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Millennium and post-millennium projects at NIHS

Cancer
Irinotecan
Paclitaxel
Gemcitabine
5-fluorouracil and related
Oxaliplatin (FOLFOX)
Bevacitumab
Cetuximab
Imatinib

Cardiovascular
Mexiletine
Amiodarone
β-blockers

Diabetes
Glimepiride
Sulfonylureas

Steroids
Beclomethasone
Dexamethasone

Epilepsy
Carbamazepine
Other aromatic anti-epileptics



Patients 
2,000 cases

DNA Plasma, urine

SNP analysis
Haplotype estimation

PK analysis

SNPs and haplotypes associated with  PK, 
effects and adverse reactionsIn vitro 

functional analysis

Evaluation of genotyping methods
Optimized algorithm for drug administration

Personalized medicine

Clinical informations
(patients’ backgrounds, 

effects, adverse 
reactions）

Millennium and post-millennium projects at NIHS

Healthy volunteers
750 cases

Application to 
lead optimization
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Genetic polymorphisms and haplotype analysis

Cytochrome P450s

UGTs

Other enzymes
Drug transporters

Transcriptional
factors/receptors

Oxidative stress

CYP1A2, CYP2C8, CYP2C9, CYP2C19, 
CYP2D6, CYP3A4, CYP3A5, POR
UGT1A1, UGT1A3, UGT1A4, UGT1A6, 
UGT1A7, UGT1A8, UGT1A9, UGT1A10
UGT2B4, UGT2B7
EPHX1, CDA, DCK, DPYD, CES1, CES2
ABCC1/MRP1, ABCC2/MRP2, ABCC3/
MRP3, ABCG2/BCRP, SLC22A1/OCT1, 
SLC22A2/OCT2, SLCO1B1/OATP-C, 
SLC29A1/ENT1, ATP7A, ATP7B
NR1I1/VDR, NR3C1/GR, ABCC8/SUR1
AHR, KCNJ11, NFE2L2/Nrf2, KEAP1
HNF4A, HNF1A
GSTM1, GSTT1, GSTP1, MGST1, HMOX1 
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In vitro functional changes of cytochrome P450s & UGTs

Gene Functional alterationPolymorphism

CYP1A2

CYP2C8

CYP2C9

CYP2C19
CYP3A4

UGT1A9

UGT1A10

125C>G, P42R (*15)
558C>A, F186L (*11)
1130G>A, R377Q (*16)
1367G>A, R456H (*8)
475delA , T159PfsX18 (*5)
556C>T, R186X (*7)
556C>G, R186G (*8)
353_362del10bp, K118RfsX9 (*25)
389C>G, T130R (*26)
641A>T, Q214L (*28)
1429G>A, A477T (*30)
151A>G, S51G (*19)
554C>G, T185S (*16)
1088C>T, T363M (*11)
726T>G, Y242X (*4)
766G>A, D256N (*5)
605C>T, T202I (*6)

Low in holoprotein levels and activity
Low in enzyme activity
Low in holoprotein levels and activity
Low in holoprotein levels and activity
No protein expression
No protein expression
Low in holoprotein levels and activity
No protein expression
Low in enzyme activity
Low in enzyme activity
Low in enzyme activity
Low in holoprotein levels and activity
Low in protein levels and activity
Low in protein levels and activity
No protein expression
Low in enzyme activity
Low in enzyme activity 5
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EPHX1 Block 3 diplotypes
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EPHX1 Block 3*1c
haplotype
Constituting SNPs：

1248G>A（Lys416Lys）
IVS3-114G>C 

Effect of EPHX1 haplotypes on PK of carbamazepine

Nakajima et al., Eur. J. Clin. Pharmacol., 61, 25-34 (2005)
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Block 1 
haplotypes *60 *28 *6 *27 Japanese Caucasians Africans

    *1 0.610 0.451 0.150
　   *6 0.141 ND ND
　   *28b 0.097 0.389 0.446
　   *28c 0.003 ND ND
　   *60 0.145 0.135 0.296

H
ap
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ty

pe

1 2 3 4 5

*28
(TA6>  

TA7)
activity↓↓

*6
(211G>A,   

G71R)  activity↓↓↓

exon

Linkage disequilibrium Block 1

Major haplotypes of UGT1A1  Block 1 in Japanese

Saeki et al., Pharmacogenomics J., 6, 63-75 (2006), Saito et al., Curr. Pharmacogenomics, 5, 49-78 (2007)

*60
(-3279
T>G)activity↓

*27 (686C>A, P229Q) activity↓
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Irinotecan alone

With cisplatin

* Chi-square test for trend

NumberDiplotype
(＋ = *6 or *28 )

≧ grade 3（frequency %)

Effects of UGT1A1*6 or *28  on adverse reactions of irinotecan 

－/－
+ /－
+ / +

－/－
+ /－
+ / +

21
29
5

35
20
7

3 (14.3%)
2     (6.90%)
1 (20.0%)

0.8500

1      (2.90%)
2 (10.0%)
1      (14.9%)

0.1747

3 (14.3%)
7      (24.1%)
4      (80.0%)
0.0117

20      (57.1%)
14      (70.0%)
7       (100%)
0.0315

P value*

Diarrhea Neutropenia

Minami et al. Pharmacogenet. Genomics, 17: 497-504 (2007) 
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Inclusion of PGx information on Japanese labels of irinotecan
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Page 6

Two our papers were 
cited on the package 
inserts of irinotecan
In Japan
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High glucose

Glucose toxicity
・Insulin secretion ↓
・Insulin sensitivity 

↓

Lower effects of drugs

Inadequate control of blood  
glucose levels

High incidence of retinopathy 
and neuropathy

Our data

Prediction of secondary failure

・ Use of other anti-diabetic drugs
・ Early use of insulin

Good control of 
blood glucose

Low incidence of 
complications

Secondary failure

11

Secondary failure of sulfonylureas
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Future direction 1
Genetic biomarker for severe adverse drug reactions

1. Stevens-Johnson syndrome/Toxic epidermal necrolysis
2005～ P.I.: Nahoko Kaniwa by NIHS case-collecting system

Allopurinol: HLA-B*5801  (Kaniwa N. et al., Pharmacogenomics, 2008)
cited on Japanese labels (2009. 11)

Carbamazepine: No HLA-B*1502

2.   Drug-induced liver injury
2009～ P.I.: Mahahiro Tohkin collecting from 30-40 center hospitals 

3.   Rhabdomyolysis
2009～ P.I.: Yoshiro Saito by NIHS case-collecting system



13

Future direction 2
Pharmacometabolomics

Genome

Transcriptomome

Metabolome

proteome

Human body
Mutation
Rearrangement

Phenotype

Nutrition inc. coffee
and tobacco

Disease
Concomitant drugs
Oxidative stress
Other environ-

mental factors

Metabolome:
・nearest “ome” to 

phenotype
・reflect exact body

states including
disease and 
response potentials 
to drugs.

Accurate prediction 
of drug response 
and adverse 
reactions.


