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Elucidation of excitability control in motor neuron via electrical synapse and
exploration of treatment for ALS by synaptic recovery
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It has been reported that the expression of connexin 36 (Cx36), which forms
electrical synapses responsible for communication between neurons, were reduced in lumbar cords of
human autopsy cases of amyotrophic lateral sclerosis (ALS) and ALS model mouse. In this study, we
investigated how Cx36 loss is involved in motor neuronal degeneration in ALS and whether it can be a

therapeutic target for ALS using model mice. Our results suggested that CaMKlly and CaMKIIf@
regulate the plasticity of Cx36 1n the motor neurons of lumbar cords and may be potential targets
for restoring the electrical synapses formed by Cx36.

36



¥ X C—19,. F—19—1, 2—19 (58

1. WFSERHAR YW DTS &

RS R O 1E AR AR 121X, RMBIEME N v T ARREO S R RICRES T oeFv T
TR L AR O Connexin (Cx) EHEMNEAKT B gap junction &l UTA A0/
THRHEMREMZBHTLI2ER T TARS Y, ER T 7 RITIHEINEE 2 3B E LS
FIREIAFT D0 WEETICHIMTHIET 5, EXRV T 7T AZEMT S Cx EAOREIX
Cx36 TH V| BT 24 MERE CORIM L= BSXIEE) (electrical coupling) Z4H 5, %
ZEHEME 2RI (VAE (Amyotrophic lateral sclerosis, ALS)ETF /L~ 17 AT HZEHE SODL

(G93A) hT AV z=v 7~ A (SODI¥ <1 R) OERIRTA TIE, BMS L < 3dtEo
By F 7 A L 532 Cx36 ORBMPFEMNLIE T LTS Z &, & MARBIOFREIZBW
TH Cx36 OFBNMET L TWD Z ERMESINTEY, EQTT T ADRDD, EEMROZE
PN EDN DB E RIT L TWD EEZLND,

2. WEDOHB
AWFFED AL, BT Cx36 NERTHER ST 7 ADBLIE) ALS OIEBRRZEMIC & X
HZEE LTV B, KONALS OTESEEAM: 2 3H 4 5 720 OIREIER) & 720 9 D03 E et
THZETHD,

3. WHED Ik

(1) electrical coupling Z¥iR4 K| (modafinil) DOZNEOKET

electrical coupling ZIEHHT A Z &N 5L T D modafinil & SODI¥* <=7 X2 5 L, &
B PED I SND N E D 0 EBE LT,

BRI 1 o

£ 91z, SDOI¥™ <1 -

1210 8l G b
) 5 18 MR (i Yodarit &) onset touth
AT EC. EIC 2 10 11 12 13 14 15 15 _(week]
Fl, 40ug/e D o R EEER N RN ERY! R
modafinil F 7= 1L Modafinil (-)

DI EEP 5 . Dose: 40 mg/e

L. {Z’:E’ZJQ{E\ Hand *  Administration route: i.p.

grip., Rotarod *  Frequency: twice a week
performance. éﬁ/ﬂ;ﬁ =1 modafinilE &5 5% *  Duration: 10 weeks ~ 18 weeks

fil 2 beiz U7z,

(2) Cx36 Ol D fFT

Cx36 OR[EAMER LT AT & LT, Ca¥/INTEV 2 ) VEGEET a7 A % F—F 1 (CaMK
IZEFE L, FHATAOER =2 —a |I8BT 5 Cx36 & CaMKIT 7 % A 7OR%, KO
SOD1¥ = 7 2|2 331F % CaMK Il DI 2 IR BRSBTS LT,

4. WFFERRR

(1) modafinil OZhE-DORES

Modafinil O 5-1% Cx36 LIAMT Cx30 DFBUFEEST H 2 RO TWDHTD, AElD
515 (40 ug/g DI 2 [AIEFENTR 5.) 73 Cx30 ORBUIEN Lo\ 2 & 2R LT,
modafinil ¥&5-#E (N=10) & I GRE (N=11) IZOW T, KERED OIS (K 2-(1)). Rotarod
performance (IX| 3-(1)) M O'Hand grip (X 3-(2)) OIETiL modafinil 5 TROEND
B o 7o, BERETRO o1, FAEFHMICONTY, BERE 163+
21.2day) EIERERE (161£12.0day) CHERZZRDZP>7- (K4), UEXb, SEO

B5JkC
1%, modafinil | (1#EPEE
(= & % b - s
AP “ .
Rz h ER 3
. REES | 5o &7 | T T LTI
whhEo% | 1 g
ERpELE | &y s v
Z = 54 Mal Jafinil(+) N = 4 5 F | lafinil(+) N =6
LR : " pemions |0l T ety N~
9 11 13 I15I Il7l I19I I21I I23I I25 9 11 13 15 17 19 21 23 25
Weeks Weeks
2 modafinili 53R D% O




(1) Rotarod performance Di2®
500

modafinil(+)

0
modafinil(-) 1

N=1
N=1

C
™~ w B~
=} S =]
S =] S

Time to fall (sec)

»—*
=)
=]

"5 17 19 21 23 25
Weeks

(2) Hand grip &8
0.4

modafinil(+)

0
modafinil(-) 1

N=1
N=1

=
w

Hand grip (kg)
(=}
N

o
i

Weeks

X3 modafinili% 53R DR 5TD

(2) CaMKIIiZ £ % Cx36 Dl

1.0

0.8
@
i)
(]
= 06
©
=
& 04
>3
17}
02+ modafinil(+) N =10
modafinil(-) N =11
0o
0 30 60 S0 120 150 180 210 240

Time from birth to death (days)

B4 A7 HIE

AR ZOFFICHE T, El= o —u UICHBT S Cx36 1. CaMKII V7% 4 7D 5
CaMKIl v & DIGFAFEH LB, WNT CaVKIL B & DIFEELLBDT- (K 5-(1), (2)), —
77 CaMK 1l o & DIAFTRD Ao 72 (¥ 5-(3)), 12 D SOD1 v 7 A D FRfES) = = — 1
CIE, R OEAR < R TR, CaMKI g OIS EH LTz (X 6),

FEHER) = 2 — 1 > Tk, CaMKI v OB 23 Cx36 DR[FAMEAZFHEE L TH D . Cx36 BNIEKT S
BR T T AEMIET 572 OFERIER & 72 5 alREMENRIB S T,

o

Wild type 12weeks

Wild type 15 weeks

A CaMK Ily& D375 L Cx36 & CaMK Il yhistis

=

CaMKIIB

Wild type 15 weeks

SOD1%%% 12weeks

A CaMK I pe #7775 L Cx36 & CaMK Il pAtstsy
(3)
Cx36 CaMKlla Merged
2
[
[
2
wn
-
[
Q
Z
el
= 6 SOD16%%Av 7 X & §HE1A
12315 5 CaMKI-BHRIBOZEL

5 Cx36 & CaMK Il D77




90
GAD 2019
397-401
DOI
Shiraishi W, Yamasaki R, Ko S, Kobayakawa Y, Matsushita T, Isobe N, Kira J 11
Clearance of peripheral nerve misfolded mutant protein by infiltrated macrophages correlates 2021
with motor neuron disease progression.
Scientific report 16438
DOI
10.1038/s41598-021-96064-6
27
2021
9-11

DOl

Downregulation of Cx36-made electrical synapses without glutamatergic axon terminals in ALS.
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CCR2-positive peripheral blood macrophages play protective roles in ALS mouse model.
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CCR2-positive macrophages infiltrated into the peripheral nerves protect motor neuron disease

61

2020

The role of dysregulated connexin 30 expression in amyotrophic lateral sclerosis model mice
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