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Investigation of GABAergic neuronal function using sleep bruxism-specific 1PSCs
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This study aimed to find functional phenotypic differences at the cellular
level involved in neurotransmission in sleep bruxism. Using a single nucleotide polymorphism of the
serotonin 2A receptor gene as a risk allele, induced pluripotent stem cells (iPSCs) from patients
with sleep bruxism and controls were established. Then, neuronal cells were differentiated from the
iPSCs, which were thought to contain GABAergic neurons. Comparative electrophysiological studies of
the neurons revealed passive and active electrophysiological membrane properties similar to those of

the formation of neuronal polarity in vivo. In addition, neurons derived from patients with sleep
bruxism showed lower action potential rheobase and prolonged APD50, the duration of repolarization

to 50% of the action potential amplitude.

iPS



O 2AR B KR IEF(5-HT2A) Location:13q14-g21

(SNP) B on 1ron 2 o
ICSD-3. American = : :

Academy of Sleep Medicine. 2014 — R e —
(Sleep e — =
Bruxism: SB)
Callele
' ’
oL (it prebior
AN ﬂﬂ-_:_?,.g};&vui ®
(SNP) ' m
DNA \ v :
2A (HTR2A, 5-HT2A) 5-HT2A
SNP(rs6313 C ) SB { BEFRAOEL
(Abe et al. J Sleep Res. 2012) |
SNP [ BARCH ()
SNP rs6311 PRI A5 A5 E B 0D 18 K
( 1) SB ltﬂl%\ l J
HTRZA = [Eams—f—vnﬂ
7 SEAE J
SB @
( )
(Kato et al. J Dent Res. 2001) 5-HT 2A 1.5B HTRZA SNP rs6313
Non-REM
GABA (Guiard
and Di Giovanni. Front Pharmacol. 2015) SB SNP 5-HT2A
GABA
2
Phenotype( )
SB
sur, SERIL
iPS
SB
GABA SB
(Dharmadhikari et al. Arch
Oral Biol, 2015., Fan et al. J Oral
Rehabil. 2017)
2016 SB i o2
iPS (hiPSC)
iPS ipsfifaz ALVHBERMERER TS
BERR B U 5% X LMEHEET ILOFEIL
(Hoashi et al. J Prosthodont Res. 2017)
iPS
SB GABA
SB

2. hiPSC GABA



SB hiPSC SB

GABA
SB
HTRZ2A SNP SB
3 hiPS GABA
SNP
@) PSG SB
Probable  SB
(PSG) PSG Sleep
Profiler Definite  SB SB SB
SB Lavigne (J Dent Res. 1996)
2 SNP
DNA SB
HTRZ2A  SNP(rs6313) (rs6313, C allele) SB
3 3
(3) hiPSC
CcD3 e = e )
T
hIPSC DIV (-5) 0 ‘1 (7) (14) 2‘1
Wwnt, _ : :
RA, Shh L crinoooen  spavabez ?
1 I (CHIR99021) / ?g;lFB/lGDIZt;:_/ AA / dbcAMP >
[ Shh / Pur /
(Imaizumi, et al. Stem Cell. .
2015) 3. hiPSC
KBM day in vitro (DIV) O 3 hiPSC
Nestin B Hl-tubulin MAP2
4 hiPSC
HTR2A HTR2A ZsGreenl
HTR2A
pLV-hHTR2Apro-ZsGreenl LentixX-293 T (Z2180N; Takara)
HTR2A-ZsGreenl hiPSC
Empty hiPSCs hiPSC
DIV10
DIV5  hiPSC ZsGreenl SH800
DIV51 hiPSC RNA ScRNA-seq
Chromium Single Cell 3'
Reagent Kits v3 (10x Genomics) SCRNA-seq DNBSEQ- G400
MGI Tech Co, Ltd. Cell Ranger
(v4.0.0) Seurat (v4.0.0)
(5) hiPSC
SB
DIC BX51WI Olympus, Tokyo, Japan
23-27
1-2 mL/min 130 mM NaCl 26 mM NaHCOs 10 mM
3mM KCI 2mM CaCl: 2 mM MgCl: 1.25 mM NaH2PO4 95%
Oz 5% CO:2 pH=7.4

2
10 mM KCI 130 mM K-gluconate 10 mM HEPES 0.4mMEGTA 2mM MgCl. 0.3 mM
Na-GTP 2 mM Mg-ATP pH=7.25 285-300 mOsm
2.5-5.0 MQ



MultiClamp 700B Molecular Devices, Sunnyvale, CA, USA
10 kHz Digidata 1440A Molecular
Devices 20 kHz

Half duration AP amplitude

AP threshold

I Pe——— 10 mv
- $ Rheobase

2ms

4. hiPSC 5. (AP)
Rheobase,
Rm, ; Tm, ;Cm, ; AP threshold, ; AP amplitude,
iV, o, . ; Half duration, 50% .

RMP
-12mV Rm
Tm 63 Cm -10
mV 4
, —60 mV , —60 pA +150 pA 10 pA 300
ms 0.5 Hz AP

RMP 50% 50%
5
iPSC
DIV31-51 52-71 72-91 92-111 4
RMP Rm t™m Cm -60mV 300ms
AP 10Hz
omv

(2)
DIV10 Nestin DIV31 B IH-tubulin hiPSC
DIv4l Nestin
MAP2 DIv4l DIV33 hiPSC
MAP2 54.4+
103 (n=23) MAP2
HTRZ2A HTR2A mRNA DIV31
DIV51 DIV33 322+ 7.0% 5-HT
2A
(2) HTR2A hiPSC
DIV28 hiPSC ZsGreenl 5-HT 2A
ZsGreenl 5-HT 2A
ZsGreenl 5-HT2A 77% 5-
HT2A ZsGreenl 9%
hiPSC
ZsGreenl DIV5 ZsGreenl 0.97
+ 0.17% DIVv4l DIV51 hiPSC ZsGreenl
ZsGreenl DIV41l 252+ 1.5% DIV51 63.9% 2.6%
DIVv4l ZsGreenl HTR2A
MRNA
DIV51 hiPSC RNA scRNA-seq
hiPSC 90 MAP2
SYN1 SYN2 SYP DLG4
hiPSC
iPSC GABA
HTR2A ZsGreenl
GABA

MAP2 24 HTR2A MAP2 5 ZsGreenl



HTR2A 80 5 4 HTR2A 18% 22
4 ZsGreenl ZsGreenl HTR2A
hiPSC HTR2A
(3) hiPSC
IPSC 301 [Fe—c1 H : 30117 Control
—e-C2 s & T oS8
2 254
DIV31-51 52-71 72-91 :5
92-111 g2 £ 2
SB 3 £ § 151
3 §10 E 10
DIV31-51 ° 1 8
92_111 00 1’0 2’0 3’0 40 50 60 7b 8‘0 90 00 1‘0 20 30 40 S50 60 70 80 90
RMP Rm Current (pA) Current (pA)
Tm Cm 6. DIV31-51
iPSC SB
—-60mV 300ms AP
SB DIV52-71 DIV72-91 DIV92-111
DIV31-51 3
SB
80pA 6
SB Pearson’s r=0.95, p=0.0003, R2=0.90
Pearson’s r=0.91, p=0.017, R2 = 0.74 6
SB
— Control DIV31-51 2.9 DIV52-71 1.7
DIV72-91 15 DIV92-
11 24 - R —
0 120,
SB z s.110
DIV31l-  Zs 5 100
51 52-71 72-91 2 I
@ 30 -3
é s 80
DIV92-111 SB 15 o
7A 0 D|V3'1-51 D|V5'2-71 DIV72-91 DIV92-111 % DIV31-51 DIV52-71 DIV72-91 DIV92-111
SB D
D|V52_71 C3 c 0 DIV3.1-51 DIVS?-H DIV72-91 DIV92-111 104 o=¢i
5l
7B < o B
£ t 3 ‘§' 6
SB B = 1 £
*-C2
7C 50% 551 |-a-c3 2
= SB1
—v— SB2
|-e—-SB3| T v -
-60- DIV31-51 DIV52-71 DIV72-91 DIV92-111
3 SB 7. A ;B
e D 50%
7D
SB SB
50
DIV92-111
SB HTR2A



3 3 1 2

Nakamura Hirotaka Takaba Masayuki Abe Yuka Yoshizawa Shuichiro Suganuma Takeshi Yoshida 23

Yuya Nakazato Yukari Ono Yasuhiro Clark Glenn T. Baba Kazuyoshi

Effects of a contingent vibratory stimulus delivered by an intra-oral device on sleep bruxism: 2019

a pilot study

Sleep and Breathing 363 372
DOl

10.1007/s11325-019-01782-x

Nakai Kento Shiga Takahiro Yasuhara Rika Sarkar Avijite Kumer Abe Yuka Nakamura Shiro 11

Hoashi Yurie Kotani Keisuke Tatsumoto Shoji Ishikawa Hiroe Go Yasuhiro Inoue Tomio

Mishima Kenji Akamatsu Wado Baba Kazuyoshi

In vitro monitoring of HTR2A-positive neurons derived from human-induced pluripotent stem cells 2021

Scientific Reports 15437
DOl

10.1038/s41598-021-95041-3

Sarkar Avijite Kumer Nakamura Shiro Nakai Kento Sato Taro Shiga Takahiro Abe Yuka Hoashi 59

Yurie Inoue Tomio Akamatsu Wado Baba Kazuyoshi

Increased excitability of human i1PSC-derived neurons in HTR2A variant-related sleep bruxism 2022

Stem Cell Research 102658 102658

DOl
10.1016/j .scr.2022.102658

6 0 3

Avijite Kumer Sarkar, Shiro Nakamura, Yuka Abe, Kento Nakai, Rika Yasuhara, Takahiro Shiga, Yurie Hoashi, Keisuke Kotani,

Tomio Inoue, Kenji Mishima, Wado Akamatsu, Kazuyoshi Baba

Electrophysiological characterization of sleep bruxism patient-specific induced pluripotent stem cell-derived neurons

64

2020




Avijite Kumer Sarkar, Shiro Nakamura, Kento Nakai, Rika Yasuhara, Takahiro Shiga, Yuka Abe, Yurie Hoashi, Keisuke Kotani,
Tomio Inoue, Kenji Mishima, Wado Akamatsu, Kazuyoshi Baba

Electrophysiological characterization of sleep bruxism patient-specific hiPSC-derived neurons

The 7th Biennial Joint Congress of JPS-CPS-KAP

2021

Nakai K, Abe Y, Hoashi Y, Nakamura S, Shiga T, Avijite K S, Yasuhara R, Matsumoto T, Kotani K, Inoue T, Mishima K, Akamatsu
W, Baba K

Patch-clamp recordings of neurons induced from sleep bruxism patient-specific iPSCs

97th General Session & Exhibition of the IADR

2019

Nakai K, Abe Y, Shiga T, Hoashi Y, Nakamura S, Avijite K S, Yasuhara R, Matsumoto T, Kotani K, Inoue T, Mishima K, Akamatsu
W, Baba K

Electrophysiological recordings of neurons derived from sleep bruxism patient-specific iPSCs

ISSCR 2019 Annual Meeting

2019

) , , Avijite Kumer Sarkar, , , , , , ’ ’

iPS GABA

128

2019




60

2018

Baba K, Abe Y, Khoury S, Lobbezoo F

2020

Quintessence Publishing USA

240

Section 111 Sleep bruxism: from oral behavior to disorder 28. Genetic and environmental
factors in SB. / Sleep Medicine for Dentists: An Evidence-Based Overview, Second Edition

(Sarkar Avijite)

(Nakai Kento)




