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List of our previous human  studies toward to PGx based individual drug therapy
Target gene Drug/Substrate Type of Study

cytocrome P450 2C19 (CYP2C19)

omeprazole 

healthy volunteers Clin Pharmacol Ther 1996;59:647 

patients with UL Br J Clin Pharmacol 1999;47:115

lansoprazole    rabeprazole healthy volunteers Eur J Clin Pharmacol 2001;57:485

phenytoin healthy volunteers Br J Clin Pharmacol 1997;43:441

phenobarbital

epileptic patients

Eur J Clin Pharmacol 2000;55:821 

The Drug Monit 2001;23:115

phenytoin Ther Drug Monit 2000;22:230

ticlopidine Pharmacogenet Genomics 2005;15:851

CYP2C18 and CYP2C19 - epileptic patients Pharmacogenetices 1998;8:87

CYP2C9

phenytoin epileptic patients Epilepsia 1998;39:1317

diclofenac healthy volunteers Eur J Clin Pharmacol 2000;56:65

CYP2C9 and 

anti-coagulant related genes

warfarin patients with warafrin therapy

Blood 2004;103:2630 

Blood 2004;103:3055

CYP2C9 and VKORC1
Eur J Clin Pharmacol 2006;62:881

Pharmacogenet & Genomics 2006;16:101  

CYP2D6

dextromethorphan psychatric patients Pharmacopsychiatry 2003;36:187

fluvoxamine     alprazolam patients with psychosomatic disease Eur J Clin Pharmacol 2009;65:699

CYP3A4 midazolam healthy volunteers Hum Mol Genet 2004;13:2959

UGT2B7 and MOR1 morphine cancer patients Drug Metab Dispos 2003;31:677

ABCB1 (MDR1, Multidrug resistance 1)

-

healthy volunteers

J Pharmacol Exp Therapeutic 

2001;297:1137

digoxin Clin Pharmacol Ther 2002;72:209

tacrolimus patients with liver transplantation Transplantation 2002;74:571

11C-verapamil healthy volunteers J Nuclear Med 2006;47:1427

ABCC2

(MRP2, multidrug resistance protein 2)

- a patient with Dubin-Johnson syndrome Drug Metab Pharmacokinet 2009;24:464

isoflavonoids healthy volunteers Pharmacogenet Genomics 2012;22:344

ABCC3 (MRP3) 4-methylumbelliferone healthy volunteers Drug Metab Pharmacokinet 2011;26:347

SLCO1B1

(OATP1B1, organic anion tansporting polypeptide 1B1)

pravastatin, valsartan, temocapril

healthy volunteers

Clin Pharmacol Ther 2006;79:427

pravastatin     olmesartan J Hum Genet 2008;53:899

- Drug Metab Pharmacokinet 2019, in press

SLCO1B1 and SLC22A3

(OCT3, organic cation transporter 3)
pravastatin Clin Pharmacol Ther 2003;73:554

SLCO1B1, UGT1A1 and ABCC2 bilirubin Hepatology Res 2004;30:91

SLCO1B1 and UGT1A1 irinorecan cancer patients

Cancer Chemother Pharmacol 

2009;63:1165  

The Drug Monit 2007;29:666

SLCO1B1 and ABCG2 pitavastatin

healthy volunteers

Clin Pharmacol Ther 2007;82:541

SLCO1B3, UGT1A1 and 1A3 telmisartan Pharmacogenet Genomics 2011;21:495

SLCO2B1

celiprolol J Clin Pharmacol 2012;52:1078 

atenolol Br J Clin Pharmacol 2012;75:172

SLC22A1 (OCT1) and SLC22A2 (OCT2) metformin DM patients J Hum Genet 2007;52:117

ABCG2 

(BCRP, breast cancer resistance protein)

-

healthy volunteers

Drug Metab Dispos 2005;33:94

curcumin Br J Pharmacol 2012;166:1793

ABCG2 and NAT2 sulfasaladine Clin Pharmacol Ther 2008;84:95

5-HT transporter and CYP2D6 paroxetine patients with paroxetine 
Int J Neuropsychopharmaol 2008;11:261 

J Clin Psychopharmacol 2010;30:11

4 CYPs and OATPs cocktails

healthy volunteers

Int J Clin Pharmacol Ther 2012;50:689

CYP3A4, ABCB1 and SLCO1B1
ritonavir

saquinavir
J Clin Pharmacol 2013;53:654 

RFC1 (Reduced folate carrier 1) methtrexate RA patients Drug Metab Pharmacokinet 2013;28:1

Multiple genes (DMET, DNA chip) -
healthy volunteers

Pharmacogenet Genomics 2014;24:477

ABCG2 and circulating miR-328 sulfasaladine Sci Rep 2016 Aug 30;6:32299. 
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 The circulating exosomal RNAs (mRNA and miRNA) are protected from 

plasma RNase by exosome.

 Tissue or cell specific surface proteins are also added in the exosomal 

membrane.

 Therefore,tissue specific exosomes can be obtained by immunoprecipitation 

techniaues.

Exosomes are small membrane vesicles that are secreted into 

body fluids such as blood, urine, breast milk, and saliva from 

many tissues or organs such as liver and intestine.

Exosomes contain functional proteins, lipids, mRNAs, DNAs, 

and miRNA, which are derived from the tissue or organ from 

which they originate. These materials are useful as biomarkers in 

body fluids for estimation of functional state of that tissue or 

organ.





What is microRNA ?

・ MicroRNA (miRNA) is a small noncoding RNA, approximately 20-25 nucleotides in

length, which binds the 3’-untranslated region (3’-UTR) of mRNA leading to

inhibition of translation of mRNA or degradation of mRNA, which depends on

sequence complementarity, sequence similarity between miRNA and 3’-UTR of

mRNA

・ MicroRNAs involve cellular proliferation, differentiation, and apoptosis in metazoans,

humans, mice and other organisms

Translational repression

mRNA cleavage
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RISC          RISC5´
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hsa-miR-328

chr16:67,235,990-67,239,323

+1
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ELMO3
Pre-miR-328 (78 bp)

CpG island exon

miR-328 and ABCG2 gene, BCRP protein expression, and efflux functions

Previous evidences;

1. miR-328 negatively regulated the expression of (BCRP/ABCG2) in human cancer cells.

Mol Pharmacol 75:137 (2009)

2. Downregulation of ABCG2 expression in glioblastoma cancer stem cells with miR-328 may 

decrease their chemo-resistance.

Med Sci Monit 16:27 (2010)

3. MiR-328 expression is decreased in high-grade glioma and is associated with worse 

survival in primary glioblastoma.

PLOS ONE 7:e47270 (2012)

4. MicroRNA expression profiling identifies miR-328 regulates cancer stem cell-like SP cells 

in colorectal cancer.

Bt J Cancer 106:1320 (2012)

5. microRNA-328 is a favorable prognostic marker in human glioma via suppressing invasive 

and proliferative phenotypes of malignant cells.

Int J Neirosci 126:145 (2016)
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The relationship between miR-328 and BCRP 

expression in human placentas

Correlation analysis between miR-328 and BCRP genes mRNA or protein 

expression levels in human placentas samples
Wild type (421 C/C) homozygote samples were selected to eliminate the influence of 

BCRP genetic variants (n = 20)
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These observations are consistent with previous reports showing BCRP 

expression is regulated by miR-328



Relative miR-328 expression levels in human placenta (n=20)

Inter-individual difference in miR-328 expression 

in human placentas
MiRNA expression levels in normal tissues showed a large inter-individual variability 

(Hirota T, et al., 2012, Yokoi T, et al., 2011)

An over 80-fold inter-individual difference is observed in miR-328 levels
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DNA melylation-dependent

Methylation in the three CG dinucleotides in the 5’-flanking

region of precursor of the miR-328, that is the promoter region,

suppressed miR-328 expression, leading to BCRP up-regulation

in the human placenta



Glycoprotein A33 (GPA33) UniProtKB/Swiss-Prot:Q99795

・Cell surface antigen (319-aa)

・Expression in greater than 95% of human colon cancers 

Western blots indicate that 

CD9, CD81, CD82, and A33 

antigen are expressed in 

apical (ApE) and 

basolateral (BasE) 

exosomes

(Mallegol J et al., 2010)
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Isolation of the intestine-derived exosomes from the total plasma 

exosomes by using co-immnoprecipitation

Exosome-bead
complexes 



Relationship between exosomal miR-328 expression

and the pharmacokinetics of sulfasalazine

Plasma MiR-328 level in the intestine-derived exosomes can serve as a 

potential biomarker to predict the pharmacokinetics of the BCRP substrate.

Subjects with high miR-328 levels in plasma show high SASP AUC, which suggest that 

subjects with high miR-328 levels in plasma show low intestinal BCRP function.
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