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Elucidation of the transporters, and integration research of their molecular entitie
s and activities for the drug transport in the brain and kidneys
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This study elucidated that MATEs which act as H+/organic cation exchanges mediate
the urinary excretion of various drugs, endogenous metabolite (N-methylnicotinamide) and fluorescents in m
ouse, and that inhibition of MATEs is part of the mechanism underlyin? the drug-drug interactions in the u
rinary excretion with cimetidine and trimethoprim. NPT4 mediates facilitated diffusion of various anionic
drugs such as diuretics in HEK293 cells. MCT9 is found to be expressed on the basolateral membrane of the
proximal tubules. Among the drugs which undergo urinary excretion, OCT2 can recognize only hydrophilic com
pounds as substrate. MCT9 also acts as organic cation transporter showing substrate specificity distinct f
rom OCT2. Since MCT9 is also expressed in the blood-brain barrier, it is speculated that MCT9 is involved
in the disposition of drugs in the central nervous system in addition to the kidney.

SLC



OAT1 OAT3
OCT2
MRP4
H+/
MATE
P-glycoprotein
ABC
(D] invivo

pyrimethamine
30 cimetidine

LC-MS/IMS QTRAP5500

Nikon A1R
invivo
)
invitro
HEK293
SIRNA
invitro
LC MSMS
3 WB
MCTOC
BBB wWB
4 invitro
300 um
0,
LC-MS/MS
6) N-methylnicotinamide
metformin  pyrimethamine
N-methylnicotinamide
(6)
jvs cDNA
DNA
€] MATE
MATEI MATE2-K
N-methylnicotinamide
pyrimethamine
pyrimethamine
MATE1 MATE2-K
metformin
MATE
H, cimetidine
metformin
MATE
in vitro in vivo
MATELI MATE2-K



cimetidine MATE1
MATE2-K
metformin
Matel
cimetidine
MATE
Pyrimethamine cimetidine = MATEI]
MATE2-K
guanfacine
MATE in vitro
trimethoprim
trimethoprim MATEI1
MATE2-K
H+/
MATELI MATE2-K
Pyrimethamine
Matel
Matel
ASP rhodaminel23 MATE
pyrimethamine
in vivo
fluorescein
rhodamine123
Pyrimethamin
pyrimethamine
Matel
Ito S et al J
Pharmacol Exp Ther, 2010
10
Matel
Ki 10
in vivo
Cimetidine
Amiloride  ranitidine
pyrimethamine
Pindolol pilsicainide
triamterene
Cimetidine
pyrimethamine cimetidine
Pyrimethamine
cimetidine
B
OCT2 MATE

OCT2

MATE
OCT2 MATE
(2) NPT4
NPT4
NPT4
Na+
K+
C telaprevir
NPT4 SNP
Telaprevir
NPT4
(4) jvs
jvs pyrilamine
DNA
N-
mRNA
(5)MCT9
MCT9
HEK293
Western blot
P-gp
Western blot
HEK293 KD
varenicline
HEK293 varenicline
H+
HEK293
varenicline
OCT2 TEA



in
Vitro varenicline
OCT2
TEA
OCT2
Varenicline
OCT2
MATE MCT9
MATE
in vivo
NPT4 MCT9
10

Ito S, Kusuhara H, Yokochi M, Toyoshima J,
Inoue K, Yuasa H, Sugiyama Y. Competitive
inhibition of the luminal efflux by multidrug
and toxin extrusions, but not basolateral
uptake by organic cation transporter 2, is the
likely mechanism underlying the
pharmacokinetic ~ drug-drug  interactions
caused by cimetidine in the kidney. J
Pharmacol Exp Ther. 340:393-403, 2012.

Jin L, Kikuchi R, Saji T, Kusuhara H,
Sugiyama Y. Regulation of tissue-specific
expression of renal organic anion transporters
by hepatocyte nuclear factor 1 o/f and DNA
methylation. J Pharmacol Exp Ther.
340:648-55, 2012.

Kodaira H, Kusuhara H, Fujita T, Ushiki J,
Fuse E, Sugiyama Y. Quantitative evaluation
of the impact of active efflux by
p-glycoprotein and breast cancer resistance
protein at the blood-brain barrier on the
predictability of the unbound concentrations
of drugs in the brain using cerebrospinal fluid
concentration as a surrogate. J Pharmacol Exp
Ther. 339:935-44, 2011.

Takahara N, Saga T, Inubushi M, Kusuhara H,
Seki C, Ito S, Oyama N, Yokoyama O,
Sugiyama Y, Fujibayashi Y. Drugs Interacting
with organic anion transporter-1 affect uptake
of Tc-99m-mercaptoacetyltriglycine (MAG3)
in the human kidney: Therapeutic drug
intereaction in Tc-99m-MAG3 diagnosis of
renal function and possible application of
Tc-99m-MAG3 for drug development. Nucl
Med Biol. 40:643-50, 2013

Kusuhara H, Miura M, Yasui-Furukori N,

Yoshida K, Akamine Y, Yokochi M, Fukizawa
S, Ikejiri K, Kanamitsu K, Uno T, Sugiyama
Y. Effect of coadministration of single and
multiple doses of rifampicin on the
pharmacokinetics of fexofenadine
enantiomers in healthy subjects. Drug Metab
Dispos. 41, 206-13, 2013

Ito S, Kusuhara H, Kumagai Y, Moriyama Y,
Inoue K, Kondo T, Nakayama H, Horita S,
Tanabe K, Yuasa H, Sugiyama Y.
N-methylnicotinamide is an endogenous
probe for evaluation of drug-drug interactions
involving multidrug and toxin extrusions
(MATE1 and MATE2-K). Clin Pharmacol
Ther, 92:635-41, 2012

Imai S, Kikuchi R, Tsuruya Y, Naoi S,
Nishida S, Kusuhara H, Sugiyama Y.. DNA
methylation and histone modification profiles
of mouse organic anion transporting
polypeptides. Drug Metab Dispos. 41:72-8,
2013.

Ito S, Ando H, Ose A, Kitamura Y, Ando T,
Kusuhara H, Sugiyama Y. Relationship
between the urinary excretion mechanisms of
drugs and their physicochemical properties. J
Pharm Sci, 102:3294-301, 2013

Miyajima M, Kusuhara H, Takahashi K,
Takashima T, Hosoya T, Watanabe Y,
Sugiyama Y. Investigation of the effect of
active efflux at the blood-brain barrier on the
distribution of nonsteroidal aromatase
inhibitors in the central nervous system. J
Pharm Sci 102:3309-19, 2013

Kodaira H, Kusuhara H, Fuse E, Ushiki J,
Sugiyama Y. Quantitative Investigation of the
Brain-to-Cerebrospinal Fluid Unbound Drug
Concentration Ratio under Steady-State
Conditions in Rats Using a Pharmacokinetic
Model and Scaling Factors for Active Efflux
Transporters. Drug Metab Dispos. 42:983-9,
2014.

2

Role of organic ion transporters
in the renal elimination of drugs: clinical
investigation using in vivo inhibitors. 2™
Annual Clinical Relevant Drug Transporters.
2012 12 Berlin  Germany

Investigation of the importance
of MATE] in the renal elimination of cationic
drugs using a potent Matel inhibitor,
pyrimethamine. 4" Asian Pacific ISSX
meeting 2011 4 21

cimetidine

2011 5 29 2011

5 31
Importance of drug transport in
clinical PK or target effects. Gordon Research
Conference 2011 7 11 New



Hampshire USA

Quantitative evaluation of the
impact of active efflux by P-gp and Berp at
the BBB on the predictability of the unbound
concentrations of drugs in the brain using
cerebrospinal fluid concentration as surrogate.
Biomedical Transporters. 2011 8 11
Grindelwald Switzerland.

Investigation of the roles of
mates in the urinary excretion of
N-methylnicotinamide in healthy subjects.
26" JSSX meeting 2011 11  16-18

Investigation of substrate
specificity of the organic anion transporter,
sodium phosphate transporter 4
(NPT4)/SLC17A3 26™ JSSX meeting 2011

11 16-18
Investigation of the drug-drug
interaction mechanism of cimetidine in the
renal elimination process. 26" JSSX
meeting 2011 11  16-18

Characterizing determining
factors for brain exposure of aromatase
inhibitors. 26™ JSSX meeting 2011 11
16 2011 11 16 18

Investigation of in vivo
drug-drug interactions involving renal organic

cation transporters using endogenous
substrate.
2011 1 27
2012 3 29 2012 3 31

Quantitative Investigation of Drug
Transport across the BBB. CPSA Shanghai

2012,2012 4 26 Shanghai,China
Use of microdosing PET studies in
new drug discovery and development:
Development of PET probes for drug
transporters. Symposium on Functional and
Molecular Imaging in Drug Discovery and
Development. 2012 11 Soul, Korea
CBI 2012

12 14

Role of ABC transporters in the
drug disposition: interplay between uptake
and efflux transporters. 18" North American

Regional Meeting 2012 10 14 2012
10 18 Dallas USA

26
2012 12 7 2012 12 9

Prediction of histamine H1
antagonist occupancy in the brain based on
the systemic exposure, in vitro binding

21

22

23

24

activity and active transport systems. 27"
JSSX Annual Meeting 2012 11 20
2012 11 22
Involvement of Matel in the
drug interaction caused by cimetidine in
urinary excretion of cationic drugs. 27" JSSX
Annual Meeting 2012 11 20 2012
11 22
Drug-transport interactions:
kinetic concepts and clinical studies to
demonstrate relevance of in vitro mode
predictions. GPEN2012 2012 11 28
2012 12 2 Melbourne Australia
Drug Transporters: clinical
relevance and prediction from preclinical
animal model and in vitro model. APA2012
2012 9 17 2012 9 19
Investigation of the role of
organic cation transporters in the urinary
excretion of triptans and beta-blockers. 27"
JSSX Annual Meeting. 2012 11 20
2012 11 22

MATE
2012
5 24 2012 5 26
Sodium Phosphate Transporter

I(NPT1/SLC17A )

Functional Characterization of
organic cation transport in HEK293 cells.
2012 11 28 2012 12 2
Melbourne Australia

http://ww.f.u-tokyo.ac. jp/~molpk/



€Y
KUSUHARA HIROYUKI

&)

Hayashi Hisamitsu

®



