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Inhibition of Rho-kinase ameliorates decreased spine
density in the medial prefrontal cortex and
methamphetamine-induced cognitive dysfunction in
mice carrying schizophrenia-associated mutations of
the Arhgapl0 gene
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TR AL, ARANRAGRFELEE RO T ) ARSIV BIEICHRSIBEES T2
ARHGAPIO BinF D a B —HZER (CNV) Z[FE L1z, S HIZZ DT DEHE O — Nidxt
NLEAG T ARHGAPIO WA T2 YV 2 17 O —H 25 5 (SNV: p.S490P) & & TIEAT
L CU 7= (Sekiguchi et al. 2020), ARHGAPI10 i&1n - X At > A48 8 (p.S490P) (X B A= 77U
ARHGAP10 (Z b2 RhoA & OFEGHEAME W 2 & AR S v, B8 B3k D ARHGAPI0
{72 513 ARHGAP10 OFEREIX F A5l & 23 2 & 23 /R S 17z (Sekiguchi et al.
2020), ARHGAPI10 [ZVEMR TdH 5 GTP # &M RhoA Z NEMERLD GDP #hA I A
By sz bicky, K18 G ¥/ 7 H RhoA ZHEIZHIHT %, £7-. RhoA D=
7 x 7 % —/53 1 Td 5 Rho-kinase (X7 7 F B EZ HIfH 35 Z & THEMILD X /A
VIEREZEALIZ B S L T S (Newey et al. 2005) ,

T T, ZOEBRFOBEMLTEE (SNV/CNV) 28 L7 Arhgapl0 Eis L~ 7 A
(Arhgap10 S490P/NHEJ ~ U X ) Z AR U |y PP YR AT I NZATEVRIT 24T o T2, %
Dt R ARHGAP10 @ F i 4y ¥ Rho-kinase O S 72 G MAL K O & L TIERE TR S
D PNIRTEERT S 3T B SR D A S VBEE T, AR~ R T B8
KFE & 72 WK A # @ methamphetamine (2 K D FBEMERENIK T T 22 2 AH L=
(Sekiguchi et al. 2020, Hada et al. 2021), L72>L., Zi 5 DOERBLA L Rho-kinase @ R
E NG R

2 TARMIZETIX. Arhgapl0 S490P/NHEJ ~ 7 2 & WA FTEERT B BT D A3 A
VB E DAL T & O methamphetamine 7% 14 O 52 A& BE 5 55 (2 %7 9 5 Rho-kinase [H.E 4l
fasudil DR Z BT L 7=,
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AWFFETIE, 8— 15 @i D MEME Arhgapl0 S490P/NHE] ~ 7 A K ONRIE + o B A= 7l <
7 A & 7z, fasudil (20 mg/kg) X% vehicle Z JEFENHE S L, £ D 60 43 & ICHRRIA,
18 AL 1% S ORI AT BE AR E % i H L 72, western blotting #£12 X Y U 21k myosin
phosphatase—targeting subunit 1 (MYPT1) (Thr696) % O MYPT1 OBl &Z E& L7, &
HIZ, v U AU ZER L, e aikic X0 NAIATEE AT E @ neuronal nuclei
(NeuN) B Al fa 2 K OV Y » Be{t MYPTI (Thr696) Btz o v b Lz, F£7.
fasudil (20 mg/kg) X 1% vehicle Z# 7 HREIR O &G LB HICHMEfH L, v Uik
(2 X0 NAIRTIERT RS 2/3 BB T D HERHII D A S VB A AT Lo, &5,
AR RE 7 FE T 2 - OISR R RIRBR A 1T o 7o, BOICHEERBIEE O LT
Arhgap10 S490P/NHEJ ~ 7 A Z v~ A5 5 BIGUERBH 486 5 43 T IC fasudil (3—20 mg/kg) |
30 43 AIC AR A & methamphetamine (0.3 mg/kg) Z RN LG L=, vk, KA E
methamphetamine (0.3 mg/kg) (X2 AR ~ 7 2 O L7 5 Bl BB O g IC B4 B 2 72
Z & AHHERE LTV % (Hada, Wulaer et al. 2021), F 72, fasudil (3—20 mg/kg) & UMK H &
methamphetamine (0.3 mg/kg) Z JEFEN# G- L 72 Arhgapl10 S490P/NHEJ ~ 7 A D i8]
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Rho-kinase P53 Al fasudil D IEFEN$E 515, Arhgapl0 S490P/NHEJ ~ 7 A DR R K
OMAIAA£% 12 33T Rho-kinase D RE TH D5 MYPT1 @ U (k. (Thr696) L~ L D HE N
A EICIK T &% 72 (Fig. 1A, B, C, D), % 7. western blotting £ ClX. Arhgapl0
S490P/NHEJ ~ 7 2 O NAAIRTER AT B2 38T MYPT1 @ U U {k (Thr696) L~ /L |27
MR B2 Dr o> 72 (Fig. 1E,F), — /. S%EMEFHENT TlX fasudil OIERENE 512 &
Y Arhgapl0 S490P/NHEJ ~ 7 A @ WAN AT ER AT B E O A% Ml i ~ — 77 —NeuN & U g
{& MYPT1 (Thr696) @ H: 5 MM fa £ o B4 M 238 B AZAK L 72 (Fig. 2), 72, fasudil %
7 BSOS 9252 212XV, Arhgapl0 S490P/NHEJ ~ 7 A O NI RTEERTEE 12
DAL BEEOIR T EAEICKE L (Fig. 3), & 512, fasudil OG5 I3EHE
methamphetamine ZL{&E Arhgapl0 S490P/NHEJ ~ 7 A OFLF FBIGE DK T % & L (Fig.
4) . methamphetamine (= & ¥ 80 U 7= NAIAETER AT EE S B 1T L A& B~ — 7 —c-Fos
BRI B 2 & A T B S 7= (Fig. 5)
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Fasudil O 512 X 0 Arhgapl0 S490P/NHEJ ~ 7 A D #RA A | A AL A% Ko O PN AR AT B8 7
FEIZH W T Y U ER{E MYPTI (Thr696) L ~L 231l & iz 2 & 26 | fasudil XN IS
F T Rho-kinase /& 2 #i 9 5 2 & 23" S 7z (Fig. 1,2) . KRIZ, T DY DR
2 X U Rho-kinase 73 Arhgapl0 S490P/NHEJ ~ 7 A O N RTEAFT R E 5 2/3 @l BT 5
PEARHIE D A NRA VEERTICH 5T 5 2 & BB Iz (Fig. 3), RhoA/Rho-kinase
TR, T F UM E RS TR L. MR D 2 oA D IHE K ONH 2K L i
R OB R ET S 2 L2 5 LTV D (Sarowar et al. 2020, Martin-Camara et al.
2021), F&# 1% Rho-kinase FLE A Y-27632 73, ARHGAPI10 255 % H 3 2 fie & K FHIE &
FHEONTEZENBRMPNLSELIZFas b Fa s T — B o #
REEMEOREELZLET H 2 &2 E L T 5 (Sekiguchi et al. 2020) , & 52, AHf
28 D fit F 13 77 71— 7" RhoA X 1% Rho-kinase O 5 F A3 KR & 7o o iR A& o /£ 7 L
YU ADEFEIRANA VIR ELET D LV WA & — BT 5 (Bobo-Jiménez et al.
2017, Francis et al. 2019), H\W T, HE AR O S L U . Rho-kinase 2K H &
methamphetamine (2 2V #5% S D FEEREIRE F 2B 53 5 2 & Avrme S iv7z (Fig. 4) .
fasudil 23K M & methamphetamine L& 1% O NI FTSART B IC 1T D c-Fos B ME Al gk
DM Z Pl L7z Z & 225, Rho-kinase (31K ] & methamphetamine |2 & 0 &L X415
PRI B AT BB 00 B e s TS B OTE AL F 53 5 2 & AR STz (Fig. 5) . R
FREER TIX, RE —MRREREE S EERER A2 R L TWD, R HTEHATRE O
RETEE I I & IS O B AT T i iR EH B L o THEMEE S5 (Asaad et al. 1998,
Brigman et al. 2013, Bissonette et al. 2015), Fkx 1L, BAM~ 7 2|2\ T Y-27632 %
PRI AT SR AT R E ~ R T 595 Z £ 12 L Y . methamphetamine (1 mg/kg) #% &M O
FREENGET D Z L AW LT 5 (Liao et al. 2022), ZHHOFEFE L Y | Rho-
kinase % 71 L 7= NI ATEA AT E 123515 5 methamphetamine 7% %8 14 00 557 72 1 584 i o
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Fig. 1 The effect of fasudil on phosphorylation levels of MYPT1 at Thr696 in Arhgap10 S490P/NHEJ mice. A, C, E:
Western blotting of pMYPT1 (Thr696) and total MYPT1 in the striatum (A), NAc (C), and medial prefrontal cortex
(mPFC) (E). B, D, F: Ratios of pMYPT1 (Thr696) levels to total MYPT1 levels in the striatum (B), NAc (D), and
mPFC (F) of Arhgap10 S490P/NHEJ mice or WT mice 60 min after fasudil (20 mg/kg, i.p.) treatment. Data represent
the mean + SEM (n = 10 mice per group) and were analyzed by Tukey’s multiple comparison test. ““P < 0.01 compared
with WT mice and #P < 0.05, #P < 0.01 compared with the vehicle group.
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Fig. 2 The effect of fasudil on expression levels of pMYPT1 (Thr696) on NeuN-positive neurons in the mPFC of
Arhgapl0 S490P/NHEJ mice. A. Representative images of pMYPT1 (Thr696) (magenta) and NeuN (green)
immunoreactivity in the mPFC of Arhgap10 S490P/NHEJ mice (scale bar indicates 10 pm). B. Ratio of pMYPT]1
(Thr696) and NeuN double-positive neurons to NeuN-positive neurons in the mPFC of Arhgap10 S490P/NHEJ mice
or WT mice 60 min after fasudil (20 mg/kg, i.p.) treatment. Data represent the mean + SEM (n = 15 slices in each of 5

mice per group (3 slices per mouse)) and were analyzed by Tukey’s multiple comparison test. “P < 0.05 compared with
WT mice and #P < 0.01 compared with the vehicle group.
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Fig. 3 The effect of fasudil on spine density in the mPFC of Arhgap10 S490P/NHEJ mice A. Representative images of
dendric spines (scale bar indicates 5 um). B. Spine density of layer 2/3 pyramidal neurons in the mPFC of Arhgap10
S490P/NHEJ mice or WT mice after fasudil (20 mg/kg, p.o.) treatment for 7 days. Data represent the mean + SEM
(n = 30-32 dendrites in each of 5 mice per group (6-7 dendrites per mouse)) and were analyzed by Tukey’s multiple
comparison test. ““P < 0.01 compared with WT mice and #P < 0.01 compared with the vehicle group.
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Fig. 4 The effect of fasudil on the methamphetamine-induced impairment of visual discrimination in Arhgapl0
S490P/NHEJ mice. Percentage of correct responses in the visual discrimination task. The animals were treated with
methamphetamine (0.3 mg/kg, i.p.) and fasudil (20 mg/kg, i.p.) 30 min and 5 min before the task, respectively. Data
represent the mean + SEM (n = 7-16 mice per group) and were analyzed by Tukey’s multiple comparison test.
P <0.01 compared with WT mice and *P < 0.05 compared with the vehicle group.



A methamphetamine B mPFC
0.3 mg/kg (i.p.) 40-

- +
Hed,
°°9  Foy
(15)
+ oLLas [ [(2)
methamphetamine  _ - + +
0.3 mg/kg (i.p.)
fasudil

- + - +
20 mg/kg (i.p.)

%k #H#

w
e

c-Fos expression cells
(per 320 x 320 pm)
IR
(o]
[m]
[m}
B>

fasudil .
20 mg/kg (i.p.)

Arhgap10 S490P/NHEJ

Fig. 5 The effect of fasudil on the number of c-Fos—positive cells in the mPFC of Arhgap10

S490P/NHEJ mice A. Representative images of c-Fos immunoreactivity in the mPFC of Arhgap10 S490P/NHEJ mice
(scale bar indicates 50 um). B. Number of c-Fos—positive cells in the mPFC of Arhigap10 S490P/NHEJ mice. The
animals were treated with methamphetamine (0.3 mg/kg, i.p.) and fasudil (20 mg/kg, i.p.) 150 min and 125 min before
perfusion, respectively. Data represent the mean + SEM (n = 12-15 slices in each of 4-5 mice per group (3 slices per
mouse). “P < 0.05, P < 0.01 compared with the saline-saline-treated group and *P < 0.01 compared with the
methamphetamine-saline—treated group.





