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Molecular Pathogenesis of the abnormal spine morphology and 5-HTR complex
induced by ASD-related mutated Muppl
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Caspr2 has a PDZ binding domain at C-terminal region and forms a complex
with receptors via interaction with Multiple PDZ domain protein 1 (Muppl). However, little is known
about the impaired Caspr-2-Muppl-receptor complex related to the pathogenesis of ASD. Caspr2 and
GPR37 mainly interacted with PDZ3 and PDZ11 domains of Muppl via their C-terminal PDZ binding
domains, respectively. In the present study, we found two missense mutations in Muppl gene of the
ASD patients and investigated the density and morphology of PSD95-positive dendritic spines and
protrusions in cultured hippocampal neurons overexpressing the mutated Muppl. Compared to the Muppl,

mutated Muppl significantly reduced the density of PSD95-positive dendritic spines and decreased
the width of dendritic spines. Thus, ASD-related Muppl missense mutations have influence on the
dendritic spine morphogenesis, causing the pathogenesis of ASD.
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1. WHERBYIIDOE R

HEEE X T 7 ABEE H CADMI O Y2518 2842 APTEA Y N7 AEEOEF IR L
TUVWAH2S, NLGN & B/  CADMI X CNTNAP [FI££, PSD95 & f5A+H3, MUPP1 & f5AT %,
MUPP1 (& L b = V5 %K 5-HT2R X° SynGAP, Kalirin-7(Rac-GEF) & f& 43 %, 5-HT2R & Kalirin-
TIEANAL VICRETE R Z I 2 23, T, ARSI CO 2 O EA IR DOFE L ARIEANYZ b T
LAREEO S TREE ORRIIRIEATITH 5.

(1) CADM1, CNTNAP2-MUPP1 #HA& 14K

HEEE N R L2 T 7 A5 E H RA175/SynCAM1 (CADM1)iZ N K O fa /M EmR D 1 2
27a 7V RAAL L EN LT, RET 4 U w7 lefililadz g G % £ (Fujita et al., Exp. Cell
Res.2003), CADM1 & CNTNAP2 [ZHIfENGEIR TRt r U—23E < . C KD PDZ 5 AELS EYFI
& EWLI Z41 L C Muppl(Multi-PDZ domain protein 1)IZf& 49 25 (IX 1. Fujita et al., INC. 2012 ;
Jones et al., PNAS 2009), MUPP1 (21 13 ffl®> PDZ N A A > 3% ¥ . CaMKII, GABAB %41k,
5-HT2 S Z4(5-HT2R), SynGAP, Kalirin-7 % 23#5 69 5 (IX 1, Krapivinsky et al., Neuron 2004;
Balasubramanian et al., J Biol Chem. 2007; Becamel et al., J Biol Chem. 2001; Penzes et al.,Neuron 2001),
SynGAP | AMPAR DIEME(LIZ, F 7= Kalirin-7 I Rac-GEF & L CTA /XA » OERKIZES- L
TV 5, NLGN (TN 7 2T, PSDI5-SHANK & DfEA % L C NMDAR <° 5-HT2R &
PHiItE S 7 2T, GABA {EEIED Gephyrin #J1 L T GABAA &K EBHERIEL L T 5,
L L2225, M, #RHII T CADMI(CNTNAP2)-MUPP1 A& KTERK & o) 7 ARERE & DR
FRIZBA DT,

(2) BREARNY b7 AEFEICBITOERIZE D, HAEBERA R L A, VTGRETE R & 5
THitie

HEEE DITHBE A7 b T AREEBRE O CADML EEFIZ 2 DD S (H246N, Y251S)%
HLH L 7=(Zhiling et al., BBRC 2008; Fujita et al., Cell Death Dis. 2010), —J7. CNTNAP2 ¢ D1129H
EHINHPIEA T kT AEEDBEZRITH R I TV 5 (Bakkaloglu et al., Am J Hum Genet.
2008), Cadml-KO ~ 7 AlL, AZmE, /N ERE, v N SRBICkHS 3 2 E I E 7= (USV) =
Ra=h—va UEERE EEBEASNY N T AREEROIIR % ) L 72 (Fujita et al., PLoS
ONE 2012)7%, HPFAE A7 b T AREFEIZRHSE 2 i (i R T8 13BLEE S e o 7o, — 7,
Cadm1(Y2518)-KI(129sv)~ 7 A& fif#ffT L= & Z A, BEIEAXY + T ABEEORKHETH 5 # R
SERCHSPEITEN R | USV [EESC, AZMBOERABE L (B, o2 b,
CADM1, CNTNAP2 ZEE.7% Muppl & OBAIRIERA2%E b 72 b AlREMEN S 2 Hiviz, MUPPL
X PSD95 IZfEA 7 % Kalirin-
7 (Rac-GEF) % PKA % 7EME

L L. A1 BRI ® %' 2 caom
remodeling {Z B 5 L (Xie et oNTNAP2 Q(anglrp;gl
al., Cell 2007), —7% 5-HT2R CADM1 EHT2R]cABER?

D AB,CH D C¥glci, PDZ
BB B AE LT
MUPPI & PSD95 [ZHEA L.
Kalirin-7 Z T LT, A3~ ®1 Mupp1—5-HT2RER &

7R =t 1 P SN 2 B = \ = 2 X
PRI T S o S ERNOPP T A ONTNARSD B
CADMI(CNTNAP)-MUPP1 & Kalirin-7 X° 5-HT2R & OB GAEREEK, BLOHMIEANS N T A
MEEREHREOERICLAEEEBRA DR AL VIREAER . F1-HEERARY T AMEE
Doy 1EiE L ORRIFIAITH D, 5-HT2R & [FAlEk GPCR
Td % GPR37(Pael-R) 1T/ 3—F Y UROFKEREF L LTHOLNTWD, £72., GPRIS 1TH
MGEIRBDONA VAT BIR T TH D, i, HiEH TR ER Eo B MRS OKZ IR TH
% Tp31IZJRTET % GPR37 ° GPR8S IZEH L., T 24T > CTE 2y, AREARY ~ T AR
DFERITFINC R 6N DB B2 S L7= (X 1 Tanabe et al. ] Neurochem. 2015, Fujita-Jimbo
et al., PLoS One. 2012; Mol Autism. 2014)
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2. BEEDOBRH

AWFZETIL GPR37 24 & MUPPI A KICIER T 5 —J7, HEE#H 513X . MUPP1 OZ F(1718T,
E702M)% HPARE AR b T AREBFICARHLIEZ 0D, THUOERIIA AL OB
DEFNTOWTIENT Lo, AWFIEIX, 4. PRSI T CADMI1(CNTNAP2)-MUPP1-5HT2R X°
GPR37 AR A LT L, BEEANY b7 AEEIZBIT 525 Muppl X GPR37 12
£ %5 CADMI-MUPP1 HAKDI AR A& AL VIR EN GO T HMEA XY T AEE
D531 te & OBk ORI 23 AT,

3. HRDOFE
MUPP1 %41 L 7= CADM1(CNTNAP2) & 5-HT2R <> GPR37 & OE AR & ABEA <Y b T
LPEEERIC L DEGEIERA L, A3, VIR R &5 TR L ORRE KR M, 2552
v U A& HNTHAT,
(DCADMI1(CNTNAP2)-MUPP1-5-HT2R, Kalirin-7 & EDOFAEZ ~ 7 A, COS Hif@, Ak
C Pull-down/IB, #0JZkRE(IP), SufE Y fa(IS) CTRNT T %,
@MUPP1(E702M), GPR37 ZEH A3 K I1E9 5-HT2R, Kalirin-7 & OE SRR A 2% COS fjy,
A Z UV, Pull-down/IB 5, TP, 8L ONA A VIEERIZ DWW CHfE Yl THENT L 7=,
@t h=UFERICL D EMEANY N7 AEELEN G 25T A, VBRI A~ D5
(DWW TR A ELE IV TRBIZEE LT,

4. WFIERE

()~ AR, COSHifE, #ESHIIE CTOMUPPL %413 5 CADMI(CNTNAP2) & 5-HT2R<°Kalirin-
7L DEEIRTERL
Z 1 E TO Pull-down % FAWZfENTIZ L V. 5-HT2A,B,CR 1% 10 % H o PDZ %2, Kalirin-
713 10-13 FH © PDZ fHIKIZHE S L7z, —F. Cadml @ C K¥ii MUPP1 @ 5 3K H ® PDZ
FEIK(E702, 1718 Z &)l ifke LTz,

(DTag fFINFEE 7 # —|Z T 5HT2A,B,CR, Kalirin-7 2 MUPP1(3:4F, FEIAEF) TRE S H-
COS Hif % AV T, CADMI, CNTNAP2 @ C KfilZ X % Pull-down/immunoblot(IB), %% ik
B (IP) /IB CMUPP1 %4 L C, 5-HT2R. Kalirin-7 & DEAEIREEKR T D Z & 25N
L7z,

OB TOEEIRDFEICONWT, ~ 7 ZAHAE R Ofh K D CADMI1, CNTNAP2 @ C A
2 & % Pull-down/IB ¢, MUPP1, 5-HT2R. Kalirin-7 & DFEET 52 L ZBH LT LT,
@R MIE _ECOEEIRDIFES CADMI Fiik, CNTNAP2 #if&, MUPP1 #iif&, 5-HT2A,B,CR

PR, Kalirin-7 HiiE % W 7= 08 e 4 TR 5 M2 L7z,

(2) MUPP1 @ 5-HT2R & OEAIRE BEIEAY b T ABEELERN G - 5T HA KRR A4 L

A FGREF A A

(MCADMI X CNTNAP2 @ C K& 7= Pull-down/IB #<° IP/IB 7£ . MUPP1(E702M).
MUPP1(1718T) & DA AL Z A, FEEDIERTRA LN,

@5-HT2R, Kalirin-7 ® C K¥iZ & 5 Pull-down/IB, MUPPI HT{AIZ X 5 IP/IB¥EIC XV |
MUPP1 & CADM1(Y251S8)%° CNTNAP2(D1129H). F7-. CADMI X|% CNTNAP2 &
MUPP1(E702M)<X> MUPP1(1718T) & DBEASHEIAUIZEE R o . AL VTR %
bl b T ENRHLNI -T2,

@fEY Iz LV APAIEA Y b T AREEZLS R MUPPI(ET02M, I718T) 2SRRI D A /<A
SR EE Z 76T Z E DL NIRRT,

@A _ETOEAERD BFEMEICOWNT, Jilkz AV TH LM L,
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UdEsSEm ) GE 2 1)

(DEbisu H, Iwai-Takekoshi L, Fujita-Jimbo E, Momoi T, Kawasaki H. Foxp2 Regulates Identities and
Projection Patterns of Thalamic Nuclei During Development. Cereb Cortex. 2017;27(7):3648-3659.
doi: 10.1093/cercor/bhw187(FEHH 1 ),

(@ Tanabe Y, Fujita-Jimbo E, Momoi MY, Momoi T. CASPR2 forms a complex with GPR37 via MUPP1




but not with GPR37(R558Q), an autism spectrum disorder-related mutation. J Neurochem.
2015;134(4):783-93. doi: 10.1111/jnc.13168. (FitdH V),

(Fa¥R) G2 1)

(E=)

(DKojima K, Jimbo EF, Yamagata T, Momoi M, Momoi T. CADM1 Mutation Knock-in Mice As Mice
Model of ASD Showing Abnormal Excitatory-Inhibitory Synaptic Balance,International Society for
Autism Research (INSAR), May 11, 2017: New York
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