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Amigo acid transporter-based drug development for cerebral creatine deficiency
syndrome

Terasaki, Tetsuya
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The purpose of the present study was to establish the basis of creatine
prodrug therapy for cerebral creatine deficiency with creatine transporter (CRT/SLC6A8) defect.
Protein expression of transporters as the potent brain drug delivery pathways was clarified in
developing rat blood-brain barrier based on quantitative targeted absolute proteomics. The
patient-derived fibroblasts exhibited the cellular transport of the chemically synthesized creatine
prodrug followed by the creatine generation.



¢y

ATP

ATP
( D
Arginine:glycine amidinotransferase
(AGAT) Guanidinoacetate
methyltransferase (GAMT)
« D
Na*,CIl"
(CRT/SLC6A8)
1

(Blood-Brain
Barrier, BBB)
(CRT/SLC6A8)

acetate

Arginine Glycine
SAM SAH
Guanidino
Ornithine
v

Creatine
CRT/SLC6A8
PCr 4@» Creatine
ADP ATP
Creatinine
1 (Creatine)

AGAT, Arginine:glycine
amidinotransferase; GAMT,

Guanidinoacetate methyltransferase; SAH,
S-Adenosyl homocysteine; SAM, S-Adenosyl
methionine; PCr, Phosphocreatine;
CRT/SLC6A8, Creatine transporter; CK,
Creatine kinase; ATP, Adenosine
triphosphate; ADP, Adenosine diphosphate

@
(CRT/SLC6A8)
2001 CRT/SLC6AS

(CRT-D)
( ) CRT-D

( )
0.3-3.5% X

2 % 100

CRT-D

CRT-D

CRT-D

®

(AGAT GAMT)

CRT-D

CRT-D

BBB

CRT/SLC6A8

BBB

« 2

1t ;7 i B8 P
MR S AR—S—
Fo AR—5—

1

it

s “ s e
r@.g
HLTF
D — . 112
HLFPFURE i

HLTFUEkR( | mEHE
(SLCBAB) (A E 4 M &
DIRRER IR N Rz S R)

2 CRT/SLC6A8

Slc6a8



CRT-D
BBB
CRT-D
@
)
)
T
(LC-NS/NS)
@

CRT/SLC6A8
BBB

CRT/SLC6A8
BBB

BBB

BBB

GAMT (
GAMT
BBB

CRT
CRT-D

BBB

GAMT

CRT/SLCGA8

BBB

@)

7-14
GAMT
GABA
BBB
SLC6A8
SLC6A8
H

Ohtsuki S, Tachikawa M, Takanaga H,



Shimizu H, Watanabe M, Hosoya K,
Terasaki T (2002) The blood-brain
barrier creatine transporter is a
major pathway for supplying creatine
to the brain. J Cereb Blood Flow Metab
22:1327-35.

Tachikawa M, Fukaya M, Terasaki T,
Ohtsuki S, Watanabe M. Distinct
cellular expressions of creatine
synthetic enzyme GAMT and creatine
kinases uCK-Mi and CK-B suggest a novel
neuron-glial relationship for brain
energy homeostasis. Eur J Neurosci
20:144-60.

Tachikawa M, Hosoya K, Ohtsuki S,
Terasaki T (2007) A novel relationship
between creatine transport at the
blood-brain and blood-retinal
barriers, creatine biosynthesis, and
its use for brain and retinal energy
homeostasis. Subcell Biochem
46:83-98.

Salomons GS, van Dooren SJ, Verhoeven
NM, Cecil KM, Ball WS, Degrauw TJ,
Jakobs C (2001) X-linked
creatine-transporter gene (SLC6A8)
defect: a new creatine-deficiency
syndrome. Am J Hum Genet 68:1497-500.
van de Kamp JM, Mancini GM, Salomons GS
(2014) X-linked creatine transporte
deficiency: clinical aspects and
pathophysiology. J Inherit Metab Dis
37:715-33.

Kurosawa Y, Degrauw TJ, Lindquist DM,
Blanco VM, Pyne-Geithman GJ, Daikoku T,
Chambers JB, Benoit SC, Clark JF (2012)
Cyclocreatine  treatment  improves
cognition in mice with creatine
transporter deficiency. J Clin Invest
122:2837-46.

Uchida Y, Tachikawa M, Obuchi W, Hoshi
Y, Tomioka Y, Ohtsuki S, Terasaki T
(2013) A study protocol  for

quantitative targeted absolute
proteomics  (QTAP) by LC-MS/MS:
application for inter-strain

differences in protein expression
levels of transporters, receptors,
claudin-5, and marker proteins at the
blood-brain barrier in ddY, FVB, and
C57BL/6J mice. Fluids Barriers CNS
10:21.

3
Tachikawa M, Watanabe M, Fukaya M,
Sakai K, Terasaki T, Hosoya K (2018)
Cell-Type-Specific Spatiotemporal
Expression of Creatine Biosynthetic
Enzyme S-adenosylmethionine:
guanidinoacetate N-methyltransferase
in Developing Mouse Brain. Neurochem
Res 43:500-510.
DOI: 10.1007/s11064-017-2446-y.
Tachikawa M, Yashiki A, Akanuma S,
Matsukawa H, Ide S, Minami M, Hosoya K
(2018) Astrocytic y -aminobutyric acid
(GABA) transporters mediate
guanidinoacetate transport in rat
brain. Neurochem Int 113:1-7.
DOI: 10.1016/j.neuint.2017.11.013.
Tachikawa M, Hirose S, Akanuma S,
Matsuyama R, Hosoya K  (2018)
Developmental changes of L-arginine
transport at the blood-brain barrier in
rats. Microvas Res 117:16-21.
DOI: 10.1016/j.mvr.2017.12.003.

3

-Connecting the
dots SNPEE 2017 Glocal
Pharmaceutics

32 2017
5 13

137 2017 3 24-27

137 2017 3 24-27



€Y

@

TERASAKI, Tetsuya

60155463

TACHIKAWA, Masanori

00401810

YOSHIDA, Masahito

80511906



