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Investigation of the pain alleviation mechanism by constructing an in vitro

reconstitution system of the human peripheral nervous system
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In this research, we aimed to reconstitute the human peripheral nervous
system in vitro by keratinocytes, which are the main cells of the skin, and peripheral neurons that
send the signals they receive to the central nervous system. We tried to clarify the pain signal
transmission process and its mitigation. Since human keratinocytes are easily available, we first
attempted to induce the peripheral nervous system from human dental pulp stem cells. We investigated

the induction of differentiation and succeeded in inducing human peripheral neurons. In parallel,
we co-cultured human keratinocytes with rat dorsal root ganglion (DRG) neurons and demonstrated that
oxytocin alleviates pain signaling.



Quality |
of Life (QOL) b

invitro

€))

http://ww.ndu.ac.jp/cell-bank/

Kogo et
al. Biophysics and Physicobiology, https://doi.org/10.2142/biophysico.BSJ-2020023

@ (DRG)
(DRG)
DRG
Ca
ATP
ATP
ATP ATeam
€))

Denda et al. Exp Dermatol.: 535-7(2012).

@

Ca



€

hDPSCs GFAP
B -tubulin
GFAP B -
tubulin
(20 uM) ATP (20 uM) KCl (60 mM)
Ca* ATP KCI
ATP KCl Na*
VTD (30uM) ca*
VTD Ca* KCI
2500 n
Ca®* 2000 %
+ .g .. o..'
Na 231500 vy, R
TRPV1 *,3 g .t;..o
+ =]
(10 uM) Ca? <O K.
Ca?* 500 :’..‘h ** 1o response to KCl
P response to KCl
28 hDPSCs KClI Ca?* % 1000 2000 3000 4000
KCl GFAP
GFAP B -tubulin 2 K ca GFAP B
2 111- tubulin
Ca Nat
Rho (ROCK)
(hDPSCs)
ROCK
@ (DRG)
DRG
—K1
—K2
N1
NGF( ) B27( —N2
)
+ 0 2 4 6 8 10
(Kl) Ce Time (min)
DRG (N1,N2) 3 KL, K2)
ca* ( 3
DRG N1, N2
Before Stim. 32 sec 60 sec 025 - ::3~3§;’5
ATP release P
a @
\ S o5 |
14 . .
E 01 f '
Stimulate 0.05 4
keratinocyt i~
ES! . nE N
-0.2 0 0.2 04 06 0.8
Ca?* response during ATP release
4 Ca ATP



ATP ATP
ATeam ATP
Ca ATP
ATP
€))
DRG (QT)
in vitro
DRG cat OT (Qian et a., 2023)
DRG ca* oT
ATP oT
DRG oT
DRG ca* ATP 10°~10°M
( ) OT oT 50%
10°M 10°M ATP DRG
50% 1065 M 1078 M ATP
ca*
7 7
6 6 eoT
L 5 o5 oL /§
Q Q
£, £,
& 5 & 5
1 1
10° 108 107 10* 103 10° 108 107 10°® 10° 104 103
ATPIEE(M) ATPRE(M)
5 DRG ATP oT
oT ATP  10°~10%M oT
Cee* () ATP
10*M oT DRG ATP  108M oT
18 1 16 1
17 4 118
| 116 15 15
& 13 1: - 8 . .
12 Lon
11 oo 11 1.1
1 1 1 = 1
NC -9 -8 -7 3 NC 9 -8 7 6 5 4 3
ATPIEE log 10 (M) ATPRE log 4 (M)
6 DRG ATP Ca oT
DRG
oT
( 45 )
oT ( 45 )
oT
DRG
oT oT






4 4 0 0

Arimura Yuki Shindo Yutaka Yamanaka Ryu Mochizuki Mai Hotta Kohji Nakahara Taka Ito 16
Etsuro Yoshioka Tohru Oka Kotaro
Peripheral-neuron-like properties of differentiated human dental pulp stem cells (hDPSCs) 2021
PLOS ONE €0251356
DOl
10.1371/journal .pone.0251356
Shindo Y, Fujita K, Tanaka M, Fujio H, Hotta K, Oka K. 582
Mechanical stimulus-evoked signal transduction between keratinocytes and sensory neurons via 2021
extracellular ATP
Biochem Biophys Res Commun. 131-136
DOl
10.1016/j .bbrc.2021.10.046.
Fujimoto Kanta Inada Kosuke Oka Kotaro Ito Etsuro 20
Revisiting oxytocin generation in keratinocytes 2023
Biophysics and Physicobiology -
DOl
10.2142/biophysico.bppb-v20.0003
Fujita Keigo Shindo Yutaka Katsuta Yuji Goto Makiko Hotta Kohji Oka Kotaro 6
Intracellular Mg2+ protects mitochondria from oxidative stress in human keratinocytes 2023

Communications Biology

DOl
10.1038/s42003-023-05247-6




K. FUJITA, M. TANAKA, Y. SHINDO, K. HOTTA, K. OKA

Signal transduction between keratinocytes and dorsal root ganglion neurons via extracellular ATP

NEUROSCIENCE 2021

2021




