author manuscript; available in PMC 2011 May 03.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Oshiro et al. Page 12

Ta
bl

e 
4

Po
pu

la
tio

n 
fr

eq
ue

nc
ie

s 
of

 v
ar

ia
nt

s 
de

sc
ri

be
d 

in
 th

e 
te

xt

C
om

m
on

 n
am

e
rs

ID
P

ro
te

in
 c

ha
ng

e
H

ap
lo

ty
pe

A
fr

ic
an

–A
m

er
ic

an
[1

1,
67

] 
(%

)
Ja

pa
ne

se
 [

43
] 

(%
)

A
si

an
 (

in
cl

ud
es

Ja
pa

ne
se

) 
[4

6,
68

]
(%

)
C

au
ca

si
an

[1
1,

67
,6

9,
70

] 
(%

)

T
52

1C
rs

41
49

05
6

V
al

17
4A

la
*5

1–
4

0.
7

6–
19

12
–2

0

G
38

8A
rs

23
06

28
3

A
sn

13
0A

sp
*1

b
74

–7
8

54
56

–8
1

37
–4

6

T
52

1C
 +

 G
38

8A
V

al
17

4A
la

 +
A

sn
13

0A
sp

*1
5

10

Pharmacogenet Genomics. Author manuscript; available in PMC 2011 May 03.


