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J 0% 5 (Primary Dysmenorrhea, PDM) & A % #p f& + 14
PRESRE - AR DA m%*p:ir{ SRk s
BR RFMRERFA A2 R RS ‘éw’%ﬁiﬁ%ﬂiij
ﬂﬁ%m’%**wliﬁ W R R S P D
15%3] 20%c~ (2 ¢ F1 5 BeE / Som m2 1 IF‘\J 2 A
WA IR E R GRS o PR R
(Magnetoencephalography, MEG)¥ fd ] & #gis 1 #7313 ags
S L g PR R D RD B R 37 R ot
L S kel il 3 O SN DRl ) B2 A T i b
“%L*%E"ibﬂ%ﬁ?HM€i”K%¢ﬁ€%
FeJB B SnAvH G enfmpicr S o ;+— SR RREL M
A (e ) S R B BT E e
Mo fRm o R IEA “3‘;" *ﬁ“?}_-mﬂ it b‘.é.ﬁéﬂﬁ B Ak
AR Y o A TR 5iE B2 (genetic neuroimaging) A #
B PR e T 5 P ' 4 3] (endophenotype) 2 2
P #5se(biomarker) r4 3% 2k B R chl 58 o 2 P 414
COMT(Cathechol-0- methyltransferase)i BDNF (Brain
derived neurotropic factor)® 7 f6 2 w22 {42 & 7§ a2
ﬁfiiﬁﬁﬁgfﬁﬁkrWi@%?Ekriﬂﬂﬁ‘#%(genotyping) ﬁ.ﬁgd MEG
fe M PeE B RIF I A T R g M 2 B B8R
@1‘%352°
“‘ﬁﬂiﬁﬁ’é AP E RS- F2ZHFS 5% 12 MEG B PDM
BREZER AL ARLEZ HXTHLE AP
gi o %ﬁr} SR TS EE N Up R 1) AT
PR HETFAF DR SFPF S DEE? FARR
LR ESRE b o BN B A SRR R 2
v it (plasticity) o P o A ek 2 d o 24 H
99 ?.Eiﬁ%éﬁi%éﬁfi\%@i PDM ,&"5(20—30}%‘%~ )z 104 & #
W2 JTARAP P OREA BELZF o AFLIHFRRF L
5 % (PDM) %= BDNF z. gﬂﬂbﬁW?*.ﬁ; rale s #
Pl oPDMie? A f o o= FRF B I4e
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%/{_’I é,gcwv;_ﬁ ’ u]_;]m F 370 ’Pimﬁ-fi,Li?uPDM B ¥ f
PR o PR Y IL}%;»éi“rff‘*i SRl v
P 3R B RY e chrt R Ml B %’\ AT H AH B el
REEFEFEGD AR E LR SR AR AT ﬁ’w’*
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Primary dysmenorrhea (PDM) is the most prevalent
problem in women of reproductive age, casting an
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enormous load on public health. It has been reported
that around 90% of young female of middle school age
in Taiwan have PDM experience. Up to 15% of PDM
subjects can suffer from severe menstrual pain that
results in the absent from school or work. The
unprecedented millisecond temporal resolution of
magnetoencephalography (MEG) is pivotal in
investigating the central processing of experiential
dimension and the associated brain resilience of PDM.
In the healthy females, we previously disclosed by
means of MEG a significant association between the
anxiety score and the left prefrontal cortex
activation in menstrual phase. Also noted is the
hemispheric flip of prefrontal asymmetry in
accordance with the cycle change. However, the brain
architecture of brain network in PDM remains elusive.
In this three-year study, we instigated the first
genetic neuroimaging (MEG) effort to explore the
interaction between pain- and emotion-related genes
and the brain plasticity in chronic PDM subjects. We
characterized the single-nucleotide polymorphism in
six genes, particularly BDNF (Brain-derived
neurotropic factor), in PDM subjects and linked the
genotype with the endophenotype symptom (MEG brain
mapping) to elucidate the central alterations in PDM.
This prospective study (to our knowledge, the first
study in the literatures) has shed light on the
central mechanisms of PDM.

primary dysmenorrhea, magnetoencephalography, imaging
genetics
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B3 1R = (Primary Dysmenorrhea PDM)E & 8t~ 19 FEs4ps 3 - AR 1“5347%?’%
B S R EF A R SN AL iﬁlkﬁié%&%amﬂ BALEFR F A
R4 iR ;,563 @ 25 15%3] 20% b kg F1 G BRE R S miE 3 (Tt f‘? X
422 A €K G IR 4R o Faei it R(Magnetoencephalography, MEG) ™ 1 i & % it #7313 e
%,gj@ﬁﬁﬁﬁ@#%ﬁ%mwmsﬁ%@ﬁﬁ&#@%?%iﬁﬁmiﬁﬂﬁﬁ’?Wbﬂﬁ
Rl RO R A e R o Boil & 04E R PDM R Tt H YR L JedL R SRATT R i
AEHH e KPF O RESEE e HFREECL )T }}EF)E‘_? TEIEE A G B KA
Iﬁ"’;‘ PRSP T 2w il SR R AR LA T o A TR 533 2 (genetic neur0|mag|ng) ]l
SRR F R SR T 5 N 'R & TR0 (endophenotype) 2 4 4+ 4z (biomarker) 11 3 i3 B F % R g
B oo i k-4 4+ COMT(Cathechol-O-methyltransferase) 2 BDNF(Brain derived neurotropic factor) % 7 f&
© AT AR R Jf RJRBEALAR B A F1iE 7 A #1344 47 (genotyping) 0 £ ;ﬁ d MEG ez it e 8 Kk
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Primary dysmenorrhea (PDM) is the most prevalent problem in women of reproductive age, casting an
enormous load on public health. It has been reported that around 90% of young female of middle school age
in Taiwan have PDM experience. Up to 15% of PDM subjects can suffer from severe menstrual pain that
results in the absent from school or work. The unprecedented millisecond temporal resolution of
magnetoencephalography (MEG) is pivotal in investigating the central processing of experiential dimension
and the associated brain resilience of PDM. In the healthy females, we previously disclosed by means of MEG
a significant association between the anxiety score and the left prefrontal cortex activation in menstrual phase.
Also noted is the hemispheric flip of prefrontal asymmetry in accordance with the cycle change. However, the
brain architecture of brain network in PDM remains elusive. In this three-year study, we instigated the first
genetic neuroimaging (MEG) effort to explore the interaction between pain- and emotion-related genes and
the brain plasticity in chronic PDM subjects. We characterized the single-nucleotide polymorphism in six
genes, particularly BDNF (Brain-derived neurotropic factor), in PDM subjects and linked the genotype with
the endophenotype symptom (MEG brain mapping) to elucidate the central alterations in PDM. This
prospective study (to our knowledge, the first study in the literatures) has shed light on the central
mechanisms of PDM.

Keywords: primary dysmenorrhea, magnetoencephalography, imaging genetics
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oo X el g ﬁ_%%ﬁﬁf HHEEFREF - AR OF A NG, Sy oA D (A,
2004) - 1345 2005 & t4v £ < 87 7 (Burnett et al., 2005) > 5 60%:ri= & & (L N FKu )R E R
LR S T ,ﬁrnm%ﬁ9¢ e Ak RSy ;y‘ﬂ%%@%ﬁﬁ@&iﬂ
PEZIEANIFOLBFGREREZ L Tk R E E AL RS- L RE £ adp 4 (Dawood,
1988) - LW HHEHRAEFEERE AW HF ML L_(Alonso & Coe, 2001; Dorn et al.,
2009) > B 4 gt g 4 SR mfﬁ»iq(Wang etal,2004) - d L ¥ B 0 R MG S A TE \ 4 I8 R AL
£ A B PR TR > AT “"m%%& - S SN uf)% i A an e p BT 0 LA L
A A R o R F REER S AT F YL ad 75 2 4p M £ Jk(comorbidity) > & 2009 v
B w2 2% (World Health Organization, WHO) 3 £ ek~ 22 i B 5F Z (Women and health: today's
evidence tomorrows agenda)® o Fr¥F R L F AK oD T L RE MR ST - BAERLMEFF

RHFRG SRR 0 APREAFY D m“"njﬁd ot R R B b ente it G g1 o e Rk ¢
IR Foamig > FiRetiphl E -~ fFmd 5ol and] 2o

FERT P RELA S 5T RS PR
g R GRF R fa"s@*“ R T A2 ﬁéﬂ}:
TR SR 'f?/f@“’ SRR B E RS A SRR E 'Fﬁﬁﬁ 7"’”1"?" =
Fipe ﬂfr;‘%ﬁd RO R B A AT BT 0 R BRI R F* IR A RS LR L P—”é@ 2.
RIL2HB AR RHMAFIOPHEE - FI PP REFHSI DL TREAENBATR T AR
FLET 2Bk NEBEFNRECRENE LT M@..#/Hfr s R HE KRR S i il Bde @
PR RT 2 RELEAEEF L HERTRE LR R Y E O SR
ﬁ PETRFEREHY A RFA R BRGPEE AP TRLP ARG = DEH SR AR FRE
% (estrogen, progesterone, testosterone)+eim B2 58 & 2% M4 5 R 2 R g R RJE AT 5 2)F
AREEASEFAT R S EHENTHER AT R ALY BB e 3) FiFA R EHFE Y
BEEP)AT S FRFLALLAN ERRA B parcg > NPE DA FAFA ML FE L
FAR 272 F P SFH2 #B/T%NE FERIIRF I PARRZGEREHRE [ oo M B ER RS
Ro 2 BT o
LA A O 1 R FE R GPF 2 FTRILZIHEFEE SV SN At VELS o)
T m"i"k"'“*Eifffétk‘”»?’&'«ﬁ*’ilp(ﬁﬁiﬁﬁfﬁf‘ FrrR) AR ARRE A REETREECEZRE R
PR LE R A (quantitative sensory test, QST) k#7347 B @ fRatg i (central sensitization)# &
w U hE % Fa,? oo ipi e B 2 AP HEIEL I E A A#H T IR ~ b i 4~ 47 (correlation
analysis) > # &y 45 217 5 & H w126 4 F (psychophysics) 2 47 5 %?ERMneurologlcal correlates)£? & 7]
¥ & (genetic predlsposmon)o BEREV I RER FRIRFER S ﬂ s g MR AL 2
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REWREDRFIRES FXRES VAL EEE REAR

B S WAL H - f R X M (exteroception) st F o * hE pR b A R flEArE an A k2 i
T oo ATk FERI AR L PR L H(interoception) g L 0 ¥ Kk F ek Pl po R 2 g
SR N AR o R ERIARER LA IR E R PR AL
ToildenR g § ERGAL AN GEERLFT S > A N 2 Behd et w2 Arilde i f 1) §
ERGAEAFPAERL GRS AFMPE LT L o P i o HI0AR B AEAIL Y2 B G L%
X2 v TRHEE o ;g;j AmA BB AP APBEAARR HEPITAF P EBEAAR
=R g E VAL E (thalamus) ~ 4~ % /=t 588 & 4 % (primary/secondary somatosensory cortex) ~ & §
(insula) ~ =+ 3= ® (anterior cingulate cortex)¥ + %g & (prefrontal cortex) o 2 ? 4% /X &R F % &2 (s
% & (posterior insula)=aak 3n 5 B3t 3 BRIk 7 Lk se(lateral pain system) » £ % yE% F Tt 325 R & =
2_ g % % F5 w (sensory-discriminative aspect)3 B o @ %0 *g § (anterior insula) ~ ® do w22 2EE R F T
vk ok ~‘,~u(med|al pain system) » £2 7% § A7 eh w n 'T'ﬁ B~ FIR R @"J;;m A4 ani gt &8
OS5k %R OR A en + (emotion/cognition aspect)d B o B2 Ty EEor 0 R B2 1 A A L
Vo g ER -‘fl-i%’i FTEA G ABRHEAL LR AR FRAERERARTEETORE S PFAY
(meta-analysis study)dp &1 > Bt 5 77 L BF AR L R A APM DGR R oA RV IRL ER A
DB R R RFEREB ST

FLOEWRA 2 REAFERIDEEFEBroFHE A A b F b dre o et - F g 8
(painnetwork, LT R)GF £ X 3 24RO APROTARR R RER R g AT S A
G HOE I e g (4o 2E E, prefrontal cortex)(T &) AR4RBIE £ FEFRF 2 & ¥ R ugz,;] * 3 (A
V. Apkarian, Bushnell, Treede, & Zubieta, 2005) o J 4 4§ S5 ev™ BIRRE 7 ik 58 Rippr ¢ 359 -
i LD FRE S SHEER T AT = 2R Hp R e ies R PFR 2 %ﬁ};']“n‘r’v’ﬂfﬁrla" ’
B A MR BB R AT 2 24P Bt REAAE LR T B2 RS
Bergp bl > 2 iz *?E"(amygdala)frﬁt#m?' Gt H ¢ I E £ & 9 & & 4 (Neugebauer, Li, Bird, & Han, 2004) o
FEML FHRFRAGRF R GINAS N 2 B R TR G e ap B Lt
EEE RELipy £ - ko

B 2R R PR HEH A Ml s 6 4L F (primary motor cortex); SMA-#f £4 38 # T (supplementary motor area); S1-#- 4§
B L A B (primary somatosensory cortex); S2-=t 8 g ¥ A & (secondary somatosensory cortex); ACC-#i ie 4 w (anterior
cingulate); PF-# % ¥ (prefrontal cortex); PPC-{s 78 ¥ (posterior parietal cortex); BG-z /& % (basal ganglion); HT-T 4 &
(hypothalamus); AMYG- 7 i= %t (amygdala); PAG-+ *5 %k ¥ % % ¥ (periagueductal gray)

(B 448 (A V. Apkarian et al., 2005))



Frequency of brain areas active during pain in normal subjects as compared to patients with clinical pain conditions

ACC S1 52 IC Th PFC
Pain in normal subjects in 68 studies 47/54 39/52 38/51 45/48 28/35 23/42

87% 75% 75% 94% 80% 55%
Clinical pain conditions in 30 studies 13/29 7125 5125 15/26 16/27 21126

45% 28% 20% 58% 59% 81%

Comparison between pain in normal subjects and in clinical conditions P<0.001 P<0.001 P<0001 P<0.001 P=0.095 P=0.038

Incidence values are based on PET, SPECT and fMRI studies. For details, see Table 1.
P values are based on Fisher’s exact statistics contrasting incidence for each area.

B & e R fleTilde g F i RE 7

P R ad0H L B A 3 st & A 4 (meta-analysis) 0 33 & ¥ ¥ R -
THEER AP ELRAR -

N P?-*?Té-&:},;‘s,& R PRR o d FAT R ARBERROREE S
(% - 4F -5 (A V. Apkarian et al., 2005))

REREREF RFVARBAGHER ALRAY

SHETEWER TS AP A L AR 4 0 A9 % F A 9] 52009 # (C.-H. Tu et al., 2009)
2010 # (C. H. Tuetal., 2010)% & 7 & & M3 R Mg S0 0 £ .gé"}?‘—"/{%éﬁi,E?WEﬂ ER e ¥
% A4 & =+ 445 (positron emission tomography, PET)& = R 3 128 S & F AP RO B R S F > B A A e
AR e € A 2 S HHhg it ¥ 4 AR F (thalamus)-p= 47 & (orbitofrontal cortex)-#¢ § £ F ek Bf
% > @ 4 % )% % £ (dorsolateral prefrontal cortex) ~ i& #> % % (premotor area) % 14 % & (posterior insula) B 1
A S (TH) BB A AN R F T g f e A g SRR

AR H B AFH Y S R o b i (CoH. Tuetal., 2000) -

Wl R EA S SRR B SN H B ESHT (AN B)E KT R o o d RA PR FH b FI SRR
B M o BEFR B 5 Al # p<0.005 2 B F LB 74 <2035 B4 E - mOFC: # 4=t A 7% ; IOFC : % =t
LFR S s E R PFC: %47 H ; STG/MTG : /¥ g o

FERREEVREHELEDEAIEHBEFRG P FAPLRE- HEHRFERET
2 FRIRAL R B I 0 T ELY - BT g gk i Y (magnetic resonance imaging) s g B o A& 5 A
# 27| ik & (voxel-based morphometry) it s 47 » #F 7 R B R SR —"Ff Hrpgaas a4 FRBHPN A
Rk R G AT AR PR R o A AR BREFEAS TR DN TUBANRL > BT AR
REBAGREHATETRET AL ER L » g2 £8P @2 - (C H Tuetal, 2010) - »* 3 B %
BRAZERE S o T2 4y =% 2010 &4 7 kg L BFER R §§1§’m“§ B e sk Paine
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W:RFEAERFHIATUAEFARRB o cd CLAFRUHPRLY A5 FF A2 BRI Y 4 S0
BEERE B L Al % p<0.005 F BEF X B F4H 4 100 BAEE o mPFC: ¢ % 3 E  ACC/APCC : # JoF 1 /% |14 40
¥ Sl mME L E  STG/MTG : /¢ g o

AR LA RFZREDNIE SAGHESD KRB @SR AR 0 AR ART
BEAAREEFF L £ # Jz (depressive disorder) > @ & # & (major depression) Bgs v ¥ A LH
FRNBAFE AL ETOHDEEADREY » 2 EH »@’&Hﬁm& § o A 2004 &
Neugebauer % 4 &1~ Jgkv‘ ip d1(A. V. Apkarian et al., 2005) » 7 R {2 B 34 & 0% 4o ﬂ“r
T f el acd B EHEE CPRFHALARRE RBHEARAE IR E S Lo
YRR~ G T PR BRI FRHARREIRE L aﬁ&%'fmé$%—“
Tlge™ > Pl PP R AR E  RBHEAARE SR E - FIB » AP H Y > BdF3

4 1 > 12 B b
BRAPIoEE P2 BAT LD AR AL I RPEEASORP SRR gL RN -
negative cmolion negative emotion positive emoltion
(fear. stress) (anxicty disorders. (pleasant odorants.
depression) MUSIC)
.//.-./':7'5.\\- _,-/.:-:--\
( p ,jhnnywdakl
Facilitate
+
—
SN

W2+ R R A NBAARERERFE LI R HSEEE - (B %48 p (Neugebauer et al., 2004))

MARRRELE T SR H RRINE g
*a® & (Magnetoencephalography, MEG) ¥ ff i 2 *a7% it #7515 g 2 s R 3 X% A
FTHOEFUHFAMPBREFPRIBOFEFETRAMERALE L ) 2 55Tk (Encephalography,
E@iﬁﬁwi@ﬂﬁawésﬁ'ﬂmmﬁwoiﬁﬁzawazm&&amw&%%:agu%
12;1%1&7» e S EaRItE R SarT 3 o & 2008 & % 3 ¢ (R, Hwang et al., 2008) » 2% i 3
Bt ir g L gE E ohfe 2 (alpha)i)af AN B ZIEE o A A SRR F o ier RAFFE AT
Feen? Sipdp P oands 1Y (# 57 % 44, neural plasticity) > 2% i J& B g7 & 0fe 2 ﬁf R e REC Ry ok
TR o g aaf ks M o 22009 & 7 ¢ i - +5: 7oAt ‘ﬁpf.& » GERE &

Hen BATR £ 20 E g MEARM S § o (e B R) S £ Sy AR BR
4



Hwang, Wu, Chen, Yeh, & Hsieh, 2009) o i3 iz 77 7 3 B4 230 A Py 2 7 S8 BF [ B a7tk & 4
RoTPPET " HRT IR SEPF > FEFERIIREREN Y i:}iq“?&z’v’ﬂ’* £ 825 v [15] o d 3%
EE”?’“}}?‘“ /liJ/fFr}[ FERRM (P72 GHW) ERF RN SRRZBFII Y 5T

- HELTRFERGEZ Y A SR APE - AP EHEABAERLRE T RER - SR
'}; W‘@E}i%d A G H R HEF LN SRR R XD SR BT R Iﬁz%;\']tts}a"
B S naiost i el a2 Gl S T R ILR SE A

ri@ [ 7

PRt

%3 # (emotional prosody)

FEEBFEFFNR)LFREAEAYEL v o P F A FEABTI P > 3 35(speech)ik i@
G A A #H B A SR e e FERR TR B A S (voice) P T a0 i - P
L PGA R PR R P ES 24 F 7 F g 4 (Belin, Fecteau, & Bedard, 2004) - *2% O - N N e

o BE AL BRBREFLERZE T AL 0 b4 B BAEEPAR 0 LS R AT
% (emotional prosody ore v0|ce) FEEETACE- BRELSEK T IIAFREEE
(Mitchell RLC, 2003) > ¢ FeF| A 2 83 chif 2 > AP w00 1 fRRIT1ES 35 7 m'riw;,g_ s i@ K e

|$

ED

A

#ﬁ‘*‘ﬁm‘%°T%a*&4 SR NSNS S AR L = B L R T
AR TFEEZFERRRITH A RE o @2 MR AR FIHFSG O e FRh e
Rl LW M e T RS RAAET B R Qmiﬁ’ﬁ@§Fmpf*%m
PHEER A R T BEE 2 E B ML i w2 (Bachetal., 2008) - i 2 fed & EIIH HrkM 3 Ry

FrEAF e e IS fa R A R Bl 7 B (Alba-Ferrara, Hausmann, Mitchell, & Weis, 2011) -
Thonnessen H. % 4 (Thonnessen etal, 2010)% 4 7 f|* & & HNBEFE&YUFHHH & T @ it
B Bl Tl AL k& 3+ @ sen(oddball deSIgn)U Z gL (optlmum design) # 7 fiz Mg Bk AT
TooWREA AR MBS 200 AP 0 LR A FHIFAES B0 2% R0 TR
Yark ik F E(MMNM) » T 359 j}iéﬁg‘f“ 4o Bl AT K E (P r})mq T__g;g#jz;i Pos (1w )R

FREFHEC B)hs B 2§ (F v )R Y > 3 T HRGEF RRGRAS €7 748 c £ %
-w&&wm3$m;»ﬁu§ﬁv B Ed B4 T TR RRGL o
d ¢ M a K w +
changing emotion changing emotion m r ﬂ r T
(neutral to happy) (neutral to angry) ﬁ#’ A e s ,4
S5 T g " 5 T T T

EFF 2 T RGEE
e P o BT AE SRR
(Thonnessen et al., 2010)

normalized current density

. —— i L W T ..
01 © 01 02 03 04 05 -0.1 0 01 02 03 04 05
time [sec] time [sec]

i Fﬁ 2R W rp G AASR S BRI A RF A LLF L PR

MR R AeAp e b A G L B R WGeA gehv Ry £ R o T LR
M,%ﬁa% m;fp PR 2 F B A e (F AT 0 KRB RFEA SR E AR DT AR
FRELALE T AR A R ARR FHAGP AT AL R LT AL AR BRGA
L E TR e b d e - SR A A R BB SR SRR blAet i

R IIL el 2R RILET A T A1 A4 R 2 B adp -Ap B & RIER B - MR (40
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A AL Bk BRI R (R ) SR TR (R L AR L AL T g Fle A2
Tk TAERE BT g o

FLEH SR PMEY
P frdven s Ay RO K R 4 B (Resting state network, RSN) =+ 2% 4 AL A LR IR g (MR F
;o%@ﬁg%@mA%memﬁﬁﬁﬁF#ﬂﬁ%*vw%ﬂ*ﬁ‘fﬁﬁﬁ%ﬁmw%oﬂ
KL ﬂ?ﬁ%ﬁ—’r RSN Ap B eiiost fe w2 B fop 4 2 By %ﬁ%‘*iﬂ o T o G MleRLY o BB PEA G
B A F A @ oo 2R o Mantini 1 ’# PP EREPELNR ,}iﬁ‘.}* RSN v & # (rhythm) 2 & &
B¢ % (Mantini, Perrucci, Del Gratta, Romani, & Corbetta, 2007) ¥+ 3 » % RSN RSN1 #f 3% % j& (default
mode network) i & # it E_p A g (internal processing) » F® i 3 (alpha) ~ b ¥&(beta);A f RSN1 & 3R 4
B o RSN2 # ;2 & 4 % (dorsal attention network) » @ f 3 ~ B 32 v RSN2 & 3§ 4p B - RSN3 4R %
RO PeIf o frd i B3y Moo RSN 4 B BRI {ofL [t 35 (delta) ~ & 55~ R EA ¥ 5 B > RSNS
R %fiéfﬁ% JepaAe R k5 M o RSNG p 2% 4 e < 42 7% # (self-referential activity)fe #c3s i 4p B o
b B reRd RERZ R LG X e (Francesco et al., 2010) - fo#t &t e dmd B0
U PE I Pe&x 2ARRK R P R LR B RRE R RUE(F B PR B R)RE o ¥ A
7&%”‘L(nonstatlonary)ﬁbﬁ-E R, 0 5B - Pl E and B oo bldofe ﬁ 5 SN N7 N 70 G s Sl W
PR ATE  CFPEFAFTRER #M@ o F A E A R AR A A3 FLR 4 (spatial
attention) > F T B E MR EF A AT RULL A PR 3 RO M G BlATT) 2 (P S
kT @ ﬂ%ﬁmﬁMﬁﬁﬁ&Jiﬁﬁﬁ;of—%w’ﬁnL@% FATBRZR D ok Lk R R R
A ETRRG S S R g2 Bl o

T

Stationary MEG Non-stationary MEG

W FLEFP RIS RE - (B ¥ 445 Francesco de Pasquale et al. Proc. Natl. Acad. Sci. USA, 2010)

PR RS PR AL ARFL L > FRFFHS AR H A BRIRER > h 2 5 dcd
WA B F AT F 4 (Ichesco et al., 2012) o B gt AV s 4 FAT Y 0 4 7 Bk L R G R B (B4R K
4 B default mode network) sz 7 § 2 B i 5542 & &2 Tpk % 54 4p 3 4p M 12 (Napadow, Kim, Clauw, &
Harris, 2012; Napadow et al., 2010) o ¥ #F» § 5k MVvg s £ %G § £ 303K P B 0t i 1230 S5 F 7oAk 7
Jg T RE 0 i 42 b 1 (Harris et al., 2013; Napadow et al., 2012) © g8 7 F > 2P eacd] s o g
cross-frequency coupling ¢t = ;% BLZ "% § &2 FE R R he e Bz B o

A Walton & 4 2010 & 44+ % — 4145 32 & %% 7 Jg 1% ¥ (complex regional pain syndrome type 1)k
SRR 0 A1 h - Al R R IR T A B 2 et ﬁﬁ;ﬁ(power spectrum) 4 i > 3
FLH B AR G A (4o delta [< 4 HZ] 2 theta [4-9 Hz])rmé AP RO R B X 3R AR (LT R
%“gd Bz = & & #7(independent component analysis) ® 4F Lt 8§ ik Ji;!%)e’iff ,? A AR R G 2 R
B AP & i BB A B (primary somatosensory cortex)i BRFONRE * LM PR E-FE
A % (orbitofrontal-temporal cortex)(Walton, Dubois, & Llinas, 2010) -



1505 —— CRPS Mean

— Control Mean

125 4

100 —

Power

75+

50

25

T T [T T 1 rrrrrrrr

5 10 15 20
Frequency (Hz)
Bl 1 2 % enr 07 3 (power spectrum) A G » S ALE AT F - B14F R 0% 0 g iF o
T3P0 ARG AT R LR H 5 o (B 7 4f 4 Walton etal., Pain. 150, 41-51, 2010)

B G AR B OB AR A F]

ST R EFEE DR A ¢'J;;*fﬁa‘:i B e B TRk R R B R AL SRR
AR R OAFIN G S EASE(RTR) P X ART IET (thter & Bingel, 2009) - # 14k 7]
HEoa g R ALk s A4pk 0 ART A ST BB
1 % B B(A K & P R)¥ R R T1cehit £ # 3% (transduction)

2. B L A S iyl 43T 2 4935 i i (sodium and potassium channels)4p B
3. # #g(spinal cord)® &% i &
4. EEA A LA E

Gene Protein Phenotype Disorder References

Experimental pain
CYP2D6 Cytochrome P450 2D6 Altered analgesic efficacy (Stamer and Stuber, 2007;
Caraco et al., 1996;
Sindrup et al., 1990)
COMT Catechol-O-methyltransferase  Altered pain sensitivity (Diatchenko et al., 2005;
Zubieta et al., 2003;
Diatchenko et al., 2006)

FAAH Fatty acid amide hydrolase Altered pain sensitivity (Kim et al., 2006)

GCH1 GTP cyclohydrolase Altered analgesia (Tegeder et al., 2006, 2008)

MC1R Melanocortin 1 receptor Altered response to pain and (Mogil et al., 2005; Liem et
responsiveness to opioids al., 2005)

OPRD1 Opioid receptor d1 Altered pain sensitivity (Rady et al., 1999; Kim &t

al., 2008)

OPREM1 Opioid receptor m1 Altered pain sensitivity and (Fillingim et al., 2005;
response to opioid Lotsch et al., 2006)
analgesia

TRPA1 Transient receptor potential A1 Altered pain sensitivity (Kim et al., 2006)

TRPWV1 Transient receptor potential V1  Altered pain sensitivity (Kim et al., 2004, 2006)

% 0 R A AR R (pain sensitivity)sh i F) ~ #kihd-9 A 2 # £ B3| (phenotype) -
(# #4459 Ritter and Bingel, Neuroscience. 164, 141-155, 2009)

AFH? CRAPERETEAYRAGAAALT FEEEAI LTS AT FHHE % COMT
(Cathechol-O-methyltransferase) -~ BDNF (Brain derived neurotropic factor) ~ Opioid receptor mu-1
(OPRM1) ~ 5-HT-transporter-linked polymorphic region (5-HTTLPR) in SLC6A4 gene (serotonin transporter
gene) ~ 5-HT2A receptor (serotonin receptor 2A) gene » 2 Dopamine D2 receptor TaglA polymorphism -

Brain derived neurotropic factor (BDNF)
A &% & F]3F (neurotrophin) e ? 14l K@ B EFASH oo 4 32 R Z AL E R £ 4 o g

A X% & %]+ (brain-derived neurotrophic factor, BDNF) @ 1% % % B4 & k sud gL 4 54 £ ~

R i Tk d o B S R P e P (synaptic plasticity) 2 £ #7 53 i (long-term potentitation, LTP)#p
7



B (Poo, 2001) - « H# &_# /& 5 w (hippocampus) ~ *5 & (insula) % = 4= ¥ (anterior cingulate cortex) % Jiw
BDNF A F1> % 11 % ¢ %8 5@k (chromosome 11p13) » Val66Met(rs6265) = BDNF A #0544+
(polymorphism)- i = proBDNF 3¢ & & % 66 i % 78 + (codon)ed methionine (Met)®~ i valine (Brett)
% 7 BDNF e¥tis A F)(allele) & ~ 2_ Val g & 3 (Val-Val, Val homozygotes) » % = H ¢ g1—- B B
Val(valine) #& #14¢ Met(methionine) 4 #] “7 B~ % < # § Met & F1¥ - § @ + 4 5 &~ BDNF
activity-dependent secretion = *% & 8 83| BDNF 2 4 @£ 4% (Z. Y. Chen et al., 2006) > i ¢ &
i 5 w (Bueller et al., 2006) ~ *& & (Nemoto et al., 2006) 2 =i 4=+ % (Gallinat et al., 2010) e .4 22 5 o 12
ﬂnﬁ%mx”ﬂ%m¢ﬁmWﬂ sz AR A 5 Met AFHAp#t 2 4 5 Met 2 ¥4 ( Val g
&£3)> BB Fw ¢ 5 ARSI IR % (Hariri etal., 2003) -

¥ ¢b > BDNF + #3205 & R 4 49 B B % 5 R (stress-related mood disorder) & 4= € # sz (major
depression) 2 & i 4% 5 5 (affective disorder) 7 4p B - bl4odf 42 & Az (Baig etal., 2010) ~ & jg 7k = &
J& (Martinowich, Manji, & Lu, 2007; Verhagen et al., 2010) » # &c d M /B4 2 B3 7 € 55 Fi53 & 4p
B % R B Mo iRAY SR & TS ana il Fla i 2 A ¥ (Duman & Monteggia, 2006) - £ s e AT 7 iR E
+ 7 BDNF Met 418 AL FlenE RARS e 67 > ¢ NP BB gaphl 75 (Z. Y. Chenet aI., 2006;
H. Yuetal., 2012) » iz 3R % = 77 & FI(BDNF genotype) ¢ £ T8 (F/& 4 )2 3 iv* @ B4 o & BDNF
Val66Met =73 4 %7 fL F)4p B 77 7 (genetic association study)® - %7+ = 7 BDNF Met/Met homozygote &7
;én—‘g A #»t BDNF Val carriers 7 #p? &g cn & g -4 (Frustaci, Pozzi, Gianfagna, Manzoli, & Boccia, 2008;
C. Montag, Basten, Stelzel, Fiebach & Reuter, 2010) - 22 % = & 4 ;z (geriatric depression)7 B (J. P.
Hwang et al., 2006) - Mukherjee % % # 2011 # ;:ﬁ d 77 5 BDNF ek 514 4 8 T 48 I 5 A2 chdp M 14
#£ % BDNF Val66Met polymorphism #7438 74 &t e 55 'ikFéiﬁgp FF ¢ MR BAEE I DR T
SrH W pE o I It G MR R e S IR E R T o dpt Val B & 5 (Val-val, Val
memw@ﬁﬁﬁﬁ’%$PMtéﬂmh§i B B AFAR B AR et s QIR B
Rleve b 3 BRAZ PR ENIR(TRA) D wded v I o2 RlEJ ¥ (hippocampus) sxt i (i 5 ¢ T E
("B B) TR Ao 4 AT % > 2 BT #EF 1 BDNF Val66Met L 7] 5 Al dorg € B
¥4 o % g2 (Prerona Mukherjee et al., 2011) -

(A) (B)

W F 3 Met g F](Val-Met 2 Met-Met) 2 3 4p >t Val g & & (Val-Val, Val homozygotes) 1% 3 it & {F 4p
Mo L s ded v &2 A R E F ERE GO R NIR(A) 0 @ s ded w32 R & w (hippocampus) £ & 5
% w (para-hippocampal gyrus) sz it 4338 5 ¢ T F5(B) o & ¢ & 5d 5 £ 40t g (multiple comparison)# & s p B/
% 0.005(2 %) 0 dd A G 5 E ML REGD Hhp ] > 0.001( 2 %)

(B & 4§45 (P. Mukherjee et al., 2011))



FOEMHA ARE LG f e Ap B 7 > BDNF F1H A g @iz B &R ITY %8
activity-dependent synaptic plasticity @ #4453 & 5 A G B &k § o & ¢ A 5(F 7 FREE NINA R
724 & (pain modulation) ¥ > BDNF 4% »\iﬁf TE 4 H LB EAH %ffa’z),é (hyperalgesia) =+ +%
g 1+ (central sensitization)# 41 A & = M 42% 5 (Merighi et al., 2008) o £ 5 %7 7 o1 » 30 fET #
T oerp &GS ke gk Pl ¥ Met %ﬁ%fﬁsﬂ‘ﬁ 04>t Val homozygotes # + % & B 43 % J§ /e
JL(F *4p B A4 T =, event-related potential) § 3 4x > @ $>T BT T hE 0 A F Met $i &
14 48 #>t Val homozygotes H + g il Jr#0 7 7 chdZ R § 77 0 FL BT T AL € B e epigenetic
modulation @ 4c 53 BDNF Val66Met polymorphism #+3% ¢k 7 % & {1z g 4 (Mossen et al., 2010) - 43
2o d S RERFERYRIAFEF VP RDRG > 2 EHERE RGN Tt AP FRR
P e g ke | S R 0 £ 34 BDNF Val66Met i 1 5 Al e i B R 5 BF L8 K iR
¥z > % BDNF Val66Met 2 7] % Al w12k fi (B g ~ B @) dp b2 o

Cathechol-O-methyltransferase (COMT)

Cathechol-O-methyltransferase(COMT) 2 % = #i(dopamine) 2 i %+ ij‘t% (noradrenaline)r'v'vfl: B
(degradation)4p B - # # = #f ¥ (prefrontal cortex) f § % 60%:5 5 = sk b F)pt > COMT fwn 77 £ 4
WEEER A £ & ahk ¢ o COMT % 7 3)3F § &2 & 3 (conscious) 2 T &, ?&(unconscmus)ifﬁ B
{7 5 Aol B s 1 TF il B 7 A 2 27 5 3 (Ritter & Bingel, 2009) - Val158Met 3 COMT
A FF Leh- 88 - 1 H e % A4 (single-nucleotide polymorphis, SNP) » i % % 158 i z %]+ (codon)d
Ja 1 valine (Brett)s methionine (met)=72~ & » 48 5 A1 ¢ 2 2 = &7 i A F1A] > 7 Val-Val -
Val-Met 2 Met-Met > COMT Vall58Met £ & = (heterozygote)#t# = thfix % 4% % 14 % /& 4358 COMT
Val-Val &+ 5 1> F]pt » COMT Vall58Met £ &+ # 5 = i)k & ¢ & *t COMT Val-Val g & + -
COMT Val158Met & %] % 4|+ ¢ & 2z g # & (Tan et al., 2007) 2 £ Jg (Drabant et al., 2006) 3 % *» 4p B -

FRAE 3K 4 B (default mode network, DMN) b £ i B % ciiB 0 @ A g < 3] B W A F1% £ 3 R 8
(F|I|pp|n| etal., 2009) > F]#* Liu & 4 #2010 & # % 7 #8337 COMT Vall58Met £ 7] 5 A H 43 730 3F K
PR 5 F I COMT Val-Val i & &+ tp >t COMT Val-Met & & 3 chx ;éi » MIEE S e F v
(postcingulate cortex)z. & ez 5 (2@ % ¢ T F (T Bl) 0 & w i E & GV R RS ﬁ o ® i Slts €
TR LN AT RIFEFIEH L SRS a G ESTE oA d A ;3%1;:.,@;‘ @ e 4 T AR
Ble2 COMT Val-Val & =+ % ééi—*ﬁé;:fﬁrﬁ ¢ T "% 73 B (Liuetal., 2010) BB B Ap B en 17 2a i (verbal
working memory)iplzE® - F 3 Met % E’_Uﬂm— LR SR B AR B COMT Val-Val f &+ > i
- HEFOIONGER F TORER GuTR §REHN. ,;F.ufrm)j'ﬁi(Agunera etal., 2008) -

R.SupF R-B"’
(o]

L.Sup.F

aMPFC

vMPFC

B : COMT Val-Val &+ & COMT Val-Met B & 3 3% RERY » T R NRh#iladai B o
FHRE 4 COMT Val-Met B & & # i (418 %k COMT Val-Val g & 3 3% » =% & & COMT Val-Val g & &
# i jid % COMT Val-Met £ & 5 55 - ¢ ¥ & COMT Val-Val g £ =+ 3 % 37 % (PFC)# 4 4= % (PCC)
2 [ st i i 2 COMT Val-Met £ £ 5 7% - (] ® 4 4+p Liuetal, 2010)



a

PRA SR R EA S end B R P @ 52 & s v%(catecholamine) 4o B¢ %% (noradrenaline) %
RPN G BT (7ML ak F Fr4l k i(descending pain defense system)® } § £ & ek o F]ptiga T
(PR Fod] o beehrt Gy § ST P FHE T2 RAZE 7RO COMT B R 2 B 5 § a2 13
EAF LR g fgis - COMT Met-Met & + 0 34 B F AR 1€ B4 > @ COMT Val-Val
F&+ s d g plE g %3 2 (Diatchenko et al., 2006; Zubieta et al., 2003) - g~ £ =t F 1 COMT &
YoiRA Y R OR B end d o f 2010 & > Mobascher £ 4 4% FESFF R L 0 @ B MR R
BLRIGINe kB 0% i (blood oxygen level-dependent response, BOLD response) > % 3. COMT Met-Met
B &+ 4p#or COMT Val-Val &2 COMT Val-Met 0% 32 > ¢ i do Fw A ARG § ER O
M OAEH AT dod oS > 2 AR i £ COMT Met-Met & =+ $7 7 At R F 7 o & 7
(Mobascher et al., 2010) -

5% 2 > COMT Vall58Met A %] % A ¢ B 5° A SHA R R & > f FIR B GnE L L
%(resting state network, RSN)efid i @ + 3 suivcnfifde » 2 B 7™ 5§ B RAPM o -8 RE R S hp
BoF fgé AT L R ae R LU EL o L% COMT Vall58Met A %] 4 A1 8.7 € oG EF L g pnd
TR R ARG SPE 2 EE R Fefphi o, R E %gvﬂ B R B E P 222 COMT Vall58Met
LT 5 A B A 47 0 L% COMT Vallb8Met £ %] % A4 b g M7 5% PH AR AR R g

N o
&

AR R R L LS R R AR M 2 SR ASL B A B B SR
Z
Ee

Opioid receptor mu-1 (OPRM1)

#pes 2 % (Opioid receptor) € £2 75 2(morphine) 2 47+ =22 4~ (Opioids) % & @ & # 1 5§ %k
TLRRELBONRARY DI BRE 2 IR AR i 33 L% A LR e lere L
(Bidlack et al., 2006; Stein, 1993) o #Fef r242 % B4 & ¥ & 5 p(mu), § (delta)® « (kappa) = ~ 4 > @ p-
MR R BR LRk b ¥ @ 2 stk JpeE et B A 2 2 L 2 i(McQuay, 1999; Satoh & Minami,
1995)- p w# OPRML1 &4t R i£47 7 8 — 14 & 7 3] 14 (single nucleotide polymorphism, SNP)£_OPRM1
Al18G (Bond et al., 1998), * % % 118 i % H A& d adenine(A)4 3 # = guanine(G) » # - ¥ - Pk §
A g e e R RS by e 0 % 40 B efipL § J asparagine i< % % aspartate > " i< p-
REeg e X E At s A A T (secondary somatosensory cortex):t & @ iE e g Flm BT R F A2
J g e(Oertel et al., 2009) » 1345 Sia ¥ 4 &4+ 7L A {$ vt~ & * 55 & p 3375° 1k 4 (patient-controlled
analgesia, PCA) 5%~ 7 3 31 » Ap et A 713 5 AIA cnB a8 » A 713> GIG & §_G/A ch i $AER 4t
J O e M (pain sensitivity) € 3 4v 0 $aEeE et B o)k f 2x % € T "% (T ®])(Sia et al., 2008) > &
Chou & % & ¥R X B UL+ F A "fAendmt @ % /& p 825 L F epF 3 @ & @ Tl i o3 38 (Chou et al.,
2006) - $t2v i * B RO R REE R OF TR k0 AT L GG FH R s PR E A E P AT
A5 AJA F AR P AR A Sk 7 22 % (Klepstad et al., 2004) -

W : OPRM1AL18G $#*+3|% &

41 12
gas Em' féﬁ*"’ﬁ*?i.&ﬁﬁi\‘iﬁ
S @ ’ L.
}1 - (PCA)2 ¥ HE 2 # R 22 &
[ ER N [
= 24 . o
= W y = o - S oA B g, KL -
£ 20 s } OPRM genatype £ 5 OPRM genotype AR 2B IS F R % — =
w .‘ i [E] s
R IR = L c I 2§42 [ B GIA 2 GIG AT
e . ) v AA Foad v A4
AR NN ;7 . g 1 g a2 @ * morphine o
g 5 N T 24 m GA o »
N e . |2 .. 1 EHEFR N AA KA 5B

o ~AGE 00 e

4 ] 12 16 20 24 4 a 12 16 20 P ,g%‘, ° 1!4 ]’ﬁj] : ﬁﬁtfé E}: 7 Z a: N ’J‘
TIME (h after T0) TIME (h after T0)

B G/IA 2 GIG A A ehB 4l A

BEGAAREF R AAALAFRA SR - (B F 445 Siaetal., Anestheology. 109, 520-526, 2008)
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Fillingim % % & 2005 4 & {7 7 — 7 £ 37 OPRMLALL8G ¥ - 1 3{ ik 5 3|14 b f 465 2 #
RRAG Z s (R R F i aE o A FIAG GIA & GIG hX i o B AR &ak ok F o of R AR O
AFAS AATERZFEF T a2 3> ARG GIA L GG ehxaHf AR O ERAF Ao &
EHER A T (TR 0 o AR SR ST R LF R ALISG u—z»w%v SRR FHE R
(B-endorphin) s & 3. & 4 40 > Y R R HFCR 12T % o b 7h s OPRMLALI8G 77 + 2 ﬁ“i': %+ 49°C

#u}:im AR R R iE A A e i aérs 4 49°C ﬁq%@ﬂ;/gg;—r ,&rﬂ L GIA & G/G ¥ ]4,, é B3
BOR AR MY AT G AIA 0§ R Ealri] » A 7)) 5 G/A & G/G ek % ﬂ BB 15’7&)‘; E!J B3
A F 5 AJA sk 2 ek (Fillingim et al., 2005) -

Trapezius (p=.002) E ﬁ'm

]
5 |
74
]

Masseter (p=.023)

Threshold (kg)

Ulna (p=.049)

= L I I
PR E——

ek Female (% 3 &4 Fillingim et al., 2005)

d 2 FE R s ApEAt ATl R AIA SRR A7 5 G/IA & G/IG —*‘F]’ BT IR herrid A
CORJG AR MR E P o B B KB E €W TR 0 F vk > RaA HR A R g
TR N H AR R A T o R - RSk R q\r]?zpamfagg,ngﬂ;mﬁ}gﬂlﬁwlg
* 0 B R RE D R oAE g e k?ﬁ%"‘”’mﬁ}? R ol - O L

5-HTTLPR (5-HT-transporter-linked Polymorphic Region)

& 7% (serotonin) £ B 147k J§ chAp BE R IR p T TRk PO IR Y SR ML & £ v Jede A (selective
serotonin reuptake inhibitor, SSRI)¥ 8 {27 5 s B 7" F ip 2% o SLCOAA A F1 5 o jf 738 39 A&
F](serotonin transporter gene) » H i & # i A :if-’k”;éﬁ% A B (synaptic cleft)® s 5% £ » few 3] R o
(presynaptic)im®e @ » ¥ % b 5 & ol g3 L @R o Fpt 0 SLCOAA AT € B s H el (g @i
$» % (monoamine neurotransmitter)4p B ehziAv T 2 o bldc B g 0 BE 0 R (obsesswe-compulswe
disorder) 2 ¥t % % F f| % 0 & Ji & (Blakely, De Felice, & Hartzell, 1994) - 5-HTTLPR
(5-HT-transporter-linked polymorphic region)4p c7&_ SLC6A Z F]=y¥ # % (promoter) & £ b IR E -
% K& % 4] 1 (repeated-length polymorphism) » ¢t — % A4+ & 258w 5 % & i F-9 H7F 2 (Lesch et al,

1996) o ¥ A5 d B N chE B A 5 E B #Se(short allele, S allele)p » Bt iF% 38 i% 36k F(SLCO6A4):h
11



ParE @A TR RAAAR Y e R £ v oS s g7 " (Heilsetal., 1996) - F]ut A F1A] 5
long allele/short allele (L/S)& short allele/short allele (S/S)s 48 » # & RFFHM ¢ o FF £ wjores
¢ # long allele/long allele (L/L) =48 5 £ -

e g (fibromyalgia) £ p o F A7 3 el d R of 253 B4 Zop ik 5 2 0 F L aiep R
i ig S B g SR P R 3 5 50 Offenbaecher & 4 #1999 # §t 62 =4k B wR JE chofs & 2
110 i B % 8K 3217 5-HTTLPR sk F14] 4 45 » 3 Ao gk dp BB SIS J F13] st 5(36%)
BOTREE R EE(16%) 0 T SIS AT Al pop b H B AR TR LS 2 UL ARAlSsE
ﬂm}a‘ T 2 (Offenbaecher et al., 1999) - F $& 4- 4 4k ‘v g B > Cohen & 4 4 2002 # & { i£- #
FERRT SIS A FAl ¢ & g Ap BE 0 4 3% F (anxiety-related personality traits) 7 % ¥ 4p B (Cohen et al.,
2002) -

5-HT2A-Receptor
“,$ G b a2z B-HTTLPR *h » 5% % = A Al4& < B (5-HT2A-receptor)ch¥ — 7 e 7 A4 7438

B e e 4P M3 & SHT2A-receptor T102C P &_5-HT2A-receptor ¥ — #: { & % 4| {403 ¢
- 8o & % 102 B Y thymine(T)4k 3 # & cytosine(C) > vt — H - ¥k 5 31115 7 ¢ B FE &
2R E S o 0rud R BB Bihgw F T #m SHT2A receptor T102C @ A IEF
22 40 & A (schizophrenia) 4p B (Inayama et al., 1996) - Bondy - 1999 + %t 168 i 4 M3 Jg e & %
115 =i B £ 3 & {7 5-HT2A-receptor T102C =k F13] 4 45 » 4 gk s v Jg e & 50 C/IC 2 T/C
AFA A G F R LREY 0 2 AT FRRAD §REE R FRoET L2 LD
SRR > AT B R FRELBRSA R AR 0 A TG TIT i areg pop &2 4R
RALRKEFFAFASZ T/IC 2 C/IC —*‘(Bondy etal., 1999) - Pata & * % 2004 & £-% 54 i+ % $cif e
(irritable bowel syndrome) o & 2 107 i & < 34 4 i& {7 5-HT2A receptor i& {7 2L ¥4 # 47 » & IR+ ”a%
FeBRIE o &3 CIC AR R3] et b § 20 ik B X Fé‘j » 2 AT S CIC e B B3 K g e
zaﬁ-??‘s BRAFAG TT 2 TICehp k> a > AT TIT oo B8 3B 7 A28 R F 3 **&ﬂ

| % TIC = CIC 4 (Pataetal., 2004) - & ¥ & T/T eoip A8 8 7t 7 R EHIK(T$R 7 s R F )i
z;uzwm - BOEGEE P H R0 Aoki 72010 E IR 0 A Bup b R B L AR > AT S TIT en
Fa BHtapegetZh B 7 REFFAFA S T/IC 2 CIC mffa 2 (Aoki et al., 2010) -

Dopamine D2 receptor TaqlA polymorphism

A %A 5 arEdp kg o Dopamine %! 5@ R E d fk of eht Aok 0L R AR BE > F]20 Dopamine i biih
7 (dysfunction) ™ it € & 4% 2 B4 B2 50% F (% 0 bldoE 458 50 1 RS R B L hidE F’B’k—*‘*
LB B SRk B (B Aok F ch3E4P) - Dopamine f &R eni®* € ¥ 5 22 7 e e 48 (receptor)
A2 % [ enafe®* > Dopamine ¥2 Dopamine D1 receptor (DRD1).5 & € 3 4v R ff i 4! Servg it > F l&;
EEE M g L @ik 4p &~ » > Dopamine & Dopamine D2 receptor (DRD2).5% & € #r#4| R ff (54 5
gt o Fla prg| @ S L @k m ¥ DRD1 2 DRD2 &Gt ehs Gt b §"EF 4 G ®
@ 7 ke (Jarcho, Mayer, Jiang, Feier, & London, 2012) -

Dopamine D2 receptor (DRD2) gene polymorphism &4t B iZ5= 3 1-2_TaqlA polymorphism » £ i &
Positron emission tomography (PET)# 7 ¢ %% R » # 37 TaqlA Al allele 7 ;éﬁ H B R53R% striatum &h
DRD?2 receptor density i3+ 5 TagqlA A2 allele % ;f:ﬁ—*ﬁ (DRD2 receptor density in striatum: A1AL <
AlA2 < A2A2) > # 7 TaqlA Al allele e 3% Fl H A BB 82k of A & 4p B a9 T (putamen, nucleus
accumbens, medial prefrontal cortex)g # % 4= 3enT ' (Noble, Gottschalk, Fallon, Ritchie, & Wu,
1997) > ® midbrain %8 4% » % ¥ -] (Cerasa et al., 2009) > #]* DRD2 TaqlA polymorphism ## 4& ;| &2

K@iz A5 M o L@ ﬁ”PET Izﬂ;j LA R z;é—*ﬁ cold pain % heat pain 3§ 3L > cold pain
12

3 %nh),w-



threshold 22 right putamen 7 DRD2 binding potentlal . & ++ > cold pain tolerance 2 right medial temporal
cortex 7 DRD2 binding potential = & > fe 7 & & % 28 ¥ g - ]+ cold pain {1 £ %%+ — heat pain
Tl > Ap AT A L % cold pain {1/ & ;;gzr_ heat pain §|;%p* > 2 heat pain threshold + = shfz & p] &2
left putamen 7 DRD2 binding potential = i +* (Hagelberg et al., 2002) - F]}* » &% "4 % £ H §_striatum »
DRD?2 binding potential ;&-z_7 cold pain response » = 44k 5 &_° %% 7 r,r(central pain modulatlon)m
£ &4tk o Ft o A7 353147 34 DRD2 TaglA polymorphism e fi 3 1405 554 (2% 4 it B g 5f ahs
1 E_F ¢ %] central pain modulation @ %} pain threshold ig = 7 o R > Fla &2 2 7 I % R . ,,Eé}

Imaging genetics
& Kkd a3 4 P & (molecular biology) 2 #¢ 52 82 HF(neuroimaging) snig # - & & 7 2 i -

P AT R A R B REE T2 —ﬁ z AP B M enf & AT 5 (Hariri, Drabant, & Weinberger,
2006) - Imaging genetics %] * 244+ & :4 i BT S & 3] (phenotype) k 3= 1z A F1 % B gl 58 5
4% 2 A F13](genotype) £z £ IR A| 2 B hdp B 2o B W imaging genetics ¥ ® * Sl & o E; TERIECE -FEL
FEs ERGFTR o RIFR NP RAFD% R A A J}is(psychopathology)mE B LR 2 A B o
A B 2k F128 B3 2 F1(A. Meyer-Lindenberg & Weinberger, 2006) - P % © £z DTNBPl(dysblndln)li
NRG1(neuregulin)iz-= i & F| 2245 4 & 2z (schizophrenia) 3 % /& 4p B 12 (R. Straub & D. Weinberger,
N%XQTHo%md”EwWJ > oAk A A s Ap WA FIA R 2 ’%éﬁw%#ﬁ@ﬁﬁgﬁﬁm
(I CFM A S EREA B T 0§ PR D P AARRRDA R T AT < £ 9%
13? ﬁ‘q‘ (z\ A FF > x5t (false positives)sn:d L E & Jf & F g R 8 - £ @ > Meyer-Lindenberg %

% 2008 & 4+4F imaging genetics IS F T T F R 0 TR LM ARPM oA T TR E AR
A FHRCeE BT R)2 B gk A&+ familywise error rate(FWE) ¢ false discovery rate(FDR)# &+ = % >
R D ek T Al ¥t 0.05 B B HE T et £ & 1K 5% (0.2%-4.1%) 0 F)pt 0 & * FWE & FDR
e x> IR S chimaging genetics sFT P oo RF g ey 4] % — A & (type | error rate)(Andreas
Meyer-Lindenberg et al., 2008) -

Table 1. Schizophrenia susceptibility genes and the strength of evidence in four domains

Strength of evidence (0to 5+)

Association with schizophrenia  Linkage to gene locus  Biological plausibility  Altered expression in schizophrenia

COMT 22g1 +++ ++++ ++++ Yes, +
DTNBP1 6p22 +++++ ++++ ++ Yas, ++
NRG1 8p12-21 ++4+++ ++++ +++ Yas, +
RGS54 1921-22 +++ +++ +++ Yes, ++
GRM3 7q21-22 +++ + ++++ No, ++
DIsC1 1g42 +++ ++ ++ Not known
DAOA (G72/G30) 13g32-34 +++ ++ ++ Mot known
DAAO 12024 ++ + ++++ Not known
PPP3CC 8p21 + ++4++ ++4++ Yes, +
CHRNA7 15013-14 + ++ +++ Yes, +++
PRODH2 22g1 + ++++ ++ No, +
AKT1 14g22-32 + + ++ Yes, ++
GAD1 2g31.1 ++ ++ Yes, +++
ERBB4 2q34 ++ Yes, ++
FEZ1 11g24.2 ++ +4++ Yas, ++
MUTED 6p24.3 ++++ ++++ +++ Yas
MRDS1 (OFCC1) 6p24.3 ++ ++++ + Not known

Revised after: Harrison and Weinberger (2005).

0 HHEH S R £ AR B (susceptibility) shg F1 - 0 3] 5+ £ 5 4 hig 33 o (2 H4EHp (R E. Straub & D.
R. Weinberger, 2006))

ﬁﬁﬁﬂ%iﬁﬁﬁ%wﬁﬁalkw%WW#&¥w$ AL B AR LR SR
A - JEAR g S PR L FPhEE S S m‘ﬁ%}%lﬁ PR EFREAARL LA BMEF S84 o ﬁ‘j\
/EZ’-T;Z 2 ‘F)g&_'? é'—]m gﬁ 3"@}?% 2 R Eﬂfﬁﬁ_{_ #¢ _,“_/J e 2 _§;}§’,,} mi)’%w—u; B RE }a)

Frenk et o Frd HA R %irmé BRBRGSE o B SRR E DG S #a e '%JFL
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% %R 7 5 (pain behavior)s¥ /& 4 3] (intermediate phenotype) @ © B ¥ 23 $E % A FlEY IR R
2 # i chf2 B (Ritter & Bingel, 2009) - 4 # 7 3+ & #-4*%F COMT (Cathechol-O-methyltransferase) ~

BDNF (Brain derived neurotropic factor) ~ Opioid receptor mu-1 (OPRM1) ~ 5-HT-transporter-linked
polymorphic region (5-HTTLPR) in SLC6A4 gene (serotonin transporter gene) ~ 5-HT2A receptor (serotonin
receptor 2A) gene » 2 % Dopamine D2 receptor (TaqlA polymorphism)iz = i & 5082 -4 2 7 7 o2 fr 4%
A0 B 0k F1ig 17 2 F13) 4 47 (genotyping) » £ e s Bl chat e Ll e A R R g R 52 B eh
iRB (LT W)

4 141 Genotype) 4 Fs'-* # R3] # 1.3] (Phenotype)
. . (Intermediate phenotype) w l. SHABRRBFECHEIBRRFRE
L b FLL A SeRadl 2. f oA
A ¥ B A s R 3. 4@

4 2 EET
5. JhA A HRET
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ik

S EFET P EEFEG S A (emotional prosody)z Fami ik F sk 0 ¥ LB LT 2 B
%’uﬁ%%%ﬂ%ﬁ%&a@ﬂ@ﬁ@ﬁaﬁ’uﬁﬁ«Wﬂ?ﬁﬁw@%%f’mamﬁw
LEF R RERA SR F L E SRS S e b S R S F R ]
VR S e Jk S Rl B Al F*@-ﬁ* e AT AP ART = DA S P Ao PR A
ﬁ&ﬂf%%ﬁmmﬂmw L BTV E YR L5 A h f RS B 4

mﬁ&&Jﬁ%qw@,méfzwmwwMMWH’WHaﬁéw*@%ﬁﬁw‘%#@$&ﬂ
iftigee g NP R DI FARUDRFEL N AR 23R SHPF YL FF PR Z
R R R ﬁ i&;k , B ggﬁrg@#ﬁpﬁﬁx oAy 2T e

1 FR&d

1.1 X% "ﬁ Z. &2 &% (gynecological screening)
1. R# R }_‘f:,..-*'ifci%}"-.-i%

IR RBE T EEH G RL DR REBIRE T EF O PR R AR 52
‘ﬁﬁ¢#§4ﬁam%%Tﬁ§§$ﬁ°i%%i&%ﬁﬁ“%i@{%% %

(1) &4 43 20 & 3 30 &

(Egan) * ‘sipdpRizr - BFHp & 27-32 2 2 fF

(Egan) & 7 HFfg # iﬁ: % f—np,spén—ﬁ}*’# 454 4

(4 B2 B FREAN T o “m%ﬂiﬂuﬂk—%wﬁfhz?wﬁ CETR RALA SR o 2 iES
>N LIRS AR A\;ﬁzat =§ % (numerical rating scale):® & % >t 2 4 o

MEG task

an
m

r\
——==LH |
—-—-=FS5H |

ration

nNcent

Relative hormone
‘

1 ] 14 — 24 4—e 20
menstrual follicular Owulation luteal preamanstrual

W F et EIREFRRELATBREBRR - 7T LY 28 ARy oA
FHnF - P2 X GEHPRF) R AREA G P nF Lo P I (B PE)

2. WRHRBERIEE
REEM RTAEASAEET R ERHRE  HEET SRS ANAGE > 2 1 50
HyRiEET e

3. #E'ﬁﬁﬁfi
1. Z B3 %%*”""i@%{%% BRWLE 2 m% M4 2 5 55 (DSM-IV Axis | or Axis 1

psychopathology) ~ % #t i 2« H @ 4! ﬁ_‘i_:}i,}?g%
15



2. R FImIn G oA kA g

3 FAALH CPALSEFMEF > FEXREF MOV RFLUF Y RRKE RN
B F PR

4. BpPF E2BE P FE RN KNBACEDR ST B2 H s BRIBREVRANE LR

5. F%w B2 PNgRY v RS ELX h?@@l”&""\'

B - BB IRF LG A IREWE S
T

6. BdufFZ F’“gﬁ*ﬁfﬁiz B S S Y LA g R wtﬁffi—*ﬁ
TPERBRFERFELFFRAT AP S AR AT HERAMBERL] ERFERL

1.2 A F)& # (genetic screening)

TR RITRPRLE F R R B > £% BDNF - COMT - OPRM1 - 5-HTTLPR
% 5-HT2A receptor, Dopamine D2 receptor TaqlA & F]#8 — 4% 3 fik % 4] 14 (SNP)i& {7 & #] 3] & 47
(genotyping) o A& F1Al crgxind & =PI A B T AR AL c B B2 R Y D B end § PR
3# % 2 (DNA extraction kit)3 B~ DNA > » 17iE42 % & * B & %% 424) ¥ & (polymerase chain reaction,
PCR) % *+4p=j it & J&(restriction enzyme digestion)(Liu et al., 2010; Christian Montag, Reuter, Newport,
Elger, & Weber, 2008; Prerona Mukherjee et al., 2011; Suzuki et al., 2011) -

:ﬁﬁﬁiﬁﬁgﬁﬁz@QCRﬁnw DNA’%@ﬁ*%(DNApMymm&@ﬁ/Bﬁ-DNAEﬁﬁBPQ%MiéﬁHE
(template) k & = #7: DNA 3% o H 5d (1)% 2~ J&(denaturation) @ DNA = 3 4 3 - (Egan) i /4 fie ¥t
5 J&(annealing) i 31+ (primer)& p %%%— DNA fie 1 - (Egan)zt £ & Ji(extension) & = #7=n DNA % - = B
FreUE kA (FF 7 € DNA B fde - B 0 FEAFH TS0 e 258550 0 DNA S 4esnB ¢
F2"(n R & AR T IK) o

PCR # iTiE /20 & & = = < $Ri»:(- )2 %8 (92°C-95°C) ¢ g % DNA % #(denature): (= )i 3l
+ 2 H e DNA g 4 e (40°C-52°C) » (2 )R #EARAEII DNA R &2 v chj il R A &
* 77 DNA 3% o — 42 % o DNA R EFEE chg »ci®% B R E_37°C > Flt B B A S ps ¢ Bk
DNA % & % gt > R A wad 3§ i F(Thermus aquaticus) @ 4 3t &k o DNA & fi¥ % (Taqg
DNA polymerase) & 95°C » 2 & a0 & #p (half life)£ i 40 » 45 > 77 & PCR # ivi¢ * - Taq R & %
FenpoaniE* FRLZT2C iz AT > & 247 & = 2000-4000 i +% 4 f& (nucleotides) -

I3FESFERER

FEAPREREFRREA LN FA L EREL A J%Lﬁ_’»’ & 4p (menstrual phase, * 3§ ki
{8 % — = %)% % i (periovulatory phase, * & ks s+ - 32 L2 ) XTI FHEHB
(Testosterone) ~ ¥¢j%c% (Estrogen) £ & %2 % (Progesterone) .7 ¢ * Sid 2 ER %1 t“;i_ it 2 § §8 2%
JE R @ * chemiluminescence immunoassay 4 17 > % F]fk Jk & @ * radioimmunoassay 4 #7 °

1.4 g5 & % (psychological assessment) £ & § £ %
BRI P AR F R SR S L IR B E R A AR Y A
SRR S FIP AP FR YA Y 2 E A REBETER -
141 Ak A fa2 4 550
¥ el R FE R A S 4 £ 4 (Basic Personality Inventory) 2 2 i & £ 4 (SF-36) 4 W[3= 5 4
RARE 2B -
142 &/ 55

B fhod e g b ek pE 2 0 g pE s WELR $ <t £ 4 (McGill Pain Questionnaire) %
16



B MG SRR S PR %

143 § & i

AERXBELEIR T EFP ARG T EP 2P ERFRY VLR E A
(Spielberger State-Trait Anxiety Inventory) ~ B = & jg & % (Beck Anxiety Inventory) ~ B < & # & % (Beck
Depression Inventory) % 7 7 # 3t £ 2 (Pain Catastrophizing Scale) » %3 = ;& it g ~ LW 2 7 4

f o fEGE o

15 A5 & &R 2-2 & g ¥ # & (quantitative sensory test, QST)

B AT AR A RO EFETER S RE MR LN ;é—‘ﬁ ¢ D¢ fRATR i (central
sensitization) m ¢ = J§ ¥ A7 g eI % (Amodei & Nelson-Gray, 1989; Bajaj, Bajaj, Madsen, &
Arendt-Nielsen, 2002; Brinkert, Dimcevski, Arendt-Nielsen, Drewes, & Wilder-Smith, 2007; Giamberardino,
Berkley, lezzi, de Bigontina, & Vecchiet, 1997; Granot et al., 2001) > F]* A= 7 & * T & g §RIFE % o
BAREFERECEILTS PR PG o AP R REL L T B R E R#E(Quantitative
Sensory Test, QST) &% & & % W TR ## % 3 (periumbilical area, T114 & [dermatome] »
g5 % )% w0 kR (forearm extensor area, C7TA & » 22505 chiEH R)E e BB B (T B) At F * ikl
R 4w ¥4 ~ #uenps 5008 & (cold and ward thresholds) 2 % 5 B 2 (heat and cold pain thresholds) - ip]3# =
;9 5 F 2 4& 2 (ascending limit method) » 1 32°C 5 A&ER > M F HLECE FEHA L AAFER
XREFREEEA ARG ZRBRERAYRI AMER  FRSE FLT R LRI TP
TEEIXSHAAARE 2 RRERPBAAARELT > NPT A LFRITRBH LB
EREVNRIZRZHRAREEFE > 22k BERRMESS FHLC > 2 WL R L= L
ERERRIRERR o

Abdomen
Thigh
L2) (T10 = T12) o
§ (C7-C8)
= N
| __,,.—""_'-'- .'_: :_ " = ih:_-..\
é\_______,f—‘"r '*—\_\? :——E‘—.—'L‘r A ———m
= P
Low back
(S2 - S4)

16 HHks #Ed omn %

AL AR &Y R R FE AN PP LG ATRANES X A BREDTE . F B
EEAEFABIRY AR S A RFEEIACEF B R G ARk AP ER
FAppAm g pire 2 hiF g TRE S BREEIA T8 LRyl taffixc- 56
Bd RIR600 403 B HF g F 950~1050 ¥ f) 0 g o & BEE € Agnd pefd 10 15
REREVR? BRESOES > BEFL B LRl n - - BRI 0 ¢ BB g4k 200
= (50%) > = B IS B € L A 4% 50 = (12.25%) 0 KL ¢ F 400 = R g o B 6 R

17



LRFRL- A d e FRE AT BT

istening to auditory

stimuli while paying
attention towatching a
silentvideo

neutral happy neutral angry . neutral
& tone “tone “&' tone “{'tone “L’tone

600ms  350ms- 600ms 350ms- 600ms 350ms- 600ms 350ms- - .
450ms 450ms 450ms 450ms  Tme(ms)

Bl RS RRARRRT AT EHEIRASE -

1.7 ERIem AR

ARG R A AR AL M AT T ] a2 e B % (306 channels, Vectorview, Elekta, Finland)
k£ Sama k3B TR B4R & (sampling rate) 5 1001.6 Hz - &t & i (online bandpass filter) # & 5
0.03Hz = 330 Hz - 4+ ¥ i 4p B T #5(online averaging)®~ 1w 500 % ) T §l#is 1000 % 4 T
$oo 48 L i BRI £ {CBr 35 A BRI 2 R (R LR B URRIL o T 0§ jcBeR R iRt
B e % P (empty room) st B 18 LR A 45

2. FHA

21 At 42 FEFHEAH

EE - mAa s rd o AR AR chissquare 447 A FR s F B F B LR TG
(Hardy-Weinberg equilibrium) 2 # % BDNF Val66Met &_7 & J 2 (455 5 4p B o

Ex-MAFTEFHREFRFA$TY 0 A8 7 % BDNF Val/Val 2 BDNF Val/Met & & % - &
(BDNF Val carriers) » £ ¥2 BDNF Met/Met (BDNF Met homozygote) i 3 4 cravt iz o o pF > i o d
B A HARF MR SE A 42 > BDNF Val/Val &2 BDNF Val/Met & i £ F1 3] 2 fF ehi5
RERERFLE(@@IP>0.05)-

AFT Y % two-sample t-test @& Mann-Whitney U test k&g B 3 105 55 B A F13 4 e
(Met/Met homozygotes vs. Val carriers)iri$ < % 5 £ % (McGill Pain Questionnaire) 2% 7 2 ¥ £ £ -

~F1 3 i % two-way analysis of variance (ANOVA) kB A A A RE L2 2 FEFTE L LT 5
BEaeFsog(hd R She vs. $R2)~ & 73] »c i (Met/Met homozygotes vs. Val carriers) % =
% ¢h2 3 %% (interaction effect) -

~# 7 & * general linear model with a repeated measures design k¥ fi-4& % ~ LA 7 kAR
Ar 2 R RREAKET TR o k(RF A SE vs. HEE) - A 77 5%k (Met/Met
homozygotes vs. Val carriers)~ * (Six dp sc i (? 58 vs. #ergp)z = —‘F% e 3 1T % (interaction effect) -

¥ebo 50 4k5% BDNF AT A R8RSz HRez P FHE L2 LT €327 kil
2o Ay ¢ * repeated-measures ANOVAS » bS5 R E R Ge 2 HRed { “Epd i~ L X
B8 LA REELZ AR HHPEE L LT HF DA T sk (Met/Met homozygotes vs. Val
carriers) ~ ? S3F Ep (P SH ovs. EEPH)E S —‘F% e 3 i * (interaction effect) -
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Faik LW R

d SRR B IEL L A o AT R BH ﬂ:‘E'Jf%%év’ﬂl#%#ﬁ”‘i"ﬁ*‘u%ﬁ%ﬂétﬁ‘ E X o Ft
;‘g@f:\‘p‘m U EREPNE AR SN BERA NS TR SR RAER A G E Y £
B o R TRIEEGT B Wif KAl FRaop gzt § e 7 AN P 7
Erleagh  FE2pMas s TREN CFRT e AR LT 2 %R 2 2 5L
2 ”eé;ﬁ» WELE o EAP e d g

1 AT/ 5 AR T P g 3 A A TR 24 S ~idita & 2 "ok gl
2 %1 ek el e 5 pF R F 2 (time-locked) ~ 4p i %] € (phase-locked) 2 % > F]t
¥ A5 T pocs P ER(stimulus on-set time) > f1 % 3 & Tl fe b T30 2 2 4p Rl 2
ok UBLE B ATREIURIE 0 MR R SLAR .

2. A L3 27 (baseline correction) @ ¥ #F > @ EREKET 0 X gL R Bk EH o T
hodk AR E aba? [ * TR RIE B ] f A E AR A SR B Rg G HF
R o FIRL VT AT ERIGVGBA MR E Y 2 Ak - By R ggﬂﬁ,\g T S

% 2k(baseline) 11 A PR BAESEEAGL R L R R B s dot [T T
BEEAPR 2 e AR .

3. ﬁ%ﬁé;/”%(eye movement/blmkmq rejection) : d * APl € "B A (ke BF ﬁgéﬁﬁﬁéﬂwii
R 3 21 g R OT A R B F R GBI R o R R R
a2 IR Févi PR FIRE L R AR MRIRELPR R Pl TR ERERE
Il gy S e i

£
,\,

-\’5

>

N\

\I

\11

23 FHIEFAEF R AT
231 F¥1E 88 F ek 2 pFid 4 47 (temporal domain)

A fraiu BURFTEFAF I AP 2EHRETHES DT RBL o ”IIEJ ZELEY = S /R i;‘/ﬁ
A3 350 At 0 AR LS Tl 100 F ) 2] 11 gcts 300 F F) 0 AR L e S
220 7@ ’ é»t%”%&’ﬁf T RURLIE S VP PE L o S 0 A ;il’ﬁfl— AR S A A S a%*’ifuﬁ
FARALERET R « FIPL AP LR TR OPFTEY (Foa 476 * > EPFREL KR 0 AP
0o 'L%E%Fé“ T b MSO(T1cts 40-90 % £))fe M100(F1 <t 90-150 % #)) » i& i pF R Lyl &~
ot P EPT TR oahE R o

PO Raght Auditory Asea-Angry

x10°
=t et

j M100 2

Gradiometers 1 and 2

VA s

---------------
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W REERES SRR AR

232 ¥ B3 ramkat 2 3R T 4P = % 4 7 (phase-locking analysis)
#p -4 = (Phase locking Value, PLV)(Lachaux, Rodriguez, Martinerie, & Varela, 1999) : % % - ##f

FHEFT o R EA A UL 154 i (phase lag)efg Tk > & A st apspiap = AT L) 4o
LN f m s t AAER N A RRE S RIPELT R T
Ot = (LM =6, (TUN) .« ge s g o Rl (PLY) » 3099 3k Hiceiip 2 £ Ap e 6 4201

N
PLV(f,t)=%Zexp(i6’(f,t,n))
Tia = N £ Rl e W R p A R E A 03 12

B &7 @ LR e b iR i o

a7 Pl 300 £ ) 3 Flcts 500 E fy e R T AT 0 P S RIS 1 Hz 2 50
Hz- s § szt prie—- # » 5 theta (4-8 Hz) ~ low alpha (8-10 Hz) ~ high alpha (10-13 Hz) ~ low beta (13-18
Hz) ~ high beta (18-30 Hz) 2 gamma (30-50 Hz)#g # -

233 gARBEEVREFT A G LR

A E g AR AP AT A B 2 B A5k f 2 (beamforming) & i e A A S5 1 2
BEds H o fLs B~ $t sk R 2 (maximum contrast beamformer, MCB)(Y-S Chen, Cheng,
Hsieh, & Chen, 2006) - 3% = ;2 % 2 - B %85 0 = {r,q}HE =% f&(unitdipole) » £ ¢ v 77 B &0
% AaqiT BiESS e o B3 F (lead field vector) lg# 70 % 3% B4R F &P > "ot N BRI F
EplE2 5], = Lq, LA & o #3903 8 7 Pl R 2 ¥ ety £ 42 (gain matrix) - o
A Emt)Ed A rAarE s m(l) =my(t) +m,(t), B¢ m(t) =lgse(t)% 7 d FBoOEH R
sp(t)"TA 2 o Am, ()& T d el © =8 s d R AT A 4 R B2 B o M A5k
‘?\ﬁ%‘;‘é‘ ZERA KRR BAEDTE 2 WEEH B KRN ELL 4 § ARS8 0
HEE e Bt Bwe v g By () y( ) =we'm(t) e i RHEBITER RN (t) T I H i
# & "4 (unit gain constraint) £ & -] % £ #c ik & (minimum variance) sHE & 0 b BFE G E 00
y(t) = we'm(t) = sg(t) + wy m,,( o PO I E I FUH]T o BEART MR ITIE R R Eis(f) 0
e JE TR ME B EERIROEE woim, (1) P E RS Myt R R o FM R E O FRd Bwyg

R A

R (C -+ O‘.I)illg
Wy = i 1
].() (c + CYI) 1()
# 9 CEA m() R 7 hx B et > TR £ 8 48 (identity matrix) o A 4 5 2 BFEF AL

{Watc C Wg}z
{we'C.C.' We}‘

TR %‘T?\: O B 7] Cyp(t) = Wgtm(f) o

FRAIT S TR @ =

e B IR R ek g BRI BW, T £

FAPTERAEFRERT i RAFF R E IR FRLARLAGRT G -BLEZFAG
ﬁflllﬁﬂ(Spatiotemporal map) > T B & P w24 * (ho3f & IF (gamma oscillation) o A LR 3 A5
ﬁP#ﬂ%ﬁ’ﬁfﬁi" WA F AR AT LA LR ITAGE M TREIN FNERTFRET D

Bl AT APERT 2 E O UERFHESASF A DA KRR IF LS GE -
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24 ARG T L B RH KRB

2.4.1 ## X j& "o (resting MEG) 3 83 &2

AR EANE A T B AT 355 A ABSRPR PaRA L R IR LR BT 0 L e e
B oo B B~HRHE K L 10016 Hz & 2 B~ 2048 2L L — B H = ia i trial > *7 =& B trial 15 fad jein cnde
i 1 EOG rejection 2 bandpass filter - #i& » ' € 3] 3% % {4 = ;2 (beamforming) = j2 2 = » % pidg
(time-frequency) & 47:% =77 & L% g & - & B wide band (2-48 Hz) ~ theta band (4-7 Hz) ~ alpha band
(8-12 Hz) ~ beta band (13-30 Hz) 2 gammaband (30-48 Hz) & p Jaik c - FJ1* F AL 173 fp 2k
A4 102 BimE L 0 S A BER S R TG o F AR RB AT o LI MR R AR g & A
2 BERLMERERHRYT o

242 BHE 5 48 & & ¥7;% (cross-frequency analysis)

AR FNRAETFREFART 0 B iﬁﬂfjﬁé’;’m:n e MIN AR R AT FG B
#E F 4p =-4p =48 & Fr(cross-frequency phase-phase coupling)(Palva et al., 2005) - 4p i F # & & i oo
FREFHPRE » VG M RTAPCH TRIEE - FHdp(doBl) e A AL >3 AR B
H BB % > b4 5 Hz theta ;L - 40 Hz gamma A 2. 1.8 4p =48 & - ¥ — B &+ » 0 & gamma & 4p
em0& 458 ~90 & ~ 135 & ~180 & ~225 & ~ 270 & f- 315 & & $Ek 4p 4 = - #7021 111 4p
PR E NI AR T fom S B AR F A AL A 7&{7}]‘&& m:n 48 & (#]4e > 8 & theta 4 4p =
fr 1 1 gamma it 4p =) o

a

Lower-frequency
oscillation
Phase-amplitude
coupling
Phase-phase
coupling

W5 R RE AR R AR o Ap B e ST LW

@, , =N6, —mo

ERC - S foz Ty, e padp A S Y3 ®353 4 # (uniformly distributed)p% >

o, , 0 f

X Z y/w\“vllﬁxiyﬁ”#ﬁfi’mﬁﬁf?‘ fx:mf

f . n o o
XZ VARt G Vo fE S nmoAp e 4 o AR R3S

2L g ficdp =t A (nonrandom phase ordering) ¢ * #p =4 % ]+ (phase-locking factor, PLF) » #f 5 vt & %
6/
% n=1% m=1-6 ¥ N Bif#Zi » B PLF % N .

CRIEE SR AN Skl b B eE B )

flr LB HBY NEFABREL FEOEF R 1T P 22 o2 SRR RS2
(beamformer) (Y.-S. Chen et al., 2006) f ] % i 744 S50 1t 2 B2 5 & 1 B> e Jrordfe T B AR Lk G 4
LRk e~ i 4 PR RF R RT R ) A AR O RER)E R E F 245§ T 2 (clusters
of interest, COls) - Beamformer 4235 source 7 leadfiled 2 3 #! ¢ covariance matrix 4 3+ & 11 7 @ jm it
%= > # 7 active state §_resting state i i T G EUEL o control state B] £k * empty room 73t
5. o #78 dien source images £ 4% two-sample t-test i voxel-wise 3 e fF st o 35 0 B AE o
(regions of interest, ROI) i & 2 i Lt i  *asiff~+ (seed) » &~ {2 1™ cross-frequency coupling index
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3+ 8 network s i A A o
ATV EF LT B RSN E B R e S g2 [ enRg R

1
{wﬂr Cam.cﬂmiw()} :
1
272
a(t)|"}

a(t) d @& * —-ﬂk}g TNE AR C,, A m ()78 Fhk B C,, LR R Em ()

Ry =

m

et
X

%4 Asa(t)i 2 £ % B 4B (cross-covariance matrix) « Flt T Ryl B T 4y O fdkoiE B
B R T UL AR LB AR o A PR BT R P E A Bk aE s T 93
eI R AR AT R ER AP ARE o

Statics/prior knowledge
to find specific ROIs/frequency

AW

Beamformer ]
7 ~ Virtual channels
/ \i timeseries for
» Datacovariance ]: ROls
1
1 '
1
Head model —> BearT1for.mer
i \ (spatial filter)
iciti 1
Individual’s H
i Cross-frequency
MRI 1 .
N J phase-phase coupling

Co-registered
MRI

Normalized
MRI —

Resting state
network

MRI

Normalization ‘

Template
MRI

W LA R TRA AR B -

25 BHtadRg B R0 AL
AR FBP < B2 ITRIRERH R TR TN R e i d B stk T

DigReSEC P T é—‘k/? (RIEBT LIy 2R B S(ri d )T REHD Y B RS

NS E o R ST

Images Pulse sequence Parameters Resolution

Structur T1-weighted, 3D gradient-echo TR/TE/TI=  88.1/ 195 x 1.95 x
al pulse sequence (MDEFT, 4.12/ 650 msec 1.95 mm
Modified Driving Equilibrium
Fourier Transform)

24 41* SPM (Wellcome Department of Cognitive Neurology, London)#c 48 » 4 7 718 2 *a 5
Blg (Trad GEATLEw T o
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3. it 4t

AT IR PR S R AT R 88 3 S A RO B IR o F

B
w4

SRR B REL AT 0 AT % 2-way ANOVA il (ﬁ B g g ) el
E(P B A F)Z RSB FEAEL $ 2 27 ko BDNF 4 7
(BDNFMetiMet gpNFValiMetand BDNFYeVal) s o= f63 p A TR ¢ A B F A @ g il S
SPM 8- 4% ¥ i¢ # it fFA 17 ."MF"”«T;BDNF R IR E LF o TR AT FeAn M A4
ERFEFL R AL B(FIEARAPMITLE L)E A G R AL B ETF 5 48 M % - SPSS20.0
i#@%@*%@nuﬂﬁﬁ’ﬂﬁﬁwﬁﬁ#ﬁﬁﬁﬁo

V- B E AR A CeRR O R IR R SRS A %iﬂfé_;“ *f A TRl
A@ﬁ@%ﬂf@%&a ] > - SUBLIR TR SR T B B S AR 8 A T
EORBAFIAERT A EGR AT B EH T o Mo A S A G R A R -
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BE 23 (3 HHAER)

D Rl S #%ﬁ?*%%xﬁﬁ A
AR > = > ERIRBRGE - Mg e e F %,
AFLFT ~FEFER -BRABEETER TRFE - F L
N S A F A

IVEREHFL AR L2408 99 PRI A P F ALY 2 RF LA L4 41(20-30 A )2 104

EWERTREAPARGRER LY £ F T8 L RAFRA LR 8L pipdle Az p
=AU ORIGEA o TR 4T o

FES ﬁ%ﬁnmﬁ F%Xﬁaﬁkﬁiw
ARBIRR 0 & F IR AEY ~ IR R TR
38 n@ﬁf’“ﬁé} SRLRREBATRE r“s

BN
B/
BN
B/

L AR
SiRA 5w & F13 BDNF Val66Met (rs6265) 248 14 (genotype) 4 i i n 88 [0f S e drdl ez B
7 ¥ AL R (P=0.035) 7 srureps(methionine) ¥t 18 A& F(allele) t i 3 1405 G e ) I er i 5 %ﬁ—?r“s At 1l
,‘@_(P =0.013) (L™ £ 1)>F 7 7 midpk b A F13] & F (homozygote) s~ 1 J1 Tl 38 27 S enid € 8 ¥ 3
2R G T EURE I AL F1A & F ok i (25 5t [odds ratio] 2.22 » 95% 1 #E % B [confidence interval]
1.19-4.14, P = 0.013 ) - BDNF Val66Met A F] 3] 71| & Ju 3 #H7 5 I chd 6 (3 s £ #6) 2 & =00 g3 R
SR EEAM PR i AFEFIER L R - BERAB MR SENRM KE % 715 BDNF
Val66Met (rs6265) ¥ — +: & 5 A4 Ap M - 28 @ > d »> BDNF Met 1% A 7] 27 b mﬁéﬁxﬁ‘*ﬂ ARTE
TRFALAE > AL MR TL40%-50%) % F B TR F B 725%-32%) 5 ® HE K Flas i u g
genetic association study .5 % (Petryshen et al., 2010; Verhagen et al., 2010) > ]} ¥~ 7 B % J}a}% 7 >
TR RFMRSREED > 0 FARAEKD SRR AFETRE
Table 1. BDNF rs6265 genotype distributions and allele frequency in 99 PDMs and 101 controls

Genotype (n, %) Allele frequency

G/G (Val/val) G/A (Val/Met) AJA (Met/Met) P Val Met P
PDM 24,24.2% 38, 38.4% 37,37.4% 0.034 434%  56.6%  0.013
Control 33,32.7% 47, 46.5% 21, 20.8% 55.9%  44.1%

Abbreviations: BDNF, brain-derived neurotrophic factor; PDM, primary dysmenorrhea; A, adenine; G, guanine; Val, Valine; Met,

Methionine.

g ot i BE - PR S AL AT A G 2 S AT G AR EBA Le s e
W ERMFLE o TN 0 A P k44 472 BDNF Val66Met 2 51418 7 5 T4~ A R 2 AP
SR R

2. A EAZ FLTRAFES
21 RAAREL

BA R HR AR LI AR F Y o &k 8 (depression) » & & (anxiety) 2 & 7 (hypochondriasis)
BT 4 HF e fs(main effect of group) - & & & ¥ sz F) 7] s (main effect of BDNF
genotype) 2 < = ¥ * (interaction between group and BDNF genotype) » i 3 {27 5 X 8% i = B EFF o
AERFEF A E(RT A2

22 2R&EFEA
SF-36 & # #7325 Jen4 12 K 5 A #c(physical component score) 2 « 32 & & /4 #ic(mental component

24




SCOI’E)’? k2 % o0l [ s (main effect of group) @ e & & % chA %4 » i (main effect of BDNF genotype) %
% & 1% * (interaction between group and BDNF genotype) o i % {455 5% Féi 2 EEF (e 7 ARE S
TEG ) BF TR T £ 2

Table 2. ANOVA results of Basic Personality Inventory and SF-36 assessments, stratified by group and BDNF genotype

PDM Control Main effect Interaction
Group Genotype
Met/Met  Val carrier Met/Met  Val carrier ®) @) Group*Genotype (P)
Subject number 29 49 17 64
Basic Personality Inventory
Depression 3.2(272) 3.7(3.44) 24(247) 1.7(1.87) 0.003 0.887 0.240
Anxiety 6.1(3.25) 49(342) 34(3.10) 3.9(2.70) 0.001 0.480 0.135
Social introversion 35(249) 34(286) 41(2.28) 3.7(257) 0.357 0.688 0.776
Self-depreciation 21(214) 25(2.70) 21(1.64) 2.6(2.40) 0.929 0.283 0.835
Interpersonal problems 48(243) 42222 45(3.06) 35(2.71) 0.269 0.082 0.709
Impulse expression 46(3.29) 44((3.03) 42(355 45(297) 0.878 0.945 0.681
Deviation 24(193) 25(234) 23(149) 21(1.95 0.393 0.830 0.653
Hypochondriasis 46(3.25) 47(284) 24(141) 22(1.92) <0.001 0.986 0.757
Persecutory ideas 2.7(211) 2.8(2.03) 28(1.74) 20(2.15) 0.393 0.342 0.205
Thinking disorder 1.8(194) 19(163) 1.6(1.62) 15(1.80) 0.363 0.926 0.837
SF-36
Physical component 46.3 (10.10) 45.2(10.12) 52.6 (5.64) 54.7 (4.08) <0.001 0.727 0.243
Mental component 46.2 (7.51) 46.5(7.19) 53.1(4.95) 53.7 (4.69) <0.001 0.668 0.915

Abbreviations: ANOVA, analysis of variance; BDNF, brain-derived neurotrophic factor; SF-36, 36-Item Short-Form Health Survey;

PDM, primary dysmenorrhea; Val, valine; Met, methionine. The data are presented as the means (SD).

AR DEAARELZARETEATFROEELDPAARPJLEZ 2 EET SR R E
BBz @:@#&@%@5\ PR ZRAERT TR RSB AR AT 8 2(C-H. Tuetal,
2009; Vincent et al., 2011) - #x @ > 7 @ @ 1 5 e 2 F 4] = > BDNF Val66Met L #1347 & &7 58
EW i B2 A EET -

23 BR B

EREMRGEE D Sl L ESR P A G T AR A 711 &£ 5 (BDNF Met homozygote) s34 4
H ¢ g £ 4 (McGill Pain Questlonnalre MPQ) =7 pain rating index (total score)# present pain intensity
gy g Y pidRph e A %14 &£ 3 (¢ BDNF Val carrien)sn* B2 gl F L 8 o Rm e BAE 4
(subscale)® > & 3 7 FiRpile & F1A & F ok B H & <k f § £ chrsensory subscale A2 F 3 3t 2EF 5 ¢
ﬁaz‘;ﬁfﬁﬂ;gﬂg] & F ek 'b‘_(EL’f 9 3) 0

Table 3. BDNF rs6265 genotype effect on McGill Pain Questionnaire scores of PDMs during the menstrual phase

Met/Met Val carrier P
Subject number 29 49
Pain rating index 32.3(13.47) 26.7 (12.02) 0.131
Sensory 18.5(6.21) 14.7 (6.13) 0.017
Affective 4.2 (3.57) 3.4 (2.29) 0.554
Evaluative 2.4 (2.02) 2.1(2.01) 0.613
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Miscellaneous 7.2 (3.72) 6.5 (3.81) 0.418
Present pain intensity 2.7 (1.02) 2.6 (1.01) 0.925

Abbreviations: BDNF, brain-derived neurotrophic factor; PDM, primary dysmenorrhea; Val, valine; Met, methionine. The data are

presented as the means (SD).

%l BDNF A 513 ¢ B RER 5% RFEALYEAFPEOGR TIET » 2 AEF €7 ¢
t% 47 g 1t (central sensitization) 3 % > @ ) 3R viscero-visceral hyperalgesia(Brinkert et al., 2007) %
viscero-somatic hyperalgesia(Giamberardino et al., 1997) - BDNF protein B] A ¢ fgacp i* P 3/ £ & chd
¢ (Ren & Dubner, 2007) > ]+ 2% i 4& 3 BDNF Val66Met (1s6265) ¢ B2 55 ¢ fpacp it (2 a E = 7
BDNF # F]3]2 B 5% 428 «hZ B o 28 @ > BDNF Val66Met (rs6265) %t +rac R it chg: B2 R 2 /o7 (F
SRRy AR L RFE R e
24 B -~REaARHEBE 4
he X & RE &P eostate anxiety(‘2H £ g )£ traitanxiety(E H ER)- PN EBRE A CENBREE
2 kG AT £ R F 2R sck(main effect of group) » RE MG Sledeh g~ P Eg ~ B
WHE2 HRR O » RT3 42 - Al 8V E g E % (Beck Anxiety Inventory) # &P v L%
Fl3 =R A #4923 15 (interaction between group and BDNF genotype) 2 ‘e ¥ ~ 2 %] 22 7 53k 3
¥ e 3 1% % (interaction among group, BDNF genotype and menstrual phase) o & % {47 5% £ 5" S8
MR P G RRA SRR TS T ﬁ“i’éﬁﬁ}’? £ 717] £ 5 (BDNF Met homozygotes) s+ 4+ H & & 2 &
(P NEREL)EFF 2T 5 ikt SR % 75 7 poepl e L 714 £ & (BDNF Val carriers) s 38 |
iEA (T & 4

Table 4. Results of repeated-measures ANOVA of psychological measurements: effects of menstrual cycle and BDNF genotype in
the PDM group
Met/Met Val carrier Main effect Interaction
Phase (P) Genotype (P) Phase*Genotype (P)

Subject number 29 49

State anxiety
MENS 45.5 (9.68) 41.1(8.61) <0.001 0.052 0.495
POV 38.9(7.84) 36.0 (5.60)

Trait anxiety
MENS 45.6 (10.10) 44.0 (8.21) 0.056 0.386 0.886
POV 44.3 (9.37) 42.4 (8.55)

Beck anxiety
MENS 14.9 (6.95) 10.9 (6.82) <0.001 0.138 0.007
POV 6.3 (5.96) 6.3 (5.78)

Beck depression
MENS 13.8 (10.52) 11.3(9.73) <0.001 0.429 0.295
POV 6.1 (7.27) 5.7 (6.94)

Pain catastrophizing
MENS 22.6 (11.05) 19.6 (12.58) 0.008 0.383 0.512
POV 18.8 (9.27) 17.3 (12.35)

Abbreviations: ANOVA, analysis of variance; BDNF, brain-derived neurotrophic factor; PDM, primary dysmenorrhea; MENS,

menstrual phase; POV, periovulatory phase; Val, valine; Met, methionine. The data are presented as the means (SD).
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SR RN R AR SR WY o R Eh K T R FIA S A B S R % (0
T 4 5)e

Table 5. Results of repeated-measures ANOVA of psychological measurements: effects of menstrual cycle and BDNF genotype in

the control group

Met/Met Val carrier Main effect Interaction
Phase (P) Genotype (P) Phase*Genotype (P)
Subject number 17 64
State anxiety
MENS 34.8 (6.18) 33.4 (6.55) 0.460 0.218 0.355
POV 36.1 (6.81) 33.3(7.06)
Trait anxiety
MENS 38.9 (8.13) 37.7 (7.22) 0.885 0.492 0.895
POV 38.7 (7.53) 37.5(7.05)
Beck anxiety
MENS 4.2 (4.31) 2.4 (2.24) 0.398 0.055 0.388
POV 4.1 (3.70) 2.9 (3.07)
Beck depression
MENS 4.7 (2.59) 4.2 (4.36) 0.741 0.268 0.236
POV 5.7 (5.50) 3.7 (4.81)
Pain catastrophizing
MENS 5.4 (6.89) 6.3 (6.69) 0.984 0.645 0.978
POV 5.3 (5.96) 6.2 (7.87)

Abbreviations: ANOVA, analysis of variance; BDNF, brain-derived neurotrophic factor; MENS, menstrual phase; POV,

periovulatory phase; Val, valine; Met, methionine. The data are presented as the means (SD).

A Lw éﬁ—*ﬁ “1#% J1 eraneurotrophin model for stress-related disorder(Duman & Monteggia,
2006) k jz iz B IR % > =B model ;2% stress ¢ T % BDNF protein % hippocampus 4 & » @
hippocampus = Fi3# & £ & cfp B "6 % > F]@ & hippocampus s8> £ &2 4 & (T35 o A i daip
THZREFEREFIEY AT F R SRR TS T R A 7] & 5 (BDNF Met homozygote) <
RAaBREAE &P S DB RARR BT 5 RN SR TS T RREF AR LS + (BDNF
Val carriers):

1. 7 g enigR & L7 4R 5 — F4 stress(Duric & McCarson, 2006) > # hippocampus 7 BDNF protein 4
A

2. 1 5 pEawpigek (estrogen) ik & S o @ bpcE Jk & 2 BDNF protein Dk & 5 & ApRE > Ft A0 X
Hy B?} » BDNF protein 7}k & 7= $iz i< (Bath et al., 2012; Spencer, Waters, Milner, Lee, & McEwen, 2010) -

g e F ke B d kA AR ST F’Mfrxf‘ﬁé'”] 4] £ + (BDNF Met homozygote) s«

# BDNF protein s activity-dependent release ¢ ™ *# 30%> 1 i = & g {7 = (Z. Y. Chen et al., 2006)-

w
N

Flb o AP ARPIH F NIRA SRR Tl T RUREL A F14) & 5 (BDNF Met homozygote) s 3 1454
AR gL A S S % o BDNFprotein JER B EF TR > Fla A4 B g iTRE o Tl o
BDNF Val66Met ¥ it 52 (5% AR B § & 5 47 o & § BDNF Val66Met » ¥ 7 ¢ & 42:2 = & W E
RIS > v FARL - A% TS BRIESRA Riexd 55 &2 BDNF Val66Met <72 3 8% o ¢

B REE LR -
27




3. &R ¥ 4 7 (Quantitative sensory testing)

EREE R éféi ¥4 2 Foeng #f & (warm and cold threshold) 2 % 7 B ie (heat pain and cold
pain threshold) & = ~ + ] 2. & e4p s £ & (dermatome) 1 & &8 ¥ £ £ (all P > 0.05) » F]pt A & =%
WE T RARHEA G R AR A T ITE L o SR B P & NTRI B T 8 2 B R Avif
BRERpRREE > TaBFORF - A2 5% s (main effect of group, BDNF genotype, and
menstrual phase): = —*‘Ff 2. [ e 3 1% * (interaction effect between group, BDNF genotype, and menstrual
phase)(L % 6) o 2 P et &k Bor A o R 3 h‘}% GEFEY O HHLARERFE N TG RN
BRAM T AR VIR o BEARTG AR A AL P OE R F SR ’ﬁf £ 7
R &P R MR g NIR(FTARR E PFOF DT IR B IV R L AR IR
% )(Amodei & Nelson-Gray, 1989; Bajaj et al., 2002; Brinkert et al., 2007; Giamberardino et al., 1997; Granot
et al., 2001) > P g & hm g A EFEFA T AR | PR F]T A '*’ﬁé TR i 2 FGRA SRR T
FRAFRLF LR G M T PRERFRE E’*"er%‘ el g E PR RO AR TS T Pl &
X EE PR )T L A RFIZ - 2 A AR R L R LREDR G R ER
o KRB A ROfEEY o RFMR SR RR LT € NI fRATE I % 112 A M 0N
EF s o

4. BWF§ %F 4 #7(Gonadal hormone levels)

3t g2 Py R Y kAR A1 0 #E o % (estradiol) ~ § # % (progesterone) 2 & F fp
(testosterone) &4 &7 % ch? 51k # i (main effect of menstrual phase) » @ & &; ¥ A é.—]q.] el
(main effect of group or BDNF genotype) » iz = #& {7 i 5 ik & et P B 5 200 5 B R4 LT
PR A AR A R (LA T) e Flet o sk (estrogen) RLF S8 B R LA @#B Mg o Tiv* g
g B 1*5 'i;%-’F o
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Table 6. Results of repeated-measures ANOVA of quantitative sensory testing: effects of group, BDNF genotype and menstrual cycle

PDM (°C) Control (°C) Main effect Interaction
Phase Group Genotype Phase*Group
Met/Met Val carrier Met/Met Val carrier Phase*Genotype (P) Group*Genotype (P) Phase*Group*Genotype (P)
(P) (P) (P) (P)
Subject number 29 49 17 64
Heat pain threshold - C7
MENS 444 (3.02) 43.8(3.79) 45.0(3.04) 446(3.51) 0.579 0.086 0.229 0.465 0.911 0.612 0.773
POV 442 (3.02) 439(3.11) 454(2.01) 44.9(3.36)
Heat pain threshold - T11
MENS 43.4(2.96) 43.0(3.25) 44.7(2.47) 434(3.48) 0.084 0.111 0.268 0.619 0.483 0.399 0.757
POV 435(3.09) 43.4(3.18) 45.0(2.06) 43.8(3.29)
Cold pain threshold - C7
MENS 11.9 (10.45) 11.7 (10.60) 7.9(9.69)  10.0(10.48) 0.244  0.069 0.337 0.422 0.279 0.485 0.825
POV 10.9 (11.00) 12.1(10.50) 5.1(8.65) 9.4 (10.44)
Cold pain threshold - T11
MENS 134 (11.75) 13.8(11.42) 10.0 (11.25) 13.4(11.20) 0.208  0.246 0.227 0.578 0.503 0.319 0.563
POV 12.7 (11.08) 13.2 (10.17) 7.3(10.67) 12.9 (10.53)
Warm threshold - C7
MENS 348(1.49) 353(1.63) 34.7(1.15) 349(1.95) 0.260 0.632 0.334 0.487 0.797 0.834 0.610
POV 35.0(1.62) 35.3(1.44) 350(1.26) 35.3(2.12)
Warm threshold - T11
MENS 34.7(1.36) 350(1.43) 34.6(0.86) 34.7(1.50) 0.073 0.572 0.289 0.998 0.545 0.342 0.102
POV 34.8(1.61) 35.3(1.86) 34.9(1.41) 35.0(1.70)

Cold threshold - C7
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MENS 28.8(1.62) 28.1(1.74) 29.0(1.64) 28.6 (1.80)

POV 29.0 (1.39) 285(1.48) 28.4(2.17) 28.9 (1.40)
Cold threshold - T11

MENS 29.5(1.65) 29.3(1.96) 29.4(1.32) 29.3(1.89)

POV 29.3(1.49) 29.3(L55) 28.6(253) 29.3(1.51)

0.947  0.989

0.097  0.599

0.699

0.671

0.079 0.061

0.293 0.064

0.251

0.537

0.414

0.231

Abbreviations: ANOVA, analysis of variance; BDNF, brain-derived neurotrophic factor; PDM, primary dysmenorrhea; MENS, menstrual phase; POV, periovulatory phase; Val, valine; Met,

methionine. The data are presented as the means (SD).

Table 7. Results of repeated-measures ANOVA of gonadal hormone levels: effects of group, BDNF genotype and menstrual cycle

PDM Control Main Effect Interaction
Phase = Group Genotype Phase*Group Phase*Genotype  Group*Genotype
Met/Met Val carrier Met/Met Val carrier Phase*Group*Genotype (P)
(P) (P) (P) (P) (P) (P)
Subject number 29 49 17 64
Estradiol (pg/mL)
MENS 34.8(15.81) 36.7(19.74)  43.0(1853) 44.0(30.28) <0.001 0.683  0.564 0.269 0.653 0.905 0.873
POV 147.1 (114.65) 1555 (108.86) 127.0(97.53) 141.6 (121.55)
Progesterone (ng/mL)
MENS 0.5 (0.44) 0.5 (0.39) 0.4 (0.26) 0.5(0.34) 0003 0540 0.213 0.472 0.308 0.669 0.643
POV 0.6 (0.82) 1.4 (2.29) 1.2 (2.61) 1.5(3.01)
Testosterone (ng/mL.)
MENS 0.5 (0.23) 0.4 (0.21) 0.4 (0.17) 0.4(0.23) <0.001 0449  0.081 0.723 0.061 0.626 0.074
POV 0.6 (0.36) 0.5 (0.24) 0.6 (0.36) 0.4 (0.17)

Abbreviations: ANOVA, analysis of variance; BDNF, brain-derived neurotrophic factor; PDM, primary dysmenorrhea; MENS, menstrual phase; POV, periovulatory phase; Val, valine; Met,

methionine. The data are presented as the means (SD).
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5 FrHEF RS E ek &

5.1 FEEidl et B EA & (sensor-level)2 pF i 4 5 (temporal domain)

FANPRRR S drdle et S8 (Vossen etal.) 3 e (POV)PF » # IF55 3 3 3 3 oriit oh
amplitude % peak latencye st & & s % 50 > 1 60 =@ Mg 54 4 (PDM)2 69 % it B /R 2
ARRBEFRAFEFELFEEF AR 100 T4/2 N 350 T4 o § EH U ELTF G FLEHKS
a @Y R A AR AP EF R PDM 22 CON et 3 # F ehpeak latency + B ¥ £ 8 -

M 2 - % E_PDM &&> (% *)CON 2 (T Bl): ¢ 7 POV 4P 45 2 e M50 peak-to-MlOO peak latency
F & ~ POV pE¥t 515 5 34 <1 M100 peak latency ~ MENS p¥ 43 B« 5 23 ¢ M100 peak latency -

e ) ) ) P2P latency of Neutral (POV) P2P latency of Neutral (MENS)
=CONs POV Neutral
2 =mPDMs POV Neutral & 60
7 Z
g ' -E 55 E 55
E, H S
H g 5
g ‘ B % sc
45 a5
£ Fr 0 i C—— a3 (5 Fr N PDMs CONs PDMs CONs
T . i i i i . i i ., M1o0 latency of Sad (POV) o M50 latency of Happy (MENS)
==CONs POV Sad T +
=PDMs POV Sad 1 &s
%, = - T
3 £ E .
=, T w7 &
£ c c
£ 2 3 e
& 5 _ 5
62

EY T o s a1 [ w7 [ CE] om
Time (s} PDMs CONs PDMs CONs

W : PDM =2 CON ‘e # ? 58 (Vossen etal.)z £ “r 8 (POV) ¥+ 4% 4 4 r1peak latency £ £ > PDM 2
1 peak latency — 3% +* CON =& (%) o

$ABE o F At 83t MENS # 2 POV 7 2 Tek £ 4 (0 SR B B % ) o %3 4 o
“)i?%%i e L BpF > FILPDM 22 CON &% mAp & chpattern(T B)) © B4l 2 > Afr £ & (w2
TR L) (TH =) PDM * MENS # enf & & £ & B2 ¥ 8 1 POV # 2~ fic > e & CON &4
'}!’.-");?Eﬁ.» Lep 2R i poEEFaER L PDMs MENS > PDMs POV > CONs MENS = CONs
POV - @ ffi-igi 3 gk (T B+ ) CON *t MENS #f 5 peak amplitude % peak latency % ¥ +* POV
WpEE o L PDM EfraF R, EpN L8 o 5k F 0 PDMBSE W R A » "6t ens i Age v i e
P o

Between-phase psychological Between-phase AEF brain
18 differences found only in PDMs s differences found only in CONs
*
16 1 = & —T—
14 MENS £ POV
o 12 E 55 MENS
g 10 £ 5 MENS [ é
il POV = % .
E 8 2‘. 45 ; ?
@ o % ?
6 ® 4w Z 7%
MENS POV 5 7 7
4 : 3 % %
2 3 % %
2 m
0 30 2
PDMs CONs PDMs CONs

Wik e MENS # 2 POV # 2 Tk & 4 (IR E R 5) el B 3 e A ngiaep £ 8
P > 28 3L PDM 2% CON % % 3.4p F <0 pattern - (*p <.00001, *p < .0005, 'p < .05)
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52 % Pﬁiﬂl’*'lf R B YR L IR R D

L7 LY R 4 B BDNF érm R AP A B B¢ A (OV phase)hik & b oo
Pt AR RIS A4 M0 B P AN F AR (AR AFRE o R) FIL AL €
A M100 St gih A 7 b oo F oh 3\ i e ﬁéﬂ AR TR BB B AT R AR A iR
% §_48 = R 3 MR 54 L (PDM)E 48 % ik %tpe o~ 1 (Dick etal.) i » 2B R A 47 15 chit % o

B BDNFMet/Met o ezt > 5 2\ g8 30 PDM e crfE BB 2055 % /| %> CON ‘& » % & PDM 2.2 CON &
fpre s o PDM e L RIZET W (inferior frontal gyrus, IFG) » + fg]¥z% (precuneus) » + i £g + w (superior
frontal gyrus, SFG){=+ ] ¢ + {& ¥ (postcentral gyrus, POStCG)A i 5 23 #7542 e it i M (T Bl{r £
8) -

PDMs < CONs

Precuneus(BA7) 0
IFG(BA45/46) SEG(BA9)

N 28

(_

W ARFHEFELS S RESEE AR Met/Metes B8F L £ (7% %  (FWE. p<0.05). 3 : PostCG:
postcentral gyrus; IFG: inferior frontal gyrus; SFG: superior frontal gyrus; BA: brodamann area.

x=10
p<-0.05(FWE)

8. LY PET L FHE > Met/Met 25 ¥ £ R 5% (PDMs < CONs)
i i i p-value  Cluster
Region Side BA peak MNI coordinates (mm)  t-score i
(FWE) size
X y z

Postcentral Gyrus R 7 18 -52 76 4.87 0.003 482
Inferior Frontal Gyrus R 45/46 58 34 12 451 0.004 338
Precuneus R 7 10 -46 52 4.28 0.010 172
Superior Frontal Gyrus R 9 40 44 36 4.17 0.015 21

AP FR A RFET w5 BDNF AF @€ >0, > PDM 2R R f Ap B % > » CON ‘e plE 4p &
S (T E) e
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100 -
:' -
S -E-CG:\

Bﬂ L

= U

= B PDM

o B R=-0.270

= S 60 ;

E = p< 0.001*

S5

< .2 40 - CON
o R=0.153
= p= 0.047*

Val'Val Val/Met Met/Met
W : BDNF-& F1# £ »a B 2 2+ ® IFG (PDM 24~ CON .32.?.'“&;%?] AT o

MO E EdRAe o P M Al AR gk B IR Bt R "‘?"(BA45/46) RIgE w
(middle frontal gyrus , MFG » BA47) » + |+ ¥ (BA7)PDM ‘= % %" > CON e, &5 558 E!Jaw— = 17
Bea E(BAT) G L8 1 4§ 5N R L AL BT v (BAIS/AE)fo+ Rl E (BAT) - PDM sk fubf ¥
/% CON 2(™ Blfc# 9) o

X

‘A)Neutral 1:7.9)

(A) 2 B ~ Precuneus(BA7)

IFG(BA45/46) — MEG(BA4T)
(B)Sad (C)Angry l
Precuneus(BA7)
_IEGBA4S/46)

of
w
q
=
-4l

Wl :A=22 k%S AF Met/Meties BEF L £ %% (PDMs<CONs) - (A)? 125 (B)&# 5 (C)2
# 5 ¥ (unc-p<0.01) - 3= : IFG: inferior frontal gyrus; MFG: middle frontal gyrus; PostCG: postcentral
gyrus; BA: brodamann area.
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200, GRS A7 ST AP Met/Met 23 5% £ B %% (PDMs < CONs)

] ] ] peak MNI coordinates Cluster

Emotion Region Side BA t-score p-value .

(mm) size
X y z
Neutral Postcentral Gyrus R 7 18 -48 78 3.19 <0.001 822
Inferior Frontal Gyrus R 45/46 58 34 10 2.89 0.002 424
Middle Frontal Gyrus R 47 46 38 -2 2.44 0.007 39
Sad Precuneus R 7 8 -50 62 2.63 0.005 299
Postcentral Gyrus R 5 4 -44 74 2.56 0.006 99
Inferior Frontal
Angry R 46 58 32 14 3.06 0.001 402
Gyrus

Precuneus R 7 16 -50 78 2.74 0.004 106

AP FER A LRI TR FEATES 5 7 BONFAFh# £ » PDMe % I E 4p B

B (OB e

Angry
. 80 - T T . =#—PDM
= =4~ CON
=
= O PDM
== 60 - R=-0.306
2= N
= 5 p=0.036
S =
= o .
2 5 40 - CON
< .2 R=0.104
3 p=0.499
20

Val/Val Val/Met Met/Met

x

W:E*

FAAPFRENERE A A TS LR ESF L PDM 25 2 4ph > 2 & CON %
T BR (T H) -
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® FDM-Met/Met

150.07 A CON-Met/Met
= POM-MetMet
Z ~ w COM-Met/Met
5
= 100.07
T
[-»
=
E CON (n=11)
% 50.07 =-0.150
: p=0.679
= PDM (n=16)
T T T I I J I: 0 . 5 8 3

0 5 10 15 20 25

— 0.023%
Bl p=10.023

W : § PDME it 55 55 3 # B> + RlPrecuneus (BAT)inF B L S B REAF R ApM R &

% BDNFVelMet i a2t sy 5 A pi3f 3 PDM 287 CON ‘el (= P chBf ¥ £ B e384 o

% {5 & BDNFVVal s ca2r iy 5 3\ g 30 PDM 2 e R 2 %f{”b < %> CON ‘= % & PDM =¥ CON
fApet (8 IR &t RI#E L = (superior temporal gyrus, STG) » < |78 + |- ¥ (superior parietal lobule) » + ]
® & @ % (medial frontal gyrus, Medial FG) » + ] ® £ % w (precentral gyrus, PreCG) > = B % %4t & &
(brodmann area, BA)4/6 % {r i g3 ¥ > PDM ek kg ¥ < > CON (™ Bl 4 10) -

PDMs > CONs

Superior Parietal Lobule

STG(BA40) Occipital Lobe(BA19)

STG(BA22
)g—\ 3( ) // -~ Medial FG

|

BA4/6

) <0.05 (FWE)
W RS AR FFEE B Val/lVales BEFL R % o (FWE. p<0.05).
3 . Medial FG: medial frontal gyrus; STG: superior temporal gyrus; BA: brodamann area.

210, e o i 0 Val/Valed 8% £ & 5% % (PDMs > CONS) »

p-value  Cluster

Region Side BA peak MNI coordinates (mm) t-score .
(FWE) size

X y z
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Superior Temporal Gyrus R 22 50 -16 0 5.16 0.001 441
Superior Temporal Gyrus R 40 56 -48 18 5.12 0.001 371

Precuneus R 7 10 -76 38 5.11 0.001 1039

Middle Fontal Gyrus L 4/6 -32 -8 44 4.92 0.002 1275
Precuneus L 9 -40 -80 36 4.54 0.008 67

Medial Frontal Gyrus R 10 4 64 30 4.42 0.012 130
Superior Parietal Lobule R 7 34 -58 52 4.21 0.022 27

AR AT RS Efo- R w5 BDNF A Fle0% € >k PDM 2 R R f ApREBE %> @ CON
LRI F e (T W)

: : BDNF-& F)#
(A) (B) 1) # F)1 A
S o 2 B (A)
“ ] < 100 .
g 100 g g ¥ precuneusr
g 801 E S 807 (B)+ RISTG
& = .
& Y ~S™M (BA40) (PDM iz fe
— 0 =
=} < 2 2 s
2 I e S w0 CONE#®F o 2%
2 F--- & Y o
S 20 . . . E 2 . . . %)
< Val/Val Val/Met Met/Met Val/Val Val/Met Met/Met
CON PDM CON PDM
R=0.217 R=-0.204 R=0.241 R=-0.273
p=0.005% p=0.008* p=0.002%* P<0.001*

B OAFEE ARt > P B AL E BT AL RETEBAY) vt AR EFLR A
R g S R A e e B (BAT) ~ - RIfEL v (BA22) ~ = ] & i (putamen){r = R]FE @ v (middle
frontal gyrus , MFG)eh+ #6F o5 BEF £ & 5 554 3 BRI+ RIfEt »(BA22 - BA40) ~ + RIfE " w
(middle temporal gyrus, MTG > BA21) ~ - RI%f+ % ~ 2 RIff° v e o EBAT) T BF L 2 His
A F A nau Lt R v (BA22 - BA40){r+ RifE P ® (BA21)PDM e 31 5+ > CON (T B2
#11) -
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(A)Neutral (B)Happy
Precuncus(BAT) PreCG Precuneus

\'.

-

T

\

‘»\ Putamen

o

STG(BA22)

(D)Angry
STG(BA40) MTG(BA21)

Ao gl =
/\ s

X /4 3

4
=62
< 0.005 (unc.
L oL P (unc.) )

W:AE2 k%S B Met/Metie 5 g¥ L £ %% (PDMs<CONs) - (A)* 2 ; (B)B =~ ; (C)F
% .(D)2 # 5 # (unc-p<0.005) - z=p : PreCG: precentral gyrus; MFG: middle frontal gyrus; STG: superior
temporal gyrus; MTG: middle temporal gyrus; SFG: superior frontal gyrus; BA: brodamann area.

11 aEPHBEL S FFED B VallVal 27 ¥ £ 8 %% (PDMs > CONs) -

Emotion Region Side  BA  peak MNI coordinates (mm)  t-score  p-value Cls?zszer
X y z
Neutral Precentral Gyrus L 6 -36 -10 42 3.05 0.001 96
Precuneus R 7 14 -70 30 291 0.002 128
Happy Middle Frontal Gyrus L -22 -20 50 3.33 <0.001 1078
Superior Temporal Gyrus R 22 50 -14 0 3.19 <0.001 241
Precuneus R 7 10 -66 26 3.18 <0.001 1411
Putamen L -28 -16 8 2.73 0.003 24
Sad Superior Frontal Gyrus R 10 12 70 20 3.25 <0.001 634
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Superior Temporal Gyrus R 40 56 -48 18 3.12 <0.001 347

Middle Frontal Gyrus L 6 -28 -8 48 3.01 0.002 526

Precuneus L 7 -2 -70 52 2.97 0.002 259

Precentral Gyrus L 4 -34 -20 46 2.87 0.003 192

Middle Temporal Gyrus R 21 58 -4 -4 2.85 0.003 69

Superior Temporal Gyrus R 22 46 -22 -2 2.84 0.003 159

Angry Superior Temporal Gyrus R 22 50 -14 0 3.00 0.002 182
Middle Temporal Gyrus R 21 58 -6 -4 2.78 0.003 65

Superior Temporal Gyrus R 40 62 -48 22 2.76 0.003 29

APFEIR AL REEY PEIE e A A S 5 it BDNFA Flend| £ 52 - PDMe & 30§ 4 M
B (T W) o

Happy
=@=PDM
o 307 =i -CON
s
= 60 - PDM
g = =-0.310
=) p=0.034*
= I
5 o 40 CON
= =" R=0.209
i -=" =0.176
= ‘r p=
20 . . .

Val/Val Val/Met Met/Met

W o R E G S P BONF-AFH 5<% 2 &+ RIMFG » PDMi st o -

FoohA L F AL RIRE L v (BAL0) et RIFE w (BA2L)$ 1 3 4 A 2 chF b BDNFA
Fled § oo 0 PDMiE— 234 4p R M (2(T B) ©
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g
E 80 - g 100
& 2 ——PDM
I = 5 5. 80 - =i -CON
=R . =3
g = 60 S=
s 2 58907
B 40 - 2 g
9 o < = 40 =
<5 5
2 :
on 20 T T u 2 20 m T 1
Val/Val Val/Met  Met/Met Val/Val Val/Met  Met/Met
CON PDM CON PDM
R=0.322 R=-0.336 R=10.265 R=-0.375
p=0.040* p=0.042%* p=0.095 p=0.022*

Wc:F ARG 3 B BONF-A TR E»a% 2 & (A)+ RISFG=(B)+ il STG (BA40) - PDM
za Uk

B s A PFHFRE AR ERELGER LG »)E PDM 2ot R+ v (BAAO)fr = RIFE ¢ w0k i
EIRFARR(TR) -
Sad

\
S~
oo
o

250.07

125.0
200.07
100.01

150.07
75.01

100.07
50.01

50.07

Activation of middle frontal gyrus
Activation of superior temporal gyrus

r=-0.651 2 =-0.798
o p=0.013* * of p=0.008* .
0 1 2 3 y 5 o 1 2 3 4 5
MPQ: Evaluative 2=13 MPQ: Evaluative =13

W : 5 PDMiEch "5 da® 2% 3 B > (A) 2 RleAMFGHI(B)+ RISTG(BA4D)tnF et ¢ <A § £5%E
RemPite w5 FAPM RS -

AF7 A R4754 BDNF Val66Met 7 fi 12 £ F ¢ B 50R 3 457 (50 (L3 R Foini@ Az o "oiR i2a

ik B3 (BDNF)R A S &b i~ 88~ X2 EfeRAI7 LIAZFMAEEY - STH P R
BDNF s 4278 1 ik § B+ % & B (IBS)(Y.-B. Yu et al,, 2012)fv 4 25 7 (FM)(Nugraha, Karst,
Engeli, & Gutenbrunner, 2012)- p % BDNF ¢ At % 5 - R B AR ASH EVTEH I H I T 3

BN EE MU N B R AB AR hged o

AFT RO AR IR L R Met % 2 4L 7] & A £ 2% fis(dosage effect)  IFG 4= STG 4 &

£ SR R TREIL e % 0 m MFG A4 Tﬂ”h%‘le FE BT é’v i ,,‘_:1'._ » 237 MFG ~ IFG e STG 5 P
o i FlE_Met £ A FIEF %Y AR eh Mo o B ST R A Met £ AT ¢ F

Rimre p\ pro-BDNF msﬁﬂi%]ki’ ¢ A BB SRR ;‘,&l;i?g’% & (Z. Y. Chen et al., 2004; Egan,
2003) ; TP Met & A 7772 B BDNF ek s o 2 g%fg{i.ﬁ A di e BDNF enis
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(Tramontina et al., 2007) = @ iz& 77 & F € B2 532 BDNF #1240 B %6 % rme O o
A0 AR R ﬁ*r BRI SSR ARITT H RJ RN S EAEAT B
FRET LR I FEFY AL g BB T RO L mmwgw %:’% K T

FRIEA A+ Epdr & z,;%%*m'fs 2 Ea® o @ 4 Met 4 & 5 (homozygotes) et i ¥ > 24 e g I
PDM e cff st s o[ 38 CON J» & ¥ i 2 @ o d § © IFG v SFG 122 1 £ 4 frd 33 A2
TG AT REBASENERARME A BE B TR A Met B A3 BT
Myailogd~ JI?’% ® & FI41G 2R 4 i % ¥ (post-traumatic stress disorder , PTSD):7 & % ¢ § savss
i PR o AR S A EERELE o X PR kst nR § 8 PTSD 'g’—:ﬁrﬂlﬂﬁfr—‘g@'&;’)\-

S AR R #=fﬁ£mﬂ®%wﬁaﬁﬁ@&méww foo AT RS R
SegnENELRREEERE A A Bt F M koA rF“;.l&a R R 5% BDNF &£ %15 Met & &
G T EEDEREHREE PILRA A mﬁ NRF A ERB PR EARNE R TR

e Val d g3 et ? > A Y %I PDM ,sg_mﬁgo?gg% B9 % 3 CON 2 - BDNF & s\ egp 3
TORRLZ MR ®FT 0 T R &N PERE Y TlpanR ek ¥ 5 4 3 2 4k s] BDNF 0 Val

o
g+ § B 4o A ST 0 s ;;;rg AR o A fr“:l%—fsm:}a"#ﬂ,:é - RBEE e LB RF A
Genedd o @B PEA ST R o 4 IMRIF L ¢ T e 9 STG B 5 H3iddre
12 chw gy 44 % (Margulies et al., 2009) » @ MedialFG &2 STG 4 & » § fAJ2Zinsw - (7 5 2 S aff &
EFFR o ELY PR oigrd o w o ?‘1]%#% Ma E iR aded? o T 2E R R A e
Bl s STG(BALD)E G o2 5 Fi(f o B ,sﬂ).f_I W e F® 0 BA4O 5 % w(supramarginal gyrus)£n
- A AR AEEEIEE A 'r%;,g, IR RFEREPEPFLLF LD SR ERDPE €
ﬁ*é@ﬁ*@pw ,ﬁ5ﬂxwmmw%ﬂﬁ§dgwﬁ$@*:9G®AH)mﬁw‘ﬁ%#;/
KAG R UD R R cl T - SRl e ¢'J,,%r,24 £ 8 > APin: STG(BA22)4 >t i ehpd o ~ k]
&ﬂﬁﬁl—@iﬁwﬁd P EBEAL A f e RS Val B E S ek B R G
B # STG(BA22)eia it 4.4 fdr 4] e+ o

53 AEeriiletR BREA & (sensor-level) 2 p¥47 38 4 47 (temporal-frequency domain)

PRI R R N T 60 R g L B (PDM)E 69 kB SRR o Al g f e
Eoprlie te? SR g erg S A iR kB R o BB PFRE SRS B
300 £ % 314 500 4y > - E SHES L 1Hz I 50 Hz o ji32 % 85 (OV phase) s & » A 3 L £ 3
SR Y X e AR B (T W) ¢ B 4E 4 T (beta band 2 gamma band) 0 7 Gl gtk 5 0o
AEIRF P s o VoA BT 1 Ak stz fachcontext 2 { § 0k 4 (responsiveness) T > PDM e e
A ARt foanig flpaE it o

<
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PDM POV Neutral (n=60)

I
o

S 8

Frequency (Hz)

Control POV Neutral (n=69)

Happy

Frequency (Hz)

02 01

88 8

Frequency (Hz)

S

50
= 40
k=
=30
[
£l
8
& 10
03 02 -0.1 ] 0.1 02 0.3 0.4
Happy
S0
+ 40
k=
=30
c
.1
g
© 10
0.3 -02 -0.1 0 0.1 0.2 0.3 0.4
Sad
S0
w5 40
k=
>30
c
.1
g
& 10
0.3 02 -0.1 1] 0.1 0.2 0.3 0.4
Angry

0.3
Angry
50
= 40
T
End
2
22
4
w10 | m—
1 1 1
03 02 0.1 0 0.1 0.2 03 0.4
Time (s)

50
E 40
=30
[
1]
g
o 10 .
03 02 01 0 01 02 03 04
Time (s)

W] : 3 %° 3 (POV)B& » 5% 45 2 (PDM)Friz 4] £(Dick et al) it BT T chid 1545 I 4p (4 2 o PEIT

SHEEF A SmD 300 FF)

§ :

BPI Hypochondriasis

10,04

754

5.0

kS
=L

1315 500 E ) 0 Gidh 5 4 5 (1-50 Hz) > colorbar % 4p =4 < & (0 3|

0.4) -

High Beta PLVs to High Beta PLVs to Gamma PLVs to
.1sNeutral Prosody 018 Sad Prosody 015 Sad Prosody
0.16 p<0.01* 0.16 ~_p=0.014" 0.16 p =0.029*

o 0 T BN T a )
%0.14 % 0.14 2 o014
> > = ]
gll].‘tz g" 0.12 g 0.12 Hil
g 0.4 ' 041 ‘g 041
Q Q Q
S0.08 S 0.08 2 o.08
@ @ @
$0.06 @ 0.06 @ 0.06
= = £
Q. 0.04 Q. 0.04 o 0.04
0.02 ! 0.02 0.02 i
0 e 0 0
PDM PDM

PDM

O CON
A A pPDIM
A
= - 370**
A A =
7 7~ p = .006
AA A

aooockn LA O
Gk @ 00 4 A

B #erdppr > High beta 45 4 crdp e H A2 B g A&
~ 4 ¥ § 4 ¢ 0 Hypochondriasis + & 2. [ & . § 4p
BMenI g » IR A PDM % o

8-

T
25
Neutral High Beta PLVs (POV)

T
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R4
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54 #L4%Y ERBELBESHESA T ZHAALRRIH SRELS AT
- m:m}:’ﬁ" RS ,4@7@‘3&3(Sen30r)¥£ —'-*]?me B3] PDM .&‘ﬁﬁ?ﬁ#li‘ﬁ pé"ﬂz
u%\,\,;l* REPrent Poleled “T2 0 LR B AR E ~TREZ HE o 4% F AP B source imaging * >
LEHE R LR G ohx ek o d oscillation 2 cross-frequency coupling (4 & 2 % PDM e g2 ir e
B LA % A3 E wide band (2-48 Hz)-theta (4-7 Hz)~alpha (8-12 Hz)~beta (13-30 Hz)# gamma (30-48
Hz2)T BAEF e 5k > B 5% A 95 AT 5 7 %R B
1. PDM & 4412 & MENS # » R &k 6™ wideband 4 4 T # %2 1 B % ch R & - PDM & ¥ < >4
e & E &= % § (insula) ~ f ¥ + ¢ (superior temporal gyrus)i B *&(thalamus) -
2. tthetaband > PDM & ¥ « ** 44 & & &+ R £ ¢ t&(middle temporal pole) ~ *5 § * = RIFF &
# 1% (middle frontal gyrus) -
3. 7 alpha band - PDM & ¥ = *v 4] i & £ % = I#F & + i (superior temporal gyrus)% < @]+ ¥
1 (superior occipital gyrus) -
4. betaband #2412 PDM & F e MENS >« %o i 5 £ R P = > % & ¢ 1 (middle frontal
gyrus) ~ @ 4o 7 i (anterior cmgulate gyrus) ~ ¢+ 7 ip] "o (precentral gyrus) ~ + I fE & * i (inferior
temporal gyrus) ~ 7& ¥ _+ z# (inferior parietal gyrus) % g £ * p 2 (superior and medial frontal gyrus) -
& gammaband > ¥ LT PDM B F < 3l e i & B A RIS o

o
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(a) Left insula

-
........ " . e
W -
v £
I
b [ = =

B : MENS # s wide band (2-48 Hz) tk &4 f + #5557 » PDM BT + ** CON § £ B 7 Voxels #F &
T o (@RI h (D)= RIFEL ® 5 (C)= RE % - Colorbar 2 t-statistic (p<0.01) -
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te

(a) Right middle temporal pole

W : MENS # ¢ theta band (4-7 HzZ) /R 48 & + *&fF/=~ » PDM & ¥ + 3t CON 3 £ 2 v Voxels #7 &
i c@-RBFEE? B (O)+ RS 5 (C)=RZFE? = - Colorbar % t-statistic (p<0.01) -
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(a) Left superior temporal gyrus

.
;. ..... .! ......... 4

(a) Right superior occipital gyrus

......................... )

R
b RS RS OSSE [APRPRIY NS [ i

B : MENS # s alpha band (8-12 Hz) th & 4% f + %= > PDM 88 % + ** CON § £ B ¢ Voxels #7
BRE Q= RIFEL 2 5 (D) RIFLE L - Colorbar # # t-statistic (p<0.01) -
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(a) Left middle frontal gyrus

(d) Right inferior temporal gyrus

e o b -
< s E r
N &
(b) Left anterior cingulate gyrus (e) Right inferior parietal gyrus
2 £ < ) 1 .
- .- .. -
_ g .
s P aps
A a
(c) Left precentral gyrus (f) Right superior medial frontal gyrus
o .t £« » &
5 = . e _ 4 - L
. REL ) ) ==L
” s » s
L - - |
A N !
W : & MENS #y enbeta band (13-30Hz) /R 4K & + *&1F/=~ » PDM & ¥ + 3 CON 4); £ B e \Voxels
T Fesd o Q)2 RIFFES ()2 RFiod e s (C) 2 R L ET R (d) - RIFE 2 () +RE
#Fraw (f) L RIggE L+ p e - Colorbar £ t-statistic (p<0.01) -
=
"""" gh b
.
Frrret
W : & MENS ¥ ¢h gamma band (30-48Hz) tk &4 & + "& 4/ » PDM & ¥ + %t CON 3 £ £ 5 Voxels
Pra R A2 B%E - Colorbar i~ 4 t-statistic (p<0.01) -
AFry tetheta 22 gammaband 357 5 P& F L R dinsula> &3 (R F Y 30y R B0 A
5 T1#PF > insula cortex 7% i* € # 4c o insulacortex i & et i E AT LR Ak E T 0 F B4
B RRREF Beiemor Finsula & LR TR MR SLAAR B enF i R S9 ¥ 2w R (Kandel,
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Schwartz, & Jessell, 2000) = 2 - LE WA A & LBFLE A RIGORFE L > F 37 L F D% #d
(Baliki et al., 2012; Malinen et al., 2010; Nagai, Kishi, & Kato, 2007) -

Thalamus 2 & ez it @Rk p % B4 507 0o FR F = N E (¢ 7 Sl %ﬁﬁi%l L
PDM 3 4 &1 > R p % 40 0 % 9 12 g a5 ~ ¢ F 3 & MENS 3 ¢ thalamus & 2733 7w 82 12 7 15
2 125 #7ig = 02 F(Craig, 2003; C.-H. Tu et al,, 2013) - #7r2jgt Permr 3 % F > » 5 1] PDM J5 4
liwide band ik &k i T > thalamus § B35 i cIh d o fGE2 R R G AP M 2 FJT Fod g AR

I 2 n\*ﬁ&h‘ o 2 *K? LR T I A thalamus =z % (A Vania Apkarian et al., 2004; Gustin et al.,
2011; ladarola et al., 1995) o

PR ARH o SR EARINE F P 7 el S P Pe- A B % (thalamo-cortical) < I T * 4 &
H 4 4 ¢ alphaband #7 F + > & ¥ chalpha /& & fodrd 4 S5 5 Moo 383 2 gk > alpha power & i 4%
H4v o P S5 a0 i B R € T % (de Munck, Gongalves, Mammolltl Heethaar, & Lopes da Silva, 2009;
Hindriks & van Putten, 2013; Scheeringa, Petersson, Kleinschmidt, Jensen, & Bastiaansen, 2012) - @ beta i
£ E R B augid o gamma B A RPN ) §e B epdd (53 & (local computation)(Kopell,
Ermentrout, Whittington, & Traub, 2000)- Theta band i & & {-task-activated -5 J& 3 B (Niedermeyer & da
Silva, 2005) - &2 £F7 7 % ¢ % %5 £ R oh f 8 Tl 0 @ 17 gamma power € SEF R R fra it
% (Gross, Schnitzler, Timmermann, & Ploner, 2007; Hauck, Lorenz, & Engel, 2007; Hauck, Metzner, Rohlffs,
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