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Fig 9.—Regional cerebral blood flow (rCBF) PET measurements in 9 migraine patients.” Data were calculated by subtracting
rCBF during the headache-free phase from the migraine attack. Note the increase in rCBF in the brain stem. The activation in the
singulum is unspecific. This brain stem activation persisted after subcutancous sumatriptan 6 mg had induced complete relief from
headache and phono- and photophobia. It has been suggested that this brain stem activation could be a “migraine generator.”™™




attacks, | blood flow in
yspheres in the cingulate,
al association cortices,

eralized 1o left
qtion persisted




cd migraine without aura
gme results
gine without aura:

alMmus+ brainstem
[N Migraine was




Migraine as a Channelopathy?
Research From the Genetic
Perspective (1996)
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Familial hemlplegnc migraine (FHM): ()

1. R192Q D715E 13. L1682P
2. R195K 3. K1335E 14. W1683R
3 S218L 9. Ri347Q 15. V1695l

4. R583Q 10. Y1384C 16. 1811L

5. T666M 11. V145TL

6. V714A 12. R1667W

Spinocerebellar ataxia type 6:
[C-E_(_;]zo-ao CAG units

Progressive ataxia:
|1 acz9sm

Episodic ataxia type 2 (EA-2): @

. H253Y
C287Y
. Splice fault int6
. splice fault int11
delTTCA fs & 658X
. T666M
delAG fs & 781X
insG s & 1067X

XN EWN -

Episodic and progressive ataxia and absence epilepsy:

B =1820x

9. InsG fs & 1070X
10. InsG 1s & 1144X
11. R1279X

12. DelC fs & 1294X
13, Spice fault int24
14. F1404C

15. Spice fault in26
16. DelC s & 1430X

17.
18.

19

20.
21

22

23.

24

Y1444X

W1449X

Splice fault int27
F1492S

Del F1503
R1547X
DelY1595/A1594D
DelG fs & 1624X

25, R1662H
26. E1757K
27. R1781X
28, Splice site im3%
29, Q2038X
30 DefC 1s & 2127X
31. (CAG)23

Fig 10.—Membrane topology of a4 subunit of the P/Q-type Ca** channel, CACNATA. The location and amino acid substitutions
are indicated for mutations that cause familial hemiplegic migraine (FHM), episodic ataxia type 2 (EA-2), tottering mouse (tg), and

spinocerchellar ataxia type 6 (SCA6)."
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Candidate genes and polymorphisms associated
With migraine in studies published since 2000 and

B ding at least 200 patients and 200 controls

Gene chr Polymorphism Study size Population Associated allele/ Associated Notes
genotype, pvalue, OR phenotype

Oestrogen receptor 1 6q25.1  G594A (exon8; 1) 275 patients (139 MA, 85 MO), Australian GO4A, 1) p=0-003; Migraine Independent
(ESR1) rs2228480) 275 controls 1) p=8x107F, replication

I1) 300 patients (221 MA, 39 OR forA allele

MO), 300 controls carriers 1.96

G325C (exon 4) 367 patients, 232 controls Spanish 325, p=0-008, Migraine, females
ORforC/C3-24 only
Progesterone receptor  11q22-23 PROGINS Alu 1) 275 patients (139 MA, 85 MO), Australian PROGINS, 1) p=0-02; Independent
(PGR) insertion within 275 controls 1) p=0-003, replication; possibles
intron7 1) 300 patients (221 MA, 39 OR for PROGINS allele interaction with

MO), 300 controls carriers 1.77 ESR1594A allele

Insulin receptor (INSR)  19p13.3- G5 SNPswithinthe 1) 827 patients (377 MA, 450 North American SNP84 (intron 15), 1) MA, females Independent
13.2 gene MO), 765 controls (white) 1) p=0.005; only; replication but in

I1) 275 patients, 275 controls Australian 1) p=0-016 )Mo different subgroupss
Methylenetetra- 1p36.3 c6777 270 patients (170 MA, 100 MO),  Australian 677T, p=0-017, MA Independent
hydrofolate reductase 270 controls ORforT/T2.54 replication in
(MTHFR) family sample (OR

forT/T1-88)

413 patients (187 MA, 226 MO), Dutch T/T, p<0-006,0R2:.05 MA

1212 controls
Tumour necrosis 6p213  -308G/A 299 patients (38 MA, 261M0),  Italian G/G, p<0-001, OR2:85 Migraine More common
factor a (TNFa) 306 controls (especially MO) allele (0-8)
Angiotensin-converting 17923 ACE-D (insertion/ 302 MO, 201 controls Sicilian DD, p<0-05 MO
enzyme (ACE) deletion)
Low-density lipoprotein 19p13.2  Triallelic TA repeat 360 patients (140 MA, 220 MO), Italian Allele 4 (ten repeats), MO
receptor (LDLR) inthe3" UTR 200 controls p=0.033
HLA-DRB1 6p213 HLA-DRB1*16 255 patients (41 MA, 214 MO), Italian DRB1*16, p=0-02 MO

325 controls

Chr=chromosome. MA=-migraine with aura. MO=migraine without aura. OR-odds ratio. SNP=single-nucleotide polymorphism. UTR=untranslated region.
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EurcpearnyAmerican

talan
European
Fannesh
Canadian
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Swedizh
Australian
Australian
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19p13

1923

2ql4

4q24
11924
4q21
14q212-223
6pl12.2-21.1
3929
5q22.1
Upl3l

Gene

CADNAILA 34

ATPIA2 66

SCNIA /9

Unknown 131
Unknown 133
Unknown 132
Unknown 134
Uniknoan 130
Unknown 136
Unknown 137
Unknown 138

Table 2: FHM genes and loci identified in genome-wide scans in common types of migraine

Lancet Neurol 2007; 6:521-32
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Sensitization, and Allodynia in
Migraine(1996)
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L Uutaneous Allodynia Predicts Effect of Triptans
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Summary & Conclusion




Table 1.—Major Clinical and Scientific Observations in
Migraine Research From 1900 to 2000
Subjects References
Isolation and clinical Stoll, 1918¢
lnlroduc.lmn ol A new headache Classification Committee
crgotamine ) i classification of the International
Further establishing the Graham and Wollff, 1938’ Headache Society, 198815
vasodilation in migraine A new drug for migraine - Humphrey et al, 1988'¢
and the constrictive action the discovery of
of ergotamine sumatriptan
Pain-sensitive structures in Ray and Wollff, 1940° Migraine and calcitonin Goadsby and Edvinsson,
the head gene-related peptide 19907
Lashley’s description of Lashley, 1941° The brainstem “migraine Weiller et al, 1995'%
Sprcading scotoma gcncramr" - PET studies
Cortical spreading Ledo, 1944 in migraine A
depression (CSD) of Ledo Identification of the gene for Ophoff et al, 1996"
Serotonin and the Sicuteri, 1959" familial hemiplegic
introduction of B , -
methysergide Meningeal sensitization, Burstein et al, 1996
Spreading oligemia in Olesen et al, 1981" Ccmra'l scasitization and
migraine with aura s
Oligemia in the wake of Lauritzen et al, 1982"
CSD in rats
Neurogenic inflammation Moskowitz, 1984"
theory of migraine




