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FrEma M IEaEECcH 5 M) 77 VIIH TR E RS
WM RE LS5 L2 BRBWAL Lo b= Y G
hydroxytriptamine ; 5-HT) fEBEHEATHL b)Y 7% Vi
5-HT e ARV U IS U R = SUMFRER R 20 & O I
PEBIER 7 F F 2T 5 2 & THIERBEICHRZRT &
ENTVBY, M) 77 IR L IR L O X 5 7
U2 X DAY S I S, HAREREASWEOE
T OBETA FI4 2 I THIRFRBENMORERN2E
WHELELT, M TYVIIAMTH D] LRSS NIERD S
L—FA (BZh) LHm#hoohs) IXESIT 5T
W22 LaL, NI T IS L VIER S FAET 5720,
M) T b FH L RERBEELLELE ST
5. F R ORI B AR ZE b AT S, B e
WIRSY =7y POBRIZOBFLEERFEVT = B2 51T
ETWVW5., AT EROREE BERT B L HEEICD
WTIRIEDHAZHNT 5.

1. REEEOREAH =X L

HERRED A S = X0k LT, MAETIL, Bl 5 Kk
B PEEEMEHH] (cortical spreading depression ;: CSD) A3 AHIZ
A UHIkE &7z L, €O, 52 OFIC & ) =ik
ROEHAL S NS B 2 2 L E 2 5hTw b (Fig 1-D).
CHUL, TEk, REUR OWREEFHHT 5B E LTRIBENTSE
MR, RSB LU MBENERoEhEho—if%
MESIELEZTTHLENVRS.

ML, R UG 5 o JRUR % BEZ IS O BOGHE 0 S H 12

X% L3 %%z 75T Graham B X 08 Wolff I2 & D 2B s 1
729, BORENC I 250G L, 2ok S T & 2 MmEED)
P E ORI & b VI ORE IR B 2 ) M5
Ai LT AR S R R, Mt oEms LS
L5ETHEZTITHDY.

LA L, Olesen 5%, K ¥ EE B CHIET O R TN
M3 2 W52 L, B Sm s VEar RN ARG 3R T L T 2 25,
C OB ENC T TS, WEBRIEI BT --Twbs It %
WL, MEKSEOREDOATHEROKRELHIHT L2
LIRTERVWIEERBRHLAY. 72, ZOMREKTIX 20%
METH Y, WERMATIER D 50% DT L2KkER TR
TOIHKRTLEBEOETH 72D 2ZI%E BKT 5
oligemia & \» 5 HL i % H b v, Z @ B &R % spreading
oligemia & &I L 7=,

—7J7, 1944 4E Ledo (&, 7 ¥ F 0O KM F M~ DMy B 72 il 3
R, RO K 2 EH &8 5 & R AT O i 2 5 01 s
AU BB 258 U REN R —IEEEINH] (CSD) & LT L
729. 2@ CSD 13#) 2~3mm/ 73 O & TRPHIZH/L, &5
IZCSD I & b R W RIMHE S — @ B5A L Z OB EBREH o
MHEAT 2R EPBHERICBTHL RIS Tw
5.

CSD & spreading oligemia (& ML A& T 638 0 35K § % &
FEAITITE L W & B L U spreading oligemia DI&HEAS, L
BOLEGEE & 3R TH S Z & H 5, spreading oligemia
13 CSD D#EFA U5 & 9 2 KB sk o 24 %
KL TwaEEZ 5Nz, Faikod s kSR CH
RINDWMTIK T OREIIEECTH Y, PUERE SR EOR
JSHBT % 72D IR B RO R ENILDITB I 5
DERHLOTIERnhE &, CSD BSZDHF N ammiE L
THAY, WRIHIRE SNz Zok, Hadjikhani 513,
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Fig. 1 Schema of possible pathophysiology of migraine.

Cortical spreading depression (CSD), relevant to the development of migraine aura, has been
shown to activate the trigemino-vascular system (). Susceptibility to CSD is, in part, genetically
determined (@ ). The antidromic conduction of trigeminal ganglion neurons leads to the release of
neuropeptides, such as calcitonin gene-related peptide (CGRP) and substance P (SP), from their
nerve terminals, thus causing vascular dilation and plasma extravasation (3). It is well known
that the dura mater receives dense innervation by the sensory nerve fibers containing these
neuropeptides that originate in the trigeminal ganglion (TG). These changes contribute to initiate
neurogenic inflammation in the dura mater (). Meanwhile, the orthodromic conduction of TG
neurons eventually develops painful sensation perceived as headache ((® ). The transient receptor
potential vanilloid subfamily V, member 1 (TRPV1) receptor in the dura mater conducts pain
signals to the trigeminal nucleus caudalis (TNC; ®). It may be also associated with migraine
chronification ((@). TNC, particularly with preferential afferent input from the eye, responds to
lowering of atmospheric pressure (®). This may explain the relation between migraine
occurrence and weather change. The dura-sensitive neurons in the thalamus was modulated by
light, and their axons projected somatosensory, visual and associative cortices ((®). This may
explain the photosensitivity of migraine patients. CGRP receptors were observed in TG and TNC,
but not in peripheral trigeminal nerve terminals. These findings indicated the possibility that

CGRP receptor antagonists may inhibit the neurons in TG and TNC (10).

functional MRI % b H\», BUEPERTIEIC CSD 2595 2 &
Zb FTH BRI,

ESITHIIRD WA EEICB W THREIRE B X Vil
TR DOTEEIPEA 2L 3 5, “clinically silent aura”
TP TRBEINTEDY, CSD A LT L REEAE
ALNTWEY. 20 L) ZfE#Eh s, BAETIE, CSD XA
FVEAE L RN BT 2 PRPAIk 2 FHHT 285 L L
TRH SN TS,

S ARRMBEFTIMEF CELREO S 2 ML 9 %
BlzoThBY, REMICHTIMAZIMTLIZER L L
TIEKZIFANRSNT WS, HEE O EEREIRD 5 Kk EE
IR OWRIBEEIR 35 & ORIIEL I 12 13 = SO B H 2k o> 4 Ji
TEARAED AT LEFENOWE L PR MEZ 2 & 2 LTw
%. Moskowitz 513 =X AfEH % B 7213 L= I
T 5L, WEICEETERETH L MREEEIENE LS Z &
EHOMCL, WEERETRIE L O % R L = SO g
LA FRIE U728 B B FEAE AT © 2> 2 SR D 1t 4
PRICAFAET 2 = UM QR IZMER L, MK 2 S sub-
stance P (SP), calcitonin gene-related peptide (CGRP) 8 &

P=z2—0F=V A% EOMBREYRE TH D 2o ME
B EOMRRTF FORMPBBI 5L EZ 5N TW5,
Z ORGSR, R 2 C 1 A o> B R e 14 % 8 o> JT
&, MEEEH O, MENREL & OMEEEMESER S 1
FERAE L (Fig 1-0), @), SSIHETHOEEIZL ) =R
R REFAZ IS 72 ) FERAL T cfos DEEAE D HASL, &
L, W, HAREOWEAL, WAe EEEL 5 (Fig 1-G).
—7F, ZXEOMATIEDRE L SP R CGRP O it % {2
LIMMEPRRRIEZ E S ICHETLEEZLZ LN TV,

2. REAEE CSD

INFTHRRTE/ LI CSD IR TR IC BT 2 aiJE~
OGN 2 ZXREME R 2 WHEALTE V) A= %) 2
LUREMED Z 2 SN T\w5b. CSD #%%, WE»SD A%
ZVF B Z X MREH WML OMBEANL T D cfos D EAB LT
CSD #FH7 B O BT 5 ML H M 25 = L A#% O denerva-
tion ICL ViHETHILIE, TOEZEZXFETLINOTDH
590 X512, CSD X ATP, glutamate, K'B X O H' % #i
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MR 7)) THIUEAY S S 2720, 2698, iR E
HIMZEROFEH L L RFTORKEEXBI L, HEREII&EBZ
FTEEZONTWAY, FETIE, CSD A5 3N % 2 A
TAH A MRREOFEErBI AL MESLTY
512,

RIRME P RREE R B IS B W T S A Sz 3O D #IE
TRE L, CSD FROBMAIKT S FMAEEICES LT
whtEZHNTWwS (Fig 14®). P/Q BUBMAKAE Ca*
Fx 3V (Ca2Doat721=v MlfEF (CACNAIA) @ 3
Aty AERIZ, Ca'F v AVEEOTEE ZRIZED D
HIREM Ca** o 13- % % L CSD i % B T R faifdl i b
AEFRLLEZ SN TV S (gain-of-function)®. —J5 Na*/
K*-ATPaseos-subunit (ATP1A2) ® I A+t ¥ A% 513 Na*-
K*ATPase O#EREIKT (loss-of-function) % 3B LAINEA K*
BED [5A7% &2 RS ¢, CSD o -3 ML o B sk
ELTLEEINTVLY, SLIC3HFHORRNERTELT
2q24 ® SCN1A (MFEBRBEMAKAEEF PY 7 A F v 20
(Na,1.1) cu-subunit) BIEFOERIPHRESINTVRDD. Fisn
BHEDOF v A NVAEHAL2 S OREEZIEET L 25N T
1 (gain-of-function), MFHMILOMEEO LA ICFLST 5
WHREEDRIE S TV 5.

% BIIEBAS S 7z, gap junction blocker "¢ CSD #ifill{E
%% 9 % tonabersat X HIILD B 2 K IFHEEICBWTH
VHRRREF IR RS HME SN TEB Y, SHOF L VH R
TEPBIZEE LCHIfF ST b,

3. FEREOFERETF

FERHITAEMPEREICLDIIEBIENLEDVEH D,
COL) BEREFRET LI TV L. FRERT L LT,
i, AR, 94 7 A5 40, BEER LD D, AL LTI,
Faalb—§, ARG —X), TVIA—VOITp, HIEH,
B ERMOENTVEY, SALATAFZANVELT, AL
ARG SRR, 2208, BRI B & OMEIR BRI A3 5. B
KW+ & LT, RIEDZEALRW B Wb, M X U0 iz &0
HEHB EPMoEN TV,

FERARBEOZE, & AIURRERRENELIZ L V) #F
FEND Z IR SN TV S25, ZORFIEHS »
CENRTVWARW. BUHEFVS v b &Moo 72if%ETld, AT
M SEIRT - REBRSR IR T 2 LR AR L, ZOK
JEZALOMRIIIENESHE S 2 WS HE s Tw
59 FERRETICBWT, = AR oML o
WM E L 55 EMIEDN S DA% ) 15 = s
ARSI OEEHME S ER L Tha I WL ISR TW
% (Fig. 1-®)".

Ot CoOMBRMCRERSHERINL I L HMON
TV, HEEEZ S OREHEA BV TH, JLREc &
D R STED S 5 2 L ARIL G S P, B R
TIE, INAERE DR ENH % 253 5 MRS I SRR AL
M &SI ) Z OTFEVEIZERIBIC X i 22 5 &
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EBIT, KB H D ARTEIESL R R LR EF L AR AERGE 2 ST L
TWwaZ epdsh, WHEHOEMEIC X 57T 2RI L
TR AR RSN TS (Fig. 1-9).

4. FERfE & TRPV1

bivbiud, BEER O R D 72 2 R ER 2%
{£T& % transient receptor potential cation channel, subfam-
ily V, member 1 (TRPV1) % &4 3 2 MfHRAMEDSTFAE L =L
figmazEfeyasI ezl Il L (Fig 1-®)%.
TRPV]1 2B R EFOFEREGTELTHISN TS [H
THA T N T ERENERTZERTH L. BWPWEAT
HLHTHA T VIIREZHEMBEIS LR DL, &k
DI FSERIERIEH LA Z R T 2205, ZOEMIEE
I TRPVI ZHEKRENT 5 2 L EMH IR, S 512
TRPVI &A% A L2 EIEMEZEICIE MAP ¥+ —€ 0
77 73—V, DTH5HERKL/2 (extracellular
signal-regulated kinase) ®V YLz M35 L dMENT
WP bbb L H T4 2 TS5 2 =X
MAREEICBWTERK Y YEBIbSBZ 22 2o 22 L
720 202 e Hh SO TRPVL 4RI, BB A L
TR EROIERAEICHS T I PO ELRY, FHE
FOWBIZHEG L TR WRBENEZONS. T
TRPV1 ZBRT v ¥ T=A MDD EDTH 5 SB-705498 i
FIEMER 2 BRI L 2 s, FRBIEAMEIICBY
THEMRBDSB Z b ZFOMEI N TnDED, —7,
B SEER Tt SB-705498 ASEAEIT & 0 % S L5 = AN
BROBEZHHIT 2 Z L RERICBIT 2 RBIETFHZE L
LCORRBIFEN TV EY,

& 5|2 TRPVI ZAEFKIIF R OBMALICHHE LT3
TRt S 5. WEUIEBMALD X = X2 SIS h T
VR WS, BRI CILSE, YMEB X VR BRI E Nz 5 &
8% M T microglia B & O astrocyte A3 AL S i MEIK
WIS T A HREMEAVRIEE N TV AT, bivbitid =LA
RARECIEE L, BEE O = LSRRI TRPV] 2%
KOT T=ZANTH2H TH A ¥ /I X2 REREE ERT
25 2% & Z MR MAZEICBIF 5 microglia iZ#E B L O°
astrocyte lERALAAHE LB Z EZHRALTHY, TRPVI %%
KRBT D L) HEENEALE A L5 2 LTl o miE
WS LTwboTREnreEZ TS (Fig 1-D).

% 72 TRPV1 ZAEKIIBANFEE M <&, Mt
B9 5Z L MESINTVIY. bivbiud, MRRRILH
JaPCI12 % b 5T GFP & TRPVI /KOG &H % %
ERHTHLIBEHRO 70— 2B L7722, ERLH5OHT,
TRPV]I ZHEARZEREBAT L7 0— TR 7 IT= 2 MBI
K DML B L ZBELTBY, TRPVI ZFKO
FEWAHIIND B VIR S BRI, 7 T = A MEAI D
589 RIRRPRIEIFICASNLOTHINE, FOHRTIEL
AR E RO MR FEI N WREDZEZ 5N
53,
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5. RERfE & CGRP

CGRP R IMEWHRIEM 2 H S 5 37O 7 I /R & DK
ENLHURERTF FTH 5. HFENB L AR LILR
TERZA L, & 5ICREIRMICERS- 35 &, FEIRIROFIEL
FRTDHIEPMON TV BN, F 72, BRI I3 m
CGRP BN LA TL I LA HMESN TS, 51T, CGRP
E—BRALERY R TRPVL ZH A2 2 4 LIt 2 e S h %
ZEHMENT VS,

CGRP ZHRIZ G ¥ v 8 7 BB M 2RI TH % calci-
tonin receptor-like receptor (CLR) & 56 & > /32 T 5 re-
ceptor activity-modifying protein (RAMP) Bk U7 = >
% — & L) < receptor component protein (RCP) ® 3 >®»
IVR=FVPIYEEEINTVAEY CLR X, CGRP BL W
adrenomedullin & O#;EHAL % H D25, RAMP ® % £ 712 &
DBAENZ Lo Twb. RAMP 1E, 148~175 D7 3 7
Whoibs 2828 T, CLR OMBE~OZRR % EET %
el =+ > Twb. RAMPL, RAMP2 3 X " RAMP3 @ 3 %
A4 7HEEL, CLR & RAMPL O#lA AT CGRP (2,
CLR & RAMP2 ¥ 72 I RAMP3® fl & & b ¥ T &
adrenomedullin IZBAEZHT 5 L ST 5.

T ARRAL 2 MG Tt CORP 2813 = AR A S
OMBERICHEL VT EFMEEI N TV LY. Zhid
CGRP % BRI H S U720, W 5 D AT1 % 5 1) 2 &3
HWRTRIEDA SN ozl e b —KT 59, —J, =X
MHREMIC B VT, CGRP ZBERDIFENI S M2 TW»
B5ZEh5, CGRP ZEKT v & T= A M= UMk ARRE M
BT DMK T 20OTIER L, ZXMRHP =R
MR MHAZ CH &, FERBERRESEL0TIE RV
tEz5NTwb (Fig 1-10)*.

CGRP Z#KT » & T= A+ O 7% TN Py B i 1C
bbwno Nz ik, BIBN4096 (olcegepant) TH - 72%.
JEREFEER T, olcegepant 1& CGRP 12 & 2 A& PLERVEH %2 )
Hl3 52 LPMESNRTNDY.

IINRBEIR R R BRTlZ, olcegepant 25mg ¥ 7213 10mg D F%
HIRTE 5 A3 CGRP IZ X D S SN B HMICHRI CTH o722
EHEINTWAS, F2RIEH & LC LU, BHIRIFLE,
WK & OIEFRIIERD A L © 5 N7z 25ME, BRIE, %
%, LERKICHTL2EIEAON o7z ENTWEY,

Z DO#HHEAT & N7z olcegepant D45 T M ik M " E B M
MEAER LR T, R R SIER N B % olcegepant 25
mg OREFFIRSE G- OFRVEDTEH S N/, Z OEBKRRERTIE
VR ASH ST 584813, olcegepant ¥t 5-8E T 2 W4 44%,
4 W54 56% Ta D, placebo ¥ 5-#E 0 2 KEf 14 2%, 4 K¢
$%10% LB UAERZEER L. S SRR ORI pla-
cebo 5D 15% 1ZxF L olcegepant %58 Tl 47% 12 A
Sz B, JRBEE X OB A & OREAEER X TEE A5
RUZEP T T RCEFHE L2 F 2K EHOFRIE pla-
cebo ¥ 5-# 46% 12%F L olcegepant ¥ 5-# Tl 19% & A&

ERREHEE 51525 (2011: 2)

AT LTz, BIFEHIZ, olcegepant $¢5-% 20%, placebo
HEBE12% 1AL OENT. ZDOHTH 5 & L h - ER
I L "N T olcegepant 3% 5-7F D 8% (2B L 7223, pla-
cebo B GHEIZIZTA LN L o7z, BOIWBEEICA LD S,
olcegepant % 5-#ETIX, B, FIA~ TR, BHFRELE
bAHLNT. SO OMKRFAERL D, CGRP 28k 7 » ¥ I=
A MEEHE N 77 b B L B IR R G
LD BHEEMEIVRENZ. LA L, olcegepant IdEHIR
BE5 LB I B2 eV O%5TiE% CGRP /K7
U TZA MR T HLENDH -7

Z D X)) RS XV 7 SRR S B TSI
PEDE W CGRP ZBKT ¥ % T= X + 2% LKA %
BZ o729 Ho &% MK-0974 (telcagepant) DAL 2L
77t R HEMRBR CTHSEEN O BEORIEL D
FrBEJ B0 L telcagepant 150mg #1185, telcagepant
300mg F&I1¥¢5-, zolmitriptan 5mg, ¥ 7212 placebo D31
MPTHBEEBI o720, Z O telcagepant 300mg % 5-
B & zolmitriptan 5mg ¥ 5- B 1X W #E & B telcagepant 150mg
HHBE L ) A EICHER e 3k S 72, BITERL, telcagep-
ant 150mg #%5-# T 31%, telcagepant 300mg #%5-F 37%,
zolmitriptan 5mg $%5-# T 51 %, placebo ¥¢5-% 32% (ZHH
L7275 b, W, IR EWTRABRELZ LD TH o 7.

IS &Y R EEREVEEMERIC telcagepant 300mg 12, zol-
mitriptan 5mg & FME DR REHT L 2 EBHLMITEN
7. La»L, REVEZH/ETP HBYT telcagepant % 1 H 2 [0,
SHAMBRHLHETHEERNALD ONZ720, A V7
telcagepant % 7 A V) A RS ME )T (FDA) ICHEE L&
WZEZRAELTWLIP,

F72, ANIHDBEIE LR O CGRP 2Bk T v 5 T=A
F MK3207 b B RERAB 2 2b T 25T E AT
LHlbEE L oT0D. —F, X=0 U H— A 27 A L83
THAEE N7 CGRP ZAHRT v & T= A I BI44370 134 11
HRBART LTB Y ZOREIHFN TV DY,

CCGRPZHEMKRT v IT=AMZ, M) TFrreZ e
BINGETER 2 B 72 0 W 7200 RIERIR T %2 D BH T
BEGHRETH D, S HICIRARD T\ AR O FEl
TERD A0, 5%, IR 2 ERWER O 2 Wi 5T RE 72
CGRP ZHRT v 4 T=A N OB LEL ShTn5.

YIS

R ORBIS OV TR L HE D S OBEHT & 0 4 1@
HENTHERTWS. 4%, CSD & =ik i Lo B
BEHLPIZLTWL Z EHH TR OMREA 7 = X LI
M CTOREE LTHELF—DVOEDERDLEELLN
5. TREERBEEEE LT, MY T ¥ R CGRP &K T
YHIZA MO LD HEERNREHEIEITINZ, CSD MfIR)R %
LONFRTHEO S SR ML MHFING.
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Abstract

Migraine: Advances in the pathophysiology and treatment

Toshihiko Shimizu, M.D., Ph.D., Mamoru Shibata, M.D., Ph.D. and Norihiro Suzuki, M.D., Ph.D.
Department of Neurology, School of Medicine, Keio University

Cortical spreading depression (CSD) is believed to be a phenomenon underlying migraine auras. The muta-
tions of hemiplegic migraine genes are demonstrated to cause a reduction of CSD threshold. Consistently, tonaber-
sat, which was developed for its ability to inhibit CSD, showed a preventive effect on attacks of migraine with
aura. Besides, CSD has also been reported to activate the trigemino-vascular system, which subsequently causes
migraine headache. The transient receptor potential cation channel, subfamily V, member 1 (TRPV1) receptor is
known as one of the nociceptive receptors, and exists in the dura mater and the trigeminal ganglion. We demon-
strated that the dural TRPV1 receptor conducts pain sensation to the trigeminal nucleus caudalis via the trigemi-
nal ganglion, which implies possible contribution of the TRPV1 receptor to migraine headache. Also our recent
data have raised the possibility that the TRPV1 receptor may play a pivotal role for the chronification of migraine.
Furthermore, the TRPV1 receptor regulates the release of calcitonin gene-related peptide (CGRP). CGRP has been
recognized to be associated with migraine because of its potent effect for dilation of intracranial and extracranial
blood vessels. Some newly developed CGRP receptor antagonists have revealed the efficaciousness for acute mi-
graine attacks. The present review discusses the relevance of recent advance of basic migraine research to future
migraine treatment.

(Clin Neurol 2011;51:103-109)
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