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Elucidation of intracellular mechanisms underlying neuronal maturation promoted
by solute carrier OCTN1 and biomarker exploration in neuropsychiatric disorders
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To clarify the pharmacotherapeutic role of the carnitine/organic cation
transporter OCTN1, we examined intracellular mechanisms underlying neuronal differentiation and
maturation promoted by OCTN1 and whether the in vivo substrate of OCTN1, ergothioneine (ERGO), is
available as a biomarker for depression. OCTNl1-mediated ERGO uptake promoted neuronal
differentiation and maturation through the induction of neurotrophic factors and the activation of
mechanistic target of rapamycin (mTOR) and tropomyosin receptor kinase B (TrkB) signaling. There was

a positive correlation between the severity of depressive symptoms and ERGO concentration in the
blood, suggesting that ERGO could be used as a biomarker for stress-induced neuropsychiatric

disorders including depression.




SSRI

SLC

OCTN1
O0CTN1

ERGO

mathl

O0CTN1

B (TrkB)

OCTN1
ERGO

O0CTN1

O0CTN1

7-15%

SNRI
60 70%
SSRI SNRI
0CT2
/
ergothioneine ERGO
ERGO
OCTN1
ERGO
Mathl
ERGO

mechanistic target of rapamycin (mTOR)

OCTN1

OCTN1
mTOR  tropomyosin receptor kinase

ERGO
OCTN1

ERGO

ERGO



o

bFGF

ERGO

EGF

B -tubulin

glial fibrillary acidic protein GFAP

Neurobasal™ Media,

Electro 3 9-12
HK-2
HK-2 (human kidney-2 cell) 10 % FBS DMEM/Ham s F-12
37 , 5%CO, 2
(@) PCR
1 SOGEN
total RNA total RNA 1 p g
cDNA CDNA THUNDERBIRD SYBR gqPCR Mix TOYOBO
PCR GAPDH 36B4
(©))
SDS
polyvinylidene difluoride Block ace DS
1 2
1
ECL™ 1
ImageJ
oD
)
4% paraformaldehyde 3% 1
Block ace 1
4
Alexa Fluor
(5) [*H]ERGO [*H]carnitine
OCTN1 [*H]ERGO OCTN2
[*H]carnitine
)
50 mL
™
Rabbit anti-sheep 1gG 96 well

corticosterone AChE tracer

corticosterone EIA antiserum



corticosterone

® HPLC
Nacalai Tesque Cosmosil HILIC) 10 mM
20:80
uv
(1) OCTN1 ERGO
0CTN1
0CTN1 ERGO
0CTN1 ERGO
ERGO
0CTN1
mTOR
ERGO mTOR
NT4/5 mTOR NT4/5
ERGO
OCTN1 ERGO mTOR
ERGO
Synapsinl
mRNA Synapsinl
1
Synapsinl ERGO
NT-3 NT-5 mRNA
ERGO Synapsinl
mTOR ERGO
NT-3 NT-5 TrkB
OCTN1  ERGO
mTOR  TrkB
ERGO
OCTN1
mTOR  TrkB
(2) OCTN1 ERGO
OCTN1
MRNA OCTNL
OCTN2 MRP1 PEPT2
HK-2 OCTN1 ERGO

mTOR

1 mL/min

ERGO

B -tubulin
MAP2
1 pm
ERGO
ERGO
ERGO
TrkB
ERGO  mTOR

ERGO

ERGO

ERGO

OCTN1  ERGO

ERGO
HK-2



0CTN2

ERGO
ERGO
Eadie-Hofstee plot Vmax
ERGO 3 1 4
3
ERGO
ERGO
1 ERGO
1 ERGO

ERGO
ERGO

ERGO Beck Depression
Inventory (BDI) ERGO

ERGO
ERGO

Ishimoto T, Masuo Y, Kato Y, Nakamichi N. Ergothioneine-induced neuronal
differentiation is mediated through activation of S6K1 and neurotrophin 4/5-TrkB
signaling in murine neural stem cells. Cell Signal. 2019; 53: 269-280. doi:
10.1016/j.cellsig.2018.10.012.

Masuo Y, Ohba Y, Yamada K, Al-Shammari AH, Seba N, Nakamichi N, Ogihara T, Kunishima
M, Kato Y. Combination Metabolomics Approach for ldentifying Endogenous Substrates
of Carnitine/Organic Cation Transporter OCTN1. Pharm Res. 2018; 35(11): 224. doi:
10.1007/s11095-018-2507-1.

Ishimoto T, Nakamichi N, Nishijima H, Masuo Y, Kato Y. Carnitine/Organic Cation
Transporter OCTN1 Negatively Regulates Activation in Murine Cultured Microglial Cells.
Neurochem Res. 2018; 43(1): 116-128. doi: 10.1007/s11064-017-2350-5.

Nakamichi N, Kato Y. Physiological Roles of Carnitine/Organic Cation Transporter
OCTN1/SLC22A4 in Neural Cells. Biol Pharm Bull. 2017; 40(8): 1146-1152. doi:
10.1248/bpb.b17-00099.

Hashimoto N, Nakamichi N, Yamazaki E, Oikawa M, Masuo Y, Schinkel AH, Kato Y.
P-Glycoprotein in skin contributes to transdermal absorption of topical
corticosteroids. Int J Pharm. 2017; 521(1-2): 365-373. doi:
10.1016/j -ijpharm.2017.02.064.

Nakamichi N, Ishimoto T, Yamauchi Y, Masuo Y, Kato Y. Screening to Identify Multidrug
Resistance-Associated Protein Inhibitors with Neuroblastoma-Selective Cytotoxicity.
Biol Pharm Bull. 2016; 39(10): 1638-1645.

Futatsugi A, Masuo Y, Kawabata S, Nakamichi N, Kato Y. L503F variant of
carnitine/organic cation transporter 1 efficiently transports metformin and other
biguanides. J Pharm Pharmacol. 2016; 68(9): 1160-1169. doi: 10.1111/jphp.12574.

Nakamichi N, Nakayama K, Ishimoto T, Masuo Y, Wakayama T, Sekiguchi H, Sutoh K, Usumi
K, Iseki S, Kato Y. Food-derived hydrophilic antioxidant ergothioneine is distributed
to the brain and exerts antidepressant effect in mice. Brain Behav. 2016; 6(6): e00477.



doi: 10.1002/brb3.477.

s, . , . , 2019

92 3 14 16

Nakamichi N, Masuo Y, Kato Y (2018) Functional regulation of neural stem cells by
organic cation transporters. 2018 International Meeting on 22nd MDO and 33rd JSSX,
Ishikawa Ongakudo (Kanazawa), Oct 1-5.

. ) 2018
138 3
25 28

Nakamichi N, Ishimoto T, Masuo Y, Kato Y (2018) Hydrophilic antioxidant ergothioneine
promotes neuronal differentiation through activation of mTORC1 and NT5/TrkB signaling
in neural stem cells. WCP2018, Kyoto International Conference Center (Kyoto), Jul 1-6.

Masuo Y, Nakamichi N, Kato Y (2017) Screening of Endogenous Substrates of SLC22A4 by
Metabolomic Approach Based on Transporting Activity and Substrate Recognition.

32 11 29 12 1
2017
12 8 25
, , s ) 2017
O0CTN1 90
3 15 17
- , , , , ) 2017
FPOO1 137
3 24 27
s s 2016 OCTN1
38
11 17 18

Nakamichi N, Masuo Y, Kato Y (2016) Physiological roles of organic cation transporters
in the brain: Possible application to treatment of neuropsychiatric diseases. 2016
Annual Meeting of the Korean Society of Applied Pharmacology, Sookmyung Women' s
University (Seoul), Oct 7.

Nakamichi N, Masuo Y, Kato Y (2016) Physiological roles of solute carrier OCTN1/SLC22A4
expressed in brain parenchymal cells. The First International Symposium on
Toyama-Asia-Africa Pharmaceutical Network, Toyama International Conference Center
(Toyama), Sep 12-13.

Ishimoto T, Nakamichi N, Masuo Y, Kato Y (2016) Food-derived antidepressant-like
compound ergothioneine promotes neuronal differentiation via activating mTORC1 and
neurotrophic factor signaling in neural stem cells. CINP 30th World Congress of
Neuropsychopharmacology, COEX (Seoul), Jul 3-5.

, , 2016
46 COEX 7

https://researchmap. jp/nnakamichi



