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Abstract

Elucidating the pathophysiological mechanisms of mental disorders remains a critical challenge in psychiatric
research. Recent studies have highlighted the potential involvement of cytoskeletal and molecular motor
abnormalities in the development of mental disorders such as schizophrenia and autism spectrum disorder (ASD).
This review synthesizes the latest findings on the relationship between cytoskeletal and molecular motor
abnormalities and mental disorders. The cytoskeleton, composed of microtubules, actin filaments, and intermediate
filaments, along with molecular motors such as kinesins, dyneins, and myosins, plays crucial roles in
neurodevelopment, synapse formation, and neurotransmission. In schizophrenia, decreased expression of the
microtubule-associated protein MAP2 and abnormalities in the DISCI gene have been reported, potentially leading
to dendritic morphological abnormalities and neurodevelopmental disorders. Additionally, abnormalities in
molecular motors such as KIF17 and KIF1 A have been implicated in synaptic plasticity disturbances. In ASD, Myosin
1d has been identified as a risk gene, with its localization in dendritic spines recently elucidated. Furthermore,
abnormalities in actin-related proteins such as SHANK3 and CYFIP1 have been shown to cause synaptic dysfunction.
These findings suggest that mental disorders arise from complex pathologies involving multiple cytoskeletal and
molecular motor-related protein abnormalities. Future research should focus on elucidating the functions of
individual proteins and adopting a comprehensive approach that includes glial cells. Advances in this field may
deepen our understanding of the pathophysiological mechanisms of mental disorders and potentially lead to the

development of novel therapeutic strategies.
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1. 1IC®IZ

PRPEHIIEIE, 2 DK BT L REAHERF 3572012, @& B I L S I B AR S AT 22 AL TUV5,
OB RS AT L, EITHNE, TIF L T4 TA b, T 4T A RS RERR ST, ARG O 8 1
FRMETZ AL, R « BRRZEE DR ST T RB AR E | M2 Z2BRRIZE S5 L Tnd (1), SHIZ, ZNHOHaE
AT > TEBIEEITO S T —F— BRI R A= =T 73— 2 S8 (KIFs) b, PRI 0%
REAERFIC AR AR 2R BRI L T0D (2,3), ITHEOBIFRICEY | M E #0018 — 2 — D RF D Heh il
FERC B PASEARI T LS (ASD) 21X U8 LT 2k 2 kR O RBITIRS B 5L QD ZER A BN AR
STER (4,5), KT TIE, MIE K L0 7T — 2 — O RAR R L, 2D 0 B E DR R, 45
IZHREE HFIEE ASD OIFREIZE D IR G- L TWHDMNIT DWW T, IO M A2 2 ChEat 375,

2. A KFEL ASD-FLIB AR EHRE SR -

A RFEL ASD 1%, EBLOLERIIF AN RICHEEZ R T23, ASD TS MDA S AR L O
WZEND AONDDITKL, #EE KFE CIIRIEATLIE T O S AEEEA R > CWNAZEMN L JERDOHETT
(RO PEDORIEN A UL, BERALFRD BFHTE 2 RONH28, ASD TR E ORIk 35— H L7ziE
BECHURR M E AR THDH—T7 . SEA IIE CIXLRSCEMICEHE L 7RE O EA N LT, REEICE-T
EETHZENHD,

RABEBEDO T TIX, ASD 1XHFROFEM~DVE H L&A ORI N EES NRHEH ThD— 7 | Heb KRFHE
TILEBOELALCEE S OIK T T JEROEEN O FREIRERES 22035, AR ZE K3 fE 2B
HLTWA23, ASD TIEEVEEV BRI URIBS LTS, FAERE SRR IZBIL TIL, ASD 238hEHINS
FERABNAETE DT o TR DITKTL A RTIIEILIR E & FE DA RIEL | Sk & B A%
e UBac N

ASD T E D BLIRS B FR~DO RO E BRI CTHD— 07, Hih LTIE CIEE B0 RIS K-S TE)
DGR ROENDZENR DD, 10T 7 m—F b REERY, ASD TIHTEWFRIESY — Vv L AF LR —=0 7
IS ETR DD L #EA JTE CIIHUR AR SR LD 3IRIE S Bk 72D, SiEeaa=r—Ta Ol
THEVRHY, ASD TIXF R EDOEILCRFEIEN RHNDZENHHDITHI L, Hh KFE CILEBZREIC
LHEFEOIHNPFHIA THD, HAENKEZND JEROBN T IE LS TRIRDGEBHHI L% R
\ZES L E R DD

3. WA KRFRIESL ASD DIFREAH

MARIAEE ASD DOIRREAEBUZIL, W< OMOILE RN HHILD, Wl E SO EHE MR I ZREE THY,
WD RE1E LR RE ISR B A 5.2 D, AR E O B W E TR S D, FRCN —/ XU LT NV EIU R
DOERE T DE H SV TOVD, HEA KIRAE TIER — UG R SRS TETZ, ASD THR—/33IV R D
RENRESNTND, ZVZIV IR OBERER T H W EE CROOIL, v T AIERAARR a8 %
B2 W MDA HD (6),



G 00 R S ) B TR 05 | S ad L TR S5, BRI RTEERT AR, (IEETE  RBkIAR e & ORI TR FE R
FEDOZLRRESINTND, ZNOHORERIZERIL, ARG BV 2 & OB RR IS 82 52 5 AT HE
PEAD D, TUOFERERIRE & O B b M E CHRf SN TS, IMRI BFZEI2X0 | 25 RCRR R %] T HE 0D fiXd RE
FOFERERIAE G /Y — ANFFBMER R ONDZEN > TS, FRIZT 74V NE—R Ry T — 7 D B 3l
fEETHRESNTEY, BCSROHE (B0 B ZICHES 2 RELHE T L2521 T. B OB ek
KD ETHELIND) PSR IN B L 52 HARetED3H5 (7).

WiEE LS Z N B E THY, BEOBEFDEEL TS, FRCHIRIEE, v 7 AR, i aEIc b
DI DB RN EE TRIESN TS, BIZIE, SHANK3 R NRXNI 728 OB s 11X liEEOY A7 K 1L
LTHILN TS (5), UM, RIERCHIE RO BE 23 B S TCWD, FHAD S IR TEIL A VO IR E 125
Bz OREHERBIAZ 2 @D D AREMEI VU RIBSI TS (8), Eiz, 17u7 U7 OG> A M A
~ULDIABRE | PR SIE DFREE A W E THRESITWD (9),

MEARTIE L ASD O BIRIORE | TR BUGIER 8 IR VDB | TN BN O FEE I B e
AN = A DBFET D, FAZEL RENWZD, —RALICITEBENLE THD, 5% OMFFRICED, mFEE ORI
AR H 3 S EFE S NSO ITHALMNIC R B ZEN IR S NS,

4. MRERICEIT DML EAEDORE

FRER AR OO MR 4G . RRCHUINVE X, B DS CRF DR BT Tl B — 4 — L E D TV
— /LI ELTHREREL T, G IIHOWFZEICRD | SHRRAR L A T NE 121 - TERE L A2/ Ma <ol i/ s
BRIV TODIERIH BN /2> TS (10),

MANEIL, a-F 2=Vt B-Fa—TVro~Tadfv—RNEHL TERSND T ZEOERIEETHD,
FREEAREI F U TRV INVE I, B SR ERTIRZE I D i R SHERF | N E kDL — L MR EE Gt
ST RN O IR HREO Y b AR LR E D EE R E A R TS (11-13), FRC, U NE O E)
AR EMN (EAEMEAOMBRYIKL) X, IO f M I E B %EE R L CNAZENREIN TN
(14),

TIF L TATANE BRRT 7T (G-T 7 F ) REELTERIND —ELH AMIE THD, Mz
BUIDTIF o T4TA D EREEFNI LT, R HEDTERR BRI AL A BHRGEEL A S A DTG E AT
PE, T T AR R O EMERF, JRETRIR 2 T E A RORIE2E T o5 (16,16), 77 F L T4TA b
DL FEMRAIL, > F 7 AABPECRBIERICEE ThHZENHONNTe> TS (17),

FRIBRT ATA NI A& IRFAT DL EDNDRERLS N OHEREE Th D, #HR M CIT IR AT
VI BEATF Y ma—a T T AV MR EERERERTIZL TS (18), HRR T AT A MO T/ BEREL LT, A
RO 2 EVEO SR AL, BilsR O EROHIE | AR D L LD HIE 2 E 35T b (18,19),

5. FRAIIIZIBT B0 FE—F— D&% E|
Sy —Z—1T. ATP NIKS RO =3 —Z2F A U CHIE R > TR 2k 3 52 0 BB AR
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ThD, MM CREREEIZ R/ T FERDFE—F—IE TRV F A= T T URDD,

FRUA—R=T 7N —=H N (KIFs) 13, EIHUNE D 7F A7 1) (IR ARDH AR 7 [0]) ~ Dk
ZHSTWD (20), BEIIHOAFFEIZED, ERBI =T AIZEBUNT 45 fHO KIF AR T RESI, T2 NN
R RABE W AL T DI LB TND (11, MfEMIEIZI51T5 KIFs O FE22fEE LT, > F 7 2/
J-P A M E S AR D NEI THER S, SR RU T O, mRNA O JFATHIERE , SR K Ok /e
WETHID (21-23), KIF1A, KIF5, KIF17 22 8 DMt A OB RB I ZE T DI LD /RS TNS (10),

B A= T, FNUINE D~ AT A5 18] GRS DRI 5 1) ~O#iiik - T\WD (24), FRf&HIEIZE
FHH A= D FBEREE LT, v 7 RN AR IE Y B S AR O WA TR S | MR/ N E Ok,
TR A2 7 F L DA TR | SR T AERFOW B IE 72 E DB T B (25-28),

A VAL, BT IF T ATANIR ST E ik a5 T 5H(29), FESHIRIZHBL T 234> 1325
FEL, 2SR — A DR B L OT 7 F UAEEOTFIZ L > T T 7 AR B A 5.2 52D BHH
(2725 TCND, MR 351 D34 > v D E72BREL LT, SRR GG A AU OIERERIE, )7 2/ a D J&
FTHIZ2 8, iR FISEO BB, o) 7 XM RIER S 5T D (30-33), FriZ, IA4 T 1L A
>V, AT VI DRI OB REIC BB B2 IR L TODZEDBHIBEN > TN D,

5. A KREICBITIMICER -5 FE—F—DRE

oG RFEIX, L1588, PR RERR E e E A R e T IR IR Th D, T ORI | Hi A KFE
A DB W T E S0 T —F—DREPRESNTEY, ZUOARREBICRSE G L THDTENVR
MBI CND,

o NEBE X RE DR LT, MAP2 (Microtubule—Associated Protein 2) OFEERAL T A& J<TE £
FH ORTTHR BSOS THAE SN TWS (34,35), MAP2 [ 3HR S 2 D TE R LHEFFIC R /o B % Bl- 372
Z DR BUR T IIBHRZZE DT RE R CRERERE T I DD EE 2 HbID, £, A LTEDRZ V&G T &
L CRIEENT= DISC1(Disrupted in Schizophrenia 1) 1%, 8/ NE D2 EALSLHINANER I C B 5L TR, FDik
HESL B | AR IS PR v M DR E 2 o | Z 23 LHERIS D (36,37),

TIF B RIE DR LT, WAVE (WASP-family verprolin homologous protein) -5 R D&% 235
Td2 CYFIP1, NCKAPL, WASF1 O3 BLE H 360 & FIE BF OB AT IR THE S Tud (38), WAVE
BAERIET 7T BEAZHIEL, BRIRZEEA A OIBEICE G957, ZORA 1T T 7 AHRER E 45 |
FRITLEZLND (39), SHIT, HbA RIPELRE ORITEATR B CHLR= 3 ORBUFMBHESNLTOD
(40), Calponin=3 [Z7 7 F UG A _ETHY, TOFEBUENNIT 7 F AR B D BH 7R 2 EABIT D703
LHEHERISD (41),

B 7 4T A DB L LT, GFAP (Glial Fibrillary Acidic Protein) M3&BLHEINANKE A J<FHE B FE O RITEE
AT EOME THAE SN TS (42), GFAP X7 AR A RO EF R 7 4T AN THY | ZOR B INIE
PR RIE PR IR FESUG A S L TN D EB 2 BID (43),

HFE—B—D R LU TIL, KIF1T Zo 37 BL VO DA S TE B O IE# NI 78 Tl ST
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W5 (44), KIF17 X NMDA Z & {K&Y7 2=>} NR2B O#iikiZBE 5L TR, Z ORI F 137 A Atk
DREFEEZFIERITEHERNESND (45), £-. KIFIA BETFORFED SNP(—HIEZA) A KFIEDY A
KLU CRIESI TS (46), KIF1IA 1337 2/ Maolit B 5- L Clh . ZOMae 27 I TR g =
DR TFIZO2RND (A7), EHIC, T OAFFEICED, KIF3B Ein 1O RAHA KFEEOE R 2~ R
FIER T ZENHESN TS (48), KIF3B 1%, NMDA ZF R~ ==k NR2A O#ikIZ 5L TBY, D
PEREFLH 1 X NMDA S BRIV 7 DB EZ S| ER I, ZhHOH I, $EA KFHIEICB IS NMDA %24
RHEBEIR FIRGLA X F T 20D THY, 5 FF—F—ORE N EHENIHA REOREBICEE L TW\WHIE
TR 5,

H A= BHETlX, DYNC1H1 (Dynein Cytoplasmic 1 Heavy Chain 1) &{nF D7 RS LHEBE
THRESNTVD (49), DYNCIHL 134 A=A RO EERERLEL R THY | £ ORI Tl SR ik O
(2O DEHERISILD (50), AT BHHTIX, MYO16 (Myosin XVI) #8151 DA b 28 B A JSHRIE 38T
[FIESN TS (51), MYOL6 (IARREARIEORE B SRR L DT AU BE G- L TIRY | Z DOFERE S I TR E A1
TR OBEEFIZD72D35,

DM oy 7 —F— D RENL, T T AR E AT OB E | MR B S RO JRTE R
PR FEFED FLH | AR EIRE OBERE A 42, SRABEREIR B/ L | SL A JIIE DRk % 7R BBICBI B L CWHEE 2 5
No,

\

6. ASD ([ZRIT MM EHR 3 FE—F—DRE

ASD 1F HEMata = —ar OEE LR PR - JAZRITEIZ R R E T 05 EEE Th o, ITHEDOIE
(Z&D | ASD FE DRI IV TR E #00F& — 2 — O B FEPMEEH S S Tvd,

Myosin ID (MYO1D) %, ASD ODYAZ B F LU TRIESIL TS (52), Fexld, EGFP @A A 1d &5
BRI BLSE | BRIRIGE A S UACER T 222 A LT (63), EHIT, ZDOR/FEIZIE THI (Tail
Homology 1) KAV NEETHHIENS D -T2, THI KA ZHRIBEETZ MYOLD 1%, MRk 22 ~0 FfEN
PRSI, BEIRZSE A A ~DOEREL IR T HZEAVRENTZ, ZIHOHIFLIL, MYOLD 23MhiRZek A/ A
TTIF U TATA R EAERIL B MY T 7 RO G L TV D ZEARIRIEL TWD, £ DR

HS ASD OJRREICH G THEEZOND, 72, MYOID @ THI RALUAE, N=-T2F LT AT
(NAA) T NWALEEFR CTHDHT A7)V NT V7 —E D C Rt EAEH T 5203 MESI TS (54), NAA I/
FLIEOMIZF IR E THAAELTRY, ASD OWRHEIZB W CERREIL LRI T NAA O TS TS
(55), ZD N HH, MYOID & ASD DB RIBS LD,

Myosin IXb (%, RhoA {EMEAHIBIL . KM E ARSI 1T DRLRISE T RBIE AU B 53 52 L3 b
TEY (56), ZOEERN ASD VAV EL KITTZENRBRINTND (5), EBIZ, adR—MFZEIZE-> T, 2
A XVI & ASD EOBIHEAH A TS (57), Myosin XV IFHESALO B B SRR ZS L O I B 5L
THEY, ZOMREEF TR RO EE D703 583 2 Hivd,

SHANKS(SH3 and multiple ankyrin repeat domains 3) IBinTDZEH1% ASD O FEH AR D—2>E L THILIL
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TW% (58), SHANK3 1383 TF 72D T 7 F it OAHFRAIZEI 5L T, £ OMERE R H ITBRRIEE X
RAVDIER ARG 7 A el E 25 XL 23 (59), CYFIPI(Cytoplasmic FMRI-interacting protein 1)3&
EF-OEBELRID ASD OVAZNF-LLTHRESH TS (60), CYFIPL 13 WAVE A RO R EHETH,
T OF L EEOHEICEEL T, £ DREIIBLRIEE A A DIGRERE TSR3 H8E 2605 (61),

TUBGI( y ~Tubulin) BA5 1 OA/VAEHN ASD BHF CTRIEII TS (62), v ~Tubulin I3/ NEFZALD R
IRRELTHEREL . T OB TR DI TE RO BN A 5- 2 5L E A bD (63), ASPM(Abnormal
Spindle=like Microcephaly-associated protein) Bin+DZHt, ASD DUVAZNFLLTHRAEINL TS (64),
ASPM [P R AR O Sy e (I B B B A BT UL 2 OBSRB S IR B DT H 2 D723 e
HEHISLD (65),

KIFIA s D7D IS FM ASD B THIESN TS (66), KIFIA 13377 2/ NMEO#i 62 BB /25 E %
RIELTEY, TOERET IS T 7 AMEEDROE T 25 EEZT (67), KIF5C En D2 RS ASD OYA
IR LU TRIESI TS, KIF5C (3R OB M Ol 2R R A2 BT 5L CTHsY . = OFSRE FL T 1340 %
[T DB FEIC DR DBHEHEREND (68), ZHODOMILEHE - 431 —X—DEE L, ASD OFFREIZLLT
DIHBETHEL TWDSEBZLND, 1) T T AERE AT PO REE : SHANK3 <2 CYFIP1 DS & 1%, Bhik
G2 ZNSA L DIGFRR AL T T ARRERE B 45| X2 L, MR A O IE H e 56 L RE 2155, 2) HhiIE]
B OREEH - BEREAY S KIF5C ° DYNCIH1 OFERE S 1%, il 5% iy 8- OAReR A el B B D[R 23 U C | Fifek
[ DRI BE 52 5, 3) AR OB B EHR T A4 AD BE :MYOIB D HH 13, #i&Hi a0 i B
PRI SO SR D IEHEZ MM B A 51T, IR DREER BT HO723 5, 4) KIMELE DJBHEETERL D B ASPM 0
PERE LB 1T R 0D 53 L AR B 5. 2 . RIMEE O IEH 72 i s I il A 51T %, 5) THHILERD
BHHRIL T, 37ebh KIFIA X° KIF5C OREFIZEDU 7 2/ NMEliit O E T, MR RES RO F 25Xt
T, TEHALERRE B A G52 5, ZHO R, ASD OFFREANH — DB R T3/ OB 4y
T — X — PSSO R PG> THEL TNDIEE R L TD,

7. IUuZ V7 OMER -3 FE—F—SEHR A

TAEOBFIEIZ LD | AFRARTZ 1 Ce 7 U 7 MR O MR B 4% S0 0 1 — 2 — O BE D AR B O RE 12 B
HBLTOWDAREMEDVRIBS TS, FEC, I OS2 Y il Th 237 m 7 ) 7 OTEME LR R 3517 2l
BSOS, R RO RBIC BB R EEE RT-L CODIERIALNIT > TE,

a7 YT, RO RIECHEBITISE L TEMLL . 2O REE KELLE(LESH D, Rosito et al. (2023)&
Adrian et al. (2023)DHFFEIL, ZOTEMALEIRIZ I DM INE I E # D BN 2 w2 I 5L THD
(69,70), Ff1LARREDOI I VT Tl MrNE TR SR L 72 IR AP E O BLE 2= 3728, T ISP
U, HULMERZ RO E LT IR OB E ~E RS D, ZOZARIZED, 277 U7 IETI7 7 AN HED D Kb
WFrZ A O T ARARTEREGE M) ~ L2,

TEMEALI 7 a7 U7 T, UNE O EEBMEESI, Z2OZEMENEINT 5, 2L, UNERE &2 V8
MAP4 DIEMEALR> Stathmin 1 (STMNDDRANZ K- THIEISIL TN D, SHIT, IEHE IR THULAD L |
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y ~Tubulin 72 & OB/INEERIR 1 3EFET 5, ZHUSKD, FOES BB NER & LEL THEEET S, [
RFIZ, TV OIREE R & T DIEHDMERIEOUINETE R B L, ZHUE AKAPY 7o O VAR E Y R 8
DOFBUK FIcL->THIFES T5,

aZ VT OIEHALIEBRR I T DM E S Ak O Bl A &L C Cdkl (A 7V AR GFHESF—E 1)
PREITNEFL TS, Cdkl DIEMEAKIE, MAPA DU BRI A /T LI v NE 2 E 4k, STMNL DV gkl
AUTHE 3 i AT LT 0 NE B G ORI, Z L TR D RSV NE TER .0 L TORRE b A B Sk 2
T, ZRHOEAIT, TEHEI a7 VT IZ BT DRIEMES A NI AL DR 3N HE L TNDHEB 2 BD,

7aZ VT OIEMALE  ZAUSLED I E & O B IL, B2 2R R RO RELBE 35, TV A~ —
FCIE, 7IaAR BRREHT 5 I EOERISE L2707 VT OIEMHALH, HEEOHEITICE S L D,
MR B #& DFFMRAI L, ZADDRE 2 VB DB RLRIENEAT 4 = — 2 — D53 AL THD Db LI
PR, FEARTIE BAE RS ASD BE DB TIL, 2707 )T OIEMALAHE S TR, Ml E# o B 72
FRRALDY, 2T 7 AR DIA TR AR BN O FE ZEOHERFI A 5.2 SER DO BUZH 5L QWD EE X HILD,

VT ORI E BRI & LT IR RG2S, BT 72 R IR RIE DO B IC 27223, Adrian et
al. (2023)DAFFEIE, Cdkl BREMIZ7 07 VT OIEMALZINHIL . RIEMWY A IAL O3 E DY S L L%
ARLTHY R IIE & D R R OB IS A CED LR SN D, Fio, UNE DB EL ENE
T HEAFN R, 2707 VT OFEVEALEFIEIL | 672 MR IIE 2 IHI L) D, HOMRET VRO NT U 2%
T 2L T as VT O A HIEIL | RRBDOEI TN TE D WREMED DD,

6. fEmESHRORERE

HIR B S« 45 F-B—F— DR FRZ KIFs 03420 7 73U —OMERER H 1T, $EA FTHES ASD 2130
ETDREMIRBOPREITIRS B G- L QD ZERALINI 2o TE T, ZRHORF 1T, MR, > 7 Ak,
FRFRARTE, AR FTUEPEZR L | B ODRR % e B RRIC S B 5 2 TR0 | S B R 72 iE IR 0RR S b A e o
DFAELIRSTNDHEZ ZDILD, Myosin Id DRPRZEE A/ AL ~D JTEEZ OMBRIC B3 2872725 %,
ASD DIFREAT = A LD B ZGRD HF D L7805, FATZHORIFEE TiX, Myosin 1d OEERERFAT A SHITHED |
ASD DFIEAT = A LD BB ATHBICRIA 52L& FHEL T D, F7o, KIFs ICEDMRRIED E S AR
ST R NE O EEAEOFRIAL RSP RO BRI BT 7 2 A BT H LTS (T1), il 4 0 KIFs O
BERE L RS FRL o0 B JOREMIC AR L . ZAUC IS8T 7 IR R o BRI DS I RF S LD,

EHIT, ZVT IR, FRZ/a s VT OMBE S - 53 1B — 2 — O R E DR B OFFRBIZIRBI 5L TV D
ZEBHLDNI IR0 TETZ, 77U T OIEMACIZ DML S # O FfRAIL . RIEVEAT 4= — X —DREAERSY
W, BRBEDEAIRLE | Bk 2 RS RER AL LI B L TVD, 2L DRI RLIT, R RO F T/ 15 R AR
DR ERC, FREA = X LD BRI EE /o mEE 5.2 Cd, 5%, =a—ar L7 VT OMAERZEE
(A2, KOVEAERRIFE T 7 o —F B ELL72 D, FRCEERFSE L LT 1) 7V 7 e A 7 i
By 1B — 2 — BRSO B ORI B L OBTENEOMEIA. 2) 7 U7 MR ML E#s - 5y B — X —
EREHE LT B BIEHRIE DB, 3) Ahi&Mia-2") 7 M R AR BLAE 3 DM E 4% - 4 1B — 2 — D&



O© 0 N O G s W

I S W =N
GO W NN = O

16
17

18
19

DRI, 4) R BICIIT D7) T MIRAD TEREZE L LA REZS L O BEME D fRIA N 21T B D,

ZNBDORFZEZEEL T, AR BOTFIEAD = X LD SSR B R IME I TR IR HRIE P IEO B JEIZ>
BRNDLZEDNREESND, 177 VT ORI EHE - 53 T — X — %R E LT T 7 m—F 1%, HEROMRE =Y
RERERI L UTIBFIE LT R D AT = AL TR REH AT D ATREMEN DY  IGFRIRHIED BF TR 2877272
B L 72D ATREME D DD, MILEH - 07— X —ORF R, #RBFELEMEFZOMAFIREL T, 4% E
FTEFTEREMHZEL COKEBEZOLND, 2O B OREREDS NG BT LT3 O Quality of Life [f] FIZH
B9 2T LA HIRF L2V,

4. HiEE

UIFFREOMFIEIT, FHEFTEE /) 4:(16H06276, 19K08065, 22K07611, 19H05201), i 2= SEAF 7% Hi B
M, NEERC AR AR B, 3 ARV EARBLRA )1 BN R RS2 E | KBt A E AR, A 75 =
AR ] HE ERERL AR UV | ST SRR A, ST SRRV . = BB R M S
WEFERT - LFFI MR TR K FA— 7 7 7 VT A HEEE O PR —hO N TIThbiiz, AROEIZHT-
0| MR T AR R TR R DAL R ZIT S DB E 22N, ZOHE B L T2,

5. FIZHE A
FEH DI, BA T OMEBRD RN LT E T D,



OO~k wdd

3

="

N =

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

EP TN

Fletcher DA, Mullins RD. Cell mechanics and the cytoskeleton. Nature. 2010 Jan 28;463(7280):485-92.
Hirokawa N, Noda Y, Tanaka Y, Niwa S. Kinesin superfamily motor proteins and intracellular transport. Nat
Rev Mol Cell Biol. 2009 Oct;10(10):682—96.

Franker MAM, Hoogenraad CC. Microtubule-based transport - basic mechanisms, traffic rules and role in
neurological pathogenesis. J Cell Sci. 2013 Jun 1;126(Pt 11):2319-29.

Marchisella F. Abnormalities of the microtubule system and impaired neurite outgrowth in psychiatric
disorders. Neural Plast. 2016;

De Rubeis S, The DDD Study, He X, Goldberg AP, Poultney CS, Samocha K, et al. Synaptic, transcriptional
and chromatin genes disrupted in autism. Nature. 2014 Nov;515(7526):209-15.

Moghaddam B, Javitt D. From revolution to evolution: the glutamate hypothesis of schizophrenia and its
implication for treatment. Neuropsychopharmacology. 2012 Jan;37(1):4—15.

Padmanabhan A, Lynch CJ, Schaer M, Menon V. The default mode network in autism. Biol Psychiatry Cogn
Neurosci Neuroimaging. 2017 Sep;2(6):476-86.
Estes ML, McAllister AK. Maternal immune activation: Implications for neuropsychiatric disorders. Science.
2016 Aug 19;353(6301):772-7.

Neuroinflammation in schizophrenia and autism spectrum disorders: Recent advances. Progress in Neuro-
Psychopharmacology and Biological Psychiatry.

Hirokawa N, Takemura R. Molecular motors and mechanisms of directional transport in neurons. Nat Rev
Neurosci. 2005 Mar;6(3):201-14.

Miki H, Setou M, Kaneshiro K, Hirokawa N. All kinesin superfamily protein, KIF, genes in mouse and
human. Proc Natl Acad Sci U S A. 2001 Jun 19;98(13):7004-11.

Conde C, Caceres A. Microtubule assembly, organization and dynamics in axons and dendrites. Nat Rev
Neurosci. 2009 May;10(5):319-32.

Takei Y, Teng J, Harada A, Hirokawa N. Defects in axonal elongation and neuronal migration in mice with
disrupted tau and map1b genes. J Cell Biol. 2000 Sep 4;150(5):989—-1000.

Kapitein LC, Hoogenraad CC. Building the neuronal microtubule cytoskeleton. Neuron. 2015 Aug
5;87(3):492-506.

Dent EW, Gupton SL, Gertler FB. The growth cone cytoskeleton in axon outgrowth and guidance. Cold
Spring Harb Perspect Biol. 2011 Mar 1;3(3):a001800—-a001800.

Cingolani LA, Goda Y. Actin in action: the interplay between the actin cytoskeleton and synaptic efficacy.
Nat Rev Neurosci. 2008 May;9(5):344-56.

Okamoto K-I, Nagai T, Miyawaki A, Hayashi Y. Rapid and persistent modulation of actin dynamics regulates
postsynaptic reorganization underlying bidirectional plasticity. Nat Neurosci. 2004 Oct;7(10):1104—12.
Perrot R, Eyer J. Neuronal intermediate filaments and neurodegenerative disorders. Brain Res Bull. 2009
Oct 28;80(4-5):282-95.

Lendahl U, Zimmerman LB, McKay RD. CNS stem cells express a new class of intermediate filament
protein. Cell. 1990 Feb 23;60(4):585-95.

Hirokawa N, Niwa S, Tanaka Y. Molecular motors in neurons: transport mechanisms and roles in brain
function, development, and disease. Neuron. 2010 Nov 18;68(4):610-38.

Mandal A, Drerup CM. Axonal transport and mitochondrial function in neurons. Front Cell Neurosci. 2019
Aug 9;13:373.

Kanai Y, Dohmae N, Hirokawa N. Kinesin transports RNA: isolation and characterization of an RNA-
transporting granule. Neuron. 2004 Aug 19;43(4):513-25.

Cosker KE, Segal RA. Neuronal signaling through endocytosis. Cold Spring Harb Perspect Biol. 2014 Feb
1;6(2):2020669-a020669.

Roberts AJ, Kon T, Knight PJ, Sutoh K, Burgess SA. Functions and mechanics of dynein motor proteins.
Nat Rev Mol Cell Biol. 2013 Nov;14(11):713-26.

Caviston JP, Holzbaur ELF. Microtubule motors at the intersection of trafficking and transport. Trends Cell
Biol. 2006 Oct;16(10):530-7.

Vallee RB, Tsai J-W. The cellular roles of the lissencephaly gene LIS1, and what they tell us about brain
development. Genes Dev. 2006 Jun 1;20(11):1384-93.

Heerssen HM, Pazyra MF, Segal RA. Dynein motors transport activated Trks to promote survival of target-
dependent neurons. Nat Neurosci. 2004 Jun;7(6):596—604.

Tojima T, Itofusa R, Kamiguchi H. Steering neuronal growth cones by shifting the imbalance between

10



O 0NN bW~

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,
44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

exocytosis and endocytosis. J Neurosci. 2014 May 21;34(21):7165-78.

Hartman MA, Spudich JA. The myosin superfamily at a glance. J Cell Sci. 2012 Apr 1;125(Pt 7):1627-32.
Rex CS, Gavin CF, Rubio MD, Kramar EA, Chen LY, Jia Y, et al. Myosin IIb regulates actin dynamics during
synaptic plasticity and memory formation. Neuron. 2010 Aug;67(4):603—-17.

Kneussel M, Wagner W. Myosin motors at neuronal synapses: drivers of membrane transport and actin
dynamics. Nat Rev Neurosci. 2013 Apr;14(4):233-47.

Wang Z, Edwards JG, Riley N, Provance DW Jr, Karcher R, Li X-D, et al. Myosin Vb mobilizes recycling
endosomes and AMPA receptors for postsynaptic plasticity. Cell. 2008 Oct 31;135(3):535-48.

Huber KM, Gallagher SM, Warren ST, Bear MF. Altered synaptic plasticity in a mouse model of fragile X
mental retardation. Proc Natl Acad Sci U S A. 2002 May 28;99(11):7746-50.

Jones LB, Johnson N, Byne W. Alterations in MAP2 immunocytochemistry in areas 9 and 32 of
schizophrenic prefrontal cortex. Psychiatry Res Neuroimaging. 2002 Jul;114(3):137-48.

DeGiosio R, Kelly RM, DeDionisio AM, Newman JT, Fish KN, Sampson AR, et al. MAP2 immunoreactivity
deficit is conserved across the cerebral cortex within individuals with schizophrenia. NPJ Schizophr. 2019
Aug 28;5(1):13.

Brandon NJ, Sawa A. Linking neurodevelopmental and synaptic theories of mental illness through DISC1.
Nat Rev Neurosci. 2011 Nov 18;12(12):707-22.

Lipska BK, Peters T, Hyde TM, Halim N, Horowitz C, Mitkus S, et al. Expression of DISC1 binding partners
is reduced in schizophrenia and associated with DISC1 SNPs. Hum Mol Genet. 2006 Apr 15;15(8):1245—
58.

Kéhler AK, Djurovic S, Rimol LM, Brown AA, Athanasiu L, Jonsson EG, et al. Candidate gene analysis of
the human natural killer-1 carbohydrate pathway and perineuronal nets in schizophrenia: B3GAT2 is
associated with disease risk and cortical surface area. Biol Psychiatry. 2011 Jan 1;69(1):90-6.

Soderling SH, Guire ES, Kaech S, White J, Zhang F, Schutz K, et al. A WAVE-1 and WRP signaling complex
regulates spine density, synaptic plasticity, and memory. J Neurosci. 2007 Jan 10;27(2):355-65.

Focking M, Dicker P, English JA, Schubert KO, Dunn MJ, Cotter DR. Common proteomic changes in the
hippocampus in schizophrenia and bipolar disorder and particular evidence for involvement of cornu
ammonis regions 2 and 3. Arch Gen Psychiatry. 2011 May;68(5):477-88.

Rami G, Caillard O, Medina I, Pellegrino C, Fattoum A, Ben-Ari Y, et al. Change in the shape and density
of dendritic spines caused by overexpression of acidic calponin in cultured hippocampal neurons.
Hippocampus. 2006;16(2):183-97.

Toro CT, Hallak JEC, Dunham JS, Deakin JFW. Glial fibrillary acidic protein and glutamine synthetase in
subregions of prefrontal cortex in schizophrenia and mood disorder. Neurosci Lett. 2006 Sep 1;404(3):276—
81.

Sofroniew MV, Vinters HV. Astrocytes: biology and pathology. Acta Neuropathol. 2010 Jan;119(1):7-35.
Ratta-Apha W, Mouri K, Boku S, Ishiguro H, Okazaki S, Otsuka I, et al. A decrease in protein level and a
missense polymorphism of KIF17 are associated with schizophrenia. Psychiatry Res. 2015 Dec
15;230(2):424-9.

Yin X, Feng X, Takei Y, Hirokawa N. Regulation of NMDA receptor transport: a KIF17-cargo
binding/releasing underlies synaptic plasticity and memory in vivo. J Neurosci. 2012 Apr 18;32(16):5486—
99.

Rivero O, Sich S, Popp S, Schmitt A, Franke B, Lesch K-P. Impact of the ADHD-susceptibility gene CDH13
on development and function of brain networks. Eur Neuropsychopharmacol. 2013 Jun;23(6):492-507.
Okada Y, Yamazaki H, Sekine-Aizawa Y, Hirokawa N. The neuron-specific kinesin superfamily protein
KIF1A is a unique monomeric motor for anterograde axonal transport of synaptic vesicle precursors. Cell.
1995 Jun 2;81(5):769-80.

Alsabban AH, Morikawa M, Tanaka Y, Takei Y, Hirokawa N. Kinesin Kif3b mutation reduces NMDAR
subunit NR2A trafficking and causes schizophrenia-like phenotypes in mice. EMBO J. 2020 Jan
2;39(1):101090.

Vissers LELM, de Ligt J, Gilissen C, Janssen I, Steehouwer M, de Vries P, et al. A de novo paradigm for
mental retardation. Nat Genet. 2010 Dec;42(12):1109-12.

Schiavo G, Greensmith L, Hafezparast M, Fisher EMC. Cytoplasmic dynein heavy chain: the servant of
many masters. Trends Neurosci. 2013 Nov;36(11):641-51.

Yue W, Yu X, Zhang D. Progress in genome-wide association studies of schizophrenia in Han Chinese
populations. NPJ Schizophr. 2017 Aug 10;3(1):24.

Stone JL, Merriman B, Cantor RM, Geschwind DH, Nelson SF. High density SNP association study of a
major autism linkage region on chromosome 17. Hum Mol Genet. 2007 Mar 15;16(6):704—15.

Koshida R, Tome S, Takei Y. Myosin Id localizes in dendritic spines through the tail homology 1 domain.

11



O 0NN bW~

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Exp Cell Res. 2018 Jun;367(1):65-72.

Benesh AE, Fleming JT, Chiang C, Carter BD, Tyska MJ. Expression and localization of myosin-1d in the
developing nervous system. Brain Res. 2012 Feb 27;1440:9-22.

Moffett JR, Ross B, Arun P, Madhavarao CN, Namboodiri AMA. N-Acetylaspartate in the CNS: from
neurodiagnostics to neurobiology. Prog Neurobiol. 2007 Feb;81(2):89—131.

Long H, Zhu X, Yang P, Gao Q, Chen Y, Ma L. Myo9b and RICS modulate dendritic morphology of cortical
neurons. Cereb Cortex. 2013 Jan;23(1):71-9.

Wang K, Zhang H, Ma D, Bucan M, Glessner JT, Abrahams BS, et al. Common genetic variants on 5p14.1
associate with autism spectrum disorders. Nature. 2009 May 28;459(7246):528-33.

Durand CM, Betancur C, Boeckers TM, Bockmann J, Chaste P, Fauchereau F, et al. Mutations in the gene
encoding the synaptic scaffolding protein SHANK3 are associated with autism spectrum disorders. Nat
Genet. 2007 Jan;39(1):25-7.

Naisbitt S, Kim E, Tu JC, Xiao B, Sala C, Valtschanoff J, et al. Shank, a novel family of postsynaptic density
proteins that binds to the NMDA receptor/PSD-95/GKAP complex and cortactin. Neuron. 1999
Jul;23(3):569-82.

Nishimura Y, Martin CL, Vazquez-Lopez A, Spence SJ, Alvarez-Retuerto Al, Sigman M, et al. Genome-
wide expression profiling of lymphoblastoid cell lines distinguishes different forms of autism and reveals
shared pathways. Hum Mol Genet. 2007 Jul 15;16(14):1682-98.

De Rubeis S, Pasciuto E, Li KW, Fernandez E, Di Marino D, Buzzi A, et al. CYFIP1 coordinates mRNA
translation and cytoskeleton remodeling to ensure proper dendritic spine formation. Neuron. 2013
Sep;79(6):1169-82.

Poirier K, Saillour Y, Bahi-Buisson N, Jaglin XH, Fallet-Bianco C, Nabbout R, et al. Mutations in the
neuronal B-tubulin subunit TUBB3 result in malformation of cortical development and neuronal migration
defects. Hum Mol Genet. 2010 Nov 15;19(22):4462-73.

Tovey CA, Conduit PT. Microtubule nucleation by y-tubulin complexes and beyond. Essays Biochem. 2018
Dec 7;62(6):765-80.

Bond J, Roberts E, Mochida GH, Hampshire DJ, Scott S, Askham JM, et al. ASPM is a major determinant
of cerebral cortical size. Nat Genet. 2002 Oct;32(2):316-20.

Fish JL, Kosodo Y, Enard W, Paébo S, Huttner WB. Aspm specifically maintains symmetric proliferative
divisions of neuroepithelial cells. Proc Natl Acad Sci U S A. 2006 Jul 5;103(27):10438-43.

Hamdan FF, Gauthier J, Araki Y, Lin D-T, Yoshizawa Y, Higashi K, et al. Excess of DE Novo deleterious
mutations in genes associated with glutamatergic systems in nonsyndromic intellectual disability. Am J Hum
Genet. 2011 Apr;88(4):516.

Yonekawa Y, Harada A, Okada Y, Funakoshi T, Kanai Y, Takei Y, et al. Defect in synaptic vesicle precursor
transport and neuronal cell death in KIF1A motor protein-deficient mice. J Cell Biol. 1998 Apr
20;141(2):431-41.

Poirier K, Lebrun N, Broix L, Tian G, Saillour Y, Boscheron C, et al. Mutations in TUBG1, DYNCI1H]1,
KIF5C and KIF2A cause malformations of cortical development and microcephaly. Nat Genet. 2013
Jun;45(6):639-47.

Rosito M, Sanchini C, Gosti G, Moreno M, De Panfilis S, Giubettini M, et al. Microglia reactivity entails
microtubule remodeling from acentrosomal to centrosomal arrays. Cell Rep. 2023 Feb 28;42(2):112104.
Adrian M, Weber M, Tsai M-C, Glock C, Kahn OI, Phu L, et al. Polarized microtubule remodeling transforms
the morphology of reactive microglia and drives cytokine release. Nat Commun. 2023 Oct 9;14(1):6322.
Iwata S, Morikawa M, Takei Y, Hirokawa N. An activity-dependent local transport regulation via degradation
and synthesis of KIF17 underlying cognitive flexibility. Sci Adv. 2020 Dec;6(51):eabc8355.

12



