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The aim of this study was to elucidate how the brain and body guide optimal
decision making though their functional association in uncertain situations. We developed
an experimental paradigm called "stochastic learning" where options which were
stochastically related to monetary reward and punishment were presented to participants,
and they maximized their reward though trials and errors. We examined brain and bodily
responses during the task by measuring brain activity by positron emission tomography
(PET) and activities of autonomic, endocrine, and immune systems. The main findings
were as follows. (1) Bran regions including the prefrontal cortex and striatum were
activated during the task and those brain regions regulated bodily responses. (2) Portions
of individual differences of emotional responses accompanying reward and punishment
were explained by polymorphisms of a serotonin transporter gene. (3) Autonomic activities
were represented in the insula cortex. Such bodily representation in the brain could
determine randomness of decision making. (4) These functional associations of brain and
body accompanying decision making were blunted by chronic stress.

AT R
(AL - 1)
[ERESES keSS & @
2008 R 1,200, 000 2,160, 000 9, 360, 000
2009 R 4,200, 000 1, 260, 000 5, 460, 000
2010 £ 4, 400, 000 1, 320, 000 5,720, 000
& 15, 800, 000 4,740, 000 20, 540, 000
TR0 - AABLOELSE | SRR

PR D43 FL - A - EHBCR DB

F—U— R BEERE,

REAE . B, SR



1. WFFEBRsE S WO 5

bt hEEOEARNEES DB ARED D
WIS R Tk, A0 OB % 5
U A BET 25 7= D\ il 72 4T 80 23 e
ThHHNE, BT LHEAWTERRY, 724
AR &< BRI, AWICEEhT 5, £ 9
L7 RHEFEEO S & THEaT 272912, AR
X, BREAEAL, 1TENC L D EREIC@ X

. TORRORBZFHES 52 L&~ T

I & RN - E1ORELEEZ B35, S 51T,
FAIUTHESE, FREROMWB - &2 FH L <an
i 72 D2ATEN 2 RN T RE A B EIRET 5,
AWFFEOBIGE S ETIC, £9 LEEERRE
DOFRREAL B D AFE 3 Bl L, B 72
AREHEIN->oOH-oT-, B—=a—o it
BN X 2EMIFSE (e.g., 3%, 2002; Bayer
et al, 2005; Schultz, 2006) <FpELE{EMF
72 (e.g., 0’ Doherty et al,2004; Seymour
et al, 2004; Sanfey et al, 2006) (ZX V.
BRERAR, MENMIRTEERTEF, ATEEIRAE R /e &
DEEREICEERERELZRZLTND T
EMRH BNl o T,

LU, BEREOIBIEIIMZE T 23 - T
W5 DI T, R ERE & oHEIEE &
EAHIZE DBRGGIE £ TIlT, R & DFBaY
B> COIRILE REOS DT, BT =
Z IR ACTH 78 E D43 usl KM S 2 fif
RN PURIEBEN O TLHE, & DT
DI - WRIEREOIHI L VD | —H O H K
SR Z 5 Z EaliE LTz, £95 LKk
BRESIZEER 72 o TIiEa <, Hilg - 17
g - WA - EOREEEOFMIICIE T Ry 7
Ao RN RSN TS Z ENRBEh
TWe, TNHDOEATHMRNG, Fx XA
EMEEE S BEREFREICBWTH, AR
FARKOGMNAE T D algetkE i@ & PRl L7,

Damasio (1994, 1999) X% 9 L&k
Kignx Y ~TF 4 v 7 « v—7H— (somatic
marker: H &{F5) EIFEO, FANMIZT 4
— Ry 7 &b Eicky BEREICE
HIFHLEERELTND, ZOFMIRHEETE
FEICZ LD EHEHI SN TV D, Frxid, B
BREIC B W CTHIR IS BT 2 ATRE M
TEWnE PRI 7=, FoRanE, (1)ACTH,
a)F = EORIVE NI T 4 —
RN JENCHE L, U—F 7 AT VU IEGE
DK, BEIENQLBORER 2 L7257,
(2) AEAHRGERTERIC L0 BARHRROR
AR T S5 L, VA7 BRI ERRE
DEEE NS, (3) Fx OBz W T,
A RO DMEME A E &2 25 m o E R
WEEITO ZEIIREINTND, RETH-
oo LOL72IRN G, M & OIS, & IEk
TE S CH ARG & B2 D T2 T
L. AWFEOBIGREE TITIZE A EB BN
o TN ho T,

2. WtoEHB

FROFFRESEZ, AFFRIZLULTO LD
B L v T,
OO & Otk s, BIERES m CH RS
ZHIEI L TWD 00, S SICHIRRIGNNA RS
SNEEREICEEL G 2 D MMEEILE Z
ThLHLOPERET D, EDOTHOIT, FHEERT
HEE (b)) Z2FEBRLE L THREL, &R
178y, PET (B THUHWiEiREIE) 2X5
PR R, AM - LA - I - BEALR R E O
B TARRE, BFER LT RO,
Z [RIREE I %
QBRI 2RI & i - 200 RELEE X E
E e OTIE AW, AL, x 9 L8
LB O EZ B U, B 72 8 Bk
ExTHZEEELNTWD, T 9 LI-ZFEK
72 SRR TE IR A D AP A R OV R
I DEBE AR 57201, Wilint B iR &
AW atz2ro5, 22T, OLFRRERS
15 CHMTEB) & B RBOG O RIRFEHAIZ 1T 5
QE B ETENCIIRERBMAZERDH D, K
METIL, £ LIEfEAZEEZ T T RIK D
OEeDL L THERNERAEE 25, IMNOE
TR EMmE CHDHEr b=k F—
NI VNS 2 BIE T OSMN, BERE
WZRE D BIRITEY, TGRS, SRS
LN R 5,
OEBREICHETIERNOOLESE LT
X N U ANHBNTWD, —IZEEAR
N AT, EERE OISR b
HIENRTFEEN TS, LML, TOER
WZHDWMEFEDA =TT ELEM
LTV, £IT, @L REEWiRTE
BREA  BMER L ARE LRI AR L,
D & Rk FETHEEIT S,

3. #FED kL
OF ¥

BRLVEEZRBTT 572010, AF%E TR
1O X5 IR EE VW5, #ERE I
HRITIZBWT, —HOREERIRT 5, X
1 OFITIE. AR T0% OHESR T4oEERH
. 30% DR TEEMEIZ LT-5d, £K
TEAIZHREN - S1OMERIT, 30% * T0% TH B,
BRI LR TR X 0 S o B KA
ZHET, ZOMBEIZEMZS, WmE - o
R - RE R EOBRIERRS TH D,

F72 L@ B EBREFT 572 DI HW
LD W E R Tl Z OMEREEE
T ERITAT S CTHE R S ¥ 2%,
L & BN - SO R A BoR e LICHitR S
%o K1 OFITIE, MR ICITALEXKED 70%
DR TEEEAIHRM . 30% DOHER TEERE
ZHizb L, AXEORE - S10MeEN
30% « 10% & 725, ZDOFETIEL, RICED



Thol-phs (ERIEOEIR) il L, #r
7= B A TR E TR bRV, FOE
T OB, PR E KT B &
EZH5D,

%{ % +100 F
+ —_—
-100M

70% HWEN  30% ZREN
30% 51 70% 5

1 R E

@R & R B RO o R R E

Fox IIARBFTRIT T2 - T, & B IROBEEE
HBEEE & AT k3 2 7=, PET 12 X 5 M4
ts & AZBREERE OB, Dol % (O -
M), NSk (17227 I « ACTH -
I)FY V) R (U RERE R T
Ty bV A MIAL)) ORFHHANZLD
FH BN 5L A T L TN,
OMEANZEDOFHIHZER & L ToBIs 128
EREREICBWTL, REEEOFEAR, HREN
~OE, HEORRE & O/ IR X 7o fH
NENSH D Z ENRTRIND, KBFE T,
9 LTEMAZORRE & L CEfs 20
(polymorphism) %% %, & DOWEEMRE L
7o BITOHMAIZEY, B F=v s v T
AR—HZ— (SS / SL+LL) &, R—r3I %
T 2EEETH S COMT (val / met), DiE
R 2R O, BERRE~DOEGNRESNT
W% (Frank et al, 2007), 5>+~
Aot n b=y« F—=o83 080, K%
FIROEEI BT 8+ 20T, BRIk
TEN BT B AREMEII R &V, & 2 CARNFSE
WZBWTH, EBRSINED, 2025085
FERERTE L, 25 0EBIREICHES K
EFIRDORIEOMENZEZTI L 5 2 005D
AT L7,

4. WFIERLE

3 AEMICHT D OR R, TR %
=
OBERBIEIZHEI ML DHERKIED k¥
7

Foox X, MERFLEFEICB WO TR &
B - STORELEMENE VRS EREREESE)
WA (KREREESME) 2 8EL. =h
TNORMITEIT DM E S IKIEE) % K
L7z, TOREER, WITNOEMETH AT
REEITRWVEIG & & & T2, 2 biditr
MROFEL HLEATIHLOTHY, ZDHK
EALAY H COBIROFER (EF) OF=F
VT EITOTWAE LD EEZ NS, — .
IRBELEME ST B W C DA, RITEEIRES R &
BRI IR VRTE &2 72 & D=, 2T,

BEFEE DR 2 KT 5D EE XD
ns,

IOICEBERMALE LT, 25 DMETL
DD E RTEE) GRX®) 3 X ORIk
# Gax®) &L L. ZOMBIOEEHIX
EREFEYES M DO A CHEE ISR D Z E NS
Ml olz, B, FEERENT &R
T SN A DT OFTENNEA B >
ThHT-D, TNE2FEITTHDOHET X
NF =T L9 RRENMTORL TS O
EEHRHI NS, b0, BEREICH-S
TP EIR GE by 77X T NI TRE L
TWBHEWVnH HREFHATID TH L
LOTH D,

QR « E1~DBAE IS DN ZE & s 1
A

JBAE WY B~ DB A+ 2T 0 588 % Lt
HIZIRFT T 2701, Fex T & HMZ58%0
A MRS (RFEEZ T hER) 0T
BRZBIT A E RO IS E B LT-, D
MR ko bh=r s T URAR—F BB T
D SS ZREHTHEANX. FLS o2
AT HMIEANC R LT, AR R BUGAS
PEICREWVWZ ENRHENI o2, BT,
SS 2R E T HEATIE, A R LVAKIGEDH
WTHHMEE FTEOMIED KRE W &R
a7 Gax®), CONT s To%AL, =
ZCIEENL LN T2,

Z I CHERFEREORITHICR T 5%
FESSICRBIT D, ZNOBIE 2RO EL
MRt LTz, Z ORGSR, FREZITRFOM & Bk
FISIZiE, 2o 0Bl ks HE
BB LN oI, L, Bu b=
Voo T URAR—H—EIGTD SS 2R EA
T HEANZ, S1EGT-RISRIRE LT H1H
MATEETH Y, S~DEZMENRRKE L, &
T AEHAN S D Z ERREI N, &
NITERORERBEOHMRELEETILOT
Hb, ZORMBEIZHOWTIE, 5%, BilaE
RL TS LITHEBRFEZIT) ZENEE
ns,

@A JEARRR RIEBEN D B~ D F 4 L F R E
OB (V) <T 4 v 7 < — T —DEFE)

FRRODORERIL, S F A ~D B L E
ETDHEDTHDLN, YT 4T «~—h
—RIT S M OFEE FTRDLHERD A~
DB LETIRT 5, Fxld, ZOHOESE
st Lz,

VLT AT =TI, VAIZD
EVERIR 23R L K 5 & L7-BEis., 33K
MR EDBKIG L, ENBMIZT 4 — KN
T ENDHZLICEoTY RV HEliEEH
HEoCHRET D EERTH, LL, 2O
PN, ROEDAE BARERR I X RER 23 03>
LDT, 9 LR BUE D&
ERICAE DRV, EWIHBHINGFEET D,
T AT, RBARERD XD e F RS,



Lol EWHIMICBWTERREDE— K
EARET DX OICHEET D LW O R A
E L7
ZITERREDOET—FE LT, ffl -
BRI E VIR E B 2 7=, Fodfb & I3BE
b O@EVRIE T 2R IRT 5 E—
RTH Y | R OMEEMEN B WG IS

HTHD, &IAPRMBAHEIRRIGEITIL,

HOHEEV A7 BN LTEHEREEITOZ L
DG 72D Z EBREV, ZOEAEVEX
g 2720, Wl IREIC T 2 EER
EOTy b —Z2 RN L, [HFRFOE
Thirzr hueb—F, BEEREDT Z A
SEFBHL, ZOEAVRARE VT EEERM
THHLEMTHILENTE D,

T—H L0 R EE A TR ORI
B2 RBEMRERREME TCHL R T
UL DBEMMN, = b —%2@m HEd 5
ZEBHLMNI ST, I, ZOWHED
R, ARTEEREOIEIC L v & h
TWBZ EWRENTE (BRE¥EQ), B
B ORI KR E DS R KA AR E
BENDEME L THELN TS, ZOHE
E, K IRICEBIT B A B RIGEN 3R
PEOREMRRIZ LD MBS, B 5L
ECRR 2R L CRlcE s, 2o
NTy b —%8 L CEEREOBEEN
RE— REfbT 25X o@nCTcns b
ZORET D, TOMRITY~T 4T - ~—
N—FDEIETH Y . R TH D TH LT
HDOTH5H,

DA N L ADOEBITE~DFE

FATT HDEMMIESC e MRV T, 18
PEA NV RICRBIND & BERIENFIK
Paden, BEA LT 2 Z ENEREShTE T,
LR oZOMBRAEERA T =X LTIT
EAEHIBILTUV 20,

Forx DT —2 L0 SROERE EOBMEA
LV AIZERBESIVTWV DAL, (s RE S el L
T, Wi E OFGENAEICE D Z E0NHL
Mo Tz, SHIZEMEA b L AREXRTERHY
WHRE ., RSHIREE B, S EREE
(B 5-9° 2 AL O BRIE 23w BE L D 55
b FRUCHEEOLBINE R, ERRED
HERKIGHLTWNZ ENHAL N o7 (2
HKEO), TNHLOMRIZ, BEH B
ML ZAWZESD aVF ) — L EDORLE
BEOR SIZX D MAESEEEZIT, 20
SO L TCnWa b0 tiERENnNs, OD
I E D 2D ORENALIE SRS %
HMLTWDEZ ENRENTWNWEDT, 1BEA
ML ZZE D ZNS DOINERNL DIEE A #lifl
TAIUZEARA~DOHIIRE ) 2 v, RS B
b2 EnELZLND, ZOmMmAE, B
PEA PN LU ANSEIERBERDY AT (27
D EWVHEZNRMA O, MRAETA R A
N=ALD—wzkT b0 THD EE

Zbid,

PbED X5z, RIFRIZZ L OF B
RE/DZENTE, YUMEE L EDOK
REEFHZLNTERLEIMETE S, 5.
BRG. @ i LTAfILTn Zen
EEND, £, FRHIKEOIZOWTIX, &
RENEDE SR A=A L TERRED
FURLEERTEL TWBEDONIONT, &
SICHBICHETT 2 Z L ETH D, 2D
72912 i%, ARAFFETHZ PET I X 5 A
BIXRFREIAEE O S THRIFIN KR E <, 5%
FERERORS R LI IR (fMRD) &2 6 Az
BN EEND,

5. FleRFinLE
(BFgef . WITEs 38 K OB TR 1T
LR

UdEssam ) (BE 15 14F)
OfiE#h 2008 =L bta—: FHEA LR
JWessPE 2 ik E G THR S — MR OfRE 2 il & L
T—  HRMhRERShAEELAHERE, 28, 185-188. 4
e i
OfRE T 2008 WAk —IHFEIN & sl Rk
D =2 —n81v A *— Y v 7 Clnical
Neuroscience, 26, 431-434. A i
QEAFEE 2008 FRERFOBLE D —IKIG &
178, M, BB OEBIZ OV T — A LB
%t, 16, 143-155. Al
OIFAIAE 2008 2ZEMFRIC L 2 EHIZ2 A b L
ADNEARNGUNT G- 2 5 58 H ARRNME L7258, 8,
175-183. #A#if
(®Ohira H, Fukuyama S, Kimura K, Nomura M,
Isowa T, Ichikawa N, Matsunaga M, Shinoda J,
Yamada J. 2009 Regulation of natural killer cell
redistribution by prefrontal cortex during
stochastic learning. Neuroimage, 47, 897-907.
A
®Ohira H, Matsunaga M, Isowa T, Nomura M,
Ichikawa N, Kimura K, Kanayama N,
Murakami H, Osumi T, Konagaya T, Nogimori T,
Shinoda J, Yamada J.
Polymorphism of the serotonin transporter gene

Fukuyama S,

modulates brain and physiological responses to
acute stress in Japanese men. Stress, 12,
533-543. i

(MOhira H, Ichikawa N, Nomura M, Isowa T,
Kimura K, Kanayama N, Fukuyama S, Shinoda
J, Yamada J. 2010 Brain and autonomic
association

accompanying stochastic
decision-making. Neuroimage, 49, 1024-1037.
AEH

(®0Ohira H. 2010 The somatic marker revisited:
brain and body in emotional decision making.
Emotion Review, 2, 245-249. #&#t
@Ichikawa N, Siegle GJ, Dombrovski A,




Ohira H. 2010 Subjective and model-based
reward prediction: association with the
feedback-related negativity (FRN) and
reward prediction error in a reinforcement
learning task. International Journal of
Psychophysiology, 78, 273-283. # @t fi

(Fa¥E) Gt 610)
(DOhira H, Osumi T. 2009 Body knows decision:
neural and physiological bases of decision-
making in the Ultimatum game. Meeting of
International Society for Research on Emotion.
7th August, Leuven, Belgium.
@ Ohira H. 2010 (invited talk) Functional
association of brain and body in emotional
decision making. Annual Meeting of Social,
Cognitive, and Affective Neuroscience. 20th
October, Chicago, USA.
(® Ohira H. 2011 Modulation of neural,
cardiovascular, and immune reactivity to
cognitive challenge by chronic job stress.
Annual Meeting of American
Psychosomatic medicine. 12th March, San
Antonio, USA.

(ME] GF 6k

OXFEHB 2010 EIFEEERRE-—Y~T 1 v
U —h— O K~ TART LR
BLOHETOES 1R pp. 251271
QXRFol 2010 F RELEW PHET
() BT BarER TH WL pp
3-12.

@RFHRH 2010 EEEHE—T oA LA R
v W A Ud— R () BT LA
AEA & kaftt pp. 67-100.
@KEFA (FR3E) 2010 fRAGLEZE - AP A
0.

OXFHEE 2010 MR —AFLHF LGNS
WARE L - LG - GHRRE (W) BRIRICTE D
FEMELEY: RO HRE pp. 33-51.

® Ohira H. 2011 Functional association
between the brain and physiological responses
accompanying negative and positive emotions
and its regulation by genetic factors. M.
Inoue-Murayama, S. Kawamura & A. Weiss
(Eds.). From genes to animal behavior.
Primatology Springer.  pp.
367-387.

Monographs.

(PEZE M PEME]
Ok G o)

L HF
FHE
MR
TS -

&
HFEEA A -
ENADBI -

OBtk Gt 0fF)

PAY N
LR
MEFIZE -
Fi%H -
&5
IEHEHH
E NS DBI

(Z D)
R— N —
http://www. 1it. nagoya—u. ac. jp/ ohiralab
/top. htm

6. WFTCRLRE

(1) pFge s

K- Bkt (OHIRA HIDEKI)
SRR PR TR TR - 2%
WFgeE &5 1 90221837

(2) W FR s i
fiiE #dn (1 IDAKA  TETSUYA)
S iR R TR TP E PR IER - HEHR
s 5« 70324366
TR #7 (1SOWA TOKIKO)
ZERFESEE - W
WIEEE S 30336713
AL FREA (NOMURA MICHI0)
K RFBEHE PR - HeEd=
WIEEE S 60399011
BpAF  UN/E (NOMURA  SHUSAKU)
FMEANR R FPESLRE >y 7T )
—FE v F — - R
WIEEE S 80362911

(3) EHEMFIE
2L



