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Clinical and Genetic Features of Familial Hemiplegic Migraine

Seong Hoon Kim, MD, Seeback Lee, MD, Hae-Eun Shin, MD, Jeong Wook Park, MD

Department of Neurology, Uijeongbu St. Mary's Hospital, College of Medicine, The Catholic University of Korea,
Uijeongbu, Korea

Migraine is a common cause of episodic headache disorder, and multiple factors are associated with the pathogenic
mechanism underlying migraine. Recent studies suggest that genetic determinants influence migraine, most likely as
part of a multifactorial mechanism. Due to the similarity in clinical features and pathophysiological mechanisms between
familial hemiplegic migraine (FHM) and migraine with aura, FHM can be used as a model for migraine and aura.
Mutations in the CACNAIA gene on chromosome 19p13 (FHM1), in the ATPIA2 gene at 1q23 (FHM2), and in the
SCNAI1A gene at 2q24 (FHM3) are responsible for most of the representative types of FHM. The recent beta version of the
third edition of the International Classification of Headache Disorders contains revised diagnostic criteria for FHM,

which include the above-three genetic factors. In this review we discuss the clinical and genetic features of FHM.
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Figure 1. The distribution of the various aura symptoms during
familial hemiplegic migraine attack.'*
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Table. Genetic and clinical features of FHM

Chr(o;lr?:;) me Protein Symptom with HM attack Symptom without HM attack and comorbidity
FHM1 19p13 ol subunit of Cay2.1 (P/Q-type) voltage  Impaired consciousness ~ Permanent cerebellar symptom
(CACNAI1A) gated calcium channel Seizure
FHM2 1923 Catalytic a2 subunit of sodium-potassium Impaired consciousness  Permanent cerebellar symptom
(ATP1A2) pump Seizure
FHM3 2924 ol subunit of Nay1.1 voltage-gated sodium Typical HM Seizure
(SCN1A) channel Elicited repetitive transient daily blindness
FHM other loci 1931 Unknown Typical HM No interictal neurologic symptom
14932 Unknown Typical HM No interictal neurologic symptom
16pll Proline rich transmembrane protein 2 Typical HM No interictal neurologic symptom
(PRRT2) (PRRT2) Seizure Paroxysmal movement disorder
4ql13 Electrogenic sodium-bicarbonate Impaired consciousness ~ Proximal renal tubular acidosis
(SLC4A4) cotransporter (NBCel) Seizure Glaucoma

FHM; familial hemiplegic migraine, HM; hemiplegic migraine.

Domain

Extracellular

Intracellular

FHM+ataxia
FHM+coma
FHM+ataxia=coma
Delayed coma

@ EA-2+hemiplegia

Y% Progr. ataxia
SCA-6/EA-2

/ Tottering/leaner mice

YONOE=

Cc

Figure 2. Localization of mutation in the a1 A subunit of the Cay2.1
voltage gated calcium channel causing delayed cerebral edema and
coma after a minor head trauma (arrow) and other associated clinical
phenotypes including ataxia. FHM; familial hemiplegic migraine
type 1, EA-2; episodic ataxia type 2, SCA-6; spinocerebellar ataxia
type 6.7
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Figure 3. Schematic representation of the ATP1A2 protein and localization of mutation.”

136 CHSHMEMOIRIN| NI337 N3, 2015



PNollA] 2] AVol7] o] AZARENA uE
QlofAf oAl oA W), Holi

St dnkA

AN AAA|E2] Na' /K -ATPase= Al A A2 04 Z2Eh|

o|E7} B AL} A AT o] WIS o NES] ZES AT
W AIZEPA9NE S5k o Fast ge ek 1

Fom 3 B 1
HE ATPIA? SRR} Sl B9 AT F s
o]

8

Al571A] FHM ﬂoﬂ Az WS, dER A g2 oo
Sk 4o 4 7001 714] o}iFe] ATPLA2 Aol e )
o} 3 ATPIA2 57 PH0To] 23 FHM2= FHM] 20% %
ol Sk FHM2-21%} wlolo] Aut e 4,59 ok
= (transmembrane segment)2 1A= Al U] 2|50
°) xS KFig. 3).”
FAM2& FHIMI1 9| H]l] SAXIEL7} ZFon HEFuZo]
= &< R0l FHlE= A9t Wk o] ATPIA2
RIS 7R GASE S At US4l el Fu

Jab 9RAEhcE . T FHM29] 20%= R 7ol
1‘(benlgn familial infantile convulsion)-& 3Z3$F3}t ¥ AZ1} o
o] 9}\]:]_.31,34,37 EZ AE T Lof|A] Aolr]e] mapHEAlnbE|L
AeAst @D aw)ZAbuke] BT RAE Qe

urep} S| AR E 2Abo] | &En O uhAlnpy], Ao]=
Y B} EukE FHM2E 80] A7) aaleld 9% o
Wl dof =3te Gl o] st} o uj o] Fgo] HAY
3 Ze7h s glek! E3 3] FHM2 oA 230] 9l
FoF 240l AGsh Aol HuRet ST An
o] BaEglrk? olelg AnEe
Holuauiel visie Bpekye

01:

rlr
o]

o
ok

=

N2
rr

Extracellular

QLY
OO
Intracellular o
4
3
N 1. 1263V
2. Q1489K
3.Q1489H
4. F1499L
5.11649Q

o] Sle= At HTFFNA ATPIA2 FARAC|(RS48H) 7} 2
ZA=lo] FHM2¢} 3417 EAS 348 7540l A7) =gk

3. FHM33(FHM3)

FHM3= 5ol 3719] 7HAIE tde= & 45 Sl
Ao AuA 2q240] AT SONIAGHA Hole} oz
o glgo] HaEdek® SCNIARZAH: A4 e4d
(voltage-gated Na' channel) NaV1.19] ol ATHE Hiﬂ Il
k¥ SCNIAGHAHol= NaVl.1Hge] we E3FAS)fast
inactivity) 9] B2 £ 2H AFAZY FEAS ol
Aok A7) SCNIASAARE 100714] o]4F9] HARE o]
(truncating mutation) = ¥}.Q =% 0](missense mutation)”}

wEA Qlom E2oolg 271t 7 H(severe myoclonic epilepsy

in infancy)o| Lt AAARE FURE AABY 2 HHZT 7

iﬂ

o] 9= Aoz AHA Yk
FT7kA) oF 5742 2] FHM39} A3l SCNIA G- o] 7}
B 1159 KFig. 4).” Q1489K T} L1649Q2] Woli= T} A1 A3}

A 34 glo] £ FHMBART Uehue] Azt o A5t
o] WhAIgtzto Al nhHlFAto] LEoNet | Lekt 4 of
A B3] Al g WRIekR® L263Vie] 7} Qs FHM3
Aol T EAT} Aaigle] AAFAZI o] epd
4 QTR QU4S9HHOI7E Qli= FHM3 Skl At % i o

Z o] AgAaalo] BlEE 4217 vhlEtTt SRR elicited
repetitive transient daily blindness (ERDB)’ ZAto] 23} Al

Qlo] uPyais| et
4. FHM 7]e} $34%

ZFEEAnR|HEES] Aty ES SEFA|YE O AVHE
CACNAIA, ATP1A2, SCNIA) xm ] %

v
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