BHOHIC

mTOR ODHRERFIIS TSI L HAMSEROFE

WCHELTHY, EROBREL ZRL HEFBNICE
H35 5. FWIZd rapamycin, TROY LR, ¥ 3
YR EBEOERICLAZIET VR, EBEROWH
LBuTERsho2H 5. ThoBEOEMOBERS
A& &bz, mTOR 2B E LARMA#ERBEOFHR
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HEEANY k5 LBEORERAL
AREEREEELT
BEAEEANY b T LBEED D FEIEFRIMFE

HHEB L) EF Y, £E HESY, B fogY

By HEEANRY M7 ABE (U, BEE) &, 8
AEBEBRRPII 2= —va VOBEEZ 2L
THRERETH L. HEEORBHEHLIHERERR
D7D, BIEE THRA L ERET T VEIAMER
N, BIENTE% RECIIEREDREICEDLS
4F @ T B K IZ mammalian/mechanistic target of
rapamycin (mTOR) ¥ 7" F VRDGTF & LA L
BRLINETOELZEREETVEM ZRL, 256
WG L o> THEFR O NI HBET T VEIY
DEfFEE VT, SHOL DI & IEFRERRICH
J7EREZT).

1. FU®IC

HEEIX 0.6~1% DEETRET A/MNEREEED
—DOTHY, FBECBIFLERHIT4: 1 L KPS
T2l Rons(1,2). BRECEHMLZERE L
T, MAMEEROENESE, a332=r—va i
£, HBYRLUTE, ERATE, HIROBRRF, BRERNE
xS A RIBDOTLHED A VIR T 2RT I EAHITS
nN53). FTLEBEBRECL TR, BoFnEIC
BOWTRBHIR2RTIEEHH(3,4). 200,
HEEICRELATFHRAZBPRERCERICB W THRE
TG R %5 72 DIIL B FEOR M ICEE L2188
FHELELT A, T, EOFHELHIBOFICE
FAREEFEEED72DIE, BAEOAL DEHBEED
BHEANOHBERLTEIEE L 2o TL 5.

HEREIZBETICBITA2EES, BAICBT 5K
Y o BEMBRENOBE, SOCRMoRBEAML
TRETAHIEPAMOGNTVAS(B). ZhITHEE
DERZHFARD 12012, HEEREEERTORENS

AREDENATDNI, Y F 7 AOEE L, MR
DAL - BE), HEEOHBICEET Z2EETFIAES
NTE2(6). BREOREBRARENRBEEZ RN
L2012, HRERERET*UELHEFET TV
iR S N, 1TEIEER, HMbER, BRAHEFEN
FEREFACTHMCAONTE . /42, M
BRUNTORREZET LN, BUEECTHHEEZ
EWTHEBREANRY b5 A EEREERERSELET
B, INOOREBEEICIE, FEEE X EEREEREHEEL
EREPEEING (7). HEEARZ b7 ABERE
EREOFRRNEETOREHY L ERSh, HEET
FVE L LTSN TW 3,

KBV TIX, BEZTHELPNTWLHBEEET
NVEMO—EERBNL, SOICEHEBN MBI o
THEBOUELZRE L% E2H T, BRETTVE
Y AW HEr S5 BOBBICBIT 5L bADRT
WCELETEEH L TL.

2. BEETTIVEY

CNETHBEICHEETLZ EFRESNTELE
AT EEBREEFTVEWICOWTRY (EL). &4
WCHFRRICBWTHRAEMEEZ H#EEL TV 5 TSCL &
TSC2 2559 5 mTOR ¥ 7 F VRIZOWTHHAZ AT
W, mTOR ¥ 7" F VRS TFICBE L 7- BEET T IVE)
WERT. mTORY 7 FVRIIEL OMET T XA
Ehby, %5 TH TSCl, TSC2 DAFIRBIZE T
B BEBEERRE Ch 2 BEIHELENT &R Sh
HZEFMBENTWA(R).

1) mTOR ¥ JF IR F
mTOR & IZPUESEE K O RIEIHIZE TH 5 rapamycin

F—7—F :mTOR ¥ 7+ VR%5F, BHEE rapamycin

D AR S AR EESBAEN KEEEY 7Y 2 7 b (T156:8506 A HHAA X FILR 2-1-6)
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2 WS O LW, el sk, b A
x1 BEEEMERT STV O NMDA  TrkB IGF-1
e receptor receptor fECEp'EOF
06—t
- ..*"“@
. :l
) mIoRC2 |
- m
| ST o, 7| —> G
Shank Shank3 KO <7 2, RICTOR 1
WSTR[ /
Oxytocin Oxytocin KO <= A
prugii b 5
Viproicacd | B O0r7 BRI S 0 b
mTORCL
DEPTOR TORmLSTs
m
DOEE Y 237 Th Y, Wil shiken s RAPTOR  PRASA0
{3 mammalian/mechanistic target of rapamycin (mTOR) | 1
£ B (9). mTORIEPIBK 7 7 3 ) — (25 €Dy
BENY SALEZ Y FF—ETHY, 20DRES STV @ 1
Baks LTHEETS (1), 121 mTOR complex 1 elfas
(mTORCL) T& b, & 9 — J7 & mTOR complex 2 H1 mTOR Yo+ ILRaT

(mTORC2) Td 5. mTORCl &% » 237 Ak, g
e, A—b77Y— AL F—{HhcisE L,
mTORC2 (THINB A4 /g, M4 oM 2 B G-
LTw4(10). mTORC1 & mTORC2 23t 9 % 4 ~
237 8%, mTOR, mammalian lethal with sec-13 protein
8 (mLST8), DEP domain containing mTOR-interacting
protein (DEPTOR) T#& 4. regulatory-associated protein
of mammalian target of rapamycin (Raptor), proline-
rich Akt substrate 40 kDa (PRAS4) i mTORC1 & &%
KL, %BH> mTORCI & rapamycin 15 U TR
W5 (9).
(Rictor),
interacting protein 1 (mSinl), protein observed with
rictor 1 and 2 (Protor) (¥ mTORC2 DANALTED,
mTORC2 i3 rapamycin {2xF L CRESZHE 2 kv
ZZ BN TW/zA, rapamycin DEBEH 5B VT
mTORC2 DIEWEZIZ 5 2 EAHE I N T A (11).
MWREAIIZ BT, N-methyl-p-aspartate (NMDA) %
71K tyrosine receptor kinase B (TrkB) Z&&H» 5
¥ Z F )V i3 phosphoinositide 3-kinase (PI3K),

phosphatidylinositol-dependent kinase 1 (PDK1) #4-L
Akt (protein kinase B) #{HE /b &5, Akt i tuberous
sclerosis complex 2 (TSC2) IZfEA LT, iz il
9 %. TSC2 i% Ras homolog enriched in brain (Rheb)
R A EIHIMER % 22\, Rheb 25B#IH] (= EH1L)

rapamycin-insensitive companion of mTOR
mammalian stress-activated map kinase-
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protein kinase B (Akt), DEP domain containing mTOR-interacting
protein (DEPTOR), eukaryotic initiation factor 4E (elF4E)-binding
protein (4E-BP), eukaryotic initiation factor 4B (elF4B). eukaryotic
translation initiation factor 4 (elF4E), eukaryotic translation
elongation factor 2 kinase (eEF2K), extracellular signal regulated
kinase (ERK), the fragile X mental retardation protein (FMRP),
insulin-like growth factor 1 (IGF 1), mitogen-activated protein
kinase/extracellular signal regulated kinase kinase (MEK),
mammalian lethal with sec-13 protein 8 (MLST8), mammalian
stress-activated map kinase-interacting protein 1 (mSin1),
mTOR complex T (MTORC1), mTOR complex 2 (mTORC2),
neurofibromatosis type 1 (NF1), N-methyl-o-aspartate (NMDA),
phosphatidylinositol-dependent kinase 1 (PDK1), phospho-
inositide 3-kinase (PI3K), phosphatase and tensin homolog
deleted from chromosome 10 (PTEN). proline-rich Akt substrate
40 kDa (PRAS40). protein observed with rictor 1 and 2 (Protor),
regulatory-associated protein of mammalian target of rapamycin
(Raptor), RAS homolog enriched in brain (Rheb), rapamycin-
insensitive comparison of mTOR (Rictor), ribosomal protein
S6 (S6). p70 S6 kinases (S6K), tyrosine receptor kinase B
(TrkB), tuberous sclerosis complex 1 (TSC1), tuberous sclerosis
complex 2 (TSC2)

L T mTORC] OIEMHALIZES. mTORCL D THIZEB W
T p70 S6 kinases (S6K) % eukaryotic initiation factor
4F (elF4E)-binding proteins (4E-BP) &V ¥ {bz 4/
LTy R BEER%IRET S, F 72, insulinlike
growth factor (IGF-1) =& &»r5D Y 7 F Vi, Ras
% 4~ L C mitogen-activated protein kinase/extracellular
signal regulated kinase kinase (MEK), extracellular
signal regulated kinase (ERK) # i&i#4b3 5 & TSC2
%1 VEb L, TSCl & TSC2 O#EAKERELT 5.



EEB

B FHE 077 T2 E BT 3

MOTSC1, TSC2

Tscl™/ "= w Ak Tse2" "= 2B WTIZEE
B3 532 E LR BOBENRHGEMNITEEREY A
DARRBFEZ AV THRE SN72(12,13). Tsel*/~
TTARCBWT, RANSbAT TR EFLr—YIC15
SEIANS L, Tscl™ =9 A0 RSB 7 AITH
T HEFITEIOREPE AR < T 2 OBEFETHREMIC
HRTBA L2 Ehs, BREOELREH TS 514t
SWETEORTRRENS(12). —FHT, Tse2/ ™
T AZBWT 3F v UN—HOLEETETFA N EH
WTHRBLE, RAISATYTANVSLA Y THREIN
72T v YON—ICHAET AR, TARECIALER
%FEIZ W3, 14). TABEERmETERECLR
BFHICBIT A EE L ANCIE T, FAREES
A E Tse2" B ADFT T AR LT, BFS
 (1EE BT~y ACHES—2HEOR
F8) #9179 &, BEMBY AOF~T X (B4
B Tse2/™) % T2 BRI AT A (Tec2)
W 1EE XY 2B EOBFSEEICB W TGBEIRRE D
WINER LA, T2/ B~y ADfF<y 2 (BE
) oAMEMERE L o72(15). F-HEFRERICBY
THEHERNCBT 24T D & Tse2V/ "<y ADF ADF
TTADH, EETEEZMDOT SIS EBE
ERBICRERROND ZEARENT. ZOREL
5 Tse2t <y A LFT Y ABT HEWETE
(BEERmEEZIEEIL TR aI = —Ya )
i, 7 AOBGTFERLEN E OMEEHICL - T
EEESIFTATEATRBRENS. INS5D T2 "<
Y 2R AV N S, T2/ <9 ABIT A HE
BRI OWTET Y A0ERKPEEHE fEIEIC
LoTRRBIEIREENS. AI2bOMEERICE
W, A—Ar =Y TRALABTTALHELED T
AMERNT Tsel™/ "= R & Tse2V/ "< 20 R
LR T AT HAERTH AL A, FER
T AT Tsel /"= Ak Tse2t/ "< A0

TYALBNTRETHHFHFEEL TR0,

Tsel™' "= AL Tse2" "= AT BWTIIHEMEST
BOERTHAREINEZ 2R L216). T-EHE
TR FTRIBT B BE DT ¥ 2 DRED
FRREO—DO L LTEZOLNTWA(17). EEDRFIEIC
BWTIE, Tse < A% ER L, synapsin % 70
E— ¥ —& L7GFPIRESCre # 21— F35 L ¥ F
4 VARG S, T oMM 5 TSCL %R
BEET AP SEEOWA & R UV NEME >
FIABBREPUE LA, BAER< Y 2 ITHN
T TSCl #RIEEE/2< 7 22 BIT HHUNIGEIE S
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TABBRIPBALTBY, ¥ F T AOEENE L I
BEDOINTG V ABBERE L TW5A T EAHE 27 (18).
Tang 51& Tsc2*/ "< 7 ZA0H &M% 35 v N —HD
HEWTEHTF A M ZHWTHANSL E, T2t/ w72
ZRE S da~ 7 A0 sniffing B ASEF AR < 7 212
HRTHEL, BLADHBIITALITEFRT T AND
sniffing BEf % HLE9 5 &, BAERI~ Y 2ADFHEA RV
2423 L C sniffing BRI 200§ 2 DIZHE LT Tse2™/™
T ARLB LADHBEIRIIALTHBFELZTTAAND
sniffing B EIAE D 5 e hr o7z, FREEIZBWT,
YU ADHEERECBILIREFLHETOESE
BT A HAEMEOBIREREA N, Y OREY £
29~30 HEITB W BN 5 &L AR < 7 212~
TTs2" "I ADFEENRB NI L2 H|EL T2 (19).
(@Phosphatase and tensin homolog deleted from
chromosome 10 (PTEN)

mTOR ¥ 7+ VRIZBWT PI3K-Akt ¥ 7 F v 2 H]
9% PTEN O RIIKEREZ £ ) BRERE -
THAHNS(20). PTEN OFFEMBICBIFS 2741
YaFn/ vz 7 b (KO) =7 A0 BBERTE)
FRONTVE., DT ZADWICBIT BN 2
BMIKREENSRONDLZ L TH B (21,22). PTEND
RIS BT B KO~ 7 3B AR~ X L HE$ 5
&, F—=T T4 =V FTFRMIBWTHOEREER
MABP L TCnwaZ R r—YVHAORMLEBT Y AT
WY HBEBTHOEMIBI L TVBEI L LOLRED
T EHEEDETIRENTWS (21). & 5IHHE
ZIZB VT, PTEN OMElcBII 52> 74 v 3
FV KO <7 RFEFER <7 AT, EEOER
BB 2 ¥ F T AKOEML RME I BT 84K
THREANA Y OFEOWEMEZRT I EdFMES T
B, F2AADPen” 7 AZBVTH, 3F ¥
N—RIDOHEMITEI T X P TRASHA X AT AW
BAYTHHBF v vN—IBITBEEREIRX ZAD
AR ADOHEERMICERTEILTwE 2 EHh
SHAMTEIDERTARENT VB, FAD Pren™’'~
<7 AOHEMHITEIIEE SN T (23).

® 4E-BP2

mTORC1 12 4EBP %) YL L, 256120 YB{bs
M7z 4E-BP 2 elF4E IZHE AT 5 &, mRNA #ROFMA
ZURIT A LT Uy AR HET 5 (10).
4EBP 1213 3 D 0O¥EWEIR T, 4E-BP1, 4E-BP2, 4E-BP3
PEET LD, ZDHH 4E-BP2 IIHEILEOMICLE
IZHETET 5 (24). Gkogkas 513 4E-BP2 22— F§ 5%
Eifdebp2 % KO L7-< 7 A % V8L LI L 72 (25).
Eifdebp2 % KO L7~ 7 2%, 3F v v —Eoitsk



4 W (B b i, ki

AT 7 A b & TS T A WET 5 & B
SYa T AN DT X N — 2T B WAE IR ) A4
B A DAL N T, FHAETLA
V(YOI O L ST wh) & A
PR = 20T e {8 ST P A i
5 LW OB, W R ASEE AR 2T TR
LCTwahZ EAURsEn/z IS BTl oo CAL
B D YT AN BT Eifdebp2 % KO L7z
FATWP AT % 2N IE TR N & o T A B
DRMG & FEAEBED RN L TWD 2 EARE N, ¥
TANBT BRGSO 8T v A DR R L.
LHhL, TOTYALBWT YT T ARG T ThHH
Neuroliginl % / v 7 # v § % & #H&M47H) A
LY F 7 AN BT B o35 2 AOMiE b
B4 52 LGS TwE. Zoko, 4E-BP2-
elFAE 12381 % & > 23 7 L o ARG 13 F Neuroliginl
FIICHE- L, ABHEORBCH S35 2 & 2RI
INTn5,
@ NF1

IGF-1 2 %AKD & D ¥ 7 F Vv % %4} % Ras % il 5

T2 i
L

MENERE O JE I FR e 22 AT H A, 20~
30% DBEIZBWTHME L B S h b 2 & 2sih &
NTW5H(26). N~ 2, €Y ADKEKREH
WBWTHERORELRL, WEICBT 5 EWEHRO
BEEZIRY(27). F72, 3F v v NI & ETH)
FAMIBWT, WEMT I AN LADH LT T A
BWBF ¥ N=L0, FAeI T AP NDLF v
IN— BT B AR RERI AN B oW LT, NA T
T NI DF ¥ ¥ N— DWFER I B W THE
ER Lol T EATRENTWS (28).
® FMR1

Wegs XL, BIRICE CHEEL, AR
SNTWH/RRSGERETH Y, BEEICHEDL 225
WREMES . T OEMEIE X Gefk Lo fragile X mental
retardation 1 (FMR1) #fzF® 5 JERERNEH DO CGG
MR LRI EFEICHER L, FMRL BEZFAH43—F
3~ 5 the fragile X mental retardation protein (FMRP)
(BERY mRNA OFHFREZMHT5) ZEHNTE LS
ZETHRETAH(29). BULADHLITREHERT
T ANOERIFHII BT, BEN< Y 23HHF %<
7 2R LT L VIRREHSRE WA, Fmrl KO~ 7 A
A e~ A3 A RRERH DB AR~ T A
RTHENZLERB0), BLADHLIITRAEHELY
7 AN BT BRI NOREFERICEIZ RN EATRE
NTwb3l). —HT, Fmrl KO 7 AZI5—F %
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W, dn

YN F A PIBWT, Y —D3 5=l AEE
WAl L, TR 2 TN AT
LTwad I bR, ST By -Cad i s da
< 24K A sniffing W AR AR~ 7 22 AT
B4 42 Lo ST HE L Tn b Z L A%
HENAG2), IS FPmrl KO ~ 2 Al
HAMATIIC B W TR RO D LAVRE R &5
2 Fmrl KO %7 ZO{E 2BV TiE, Akt 2 mTOR
D) LT L, PTEN @) L2584 LT
B ENHE S TW A (33).

INEDMTOR ¥ 7 F VARG TFORE 2T A~
7 ZAOWGEH B, mTOR ¥ 77 VRSB 5 54 HH
PHE DI IEC A 53 2 W REMEA S 2 6 5.
2) TOMOHAEZ S TWBHF

(1) v+ 7 2EED>F
(1 Neuroligin

Neuroligin (Nlgn) & ¥ > 7 AHBIZH 5 75T
THY, VI T AOEERHFHIMGLTBY, B
JED KA & U CTReWNC [ E S L7z, Nign O
Th, HHEE OB CIE4FIC Nign3 & Nlgnd A5
TS, Nign3 (R451C) / v 7 4 =7 AT,
BNIEIYE S 7 A RTETR OB EE SR 5 & & 259R
ENTWAH(34). Nign3KO R A+ =77 4 —
VT A SRERER TR T A MIBWT, AR
7 AT B EE R AL, k-
K= FT7 A MIB 5 ROEREEAEIM L7z, B
FUANTFBICB W TR T { AISEOWITZ R L7z,
S 5HIT, EE PRGSO R ER < 7 AT
BLTWBEI EDTRENTWAS(35). Nignd KO <™ A
T, FEEMEATEISRA L, I RS o (1 £ AsE A
<y 21T L TnwSLE Z s/ (36).
@ SHANK

SHANK (3 LAY 3 7 ABIRESRCAFAES 5 B
BUNRTETHY I OoDT AV T+ —24, SHANKI,
SHANK2, SHANKS3 HFAE9 5 (37). 22q13.3 KIERE
BT EHBER O RIS, SHANK3 132 0 22q13.3
WHEFET B EETTH Y (38), Hiak L7z Nlgn &#E4E
TAHIEPHMONTWS(39). Shank3 KO % 7 AC
BWTHE, HEEDL AWTEIFEER <Y 212N
THWML, 37y Yy N—HOEEL Wi &ETEH
DPWEIZBNTIE, FOTHEITTADVWEF ¥ v
N—IBU DR AR < Y 2R TE NS
LD, HEUFTEHIFRP L TnE I L2RENT:
(40). Shankl, Shank2 iZBWTH KO < A A WEH
N, HEUTEBOBESLHTEIL AV OHNEG &
HEERTE2RT I MBS TWw 3 (41, 42).
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(® Neurexin

Neurexin (Nrxn) &3 F 7 AREICH 2BESTTT
HY, AiA L7 Nign EHEL, ¥ T 7 ADORELHM
FICHE LTS, HREEEEIIBNTIALYAE
BERRDITFS5NTWAS(43). Nranla KO~ A3, H

CEIL AWTHOEMPEIEY TEIOREN Ao

HEEEREICBIT 2 EFFEF BT, B4R~y
AN HARCHEEPOET T 5 E TORBIRENI L
AR ENTZ(44). FFIRIZBWT, Nranlo KO <7 A
&, B CAL IZB T A HUNEEMY ;T ABRERDOWM
YRR, VY TAGERBICEEZ LD,

(2) Oxytocin

Oxytocin I TEABZE,SLHWEN, 9D2DT I/
WA SRR TF FRVEYTHY, BABORML
7HIBICER L CHILZREZ L, RBEXLTFERS
WAERA LTI B S REELERTH I LML N
Twh., BEE: OBEIIBWTIZe M ORI X
h, BEEROIMEEFS O oxytocin DIEEAMERIEICH
RTENZEDPREESN TS (45). FAER < AH
WO THE 57277 AIH T ERITEIRH AR 4 12
BATBDIZH LT, oxytocin ZRIELI2<T7 AICE
WTRBERTHOBRP VPR ONZ W &bt
ELEOEE)IR &N (46). oxytocin ZHEMEEKIBL
7oy ACBWTH, HELHICBIT HEEEREEOE
BEBRLLTWEI LR, HEmhv T ALHE-/2Z
L DH I T ANORBTEIFH A, HAEM<Y AT
FHER< T ANOBRBIEVOIIH LT, oxytocin 5
BARE RIBLI2 7 AET~ 7 A2 AIERBEIC
ZE S HERTEOBEENHRE SN TV 5 47).
CD38IIEY V)7 ETH Y ) 3Bk % 15
b3 575, oxytocin DRHIZH LT 5 (48). HFH
DOIF<T A% 3HMICHENCEEST 5 &, FEAURE<
T AFFI T AETIERSFEEDF IV AD LI

L dHhtens, CDBBIaF2RELIFTY A,

F= A% EEEDLDOICHERE~ Y A L YN
Y, AT ADLEIZL 2 BFAAGRENE N L
ARENTZ(49). T/, HAEBMOF AT AEHE
2Ll DOHBEAATTRAEVEREZEINL L, FOX
A7 ANIxT Y HRBEATE R 25 AT 5 4%, CD38
ERIELIF AT A, BRITHERIBRS LA
ol (49). ITNHEDZ s, oxytocin DHHIZES
552 CD38 DRIBIE, <7 ADPEEITH RSN
MOBREICHEETH I EIREINT.

(3) 20t

v MBI B Gtk 15q11-13 DEHIZ, BHEEI
B AHABRENERE L LTEEELRLODO—DTH
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5(50). =7 2IZBWTk b 15q11-13 D [ E
THHEEARTCE 6I3MbICE-> TEHLZT T A
(patDp/ + =7 R) I NTz. 3F ¥ v N —HoD
EEEHOIHAETHOHEEICBNT, BAil<y
AT ADOVEWF Y ALY, RAbhv
AZADWBBIDF % 38— I BT BIEEEESE VDS,
patDp/ + X 7 A FWTNOF ¥ Y N— I B BT
RFRICZE I A o 72 (51).

Rett SEERIILIBICOAAE L, HEEICHED L 72E
REE, BETRENGICES T 25 MECP2 Ok
REWZEDVAELDL(B2). Mecp2D308FH DA K v
DBIZA Py 7aA e AxF <A Y VIt EERT 2
A L7z Mecp2® < 212 BT, BEIEVTEICEED
Boh, Fy—YRIRASAY T AR ANLEZ A,
BpAERM < AR THERFHIEL, £&BTEH
BT 2R L72(53). Mecp2 null< 7 ADRKIZB T S6
R Akt DOV YEBAERRA L TWABZ Eh S, mTOR &
FFVBHHIENT VD I EBRE SN TV (54).
3) REICLSBEBETET IV

Valproic acid (VPA) I ERASBEELTHTAPAIEEL L
THOWLNTWAY, HER VPAILBRE Sz FikE
BHHBEL B SNIENEL 2 5(55). 072D,
HIRF DS v b <y A VPA #5452 L T
INTELFZEBESTVE & LTk BT
bhTwbd, 5 MER 125 HIZ VPA % 600 mg/kg
®5 L, £FNTEFoESEE BENE, 158,
HEEFESHASN, v ba—DFy Ml
T, VPA#HE5 SN2 v MEESBROETIR
LI, FRBEEHEICHT AIRE0RL, EHIERE
DOTLERHEETH OB T IR INTVS (B6). T v
b ERBRICT 7 RIS L THEFEROKT, AED
T, HEBETEHOBRTIRENTWS(B7,58). F
J2a vy b= AT, VPARRE I
% 2318 B R AR E I BT B Nign3 @ mRNA 23
EmMLTwaZER(9), VPAx&E sy o
HEREIFICBWT NMDA ZEEROKI ML, &
B ASTLE SN TWA I L A |E I N T (60).
4) EXRICLKZBFREETIV

RO 7 ZAIZEHERITEIZ R T 7 A0
9 5. BTBRT+tf/] (BTBR) ¥ 7 A, RAba~
7 AT A ERBRATENRE I AT C57BL/6] ¥ 7 A DR
TEREICHTRERA L, BEETL A WITEIOHED,
F—T T 4= FIIBIT A RBEHEECHE ML n
HETF A MBI DA —T V7 — 2B AR
WEEIMT 5 I EMEINTVWS(6]). C58/] <7 A
KBWThH, HEUETEHORY, BOCEDLAWITE



6 PR R o Rl Ok,

OBMAHE S hTw % (62).
3. BHBEEET VI E AV - SEEERN RO
FREd

IRE TR ST E T ENE ST LIS A
T, SR ATE R A E TR O —
w PUFICRY .

1) Rapamycin

mTOR ¥ 7+ WVRIZEBIT A TSCI X TSC2 #irf D
WERpO AT ORI A AT A 2 L TR LA LS
FERT L EDmeTnh, R b, M
FEAR,  FIGEREAR B OV By 0 G A & 7 B i e R

D—DTH H A D 20~60% T HHIEA
BEOHSENZEHL LHBER O TV,
FEETEALIE L 3540 5 B PEOFERERIC Y L v
mTOR BEL 348 (35 S5 P L AE o0 055 00 ¥ 8 L2 A AL 1 T
HDHT b (64), FEHIPERALEOE T VT O EH
SERERIE WA AL DM S e, Tse2t ™= AL
B 5 W LB O EAIR ENT W S5,
mTORF#3ECH % rapamycin % 1 F 721 5 mg/kg %
595 2 L TR B O R N 5 L AR
BHENU3). EHI3~T 2 HEo Tsel™' ™~ A
& Tse2*/ "= v 2O~ 7 A rapamycin %

2 HIEPS L, i 24 W BIZ RA S s A2

W9 BIRRATEIRF R 2 WE L 25, HEENI
THRRIEM DM L2 2 EATREN(16). F 72478

BT BRHED A% 5§ rapamycin 55 Tse2/ <
P 2B NT, S6K DU UL LNV SRR v 2
ERLANVE TRl s Cw/, F/2 Tang ik 4~5
WD Toc2™' ™= 7 AT EUATH O T 2R S 1,
RBIOWEICBITL VT T AOREPEERIY Y X X
D EINS A 2%, rapamycin % 3 mg/kg, 8 HHMIZ57 5
Lo THEMTHOWEL > F T ADN Y Ak
PHEL, YT T AR LT EE2RL72(19).

PTEN ® KO ¥ 7 A 3FEM Y R L KT 5 &,
AEOTLHERLHEEOBETAR SN (23). Lal,
rapamycin % 10 mg/kg, #fE 5 HEO&ES (H~4)
% 4 AT D & RROTUHE & ST O T 25 H{E
THIENARLN, SHIKRETHELZEOEZSD
HEDBEGANCHARTHEEZCHEAS L, Akt VBt
LMD T B EPHE SN TS (23).

BTBR ¥ 7 RIS UTHOET AR SN 5 7S,
rapamycin % 10 mg/kg, 5 4 HE¥#&%E L, &5&%
HIZBWTHS» 5 60 0B ICHESMITE 2 WET 2

&, HEBWATEDEIN T A Z L PME SN T 5 (65).

w4k L(63),
F 7,

5 mg/kg,
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2) Oxytocin

Oxytocin # KM L7z~ A0, &7 0dhb
XY AN HIREATIG R, BRI A OPER
ATEREM X D v 2 s, AR O KIADR &
NWCTW2ds, Ing DA F ¥ by V@ ENICH = 2
L= a r 2 e TiG3 5 &, tERVERRA o it
S = U R AR A I LS B T A ARG Bh o B Im A%
cFOS B PEA L o Bz X - CTHEE S 1L 7-(66).
CD38 Wz % KA L 72 B~ v A oW 17 I o 545 %
CD38 MfnTa KM L o4 A=y 2O &R D
PR ENTWIz(49). L LEAFEIZ B W T,
CD38 #fnT 2 KM Lo b~w 2% CD38 #t T % K
HHL72A A~ 7 212 oxytocin #5595 &, Wi~ A
DOFFINCGB\EA R S N2 e shCnd. 85
12, CD38 A% Hi -4~ 4 the formation of cyclic ADPribose
(cADPR) 757 )V ¥ AN S L, CD38 % K4H L
T2 A B T ANV Y A v & T,
oxytocin DA STz Z & ATRE N7 (49).
3) Metabotropic glutamate receptor (mGluR) 7
OX5 U v 7 S S HEnEE

Tse2" ™ ZAXURIEIZ BT B mGluR KRAEHY 70 1)
WEERAIRI L TB Y, ZORIGIE Tse2' <
7 ANIBT S mTOR ¥ 7T Vot k) & v o8y
BMARSIR SNl E 2 6N72067). 351,
Fmrl KO < 7 A1E mGluR ARAE 1Y 70 RIPHNE R & %
7 A RDTCHE L T A DS, mGIuRS O ¥ 7 F v igdr
12 &) mGIUR RAEM % BIIER & ¥ /8 7 A DT
AR AT 5 (68). ZD72%, Auerbach & 13 mGluR5
DRI T 4T TaATY) v 7% TH 5 3-cyano-N-
(1,3-diphenyl-1H-pyrazol-5-yl) benzamide (CDPPB) %
Tsc2"/ "< A2 10mg/kg 5Lz 25, & vy
HEWAmL, BWEH A TEEIIBT 53 AT
cmEsRonzZ e B HE L267). —FT,
Potter & (I A% HiPERI{LAE O B O KR EREHIC B W
T mGluRs DFEBPEE L EH569), Tse2'/ ™ <
T ADWHIZBIT S mGluRs DFEBEEZ T2 L T A5,
B AR~ 7 2 OFEBLE IS BRI BRI B W T
BT B, Tsc2"' =9 ZADOREBE IR, B
By AORBRIVEVI EARENZ(70). D72
®, mGIuR5 O P ¥ T D 5 2-methyl-6-phenylethynyl-
piridine (MPEP) % 3£ B B 4f 30 23 81 12 30 mg/keg %
Tsc2™/ "< 2254 % &, radial arm water maze 7
AMCBWTHRMCHERALRZERT Ty P74+ —2D
BT — AT BEPBESTEI 00, EHED
TEIPHZE SN EEZHELTNA(70). ThHO
ek, mGIuRS DRIV F 4 77 a0 AT v 7 FEiH



EHEE S

H FE D 5T S H AT AR 7

EREREOWTATY, T2/ v 2B THE
BEAISRENSZERHMEL TS, 5%, mGluR5 @
e %L, HLVIIHEETAIERZLE LT A%

FIVT, B BB 2 BRE L LEN D 2.

FLSV AT A MZBWT Fmrl KO <7 A1
BRI 22N, T LoV A & BB RG]
ORI RSNBA, MPEP % 20mg/kg #5375 &
T UV AL BEEROCEHEIEML, BmL Tw
RO BTA 7 4 ORF 4 TOBEDR
BHIRENTZ(T1).

JRAERIZ VPAICBE SN2 Y ZAOBEEEDL A
WITEIR TS AEBVRLFAMNEITS &, 2D

=<7 AR THEEDL AVOTEIEML

B39 AEDOMEEDEEMS 525, MPEP % 20 mg/kg
BE5LTHELZITY &, BOLEILSAWITEIRAT TR
FEVELFAMNIBWTEESROND Z Lh#HE
SNTN5(72).

BTBR ¥ 7 AZBWT, HEEDL AWITEIOHE
BRONED, mGURS DAF T4 TT7ORAT v
FEFETH S GRN529 # 1 H 5\ ik 3mg/kg 5§
(&, BEEILAVEEOBAFR LN, HEHEAT
BB TRALAT T AN NEF X Y N—IBIT S
WML EARENTWAE(T73). /i
MPEP ##%5-¢ % Z & T sniffing B O#EIILECE

DLAVOREMMNES T 5 2 EPRESN TS (74).

INS5OHEDS, mTOR ¥V 7 FVRGTFICEE %
BTLHBEETIVI T AR—MOERRI T ALE
WX rapamycin SRR % 2 AR &1, oxytocin
EREEL LT, ¥ mGuR ZEEROZENE LT
BRI EWREINTWA,

4. SHEDEZE

HEEMERETO®RR, BEETTIVEY O/
LR, BEETTVEMANOERESICL AED
MRET AR BRI IR EREO - DIThN T & 72,
IhECOHBEREIIBI A EEEOMLFITERIC
6 U7t LB T d o 727280, BARY 2 Y RBICIX
B H5TWARDP o7z RFET/RL 72 rapamycin (55 &%
ALIEDE TN <7 AZEHT 5 BEERREICAER)
I EATRENT, ELIHEHOY Y BT R
ROFHEZFRD & R HMEEILED € T VE L

HANDORRDTBIRETT L LEN DD LEZOND.

mTORFHER I T PTHEHAINTRY, HEk
TALERE D TADADYERNRL I EFED
BowEDHRE I N TV A (75). Rapamycin 145 &%
TALEIC AT 5 BEFENOE R R IGEREOBEM L L
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TEZONDY, BRRSICBILEELRELREL
TWLEND L. BBITRIIAHZD DL, oxytocin
PHBEL L THBERE RS S ERIIE £
ENTWAE, F/HRETIE, 7V THBR L HEEDOE
HELTHRONTEY, SHIMENRRRERS
D72 DIE R 2T T IVEW OV L TSRO 5N 5.
ELHICHMEREIEYREBEOAL LT, RESLHEK
WZBWTEFRITHREEDT o TV EO0BIRTH 5.
DD, FNLOEEOMRIIBITEH0FAH=X
L H TAREYEHE L OB RO R D R T 54
ENbLEEZLNS.

TEEEETVY Y AOBEEREZHE L 2B5IC
BT, BEERMBOEMEZRAT EREHT 5K
BEDWERLARENTTEINT WL I L, BERRE
DETARRT LHEUIBEINTVRDLIENEZLD
NTW5(15,35,36,47). L LAaARS, BEREE
BEHEPEIOALRSTY, I0EBEICTEINEZ LA
BHENTWS(76). 22q11.2 REEBEHIZHBEE
BIET H I A D A A, Hiromoto 51 22q11.212H 5
BIZFDOIH Thwl #~TUORELIZ T AZERL,
FIRWEE 2 P72 (77). BEERHE 0EEOY B
S5FEFICBNT, Thxl #~NTURBELIZ< 7 XA
Bl Z0BEERBHEL VRS EZRL, 4FEHIC
BUTRBEEREORIHAT S LER LI,
HOEHEIIBWTERALN L -72(75). ThbHD
BEERIROEHEICOWTOAEN L2 ERIIHEAED &
ZABHREICIE o T Wi,

FEOABMER - hEmE (REREERASHE, =—¥ A%k
A&H).
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Abstract

Objective: Human intelligence, which represents a set of cognitive abilities, is assumed to be a highly heterogenic
trait. The Intelligence Quotient (IQ) is the most widely used index for characterizing human intelligence in psychometric
studies, and knowledge of the genes associated with IQ has continuously grown. Several previous reports indicated
that 1Q may be associated with addictive behaviors or the use of addictive substances, although the trend toward an
association is not straightforward and depends on the substances abused. To explore the genetic factors that contribute
to 1Q, we conducted an association study of a genetic polymorphism, rs2952768. The rs2952768 single-nuclectide
polymorphism (SNP) was recently reported to be associated with human opioid sensitivity and shown to be associated
with the efficacy of opioid analgesics, severity of substance dependence, and mRNA expression levels of a neighboring
gene, CREB1T.

Methods: The present study used data from 298 biologically unrelated Japanese subjects. Psychiatrically,
medically, and neurologically healthy subjects were evaluated using the Structured Clinical Interview for the Diagnostic
and Statistical Manual of Mental Disorders, 4th edition, Non-Patient Edition (SCID-I/NP), to exclude individuals who had
substance-related disorders, who had received psychiatric medications, or who had first- or second-degree relatives
with psychiatric disorders. Genotyping was performed using the Affymetrix Genome-Wide Human SNP Array 6.0. The
rs2952768 SNP close to the METTL21A gene was extracted from this dataset. Multiple linear regression analysis was
performed to compare intellectual ability among rs2952768 SNP genotypes.

Results: A significant effect of the SNP genotype was observed on current IQ (8 = -2.27, p = 0.026). The number of
non-risk major C allele for drug and alcohol dependence was correlated with higher 1Q scores.

Conclusion: The present results suggest that the rs2952768 SNP, which was identified as a potent SNP associated

with human opioid sensitivity, is also one of the genetic factors that contribute to human intellectual ability.

Keywords: Intelligence Quotient (IQ); Opioids; Addictive
substances; Substance dependence; Single-nucleotide polymorphism
(SNP); Cyclic adenosine monophosphate response element binding
protein 1 (CREBI); Methyltransferase like 21A (METTL21A)

Introduction

Human intelligence, which represents a set of cognitive abilities,
such as thinking, remembering, reading, learning, problem solving, and
using language, is assumed to be a highly heterogenic trait. Intelligence
Quotient (IQ) is the most widely used index for characterizing human
intelligence in psychometric studies. It can be used to assess intellectual
ability in not only healthy subjects but also in patients with disorders
such as schizophrenia, autism, depression, and anxiety [1-3]. Among
the well-examined genes are those involved in brain functions related
to mechanisms of learning and memory, and genetic variations in such
genes associated with IQ have been identified [4-6]. Knowledge of the
genes associated with IQ has increased. A publicly available database
explores IQ-associated human genes [7], revealing that IQ-associated
genes are significantly enriched in multiple signaling events, especially
those related to cognitive systems.

Several previous reports suggested that IQ can affect and also be
affected by addictive behaviors or the use of addictive substances.
For example, people with lower IQ scores are more likely to become
cigarette smokers [8,9]. In a longitudinal study that assessed marijuana’s
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impact on IQ, current marijuana use was found to be significantly and
dose-dependently correlated (p < 0.05) with a decline in IQ over the
ages studied [10]. High childhood IQ has generally been linked to
alcohol dependence and more frequent alcohol consumption [11,12].
In a study that investigated demographic profiles related to estimations
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of Wechsler Adult Intelligence Scale-Revised (WAIS-R) Full Scale 1Qs
(DP Estimated 1Qs), the DP Estimated 1Q was found to be significantly
related to the duration of opioid addiction, and a higher estimated 1Q
was associated with a shorter duration [13]. However, few studies have
focused on genes or their functional involvement in the mechanism
of addiction in the context of investigating genes related to human
intelligence or IQ scores.

To explore the genetic factors that contribute to 1Q, we conducted
an association study of a genetic polymorphism, rs2952768. The
potent rs2952768 single-nucleotide polymorphism (SNP) was recently
associated with human opioid sensitivity and shown to be associated
with the efficacy of opioid analgesics, severity of substance dependence,
and mRNA expression levels of a neighboring gene, CREBI [14].

Materials and Methods
Subjects

The data from 298 healthy subjects (40.9% male [122/176]; mean
age + SD: 36.8 & 12.4 years) were used in the present study. The subjects
were all biologically unrelated and Japanese. The subjects were recruited
through local advertisements at Osaka University. Psychiatrically,
medically, and neurologically healthy subjects were evaluated using the
Structured Clinical Interview for the Diagnostic and Statistical Manual of
Mental Disorders, 4th edition (DSM-1V), Non-Patient Edition (SCID-1/
NP), to exclude individuals who had substance-related disorders, who
had received psychiatric medications, or who had first- or second-
degree relatives with psychiatric disorders. Additionally, subjects were
excluded from the study if they had neurological or medical conditions
that could potentially affect their central nervous system, such as
atypical headaches, head trauma with loss of consciousness, chronic
lung disease, kidney disease, chronic hepatic disease, thyroid disease,
active cancer, cerebrovascular disease, epilepsy, seizures, or mental
retardation. Written informed consent was obtained from all of the
subjects after the procedures were explained. This study was performed
in accordance with the World Medical Association’s Declaration
of Helsinki and approved by the Osaka University Research Ethics
Committee.

Measurement of intellectual ability

Current low IQ may or may not be a determinant of drug and
alcohol dependence or the use of addictive substances, and the
tendency toward an association may be different between abused
substances [8-13]. Based on our evidence that a genetic variant close
to the methyltransferase like 21A (METTL21A) gene, 152952768, is
related to the severity of drug and alcohol dependence, we investigated
the association between the rs2952768 genotype for drug and alcohol
dependence and current IQ in healthy Japanese subjects. To assess
current intellectual ability, we used verbal IQ from the Japanese version
of the Wechsler Adult Intelligence Scale, 3rd edition (WAIS-III) [15].
The subjects were assessed by trained clinical psychologists to obtain
verbal IQ scores on the WAIS-III.

Single-nucleotide polymorphism genotyping

Venous blood was collected from the subjects, and genomic DNA
was extracted from whole blood according to standard procedures.
Genotyping was performed using the Affymetrix Genome-Wide
Human SNP Array 6.0 (Affymetrix, Santa Clara, CA, USA) as previously
described [16]. The rs2952768 SNP close to the METTL2IA gene
was extracted from this dataset. No deviation from Hardy-Weinberg
equilibrium (HWE) in the examined SNP was detected (p = 0.10).
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Statistical analysis

Differences in clinical characteristics between the genotype groups
were analyzed using the y° tests for categorical variables and Kruskal-
Wallis test for continuous variables using PASW Statistics 18.0 software
(SPSS Japan, Tokyo, Japan). Deviation from HWE was tested using
the x7 test for goodness-of-fit using SNPAlyze 5.1.1 Pro software
(DYNACOM, Yokohama, Japan). Multiple linear regression analysis
was performed to compare intellectual ability among rs2952768 SNP
genotypes (the number of major alleles: 0, 1, or 2) using PASW software.
Intellectual ability may be influenced by sex and years of education, and
these variables were corrected for as covariates. We did not include
age as a covariate because 1Q score was already corrected for age. All
p values were two tailed, and statistical significance was defined as p <
0.05,

Results

Influence of the rs2952768 genotype on current intellectual
ability

Demographic variables, mean age, sex, and years of education are
shown in Table 1. The mean age and years of education did not differ
significantly between the genotype groups (p > 0.59), whereas the sex
ratio differed significantly between groups (p = 0.015). We examined
the possible effect of the rs2952768 genotype on intellectual ability. A
significant effect of the SNP genotype was observed on current IQ (8 =
-2.27, p = 0.026). The number of C allele was correlated with higher 1Q
scores (Figure 1).

Total cic TIC T
(N=298) (N=45) (N=123) (N=130) pH)
Age (years) 3681124 36.3+13.6 37.0+11.7 36.8+12.6 0.83(0.38)
Sex (maleffemale) 122/176 11134 60/63 51/79  0.015 (8.35)*
Education (years) 14.9+2.3 15.0+23 14.8+23 150%23 0.59(1.06)

Variables

Means + SD are shown. p < 0.05 is in boldface and underlined 2x? test.
Table 1: Demographic variables for subjects included in this study.

120 ¢ *

115

110

105 +

Intellectual ability

100 L
c/IC TIC

. Figure 1: Impact of the rs2952768 genotype on intellectual ability

. White, gray, and black bars represent individuals with the C/C genotype, T/C

- genotype, and T/T genotype, respectively. Error bars represent the standard
error. The asterisk indicates p<0.05.
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Discussion

We conducted an association study between verbal IQ and the
152952768 SNP, which was recently identified as a potent SNP associated
with opioid sensitivity that affects both the efficacy of opioid analgesics
and liability to severe substance dependence. A significant effect of
the SNP genotype was observed on current IQ (8 = -2.27, p = 0.026),
and the number of non-risk major C allele for severe drug and alcohol
dependence was correlated with higher IQ scores (Figure 1), suggesting
that the rs2952768 SNP is one of the genetic factors that contribute to
human intellectual ability.

Several previous reports suggested associations between IQ score
and addictive behaviors or the use of addictive substances, but the
trend toward an association is not straightforward or easily understood
[8-13]. Several reports indicated that people with lower IQ scores
are more likely to become cigarette smokers [8,9]. Another report
found that higher estimated IQ was significantly related to a shorter
duration of opioid addiction [13]. High childhood IQ generally has
been linked with alcohol dependence and more frequent alcohol
consumption, and a 1 SD (15-point) increase in IQ score was found
to be associated with an increased risk of illegal drug use in women,
such as the use of cannabis, cocaine, amphetamines, amyl nitrate, and
“magic mushrooms” [11,12]. The outcome in the present study that
the number of non-risk major C allele for substance dependence in
the rs2952768 SNP was correlated with higher IQ scores (Figure 1) is
seemingly consistent with the results reported by Chastain et al. [13].
Although the 152952768 SNP was identified as an opioid sensitivity-
related SNP, the association was also found in the same direction with
the severity of substance dependence, including alcohol dependence,
methamphetamine dependence, and eating disorder [14]. Much more
studies will be required to make definitive conclusions about the
correlations or causal associations between IQ and the use of various
addictive substances and vulnerability to or severity of dependence,
since the fundamentally important pre-condition, the relationship of
rs2952768 with severe drug dependence, has not been well-established.

In our previous study, the homozygote of the non-risk C allele
for severe drug and alcohol dependence of the rs2952768 SNP was
significantly associated with the elevated expression of a neighboring
gene, cyclic adenosine monophosphate response element binding
protein 1 (CREBI), which encodes a transcription factor that is a
member of the leucine zipper family of DNA binding proteins. CREB
plays various roles as a transcription factor in many cells, including
neuronal cells, and it is also involved in the molecular mechanisms that
couple synaptic activity to long-term changes in neuronal plasticity,
which is thought to underlie learning and memory [17]. Therefore, the
elevated expression of the CREBI gene may promote the transcription
levels of some target genes related to both human intellectual ability
and addiction, leading to alterations in the neural mechanisms that are
involved in both increasing intelligence and decreasing the rewarding
effects of addictive substances. However, such speculative statements
should be avoided before much more extensive studies are conducted
in the future, and the precise mechanism by which elevated CREBI
expression generally affects human opioid sensitivity requires further
study.

The CREBI and METTL2IA genes are both located within a
linkage disequilibrium block that spans 2933.3-2q34 [14]. Although
these genes were not contained in the publicly available database that
explores IQ-associated human genes [7], the chromosomal region 2q33
was included in the linkage regions, indicating that this region may be
an IQ-associated region. Furthermore, chromosomal abnormalities,
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such as duplication and deletion of 2q33.3-2q34, were reported in
patients with developmental delay and mental retardation [18,19], the
severity of which may be related to IQ [20]. Despite the fact that the
responsible genes within this region for IQ should be further clarified in
future studies, these previous reports support the results of the present
study, in which SNPs in this region may be associated with intellectual
ability.

In conclusion, we identified a significant effect of the SNP genotype
on current IQ, and the number of non-risk major C allele for drug and
alcohol dependence was correlated with higher IQ scores. Although we
should not over-interpret the present finding and the precise underlying
mechanisms remain to be clarified in future studies, the results of the
present study suggest that this SNP may be one of the genetic factors
that contribute to human intellectual ability.
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Abstract

The pred:ctors of postoperat!ve pam and analgesnc consumptlon were. prevxously found to include preoperauve pam ;
anxiety, age, type of surgery, and genotype, but remaining undear ‘was.whether mtraoperat;ve factors. could predict

postoperative pain. In the present study, we investigated the time-course of fentanyl consumption -using intravenous
patient-controlled analgesia- records from patients who underwent orthognathlc surgery.for mandibular. prognathism and
~analyzed the influence of anestheSia methods and surglcal methods together with sex on the time course. A signifi cant
difference in the time course of fentanyl administration was found (P<0.001). No significant difference i in the time course of
fentanyl administration was found between males and females (P =0.653), with no interaction between time course and sex
~ (P=0.567). No signifi cant difference in the time course of fentanyl administration was found among anesthesia methods,

“suchas fentanyl induction followed by fentanyl maintenance, fentanyl induction followed by remifentanil mamtenance, and
remifentanil induction followed by remifentanil maintenance (P=0.512),-but an interaction between time course and
anesthesia method was observed (P=0.004). A significant difference ‘in the time course of fentanyl administration was
found between ‘surgical methods, such as bilateral mandibular saglttal split ramus osteotomy (BSSRO) and BSSRO combined

~ with Le Fort | osteotomy (bimaxillary; P=0.008), with no interaction between time course and surgical method (P=0. 535).

Total postoperative 24 h consumption associated with the bimaxillary procedure was significantly higher than with BSSRO
(P=0.008). The present results indicate that administration patterns and total 24 h consumption were different among the
three groups of anesthesia methods and between. the two groups of surgical methods, respectively. Although more
research- on patient-controlled analgesia  patterns and. consumptlon is necessary, the present study will contnbute to
adequately relieving individual patients from postoperatwe pam .
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Introduction

Every year, 234.2 million major surgical procedures are
performed worldwide [1]. These patients experience postoperative
pain, and the range of pain varies from mild to severe.
Postoperative pain management is very important to reduce
distress caused by pain itself, contribute to cardiovascular stability
[2] and proper respiratory function [3], and enable early recovery
[3]. Postoperative pain is frequently controlled by opioids, which
are especially heavily used in the United States [4]. Postoperative
pain is reportedly affected by preoperative pain, anxiety, age, and
type of surgery, and postoperative analgesic consumption is
affected by type of surgery, age, and psychological distress [5].
Clarification and the control of preoperative and intraoperative
factors will provide patients with more effective pain management.

In the present study, we investigated the time course of fentanyl
consumption using the intravenous patient-controlled analgesia
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(IV-PCA) records of patients who underwent orthognathic surgery
for mandibular prognathism and analyzed the factors (e.g., sex,
anesthesia method, and surgical method) that may influence
postoperative pain management. We found that the time course of
IV-PCA was associated with the anesthesia method (ie., time
course X anesthesia method interaction) and surgical method (i.e.,
main effect).

Materials and Methods

1. Patients

The study protocol was approved by the Institutional Review
Boards of Tokyo Dental College and the Tokyo Metropolitan
Institute of Medical Science. Written informed consent was
obtained from all of the patients and from parents if the patient
was under 20 years old. Enrolled in the study were 143 healthy
patients (American Society of Anesthesiologists Physical Status I
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[ASA PS I], 15-53 years old, 56 males and 87 females) who were
scheduled to undergo orthognathic surgery for mandibular
prognathism at Tokyo Dental College Suidobashi Hospital.
Patients were excluded preoperatively if they had a history of
acute or chronic kidney injury, drug abuse, or chronic pain or
were unable to use the IV-PCA device.

2. Anesthesia

The groups comprised consecutive patients who underwent
cosmetic orthognathic surgery for mandibular prognathism and
received fentanyl induction and maintenance (F-F group) over a
half-year period prior to 2010, consecutive patients who under-
went the same surgery and received fentanyl induction and
remifentanil maintenance (F-R group) in the first half of 2010, and
consecutive patients who underwent the same surgery and
received remifentanil induction and maintenance (R-R group) in
the second half of the year 2010. All of the groups were orally
premedicated with 5 mg diazepam and 150 mg famotidine
90 min before the induction of anesthesia.

In the F-F group, the patients were inducted with 2 pg/kg
fentanyl. General anesthesia was performed with propofol at a
target blood concentration of 4-6 pg/ml using a target-controlled
infusion (TCI) pump (TE-317, Terumo, Tokyo, Japan). Vecur-
onium (0.1 mg/kg) was administered to facilitate nasotracheal
intubation (Portex; inner diameter, 6.5-8.0 mm; Smiths Medical
Japan, Tokyo, Japan) and maintained at 0.08 mg/kg/h during
surgery. Whenever systolic blood pressure or heart rate increased
more than 20% over baseline during surgery, fentanyl was
intravenously administered at 1 pg/kg.

In the F-R group, the patients were inducted with 2 ug/kg
fentanyl. General anesthesia was performed with propofol at a
target blood concentration of 4-6 pg/ml using a TCI pump.
Recuronium (0.6 mg/kg) was administered to facilitate nasotra-
cheal intubation (Portex; inner diameter, 6.5-8.0 mm; Smiths
Medical Japan, Tokyo, Japan) (Portex; inner diameter, 6.5-
8.0 mm; Smiths Medical Japan, Tokyo, Japan). General anesthe-
sia was maintained with 0.125-0.5 pg/kg/min remifentanil and
7 ug/kg/min recuronium during surgery. The patients received
100 pg fentanyl as a transitional opioid at the end of surgery.

In the R-R group, the patients were inducted with 0.5 png/kg/
min remifentanil. General anesthesia was performed with propofol
at a target blood concentration of 46 pg/ml using a TCI pump.
Recuronium (0.6 mg/kg) was administered to facilitate nasotra-
cheal intubation (Portex; inner diameter, 6.5-8.0 mm; Smiths
Medical Japan, Tokyo, Japan). General anesthesia was maintained
with 0.125-0.5 pg/kg/min remifentanil and 7 pg/kg/min recur-
onium during surgery. The patients received 100 ug fentanyl as a
transitional opioid at the end of surgery.

In the three groups, the lungs were ventilated with oxygen-
enriched air. All of the patients received local anesthesia at the
surgical sites with 8 ml of 2% lidocaine that contained 12.5 pg/ml
epinephrine.

3. Surgery

Sagittal split osteotomy described by Obwegeser [6] is likely the
most frequently used procedure for osteotomy to correct
mandibular anomalies, including hypoplasia, hyperplasia, and
asymmetries. Le Fort I osteotomy, first described by Wassmund
[7] and later standardized by Obwegeser [8] and Bell [9], has also
become the most frequently used procedure for osteotomy in the
maxilla [10]. In the present study, the surgical methods for
mandibular prognathism included bilateral mandibular sagittal
split ramus osteotomy (BSSRO) and BSSRO combined with Le
Fort I osteotomy (bimaxillary). Bimaxillary surgery was performed
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for patients who had been deemed to present only marginal
improvements in mandibular prognathism after BSSRO alone.

4, Postoperative pain management

At the end of surgery, 50 mg rectal diclofenac sodium and 8 mg
intravenous dexamethasone were administered to prevent postop-
erative orofacial edema/swelling. After emergence from anesthesia
and tracheal extubation, 1.25 mg droperidol was intravenously
administered to prevent nausea/vomiting, and IV-PCA with
20 pg/ml fentanyl commenced using a CADD-Legacy PCA pump
(Smiths Medical Japan, Tokyo, Japan). Droperidol (0.1 mg/ml)
was co-administered with fentanyl to prevent nausea/vomiting
because of a high incidence (up to 30%) of nausea/vomiting with
PCA fentanyl in young females [11]. A bolus dose of fentanyl of
20 ug on demand and a lockout time of 10 min were set.
Continuous background infusion was not employed. Patient-
controlled analgesia was continued for 24 h postoperatively. In the
case of refractory adverse effects or inadequate analgesia, PCA
with fentanyl was discontinued, and 50 mg rectal diclofenac
sodium was prescribed as a rescue analgesic as required.

The PCA pump recorded all of the administration events,
providing the researchers with the administration times, number of
administrations, dose of the administrations, and number of
attempts without administration. The number of administrations
was converted to consumption every 2 h after the end of
anesthesia. Consumption every 2 h was standardized by body
weight. Total postoperative 24 h consumption was calculated as
the sum of consumption every 2 h. In 63 of the 143 cases, the
intensity of spontaneous pain was assessed 3 and 24 h postoper-
atively using a 100 mm visual analog scale (VAS), with 0 mm
indicating no pain and 100 mm indicating the worst pain
imaginable.

5. Statistical analysis

All of the data are expressed as mean * SD or median (range)
and were statistically analyzed using SPSS 19.0 software (SPSS,
Chicago, IL, USA). Differences between groups and within time
courses were assessed using mixed-design analysis of variance
(ANOVA; one-way for independent groups and repeated mea-
sures with Huynh-Feldt correction). When a significant overall
effect was detected, Bonferroni’s test and Scheffe’s test were used
to compare the mean values of the groups and time courses,
respectively. Differences between groups in total postoperative
24 h consumption were analyzed using one-way ANOVA. The
threshold for statistical significance was P<<0.05. The sample size
for the present data was higher than the estimated size that
possesses statistical power (1 minus type II error probability) of
98% for the Cohen’s conventional “medium” effect size of 0.3.
Power analyses were performed using G*Power v.3.1.5 [12].

Results

The attributes of the patients are shown in Table 1.

1. Sex

A significant difference was found in the time course of fentanyl
administration (F5A4_35’907.355 =24.211, MSe=0. 166, P<0001,
Huynh-Feldt). In the time course, 2 h consumption significantly
decreased from 6 h to 24 h after the end of anesthesia compared
with consumption in the first 2 h (Fig. 1). No significant difference
was found in fentanyl administration between males and females
(F1,141=0.204, MSe=0.593, P=0.653, Huynh-Feldt), with no
time course X sex interaction (Fg 435907.356 = 0.814, MSe=0.166,
P=10.567, Huynh-Feldt). No significant difference was found in

June 2014 | Volume 9 | Issue 6 | e98548



Table 1. Number of patients, age, sex, anesthesia
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methods, and surgical methods.

Sex n, Age: median (range) Anesthesia

doi:10.1371/journal.pone.0098548.t001

total postoperative 24 h consumption between males and females
(Table 2; F 14, =0.204, MSe=7.115, P=0.653).

2. Anesthesia methods

A significant difference was found in the time course of fentanyl
administration (F6,661,932.489 = 24‘653, MSe= 0.157, P<0.001,
Huynh-Feldt). In the time course, 2 h consumption significantly
decreased from 6 h to 24 h after the end of anesthesia compared
with consumption in the first 2 h (Fig. 2). No significant difference
was found in fentanyl administration among the anesthesia
methods (F5 140 =0.672, MSe=0.592, P=0.512, Huynh-Feldt),
but a significant time course X anesthesia method interaction was
observed (F13.321,932.489 =2.359, MSe= 0.157, P= 04004‘, Huynh-
Feldt). Consumption in the first 2 h in the R-R group was
significantly higher than in the F-F group, but 8 h consumption in
the R-R and F-R groups was significantly lower than in the F-F
group. Nevertheless, total postoperative 24 h consumption was not
significantly ~ different among the three groups (Table 2;
F2>14_1 = 0672, MSe= 7108, P=0.5 12)

3. Surgical methods

A significant difference was found in the time course of fentanyl
administration (F(;A_gg’g]g.gg@ = 24’14‘4:, MSe=0. 165, P<0001,
Huynh-Feldt). In the time course, 2 h consumption significantly
decreased from 4 h to 24 h after the end of anesthesia compared
with consumption in the first 2 h. A significant difference was
found in fentanyl administration between the surgical methods
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Figure 1. Differences in the time course of fentanyl adminis-
tration between males and females. Main effects, interactions, and
differences within time courses were analyzed using mixed-design
ANOVA (one-way for independent groups and repeated-measures with
Huynh-Feldt correction). The values indicate the medians. Tp<0.05,
compared with fentanyl consumption in the first 2 h.
doi:10.1371/journal.pone.0098548.g001
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(F1,141 = 7.237, MSe= 0.565, P= 0.008, Huynh-Feldt), but no time
course X surgical method interaction was observed
(F6.482,913.936 = 0855, MSe= 0165, P= 0535, Huynh—Feldt). Con-
sumption in the first 2 h was higher in the bimaxillary group than
in the BSSRO group (Fig. 3). Total postoperative 24 h consump-
tion in the bimaxillary group was significantly higher than in the
BSSRO group (Table 2; Fy 141 =7.237, MSe=6.778, P=0.008,
Huynh-Feldt).

4. Visual analog scale

The attributes of the patients are shown in Table S1. No
significant difference was found in VAS scores between the
anesthesia methods (F-F and F-R groups) at 3 h (; = —0.713,
P=0478) and 24h (6;=—0.098, P=0.992). A significant
positive correlation was found between total postoperative 24 h
consumption and VAS scores at 3 h, but the correlation coefficient
was relatively small (r=0.295, P=0.019). No significant positive
correlation was found between total postoperative 24 h consump-
tion and VAS scores at 24 h (r=0.240, P=0.058). A significant
positive correlation was found between VAS scores at 3 and 24 h,
and the correlation coefficient was relatively large (r=0.667, P<
0.001).

Discussion

The predictors of postoperative pain were previously found to
include preoperative pain, anxiety, age, type of surgery [5], and
genotype [11,13-15]. We investigated orthognathic patients in
whom these predictive factors are considered to be relatively
similar. They had been treated by a few orthodontists in the
hospital over several years. Their anxiety appeared to be much less
than patients who presented in the emergency room. Almost all of
the patients were young (mean age=23.16 years, SD=0.696
years) and healthy (ASA PS I). Orthognathic surgery was
performed after body growth ceased. Orthognathic procedures,
such as BSSRO and BSSRO combined with Le Fort I osteotomy,
have been well established. The patients were subjected to uniform
invasiveness by these typical operations. Postoperative pain after
BSSRO has been reported to be more intense than after soft tissue
surgery [16]. Thus, these patients had no preoperative pain (e.g.,
inflammatory pain), had less anxiety, were young, and had similar
levels postoperative pain; therefore, they were deemed to be
suitable for inclusion as subjects to investigate the factors that
influence the time course of IV-PCA.

Young patients were reported to be more sensitive to
postoperative pain than older patients [5]. We did not analyze
the association between age and postoperative fentanyl consump-
tion because our data were collected mainly from young patients.

Generally, sex is not associated with postoperative pain [5],
although postoperative pain in patients who underwent impacted
third molar extraction was associated with sex [17]. Pain assessed
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Table 2. Total postoperative 24 h consumption.

n Total 24 h consumption (ug/kg)

Female 87 2.40 0.00-11.34

Anesthesia method

0.00-9.07

Total 143 2.59 0.00-11.34

Total 143 2.59 0.00-11.34

*p<0.05, significant difference between BSSRO and bimaxillary groups.
doi:10.1371/journal.pone.0098548.t002

by a visual analog scale (VAS) during the first 24 h in females was fracture, postoperative fentanyl consumption might not have been
significantly higher than in males, but the VAS score after the first affected by sex differences in the structure of the mandible in the
24 h was not significantly different between males and females present study.

[17]. The initially higher level of pain in females may be Anesthesia methods were analyzed by two-way ANOVA
attributable to a smaller and thinner mandible in females [17]. without sex as a covariate because no significant difference was
The surgical site in the present study was similar to impacted third found between males and females in the present study. A time
molar extraction; thus, we analyzed the association between sex course X anesthesia method interaction was observed, in which
and postoperative fentanyl consumption. However, our data did consumption in the first 2 h was higher than 4 h consumption in
not show a significant difference in fentanyl consumption between the R-R and F-R groups, but 2 h consumption was lower than 4 h
males and females. Impacted third molar extraction might cause consumption in the F-F group. The context-sensitive half-life of
more micro-bone fractures in females than in males. Because remifentanil is extremely less than fentanyl [18]. The recovery of
osteotomy is not a micro-bone fracture but rather an artificial psychomotor function after total intravenous anesthesia (TIVA)

with remifentanil, which does not use any inhalational agents, was
30-120 min faster than TIVA with fentanyl [19]. Orthognathic

0.5, patients who were maintained with TIVA with remifentanil had
—~ 041
o 0.5,
= —— BSSRO
2 —— bimaxillary
= 034
[= —~ 04/
S =)
5 =
[e)]
£ 0 2 o3,
2 5
Q =
i o
O 01 g 02]
p=3
[2]
5
O O o1
0 4 8 12 16 20 24 + + T i
) t t
Time course (h) 0
. . . . " 0 4 8 12 16 20 24
Figure 2. Differences in the time course of fentanyl adminis- T h
tration among anesthesia methods. Main effects, interactions, and ime course (h)
differences within time courses were analyzed using mixed-design
ANOVA (one-way for independent groups and repeated-measures with Figure 3. Differences in the time course of fentanyl adminis-
Huynh-Feldt correction). F-F, fentanyl induction followed by fentanyl tration between surgical methods. Main effects, interactions, and
maintenance; F-R, fentanyl induction followed by remifentanil mainte- differences within time courses were analyzed using mixed-design
nance; R-R, remifentanil induction followed by remifentanil mainte- ANOVA (one-way for independent groups and repeated-measures with
nance. The values indicate the medians. TP<0.05, compared with Huynh-Feldt correction). The values indicate the medians. TP<0.05,
fentanyl consumption in the first 2 h; *P<0.05, significant difference compared with fentanyl consumption in the first 2 h; *P<0.05,
among the three groups in 2 h fentanyl consumption. significant difference between the BSSRO and bimaxillary groups.
doi:10.1371/journal.pone.0098548.g002 doi:10.1371/journal.pone.0098548.g003
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significantly higher pain scores within the first 4 h postoperatively
[20]. Thus, the groups that were maintained with remifentanil
(i.e., the F-R and R-R groups) may recognize postoperative pain
father than the group that was maintained with fentanyl (i.c., the
F-F group). Faster psychomotor recovery and the faster recogni-
tion of pain might explain why the groups that were maintained
with remifentanil had higher fentanyl consumption in the first 2 h
than the group that was maintained with fentanyl. Interestingly,
the administration pattern was different between the remifentanil
and fentanyl groups, but total postoperative 24 h consumption was
not different among the three groups of anesthesia methods.
Additionally, the 3 and 24 h VAS scores were mostly less than
50 mm and not different between anesthesia methods (F-F and F-
R groups), indicating that subjective pain was appropriately
controlled in both the F-F and F-R groups.

We had empirically known that bimaxillary surgery is exper-
imentally more painful than BSSRO. Postoperative pain following
BSSRO and Le Fort I osteotomy is conveyed from the surgical
sites to supraspinal sites by the third and second branches of the
trigeminal nerve, respectively. Thus, postoperative pain following
bimaxillary surgery was conveyed from the surgical sites to
supraspinal sites by both the second and third branches of the
trigeminal nerve. Our results suggest that postoperative pain
increased because of the increase in the number of branches of the
trigeminal nerve from the surgical site. Further studies of single Le
Fort I osteotomy (second branch of the trigeminal nerve) are
required to determine whether the increase in postoperative pain
is caused by synergistic or additive effects.
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Factors Affecting PCA for Pain after Oral Surgery

The present study involved healthy patients who underwent oral
surgery. The influence of perioperative factors on IV-PCA was
controlled. The results showed that the administration patterns
and total 24 h consumption were different among the three groups
of anesthesia methods and between the two groups of surgical
methods, respectively. Although more research on patient-
controlled analgesia patterns and consumption is necessary, the
present study will contribute to adequately relieving individual
patients from postoperative pain.
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Abstract

Atopic dermatitis (AD) is a chronic inflammatory skin disease, characterized by pruritic
and eczematous skin lesions and dermatitis that worsens under stressful conditions. However,
the relation of these symptoms to an individual's stress sensitivity is not well understood. On
the other hand, expression of the translocator protein (18 kDa) (TSPO), formerly known as the
peripheral-type benzodiazepine receptor, has been used as a biological marker of trait anxiety
and stress sensitivity. The present study was designed to address this issue by examining
TSPO in patients with AD. Fifty-two patients with AD (30 male and 22 female) and 163
healthy volunteers (89 male and 74 female) participated in this study. State-Trait Anxiety
Inventory (STAI) scores were significantly higher in patients with AD, especially male
patients, than in healthy subjects. The expression of platelet TSPO, as determined with a
binding assay with [*H] PK11195, was also significantly higher in patients with AD, indicating
that AD is a stress-responsive disease. In genomic analysis using lymphocytes, a single-
nucleotide polymorphism of the human TSPO gene at exon 4 (485G>A), which is presumably
associated with an individual's stress sensitivity, showed significantly lower frequencies of G/G
and higher frequencies of G/A in patients with AD than in healthy subjects. The severity of
AD, as determined with the Scoring of Atopic Dermatitis index, was correlated with TSPO
expression in male patients with the G/A phenotype. In conclusion, the present study provides
new evidence that variation in the TSPO gene affects susceptibility to AD.

(J Nippon Med Sch 2014; 81: 148-156)
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Atopic Dermatitis and TSPO

mutations in filaggrin often reduce the barrier
function of skin, elevate immunoglobulin E levels,
and lead to the pathogenesis of chronic dermatitis®,

Many patients with AD live under stressful
conditions, in which intense unavoidable itching
disturbs their sleep and markedly reduces their
quality of life’. Repeated scratching can cause
erythema, pigmentation, and lichenification. Due to
these cosmetic problems, the patients are exposed to
psychological stress as well as physical siress.
Frequent scratching as a means of escaping the
intolerable  stress worsens the pruritic and
eczematous skin lesions.

AD can lead to psychological disturbances, such as
stigmatization, social isolation, and discrimination’,
Patients with AD have been reported to exhibit

a6

anxiety, depression, and emotional excitability™.
Psychological stress and symptoms of AD appear to
form a vicious cycle’. It remains unclear, however,
how stress affects AD.

On the other hand, there has been a growing
interest in the translocator protein (18 kDa) (TSPO),
formerly known as the peripheral-type benzodinzepine
receptor (PBR), in the subjects of steroidogenesis,
apoptosis, and immunomodulation™. The TSPO is
involved in the regulation of several major stress
systems, i.e., the hypothalamic-pituitary-adrenal axis,
the

angiotensin axis, and the neuroendocrine-immune

sympathetic nervous system, the renin-
axis®.
Our

expression of TSPO on platelets is significantly

previous studies have found that the

correlated with the trait anxiety score in healthy
human subjects". The evidence for TSPO as a
promising biological marker of stress has prompted
us to investigate the stress response of TSPO at the
genomic level.

A 485G>A single nucleotide polymorphism (SNP)
in a coding region of exon 4 of the TSPO gene was
found to affect susceptibility to panic disorder (PD)“
Before the onset of PD, individuals with the G/G
genotype showed high anxiety sensitivity and an
in TSPO. Our that
individuals with the G/G genotype are at increased

increase study suggests

risk for stress-related disorders.
The present study was designed to examine how
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the symptoms of AD are related to individual's
stress  sensitivities by analyzing the density of
platelet TSPO together with the genetic variation of
TSFO.

Materials and Methods

Subjects

Fifty-two patients with AD (30 male and 22
female) and 163 healthy volunteers (89 males and 74
female) participated in this study. The participants
were given the State-Trait Anxiety Inventory
(STAID, a selfreported measure of anxiety. For
patients with AD, the Scoring of Atopic Dermatitis
(SCORAD) index was performed. The SCORAD
index is a well-established severity-scoring tool for
AD which is widely used in dermatology. The
SCORAD index consists of the interpretation of the
extent of the disorder (A: according to the rule of
nines; score 0-20), the intensity composed of 6 items
(B: erythema, edema/papules, effect of scratching,
oozing/crust formation, lichenification and dryness;
score 0-63; each item has 4 grades: 0, 1, 2, and 3),
and symptoms (C: itch, sleeplessness; score 0-20). All
subjects were fully informed about the nature of the
study and gave their written consent. This study
was approved by the Ethics Committees of Nippon
Medical School and Tokyo Metropolitan Institute of
Medical Science.

Preparation of Platelet Membranes
Blood (20 mL)
platelets isolated  with

samples were collected, and

were our standard
procedures”. In brief, blood samples (20 mL) were
obtained from the subjects in the morning between
9:00 am. and 10:00 am. The samples were collected
in plastic-walled, evacuated blood collection tubes
(Venoject II, Terumo Corp., Tokyo, Japan) and spun
twice at 180 x g for 15 minutes at 4C. Platelet-rich
plasma was collected and spun at 1500 x g for 15
minutes at 4C. The platelet-containing pellet was
frozen at —80C.

Before the binding assay, the samples were
thawed, and each pellet was homogenized in 10 mL
of ice-cold Tris-HCl buffer S0 mM, pH 74) in a

homogenizer (Polytron PT-10, Thermo Fisher
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