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BISOWTOEEEDD 57— 2 BMINETE, B
K- BEBRBTORE, RERBBICEVTEEXS
BMERMT S I EHBTREICE D, 72 A KA
FEES2ICLIEHREBORE - Midtv=2T7LE
5 MU (DSM-5) 1= T &, ASD D2 riueaic [41

B -BREORE| sMilicMiAsohi"Zesrs
b, BHINUCET 5 RISREETET Y — L.

DREHEEG, FFIBOT, BET 0T 1 -
NEBZEEL, ERMTAILI38BETH S,

INFETEHRAE BEEBLOREBL2ERL,
"AASP-] DBA%E & {EHE(L A D T X 72, AASP-]
DEEE R L OEEEIC OV TIREAS 2k -
THEIN TS, KFRETIE, BEREY YT

IZHESWT AASP-] ORISR L EERE L
FRERART. AWIEOBKN 2ETHE L TRl
3, LTO4ETH B,

"1 5Bz, AASP-] 4 ASD REDRELAED
MELZELILATVI» 2R T 5201,
ASD B —REORER/EZ KT %, ASDR
EDE BBRBEOMELET S0, ASDEHOD
AASP-] DB FRIR—BR#FELD 3B k3 L THl
INhb, 72, ANEEZAT 256, BER
BAORIER - TENRIGO B Rl R X %
W72, —RBEEDOERKDEEIEDZEEL

bhB, 2HBIC, ASD REICK T B RAREN

(IQ) % & U8 ASD JEROFZRE & AASP-] DM
WBE A RE T 5, LROEE, 5, AASP-]

3 IQ EDRICE DR, ASDIEER & OMICIE

OHBEETRTEELONS, 3 MBI, REET
EHRO HABEY 719 7 4 — L (the Japanese
version of the Sensory Profile ; SP-]) % ff & T
EiEL, ACREBADORETH 5 AASP-J D
BAERER U MEf T 5. AASP-J & SP-J D
FRUCREBELIZRE L2 RB L0 BOHEE 2R T
LEZSNG, AMEI, BEOHEETRADE
& & AASP-] ODBE % #METT 5, BRERE O
R, SIS BB & % S EBTHOEREEL ¥,
S % HE T 5 NESTEHOERLEEYT S L%
Z6NB7=%, AASP-J ILEGTEH & IXEDHE
BE, ANESTEHE I TEOHBESAGNS & TRl
N5, L EOBA»S, AASP-] OMEEE R
Lk 2 AMITREET 5. |
73k

1. W& . ,
2E 28 FHEFEOEE - LHE - HEREZZ
2L, B L ZBABIEIZL D DSM-IVO 2T
HHEICEDWT ASD (HEAMRESE, 7200 —
M & 7= ISR EABEDIAT M R EEE) D2l %
ZTWB 1728 BBEORE L ko7, BIF
FTIQITHETE, HMAEED A ASD (high-
functioning ASD ; HFASD) #, AIMEED S 3
ASD (low-functioning ASD ; LFASD) &, X189
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§ 1 *f v 7”)&@?%)3

) wm@%épifmaevx,mW%%znr ‘ RIRACEREY -
B &M R B B & BF 0 B &M AW B
n 48 6 1 55 21 6 27 70 19 1 90
SEIGAE- i 145 125 17.0 144 155 178 16.0 19.6 19.6 29.0 19.7
(SD) (3.5) 2.1) - (34) (3.4) (5.2) (3.9 6.6) (6.0 — (65
FH1Q 1035  96.8 93.0 1026 52.8 43.6 50.9 — — — —
(SD) (147) (124) — (14.5) (15.6) (15.8) (15.8) — — - -
SD : standard deviation
ASD : autism spectrum disorders
KUERH ASD BED 3 BECHREAAE Uz, & (25%), 3. & X &% (50%), 4. LITLIE(75%),

BEOFHIEM - M - T 1Q OWFIZE 1 O
DTHB. 2EL, RIMEESRT LRI L
W, A>T — 4 RBETFRE 5,
AASP-J 12D W TR E R B 435K,
ZOMOREIZDONTI, R, BEE, 7ib,
MRME L Y, HREF X MBEICEE KD

77
2. RERNA
1) BABEE -RAREE 707 ¢ — )L
(AASP-J)

AASP-J i, 11 Ea "R e+ 5 ATHE
BRORETHY, 60 HE, MR NS, &
- REENEBRYE - O, SEE), BN, MO, VEEIL
N, WD 6 s a vy bbb, AT

CEEL T, IEEGR, BOEEEZE, ROLAN,
EERE R D 4 RIR T & ICHEE -
no 4 BRIFHRG -
FMBIEORITIC & > TR X h, BEIRIE -
B A BRI (e.g., FAB WIRFTRER 4
BYDOBIFIZTL OAIFE), MHRIE - 15
AR (e.g., THOMEEL LWEERAL
TL%9), MENRG - BEE S EER ..
ADBRE RNl T8, K2 EVIES 2),
R RS - (B E AL D (e.g., AL
LA R ICEFRThBT 5, §EH
Bi3AEORBRICHT 3 RIGEEB L7280,
ZFO XS ERISERTHEEARAL 5 BRETH
B35 Q. 1FeAELEWVEGE%), 2. Fhic

) %wﬁﬂlﬂ\%{gy’gc ﬁ f\,«,

i h5,
HEHBORTL BE

S F BB,

5. EEAEWDY (95%) ). FFEMEMBEWVIELE,
RISOHEEREN & 2#BWKT 5, HWTiE, &
RZCICHESRZ G L EE vz,
HAMORREIZH 720, RO AASP % #lER
L, M9 b3V AV—Ya VEREEARTEE
FROHSRIETH 5 7

v Vit b B WRIC I 5 AASP-T O
=/,

2) HBEHER(1Q)

BIEENOBMERDIZL T, Y22 A7—K
FR A -RAEREICEL S 1IQ DEREF
7zo LECHIBEMTE 2 2T 2 RBE vy, 2,

EREZ IQ fEIC DT EEEDEMEMS VS L <

BBk Ay — 2 &R E, 824 (45.1%) DWW T
IQ DEBRNE 5Nz,

3) BABHBERSHHEESHEAEREER
E 5 E RE (PDD-Autism Society Japan
Rating Scales ; PARS) ‘

PARS™ %, ASD DiBiE & 7 o R 4 5P

EN TR - Bl S hiz gl
HEERORETH 5, ASD REICHEN LT
Bz itk L2\ E TR S, ASD OFEH IR
ASD7EAAVIFDT—-ALFRAZVE—=FTH
% ADI-R & OB % & OBME» 6 Y EHNHER
ENT0BY, GRADOR SIERSBEEZ -2k
2B A EEEREE (¥ — 2 3FE) & BREDIERIC
BT 2BANED 238 — V5D, U¥—IFF
EREIZOWTRRAFBEN R S ThD, 4
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SMII2=r—v 3 Y QER), BEE - W
M0 EE), ¥EGH S HE), 2£by @HEE)
DATHRESBRBINTVS 20, KHIET
BY—28ERELHWT AASP-] L OBEE %
Bt 5,

PARS OIEEBE, ASD REICHMOLTHE
BMEDARL2E=EDT, [ZL(ZDE3EZ L
wotz/Ev)] (08, [$HEI2(EHZ20k
SETENRBH/BB)] M), [BILo (&<
FDEIBRIERBoT/BB)] (25 D 3B
TEHEATS., BEMITZE, ASD BUIEET
HBHTLEERT S,

4) BAKREETOT 1 —Ib(SP-J)

SP-J i, FR TR 3I~10EDTFE S &xdH L
TEHERETH S, 11 EUEICERL AT
b REDEEMA+FITEN T & 2T D 6 hT
B0, 7 ASDEMAEROALERNREL
FRFETIE, FRICh b 6T SP AEREI N B
BEANE, SP-T ik HEDEERICNT 5 Rb%

Rl L7z 125 HH» M & h, REEVS5 B
BCEES 2 LikoTREENS (I LK
W (0%), 2. £hiz(25%), 3. & & & & (50%),

4, LI LIE(T5%), 5. w2 (100%)], FFEE
BEVIEEHESE N L EBKT 5, SP-J D
Z2aA7 ) VY ATF A2, (1) ERYICEE X
N34 xrvay, QBERNERSSMCE-
TR &2 9IETF, B)AASP-] LHEFED 4R
R, O 3EEMNH 55, APETIL, AASP-]
LOMIBERET 5720, 4 RRICES a7
) Vet o7z,
5) Vineland-1 & & 1T 8) R & (Vineland
Adaptive Behavior Scales, Second Edi-
tion ; Vineland- 1)
 Vineland-T i3, XX AhBEPHEELA

1 BHEOESTHORECHIE T 25MET 57

WOLEENEEHRORETH 5, MEEE -
FEEEOTLAA Y MUY, HERICIEL
W% - BEROXRCHER T3, KiFET
WSy I RIV AL =Y 3 v R 1400 ZOY Y
T & BB D T B X &R CHRE S N H

AR Vineland-1T % L 7z, HZRR Vineland-
03, BWEEEZES, ARFOEGKIE E
FEVEMECE B Z L BBL N E RS T W BY,

Vineland-1 i34 435 BE» 541D, K& <H
STBIRE & REEFBRED 2 DI3»hT
W3, EHTEHREIR, 4% (23a=r—Va
v, BEAEBAFL, &K, BHAFL) 25
BRXh, 2hzhic2o» 56 3 >0 TAER
DHEET 3, NECFTHREL, NECHEL,
REEHNFE, DEIGZ OM, EEHEEDO 4D
DFRRER B % 5%, KEOHFMC I3 %
ARV SN, BEEHEEF IOV CKED N LMD
BAREITH, ,

Vineland-T O&EB X, #&AMiZ2, 1, 00
SERFETEMli b, 2HIERREVPFITEL
K ZDFEZEFENIT > TWAEAICEL6N
%, 1B 7 OFHORTICTFETHBES, £

CEEATFLRTVWAEAIIELI NS, 0K

i, ABENZOFEEZEESIfTbVDe, £<
ThhnZ 28Kkt 5, BRTHREIEEA
EEESTEHOBEIEA TS Z L, REHT -
FREIEEAZEREBTHOHE NGV &
ERBIKRT 5,

3. REMNAEADOER
FRROFHE I, BRERAZEOHERS
ROFBEL KRRz, AEDOEMICHZZ>T

i, AECBMLEVIEICX3AFBPBEL &

WZ L EBREICHB L ETA VT a—A KT Y
b EB,

4, D

9, RESNVHEICREREEOBREEY 21
AONTVEAPBELZRET S0, —BEEL
HFASD #, LFASD #O&RRDOFHE % L

 L7-, HIBEEOHESFEICHET 5 RS

EZL oM, HBKERE ASD #iZDWT
EEEO R EZITbE o7z, ZOBWTH,
—MREED 11~17 BOFHE B L OIERRF2ES &
—RBEROEE AL, zREET-72, 20
Sric &, B ERE) OFEE L BER (—
RS OFIEOBICHE N e ERES S B0 8
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S0 — U L BHREEO B o
e  WrASDRE. . LFASDE

.. M SD. M SO oz . d M SD  z = d
KB 31.53 857 35.24 9.16 2.91** 043 34.14 9.61 143 ~ 030
BERLAR 3834 898 33.51 928 —361** —054 35.68 7.88 —1.39 —0.30
BRI 33.01 9.11 35.71 10.36 1.99* 0.30 32.86 10.28 —0.07 3426
&R 32.96 9.23 34.87 10.06 1.39 0.21 32.32 10.31 —0.33 —0.07

<05, *Fp<<01, ***p<.001
M : Mean, SD : standard deviation

HFASD : high-functioning autism spectrum disorders, LFASD : low-functioning

autism spectrum disorders

R — 14 —07
R 02 —12
EEERE 04 —04

~18
~ 07
—.02

07

15 23

.08 —.04 —.09
.20 28 14
14 22 10

PARS : PDD Autism Society Japan Rating Scales

5 EBETE B, B

Wiz, AASP-] DEZIRE, SP b X UTEREN
EICEE T A OB & OMBERKAEL L, B
UERRHLZ WML A et U 7z, RS ICBE - B e
& UTARBZE I, MIAAKYE (IQ), ASD ER
(PARS), MRS - FHMEH (Vineland-1)
ESMERYEL U, AASP-] & OBIE & BES L,

kB, TOHMTIE, AASP-JLORELD

B s, @fkofme L TiET 3 Z EAENT
Holt=, BERHOF 2507 LTHW
T o7,

FaR

1. —RREF CERPREF DB
% 2T HFASD ¥ & LFASD HORRZ & 0

BB L BRI — B R0 8 B0 o7z, FR

B d OEIMERET 0.30~054 TH D, I~

FHEE SD, B LUz BEHRE AT L.

DIRE 413, BEOFHEOEICET 5 EHL
Sh7-EETH), BENAZERLLT, 0278
BEThEnwE 05 BETHERDE, 0871BE
TREVWZERTEINEY, 2 REDKR,
HFASD # T3, BREHERA—BREF LD HES,

-1

76

T OB AR LT 5, —J, LFASD BfIC
BOTE, WTFhORBIZE WL DE
WS NP -7z,
2. 1Q, PARS &MEgE

% 312 AASP-J D& SR L 1Q, PARS(ASD
FEIR) & ORI AR L 72, AASP-] DA RIE
CIQIZBEBRLMHEBENAL LD -2, R
IZ, PARS DUFHOTRIREL &, AE4HEE
FENE R T |

3. SP-J L DEAE

% 412 AASP-J & SP-] DR ZIRDOMHEBRE %
AUz, SP-] OIEEG, RMME, BIME
AASP-] DB RIRE ORIZIE, 24~.45 &K~
BEOEBLEEOHBERA LN, FA—DRIER
T3, .35~.39 DIEDHBEAAR L Nz, F,
AASP-J] DEMBERIZ, SP-J &3 AR R EBIA
ABoNEholz,

4. Vineland-1 & MRS

AT, 512 AASP-] DERRE Vineland-
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4 AASP-J &SP

DHEREFREL

EEE

'AASP-J .
EE & ©36%* 45 *** 28 *** 35%% .
BILHER -0l —02 08
B 28** 35%+* 437+
R e 24%* 30%** 39 %+

*p<.05, **p<.01, ***p<.001

AASP-] : The Japanese version of the Adolescents/Adults Sensory Profile, SP-J: The

Japanese version of the Sensory Profile

%5 AASP-J & Vineland- I & OHBERK

2

£ 13 19 08

RERLHRESR 14 18 19
BHEm 0 13 15 06
AT E -01 —.01 —04

27 .20 28%*

21* —.12 -~ .10 —.01
14 33** 42 40***

—.04 32

p< 05, **p<0l, ***p<.001

IEDMBERL 2, BWETHRE L OB®ET
3, EEGLES RS, BEEKLESTHE
the OEIZ, HRTIRH B2 EQHBEERL
2R TH 5. NEBITERE L OBIE T,
BB, BIAH, BEEEO 3 RR L NEIS
PAEAL - SME(L & ORIC 28~.42 &, {K~7E
EOAERLSHEENAbNE, LirL, BEERE
RIS R & DR BBEA 3 5 R e,

Z8

BRI, FOERERE OREREADKIE
RBEAIELBRE L LCEBOICELRFEE T
W3 AASP D HAEMRIZOWT, ASD 4 BT 5
172 2% /B UHET — 2 2812, 20RY
MEABRET L 72, ‘
— B CHKBOB R AL 2 EE,
HFASD B id, KBS 5 X CBREBHIC BT,
FHE—FL, —BEID EBOBEERLE,

ZDZEDL, EBEHEB LURERBD 2R
13 ASD TS BBEEOIBICEN THB T L -

DL oTz, 2R L, ZOKEZERT 4
CEETS L, EEET 043, BEBHT 0.30
LN~PREDELE-THD, REBEFED
SP-J (KB4 T 1.69, BEBHT 0.78) VT i+
BEERBPHEETE Y, —F, BEERE I
HFASD #2— B X D{EWBRER Lz, F#

- HIEOD SP T, BEERLMORRERTL,

—fREEL D HFASD A BR/RETRT LWV #

RABENTVS 4, AASP-] TRBMDER A

R &Nz, AASP-] DEBEZRIE, SP-J DY
RELBRL WML RBL TSNS S
%, SP-J ORGSR, [THHP1IATSE3
FloTWw=D$5], [fEREZERLTRCED
=B, [RoTWBZEOERYBELL, ##
Iz BEW] EnH-EHBETERENS, Th
513, ASD DE#TH 3 HRATHP, BRI
ADEFEE RIS L Vo - NESH A T8 4% L
LDEVA D, flih, AASP-] DRGSR, (5
REEPTOIFE ], [EPpEEOREESD
BEFE ], [ABICRAA 2T 50MBFE | 2oz,
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—RE 5L, WL EBHTH B4R
FTHBIC L TR I TS, Thbb,
AASP-] & SP-] DEHAZEBRNADMENT X
D, BEDERBEONIEEL NG,

LFASD #izkbWwWTld, PHIICEL, WFho
ZIRE R L DERA D NED 5T, T ORER

13, SRGOMMAKENER NS, ASD AL

TWTH, B 5RO ML e T & 52,
HIRKHERILWEA, BCOE=4 ) V7 D H
LD, HOHEERD AASP-] TibEE) T
ETEROCAREMEATRET 5, 72, FEEMORBR
BT, RUETE H Ok A B 5 O HEEECTH b
W EE AT DI o RS H 5, 20
RIZDOWTH, WRHFVECTHEELRT O, R
HRAH T AR O A MEIT 5 Lo
Pz, FEWLDOTREF> T BEBS 5,

1Q % X O PARS (ASD JER) & OMEIE, W
NORREFEEMERE h 72, 1Q & D
B, SORMEIZ LT .02~.14 258, LRops
BB DMER & & —F L, HMA%EMENES,
B CsERR O AASP-] DEAIEEETS 5 Z
LAGRIE X N7z, PARS & OMEBIE, K%
B< 3RIRT, 22D ET & OHEER 22~ .28,
BERTHET & OB 14~ .20, {EBE LB
- WEEET & OMBIA—18 L5 —EDHE
ERLTOBBER, ¥ T LY AL XOREIZEHT
Mt FEM IR Sk » - 7=, PARS i3,
ASD SER BT B2 DIC L L2y — L Th 3
2, BEORMEE CHEEL X TH 53, AASP-

ST EOMEBESMES - TTRER S E A OB,

" 7z, PARS O - WEEERFOEEZ, B
FOME T EEBORLT, REREIZES], [&
WD RS 20 F5] Lot IBEVERE
DRI & 7RI fE S HEE 2 IE L TW 520,
BHOBBEITHHL L 72 AASP-] & ORIBIA &S
Kol EZIOLND, X617, PARSHERAE, #
LI LT, WHBEOYREOR RIS
R okl EEFEBELTES D V- sFEICk ST
B0, BEORAIOVTOEETEL
75 AASP-] B8 & OMHEBMES % - 7= AT Al

Bdh B, DEOHEIZXD, PARSOEHER L
AASP-] OB BN, EOHEBEEREA LN
Kol #ELbND, THHDEIZDOVTI,
PARS OBRIEEELE 4 F B &0 7B e
PUBETH B, '

WL ETH D SP-] E OPEAEME L 25
BOREEREBROTE, A—ORBEORT
35~.39 OMBA A BN, ZORBE, —ER
[, BoiFEER D AASP-] L RELFEER
DSP-JIZEBFFEN—HTHILERTL T
5, —fRiC, E—0lEONERETS->TEHE
CElE L REEEFTREOMBEIZEL A L8 b
NTCNB, b A, - HEORMETEE
7§ % Strength and Difficulties Questionnaires
T, B—TRREIC B 5 E0E & RiliEa
FEOMBIE 30~4210L 8 F 5T BY, Fi-,
FUC < MBI O ETH S Child Behavior
Checklist & Z D ECEFEMR T & 5 Youth Self
Report T%, E—TRREIZE T STEDHEHA
322~ 4T L5 TWBY, Zhb2EET S
L, REIC B 3 BRERE R 3RRICE
% .35~.39 &\ HEBIRENE, BOEE L F
HEFEDOMB & U IR A kMEICH D, —
FEOWRZYMENRENZEE LS, BREER
oW, BB BRI T b R HEE R D
SP-] L REBHRABONTED, RITHEEL
7=k 912, AASP-J] DREEBEGRKIZ, SP-J Tk i)
B RBHEST 2B B A A IR L B AT AR
DIE,

¥ 72, Vineland- 1 ORGTE & OBEI, &
B EH 2 T, BEGK L WEIGT AN
WIEOMBI AR L 253, ARAMEESA LR
Eh o7, —7F, Vineland- I ORHEIGITE & D
B L, {RB SR, EERHRE, BRREED 3 ZRA,
NEGHEL, PEEAEL, REBEEOWT
e bFREOEDOHEBAEMRL 7z, LI EOKER
5, AASP-JIZ&k > TR A 6 W 2 BREOMREI,
BWEFHOBB/AEET L0 8, NEHTEHO
ARAEET I CHEBICERELRITTI N
ARB XNz, F7-, AASP-J BAEIGOANTELL,
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SHELOTIRE & BB AR L= 2 25, BHLER
HOMES, W52, A&, VEIBLHNOLI %
WAEILRIE 5, B, FET, RALRITRO &
> BOMELRIREE C, IRH S TEEED ) 2 2
BE & 552 L ARRERE,

BLED & 512, AASP-J i ASD iof > B2
HORBEDWIRI-—E ORI L HD T & 2RI
ENrze L L, —FL LFASD B & ORIz
BRENBER ST LER, 1Q L OMMREL LR

Aot LA ELDE, MBEELEL NS

ZOBEE, HOIFEHRD AASP O %
LEZOND, ¥z, MEEE &0
HFASD BT %, IRFEEFED SPY & Hlsd 5 &,
CAASP-J IS B B — BB L OB EAEREE L
WZrepb, ASDEMZOLOFETHENT
S ICHERRIZTL TSRS S5, Lk
Mo T, ASD REOREREEEOHIEIZB VT,
BHOREERD AASP-T 12l £ THEErER R
DSP-]J #EHBL T, BEOEHALEDT £
AV PRI VER LB LEL RS,
BBICSHBOBLEIIOVNTHERNRS, F11z,
ASD DI DBEERE % 55 & L7z AASP-] DR Y
HEOREEDZFE T 6N 5., ARFETIE, BEORME
PREICIHETHHLELOND ASD AT 5%
AREL LA, LAL, ASD A Th<, BE
R4 By (attention. deficit/hyperactivity
disorder s ADHD) R T%, —ikFE kb $ 58X
BRAHEOBMBERALND T L B35 5 T
59, 72, MALBEDEE L, AASP DIE
- B, BREER, BRERBOBES—BHERL
32 LAWMEXATWEY, S413, ASD KR
57, BEBEPHEMEEL V- EEEHOT -
AENEL, BEOBEOERCEEREL OB
A BET B2 LT, AASP-] DTN A KT
TEMBEMNS B, 5212, AASP-J DRI
FOWEEERZ T 6 h 5, KHIZIZ LD, AASP-
JO—EDRLMENR XNz, ASD BHHESLHE
fEES, HOFEORUMICHE L RIFT ik
BHBLOVIFEIEL D00, BREEEZ, 3t
REOFENLWELZ G020, HEFEROR

BTk < HEEERD AASP-] #HAS D
YCHEATAIZIENLEFT LW, XEBEORT

CAASP-] £ BV, WRERASMET 5 R

ICRERREICER AN T2 LT, RAALREOM
FHLOBHROTIP, ARELID B BEORK
W AEFEABTEZ LB TRILNTESLL
Eiohd, 5%E, BER - ZEHE T AASP-
JEBB LT 22 Y MCED X, RERER
ZOFEOMAED=—ZIZB U, KRN ES
BOBEEITE-00EBRN LR 2T ->T»
SRERD B,

e

ZOWMFEL, BEFGRIEMAERMBSE (EEEH
FRAMEEE (BREESY)) [REREEOWE
FHEREORREICE T 2% (H21—Z Z 52—
—006) | (FEfE HHIER) ORRO—ETH 3,
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As part of a series of studies on the standardiza-
tion and validation of the Japanese Version of the
Adolescent/Adult Sensory Profile (AASP-]), we
examined its construct validity by using data from
172 »Japanese individuals with autism spectrum
disorder (ASD). We conducted two types of
analyses :
between normally developing individuals and those
with ASD ; and (2) an examination of the criteria-
related validity of the AASP-]J with other ASD
scales. The results revealed the following : (1) the
scale scores identified a difference between nor-
mally developing individuals and those with ASD ;
(2) the AASP-] self-rating scores were moderately
correlated with the parent-rating version of the
Sensory Profile scores ; and (3) the AASP-] scores
were positively correlated with the maladaptive
behavior scores, as measured using the Vineland-1I
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N-ethylmaleimide-sensitive factor interacts with
the serotonin transporter and modulates its
trafficking: implications for pathophysiology in
autism
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" Abstract

Background: Changes in serotonin transporter (SERT) function have been implicated in autism. SERT function is
influenced by the number of transporter molecules present at the cell surface, which is regulated by various cellular
mechanisms including interactions with other proteins. Thus, we searched for novel SERT-binding proteins and
investigated whether the expression of one such protein was affected in subjects with autism.

Methods: Novel SERT-binding proteins were examined by a pull-down system. Alterations of SERT function and
membrane expression upon knockdown of the novel SERT-binding protein were studied in HEK293-hSERT cells.
Endogenous interaction of SERT with the protein was evaluated in mouse brains. Alterations in the mRNA expression
of SERT (SLC6A4) and the SERT-binding protein in the post-mortem brains and the lymphocytes of autism patients
were compared to nonclinical controls.

Results: N-ethylmaleimide-sensitive factor (NSF) was identified as a novel SERT-binding protein. NSF was co-localized
with SERT at the plasma membrane, and NSF knockdown resulted in decreased SERT expression at the cell membranes
and decreased SERT uptake function. NSF was endogenously co-localized with SERT and interacted with SERT. While
SLCEA4 expression was not significantly changed, NSF expression tended to be reduced in post-mortem brains,

and was significantly reduced in lymphocytes of autistic subjects, which correlated with the severity of the clinical
symptoms.

Conclusions: These data clearly show that NSF interacts with SERT under physiological conditions and is required

for SERT membrane trafficking and uptake function. A possible role for NSF in the pathophysiology of autism through
modulation of SERT trafficking, is suggested.

Keywords: Serotonin transporter, NSF, Interaction, Membrane trafficking, Autism, Post-mortem brain, Lymphocyte
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Background

Autism is a pervasive developmental disorder character-
ized by severe and sustained impairment of social inter-
action and communication, and restricted or stereotyped
patterns of behavior and interest. Many studies on the
pathophysiological mechanisms of autism have focused
on the serotonergic system. Prior studies have consist-
ently found elevated serotonin levels in the whole blood
cells and platelets of autism patients [1-5] and their
relatives [6-8]. Short-term dietary depletion of tryptophan
(the precursor of serotonin) has been shown to exacerbate
repetitive behavior and to elevate anxiety and feelings of
unhappiness in autistic adults [9]. Accordingly, many
genetic studies have examined the associations between
autism and genetic mutations of human serotonin trans-
porter (SERT; solute carrier family 6 (neurotransmitter
transporter), member 4 (SLC6A4)), especially the short
allele of a polymorphism in the promoter region of the
serotonin transporter gene. Although some positive rela-
tionships have been found, the results to date are in-
consistent [10-15]. A single photon emission computed
tomography study showed that autistic children, under
light sedation, exhibit a reduction in SERT binding in the
medial frontal cortex, midbrain and temporal lobe areas
[16]. Importantly, our colleagues recently reported that
binding of SERT and its radioligand was significantly lower
throughout the brain in autistic individuals compared with
controls [17]. The reduction in the anterior and posterior
cingulate cortices was associated with an impairment of
social cognition in autistic subjects, and a significant
correlation was also found between repetitive and/or
obsessive behavior and interests and a reduction in SERT
binding in the thalamus [17]. These results suggested that
SERT protein levels and/or its transport capacity were
decreased in the brains of autistic patients. Despite this
prediction, Azmitia and colleagues reported increased im-
munoreactivity to a SERT antibody of serotonin axons in
the post-mortem cortices of autism patients [18].

SERT is an integral plasma membrane glycoprotein
that regulates neurotransmission through the reuptake
of 5-hydroxytryptamine (5-HT), also known as serotonin,
from the synaptic cleft. SERT transport capacity is known
to be regulated through mechanisms that involve subcel-
lular redistribution of the transporter, which are regulated
by various cellular mechanisms, including interactions
with other proteins [19,20]. Indeed, several SERT-binding
proteins have been reported. Syntaxin-1A [21-23] and
secretory carrier membrane protein 2 (SCAMP2) have
been reported to be associated with the N-terminal tail of
SERT [24]. Macrophage myristoylated alanine-rich C
kinase substrate (MacMARCKS) [25], integrin B3 [26] and
nitric oxide synthase (nNOS) [27] have been reported to
be associated with the C-terminal tail of SERT. SERT also
forms complexes with hydrogen peroxide-inducible clone
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5 protein (Hic-5) [28,29], phosphatase 2A (PP2A) [30],
and a- and y-synuclein [31,32]. By interacting with SERT,
SCAMP2, MacMARCKS, nNOS, Hic-5, PP2A and o/y-sy-
nuclein reduce the efficacy of serotonin reuptake because
of a reduction in surface expression of SERT or promotion
of SERT dephosphorylation [24,25,27,29-32]. Loss of inte-
grin B3 results in decreased SERT function and surface
expression in platelets [26]. Syntaxin-1A regulates the
electrophysiological properties of SERT [23].

In this study, we sought to identify novel proteins
interacting with the N- and C-terminal portions of SERT,
and which thereby regulate SERT function. We also mea-
sured the levels of mRNAs for SERT and SERT-interacting
proteins in post-mortem brains and lymphocytes from
autism patients to assess their involvement in autism.

Methods

Animal experiments

Experiments using mice were approved by the Committee
on Animal Research of Hamamatsu University School of
Medicine and University of Fukui. These experiments
were performed in accordance with the Guide for Animal
Experimentation at the Hamamatsu University School of
Medicine and the University of Fukui.

Glutathione S-transferase pull-down assays

Full-length rat SERT complementary DNA (cDNA) was
obtained from Dr Heinrich Betz (Max Planck Institute)
[25,33]. PCR fragments corresponding to the N-terminal
domain of the rat SERT (N-SERT; residues 1 to 85 amino
acids) and the C-terminal domain of the rat SERT (C-SERT;
residues 595 to 630 amino acids) were fused to glutathione
S-transferase (GST) by subcloning into the pGEX-5X-1
bacterial expression vector (Amersham Bioscience, Uppsala,
Sweden), to produce vectors containing GST-N-SERT and
GST-C-SERT. Plasmids were transformed into Escherichia
coli (BL21 (DE3), Stratagene, La Jolla, CA, USA) and were
cultured and induced with isopropyl-p-D-thiogalactopyran-
oside (IPTG) at 37°C for 4 h. Mouse brain tissue was
homogenized on ice using a homogenizer (Iuchi,
Osaka, Japan), in 5 ml of homogenization buffer
(50 mM NHCl, 40 mM Tris—HCI pH 8.0) supplemented
with a 1x complete protease inhibitor cocktail (Roche
Applied Science, Indianapolis, IN, USA) per brain. The
same amount of extraction buffer (20 mM NaCl, 20 mM
Tris—HCI pH 8.0, 1% NP-40, 1% deoxycholate) was added,
and homogenates were incubated at 4°C for 30 min with
rotation. Insoluble cellular debris was removed by centri-
fugation, and the supernatants were collected. Then, the
extracts were diluted up to tenfold in homogenization
buffer plus extraction buffer without detergents. Extracts
were incubated with glutathione agarose bound to GST,
GST-N-SERT or GST-C-SERT at 4°C for 3 h. Beads were
washed five times with TBS buffer (50 mM Tris—HCl
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pH 7.4, 150 mM NaCl and 1 mM ethylenediaminetetra-
acetic acid) and boiled in SDS-PAGE sample buffer for
5 min to elute bound proteins. These samples were
subjected to SDS-PAGE, which was followed by silver
staining using a Silver Stain MS Kit (Wako Pure
Chemical Industries, Ltd, Osaka, Japan) to visualize pro-
tein bands for mass spectrometry analysis. The samples
were also used for Western blotting experiments.

Western blot analysis

Western blotting was performed following a previously
published protocol [34]. Antibodies against SERT (1:400
to 2,000; C-20, Santa Cruz Biotechnology, Inc, CA, USA),
N-ethylmaleimide-sensitive fusion protein (NSF; 1:500;
Cell Signaling Technology, Inc, Danvers, MA, USA),
syntaxin-1A (1:500; Santa Cruz Biotechnology, Inc,
CA, USA) or B-actin (1:1,000; Abcam Inc, Cambridge, MA,
USA) were used. Immunoreactive bands were scanned and
quantified using Image] software (Image] 1.44, National
Institutes of Health, USA).

In-gel digestion and mass spectrometry analysis

Protein bands were excised from SDS-polyacrylamide
gels. The bands were processed in destaining solutions
included in the Silver Stain MS Kit. Disulfide bonds were
reduced with dithiothreitol (DTT) and the proteins were
alkylated with iodoacetamide. The proteins were then
treated with 50 pl (25 ng/pl) of Trypsin Gold (Promega,
Madison, W1, USA) in 50 mM ammonium bicarbonate
for 45 min on ice, and then overnight at 37°C. After
enzymatic digestion, the peptides were eluted from the
gel by treatment (twice, for 30 min each time) with 50 pl
of a mixture containing 50% acetonitrile and 5% trifluor-
oacetic acid. The two eluates were pooled and evaporated
to dryness in a vacuum centrifuge. Prior to mass spectro-
metric analysis, peptides were re-dissolved in 50 pl of 0.1%
formic acid. Liquid chromatography-tandem mass spec-
trometry (LC-MS/MS) of the peptide mixtures was per-
formed on a QSTAR XL (ESI-QqTOF; AB Sciex, Foster
City, CA, USA) mass spectrometer. Product ion (MS/MS)
spectra of the peptides separated by high-performance
liquid chromatography (HPLC) were recorded and then
submitted to the Mascot database search engine (Matrix
Science [35]) for protein identification. The SwissProt
database was used with ‘all entries’ for taxonomy. The
tolerance was +0.1 Da, and only one error was considered
for the enzyme’s cutoff point.

Production of a stable cell line (HEK293-hSERT cells)

The human SERT (hSERT) protein was transcribed from
the human SERT gene. The cDNA for hSERT was iso-
lated by RT-PCR. The PCR fragments were cloned into
pcDNA3.1(+) (Invitrogen Carlsbad, CA, USA) resulting
in the construct pcDNA-hSERT. To generate stably
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transfected cells, pcDNA-hSERT was transfected into
the human embryonic kidney cell line HEK293 using
Transfectamine 2000 (Invitrogen) in accordance with the
manufacturer’s instructions. After 24 h, transfected cells
were switched to a medium containing 1 mg/ml geneticin
(G418); 1 week later, resistant colonies were isolated from
culture plates using sterile clone rings. Individual cells
were used to generate clonal lines. Multiple lines tested
positive for immunostaining using SERT Ab (Santa Cruz
Biotechnology, Inc) and a fluorescence-based uptake assay,
and clonal line #7 (termed HEK293-hSERT cells) was used
in all experiments reported here. The HEK293-hSERT
cells were cultured in DMEM (Invitrogen) supplemented
with 10% fetal bovine serum (Invitrogen), penicillin (100
U/ml), streptomycin (100 pg/ml) and G418 (0.2 mg/ml) at
37°C in 5% CO.,.

Primary culture of serotonergic raphe neurons

Primary culturing of serotonergic raphe neurons was
performed using mouse neurons as described previously
[36]. Pregnant BL6 mice (E16.5) were euthanized by
cervical dislocation. Embryos were removed and placed
in Hank’s balanced salt solution (HBSS) without Ca?*
(Life Technologies Co, Carlsbad, CA, USA). Rostral raphe
neurons were dissected from the midbrain according to a
method described previously [37]. Briefly, heads were
removed from the embryos under a dissecting microscope
(SMZ645; Nikon, Tokyo, Japan), and the midbrain/brain-
stem was gently dissociated. The neural tube was opened
ventrally and flattened in a Petri dish containing HBSS
without Ca®*. A strip of tissue of approximately 0.5 mm in
width was dissected at the midline of the rostral rhomben-
cephalon. Raphe tissue was resuspended in 5 ml of HBSS
without Ca?* and triturated ten times; the homogenate
was strained through a cell strainer (BD Biosciences,
Mississauga, ON, Canada) to remove debris, and an equal
amount of HBSS containing Ca®" was added. Cells were
centrifuged (500 g, 5 min), and the pellet was resuspended
in 5 ml of Neurobasal media (Invitrogen) containing B27
supplement (Invitrogen), penicillin (100 U/ml), strepto-
mycin (100 pg/ml), and 0.4% L-Glutamine (Invitrogen)
and plated onto eight-well slide chambers coated with
poly-D-lysine (BD Biosciences). Two days after plating,
0.3 ml of medium from each well was replaced with fresh
medium. Cells were cultured for 7 days in vitro [36].

siRNA-mediated gene knockdown

The duplexed oligonucleotides of siRNA used in this
study were based on the sequence of the human ¢cDNA
encoding NSF. NSF siRNAs and a non-silencing control
siRNA were obtained from Integrated DNA Technologies
(Coralville, IA, USA). The targeted sequences of the
human NSF siRNAs were as follows: 5'-GGAATGCAA
TAAAGAGTAAATATAC-3' (siRNA-1) and 5'-GGATAG



