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Main Research Interests

. Pharmacokinetics of drugs and drug-drug interactions.

Interindividual and interethnic differences in drug metabolism.
|dentification and characterization of drug metabolizing enzymes.
Regulation of drug metabolizing enzymes.

Metabolic activation of drugs and environmental compounds

leading toxicity.

. Development of experimental models to predict drug-induced liver

Injury in human.
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1. Pharmacokinetics of drugs and drug-drug interactions. (CYP
and UGT)
Azelastine, Amiodarone, Nicotine, Cotinine, Troglitazone,
Calcium antagonists, Phenytoin, Tegafur, Imipramine,
Capecitabine, Pacritaxel,
P-glycoprotein, Tranilast, Morphine

2. Interindividual and interethnic differences in drug metabolism.
CYP2A6-nicotine, Azelastine, Amiodarone, Phenytoin, CES

|dentification and characterization of drug metabolizing
enzymes.
3. Troglitazone, Tegafur, Imipramine, Phenytoin, Etoposide,
Capecitabine, Thyroxine, CES, AADAC
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4. Regulation of drug metabolizing enzymes.
CYP1B1, CYP2A6, CYP2A13, CYP2B6, UGT1A9, UGT2B?7,
CES, Chimeric mouse with humanized liver, Intestinal
metabolism, CYP1B1, CYP3A4-PXR, CYP2EL, VDR, CYP24,
HNF4o

5. Metabolic activation of drugs and environmental compounds leading
toxicity.
Troglitazone, Nitropyrenes, Benzophenone, Losartan, APAP,
Flutamide, Leflnomide, Benzodiazepines, Halothane

6.Development of experimental models to predict drug-induced liver
Injury in human.
Autoantibodies, DNA-chip, 2D-proteomics, Chimeric mouse,
Adenovirus sh-RNA expression system, In vivo gene knockdown
of GSH or SOD2, Adenovirus CYP-expression system,
Immunotoxic system

2009/12/11



2009/12/11

Latency of UGT

ER-membrane
Cytoplasm
K T NN o X G e B B

W'jliliﬁ[

Alamethicin

A peptide antibiotic, produced by trichoderma viride

cH3co-UPUAUAQUVUGLUPVUUEQF-OH

U = a-methylalanine, which strongly induces helical peptide structure




Troglitazone Glucuronidation is Inhibited by Troglitazone Glucuronide

Troglitazone glucuronidation
(pmol/min/mg)

Human liver microsomes
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Troglitazone (LUM)
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N
o
I

Product inhibition

o

0O 0.060.130.2505 1

Troglitazone glucuronide (uUM)

Watanabe et al., Drug Metab Dispos 30: 1462-1469, 2002.
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Glucuronidation of Typical Substrates by Human, Rat, and Mouse

Liver Intestine
o _ KmorSso Vmax n CL KmorSso Vmax n CL

ACtIVIty Sp@CleS UM nmol/min/mg uL/min/mg UM nmol/min/mg pL/min/mg
Estradiol Human |17.0 0.4 1.8 11.8 | 30.7 0.8 - 26.1
1A1,8,10 Rat 15.9 6.1 1.8 385.0129.4 1.2 1.1 41.6

Mouse |[17.3 6.1 2.4 353.6141.6 2.2 1.6 51.9
Imipramine Human 97.2 0.3 - 3.0
1A3, 4 Rat Not detectable Not detectable

Mouse Not detectable Not detectable
TFP Human 61.0 1.0 - 15.8
1A4 Rat Not detectable Not detectable

Mouse Not detectable Not detectable

Unpublished data.

Imipramine Rabbit ucTiA4 1.8 pmol/min/mg (100 uM)
Amitriptyline Rabbit ucTia4 0.7 pmol/min/mg (100 uM)
Shiratani et al., Drug Metab Dispos, 36: 1745-1752, 2008
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Quantitative Analysis of
UGT1A and UGT2B

Volume 37 Number 8 August 2009 ISSN 0090-9556

Expression in Human DRUG METABOLISM

Livers.

AND

100

30 —

=
o
|

Relative UGT mRNA levels (%)
+a
=
|

20

23 45 6 789 ll 12 14 1516 1 213 25
lzukawa et al., Drug Metab
Dispos, 37: 1759-1768, 2009,

DISPOSITION

Isoforms Percentage (range)
O UGTIAI 113 £ 68 (22- 25.1)
B UGTI1A3 14 £ 14 (02- 5.9
= - 55+ 32 (14- 11.2)
E UGTIAS 0.0 = 01 (ND- 0.3)
B UGTI1ASG 6.8 = 43 (1.8- 21.6)
UGT1A7 0.0 £ 00 (ND- 0.0)
B UGTIAS 0.0 £ 00 (ND- 0.0)
B UGTIA9 51 = 31 (1.2- 13.4)
E UGTIAI0O 0.0 = 00 (ND- 0.0)
B UGT2B4 345 = 121 (6.5 - 59.7)
B UGT2B7 5.0 % 32 (0.1- 14.4)
OO UGT2B10 196 *= 13.4 (2.0 - 52.3)
B UGT2B11 0.1 £ 0.1 (ND- 0.2)
UGT2BI15 80 * 35 (2.2 - 15.5)
B UGT2B17 28 + 33 (0.1- 16.8)
B UGT2B28 0.0 £ 0.0 (ND- 0.1

A Publication of the
American Society for Pharmacology

and Experimental Therapeutics
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Effects of Deglycosylation of Human UGT1A9 on Enzymatic Acitvity

A Glucose
) ) e Mannose
Endoplasmic reticulum m N-Acetylglucosamine
4 A
Castanospermine
§ Tunicamycin Castanospermine 1-Deoxynojirmycin
®®
[ 1 | |
« Oligosaccharyl- o0 al,2- al,3- ®0 al,2-
transferasae 2 Glu005|dasel zv Glucosidase Il i? Mannosidase iv
lP q(o —> q.; — q.;
P
Activity

c ~ , 4-MU: 50 uM

o= 24

85 AR
22 ]
EI g c | *k
<t = = 1

S 8

= 5 | **

o O_ *%*

Data are mean =+ SD (n = 3). Nakajima et al., Biochemical Pha

** P < 0.005 compared with control. in press




Effects of Coexpression of Other UGT1A on UGT1A1, UGT1A4,
UGT1A6, and UGT1A9 Activities

Coexpression of
Substrate (isoform) UGT1Al UGT1A6 UGT1A9
Estradiol ( 1A1) — Sso| Vmax | no change Vmax |
Bilirubin ( 1A1) — Sso Ssol Ssol Vimax |
Imipramine ( ) no Change - V max T Km TVmax T
Trifluoperazine ( ) no change —_ Kmn?1Vmax | Vmax 1
Serotonin ( 1A6) no change Vinax | — Vinax ¥
Diclofenac ( 1A6) Vmax { Ssof nt — no change
Propofol ( 1A9) KmTVmaxl no change no change —

Fujiwara et al., Drug Metab Dispos, 35: 747-757, 2007.
Fujiwara et al., Drug Metab Dispos, 35: 1781-1787, 2007.
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Thermal Stability of UGT1A1, UGT1A4, UGT1A6, and UGT1A9
UGT1A6

o  120- UGT1A1
g _
K E 100 T
N =
c < i
s £3 %
T ==
8 o ° 601
% 2T - 1A1 1
w o = .
£ & 407-e 141100
Q0 =
2% 207 T
?) “ ek
Ly
0 T T T T —
35 40 45 50 55 60
Temperature (°C)
o 120} iy
[72]
c =
3 S 1oof
0o 2 E
£ & 8 80f
E E o
S %S eof
888 V| .
E S > a0t
-_— o
= ‘é’ 1A4/1A9
=]
2% 20
2 0 ;

35 40 45 50 55 60

Temperature (°C)

Data are mean = SD (n = 3).

Serotonin
O-glucuronosyltransferase

Propofol
O-glucuronosyltransferase

activity (% of control)

activity (% of control)

1201
1001
80 1
60
407
207

120
100
80

60

40

207

0

- 1A6
—®- 1A6/1A9

35

40 45 50 55 60
Temperature (°C)

UGT1A9

-e— 1A9
—O 1A1/1A9

&~ 1A6/1A9

35

** P < 0.01 compared with the activities incubated at 37 °C.

40 45 50 55 60
Temperature (°C)

Tt P <0.01 compared with the activities of single expression at each temperature.
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Homology-Modeled Structures of Human UGT1A9 and UGT1A8

UGT1A9

C-terminal
domain

MN-terminal
domain

UGT1AS8 UGT2B7

7 helices
6 p-strands

Miley et al.,
J Mol Biol
369: 498-511
(2007)
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Structure of Domain 1 of UGT1A9 and UGT1AS8

_ at 3.0 ns MD-Simulation
Domain 1
Unit-1

| 279GLN

M @ & o«

\

279GLN
- P
% 377GLU 3;(
) ] ¢ 42GLN
0 1 2 3

RMSD 310K 360K
Drug Metab Pharmacokinet, 24: 226-234, 2009.
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Future UGT Studies in Our Fields

) Species difference
To clarify the substrate specificity in experimental animals, organ
specific expression of isoforms, inhibitors, etc,,,,

' Evaluation of in vivo and in vitro activities
To clarify the regulation mechanism, protein interactions,
In vivo extrapolation etc.,,, leads to establish RAF method.

' Genetic polymorphisms and phenotyping
To establish the isoform specific phenotyping method.




Gene Silencing by MicroRNAs

?l
3 U
Y
MRNA 3'UTR A
/A./Ao e GCs
-C U
Ay e %Y Seed
. h ®.C seguence
\ . \ .
CycG~® A miRNA
o @ C’G \U‘U/C
AzA’A'G\ /
& 5—G @
3
Cap{l =l Poly (A)
Ribosome RISC
Translational repression MRNA cleavage

RISC: RNA induced silencing complex
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Because of imperfect base-pairing of miRNA with mRNA...

A single miRNA may
target >200 transcripts

hsa-miR-***
hsa-miR-***
hsa-miR-***
hsa-miR-***
hsa-miR-***
hsa-miR-***
hsa-miR-***
hsa-miR-***
hsa-miR-***

A single mRNA is regulated by
multiple miRNAs

> MRNA 1
MRNA 2
MRNA 3
MRNA 4

MRNA 200

...targets of miRNA are inherently difficult to identify.

One third of human mRNAs are predicted to be regulated by
MIiRNA, but few miRNA targets are experimentally confirmed.
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microRNA
miR-27b
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Poly (A)

Estradiol

Sy

Benzol[a]pyrene

Tsuchiya et al.,

Translational
repression
OH
a5 o

Cancer Res., 66: 9090-9098, 2006.
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Relationship between the expression of miR148a, PXR, and
CYP3A4 in human liver.

7 .
C GpppG miR-148a

PXR mRNA @_\ poly A
Rs = 0.1 ; I _—

PXR protein transcriptional regulation

CYP3A4 gene —
\ ( e
CYP3A4 mRNA
CYP3A4
protein

Takagi et al., J Biol Chem, 283: 9674-80, 2008.

PXR/RXR

/\/poly A
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miR-125b Regulates Human Vitamin D Receptor and CYP24

miR-125b

miR-125b

poly A

f

cYP24
protein

Transactivation of

VDR
protein

Degradation of vitamin D3

target genes (CYP24)
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Komagata S. et al., Mol Pharmacol, 76:

Mohri

.etal., IntJ Cancer, 125




1-B1-15-2

Human CYP2E1 expression is regulated by miR-378, mainly via
translational repression, not mMRNA degradation.

M £ 'l'l‘a nslati
9 L ation :
{fﬁ PR Q, oy al répression
- transcription ) 4 .
of mMRNA - d} —
cytoP maty / \'—/’— I e e
WD
miR-378

The miRNA-dependent regulation would be one of the factors
of individual differences in the expression of CYP2E1.

Mohri T. et al., Biochem Pharmacol, in press
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1-B1-15-3 Effect of mMIRNAs-mediated Regulation

of HNF4o Expression in Hepatic Function

Transcriptional
activation

CYP7A1
CYP8B1
CYP27A1

Biosynthesis L H202 ﬁ) }p/‘p

Thin e 3
MEK1/2 —» ERK1/2 -j
PMA —>

A MKK3/6 —P 38

miR-34a

|

Human HNF4a is regulated by miR-24 and miR-34a, and this
mechanism would affect hepatic function and development.
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Future miRNA Studies in Our Fields

' Xenobiotic and epigenetic effects on the expression of
MIiRNA.

" Inter- and Intra-individual difference of the expression of
MiRNA and effect on drug metabolism and disposition.

' Genetic polymorphysim of miRNAs and target mRNAs.

¢ Circulating miRNAs, potential biomarkers for drug-induced
liver injury.

2009/12/11



Reactive Metabolites and Immune Reaction
in Drug InducedHepatotoxicity

H3
H4C o)
° o'< :>\ﬁ7¢o

HO

CHj3
(DetOXi-) —
fication
Sulfation
Glucuronidation

ngngee

Troglitazone °

NQ CYP3A4

Production of Protein
antibody — _Hapten, APC adduct

[ _Induction of _ Loss of
Thi immune reaction function
Activation of ]
cytotoxic — Danger signal

T lymphocyte

Apoptosis

» GSH'
conjugation

Hepatotoxicity
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Proposed biotransformation pathways of the novel
troglitazone metabolites.

" C\i;[j/\ @X °c —» j:;r\)
NH &o /
Troglitazone WNH

CYP3A4\ Lo
3 Q—]S

\ n

H,C~ O
\’</ ’ ” ~ CH3O
0] 7 S
-— o 7°
NH HO  CH, 0 NH

"o
NH

Yamamoto et al., Drug Metab Dispos, 30:155-160, 2002.




Active Metabolites of Troglitazone

CH
1. Semiquinone redical of chroman ring HsC A |3 o°
Ho o Y
Ha CHgj
2. Qinone-epoxide Ha(jf:ﬁ
O
H3C o H
3 H
. H3C~ O °
3. 0-Quinone-methyde
O
Clle O
4. o -Ketocyanic acid and sulfenic acid R \(\KN —C =0
S
HO”
5. Sulfoxide or radical
O 0
All of those are catalyzed RA(‘:ZH R/\{‘\NH
by CYP3A4 o Lo
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GSTT and GSTM deficient will be risk factors for
troglitazone—induced liver injury in human.

Glutathione conjugation ability in rodent is 5—10 folds
higher compared with human.

\

Generation of y—glutamylcysteine synthetase heavy
chain (GCSh) knockdown in vivo rat system

SOD2 knockdown in vivo rat system also established.

2009/12/11



Dose Dependent Change of Total Glutathione in Rat Infected
with Adenovirus

1XPBS

ALT 10.1 + 0.6 UL

AST 26.0 £ 21 U/L
GSH 6.0 + 0.5 umol/g wet liver

B PBS
B AdGCSh-shRNA

Il AdLuc-shRNA
x%

I+

(o))

AdLuc-shRNA 2.0 X 10 BFU

ALT 136 = 2.7 U/L
AST 36.2 £8.7 UL
GSH 6.9 + 0.3 umol/g wet liver

I+

N

AdGCSh-shRNA 2.0 X 10 _PFU

ALT 142 = 1.7 U/L

0 02505 1.0 20 40 8.0 1.0 2.0 AST 287 + 4.1 UL

Ad-shRNA injection GSH 1.4 + 0.1 umol/g wet liver
(X 10" 'PFU/body)

Hepatic total glutathione content
(umol/g wet liver)
N

Dataaremean£SD (n= 4or5).

_ GSH: Total glutathione
*P <0.05and * P <0.01 compared with control .

Akai et al., J Biol Chem, 282: 23996-24003,2007
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ALT (U/L)
EAN (o))
o o

N
o

*
=3
| without fasting _i_

.

Hepatotoxic Effect of APAP in AdGCSh-shRNA Infected Rat

M Ohr
COE 24 hr

0 300 1000 0 300 1000
AdLuc-shRNA AdGCSh-shRNA AdGCSh-shRNA 1000mg/kg APAP

Acetaminophen dosage

(mg/kg) Dataaremean +SD (n= 4or5).

*P <0.05 and ** P <0.01 compared with control .

Akal et al., J Biol Chem, 282: 23996-24003,2007
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MTT Assay in Adenovirus Infected H4IIE Cells After 24 hr
Exposure to Troglitazone and Rosiglitazone

~120 7 120
o\° -
~ 100 100
2 4
= 80 ] 80
3
=~ 60 T 60 7
>
D 40 40
@)
20 7 A ¥ 20 7
0 T T T 0 T T T
0 25 50 75 0 25 50 75
Troglitazone (UM) Rosiglitazone ( uM)

— AdGFP MOI10/AdGCSh  MOI50
—& AdCYP3A4 MOI10
—™ AdCYP3A4 MOI10/AdGCSh  MOI50

H4IIE cells were treated with troglitazone, acetaminophen, or flutamide for 2
4 hr after 2 days adenovirus infection. Each point represents the mean = SD
(n =3).* P <0.05 *P < 0.01, compared with AACYP3A4 groups or # P <0.05,
#P <0.01, compared with AGFP/AdGCSh groups by ANOVA followed by
Dunnett test.
Hosomi et al., Toxicol In Vitro, in press




MTT Assay in Adenovirus Infected H4IIE Cells After 24 hr
Exposure to Troglitazone and Rosiglitazone

~ 120 A 120
S
> 100 100
= 80 - 80
©
S 60 - 60
% 40 - 40
© 5
20 1 55 20
0 T T T #' 0 T T T T T
0 5 10 15 20 0O 10 20 30 40 50
Flutamide ( uM) Acetaminophen (mM)

—& AdGFP MOI10/AdGCSh  MOI50
—4& AdCYP3A4 MOI10
- ™ AdCYP3A4 MOI10/AdGCSh  MOI50

HA4IIE cells were treated with troglitazone, acetaminophen, or flutamide for 2

4 hr after 2 days adenovirus infection. Each point represents the mean = SD

(n =3).*P <0.05**P < 0.01, compared with ACYP3A4 groups or # P <0.05,
#P <0.01, compared with AAGFP/AdGCSh groups by ANOVA followed by

Dunnett test.
Hosomi et al., Toxicol In Vitro, in press
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Chaperone Protein BiP Involved in Troglitazone-Induced Toxicity

pl 5

g

100 =

kDa

- -
-

it
50 - [ Al
..‘.
0.1% DMSO
kDa ad
100 = W
75 = ‘-@' o_'
- _— -
50 ~ Wb - ¢
»
50 uM TRO »

Fold induction

BiP mRNA
] 0.1% DMSO

B 75 .M TRO

209 13 3 100 uM RSG
18 —
16 -
14
12 S
10 -
8 =
6
4 7 250 1.69
2 = 100 0.70- 0.58
0 T
Mock 50

BiP siRNA (nM)

Toxcol Sci,

BiP protein

B Mock
] 50 nM BiP siRNA

2.0 ; 1.86

=
ol

0.91

Relative density
=
o

0.5
OO L T
BiP™ e e e —
DMSO 75uM
TRO

83: 293-302, 2005
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Dephosphorylation of Ribosomal Protein PO in Response to
Troglitazone-Induced Cytotoxicity

pl 5.7

pl =7

SR TRAS T 4
s T A
- 'k.fl',".g'-"ff.

Rt
50 uM TRO
Troglitazone

-4— SDS-PAGE
L ]
J

DMSO

50 uM TRO

IP: Anti-ribosomal P NS
() DMSO TRO RSG DMSO

= - L0

-

—--—-- - P(

WB, Western blot analysis

IP, immunoprecipitation

NS, normal serum

Anti-p-serine , anti-phosphoserine
P0O-p, phosphorylated PO

Maniratanachote et al., Toxcol Let, 166: 189-199, 2006.
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ALT (IU/L)

250

Patient A
Serum 1
200 -
150 -
100 -
Troglitazone
400 mg/day Serum 2
50 - 23.5 weeks /
/—0

Detection of Autoantibody to Aldolase B in Sera from Patients with
Troglitazone-Induced Liver Dysfunction

Female, 47-year old

0 T T | p— | | p— | | p— | T lll T
0O 4 8 12 16 20 24 28 32 36 40 75

Time (week)

Maniratanachote et al., Toxcology,
216: 15-23, 2005.

Protein staining

IEF >
- T e 4
o - - -ﬂt-
- - "

_ . i g“:, -
\‘ \ « == 40kDa
pl 7.6 7.4

Patient A serum

IEF >

W
40 kDa

% % X%

pl 7.6 7.4 7.2

bl

<— J9Vd-sas

g4

<— 39Vd-Sas

2009/12/11



Reactive Metabolites and Immune Reaction
in Drug InducedHepatotoxicity

CHg
H3C (0]

HO

CHz 110 Iitazone\ ©
Detoxi- | g— 4 CYP3A4
fication

Sulfation

Glucuronidation

cytotoxic

o

4 D
Th2 Apoptosis
Production of Protem
antibody Hapten, APC adduct
[ _Induction of _ Loss of
Th1 immune reaction function
Activation of

T lymphocyte

ypersensitivity

)@yncrasy

GSH-
conjugation

Hepatotoxicity
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Differentiation Mechanisms of CD4* Cell Subsets

IL-17, IL-22 L4 -2

- |L-25, IL-27
INF-y

IL-5

IL-10, TGF-B
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1-B1-17-1

Halothane-induced Liver Injury is Mediated by
Interleukin-17 in Mice.

NP

Th2 | X

Cytokine
TNF o
IL-17

Recombinant IL-17 e |L-17AD

ICXC Chemokines (MIP-2) I

{Halothane-m* liver injury }h Neutrophil recruitment

Kobayashi et al., Toxcol Sci, 111: 302-310, 2009




1-B2-9-Ferbinafine Stimulate Inflammatory Cytokines Release in
Human Monocytic Leukemia THP-1 Cells.

(Terbinafine )

| ( 4

'

(p3s maPK ) (ERK1/2) L Liver damage
' o )
{ Q@ O o v wawgee  INflammatory
Transcription .8 and TNF « responses
o
' | | release

THP-1 Ce”S IL-8 and TNF a

The activation of monocytic cells might be one of the
mechanisms in immune-mediated liver injury of terbinafine.
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Future Drug-induced Hepatic Injury and
Immunohepatotoxicity Studies in Our Fields

' To establish in vivo animal models and in vitro cell-based
assay systems to predict the drug-induced hepatic injury and
Immunohepatotoxic reactions.

' To clarify the involvement of metabolic activation quantitatively.

To clarify the mechanisms of idiosyncratic and hypersensitive
! reactions.
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Drug Development and Personalized Drug Therapy

Diseasome (GWAS)
Phenome

oxicometabolomics /
Metabolomics '

” Personalized Drug

Therapy

Omics-based and
Personalized
Predictive Drug

Therapy
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