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Episodic neurological phenotypes—seemingly unrelated disorders, such as the periodic
paralyses, nondystrophic myotonias, episodic ataxias, paroxysmal dyskinesias, long QT
syndrome, epilepsy, and migraine—have a range of similarities. For example, affected
individuals are often healthy between attacks, and stress, fatigue, and various dietary
factors frequently precipitate attacks. The conditions tend to begin in infancy or
childhood and to worsen through adolescence and young adult life. In some cases,
they decrease in severity and frequency in middle to late adult life. They often respond
to identical pharmacotherapeutic interventions (eg, carbonic anhydrase inhibitors for
periodic paralysis, episodic ataxia, and migraine). Several syndromes featuring
episodic or electrophysiologic phenomena involve multiple organ systems or central
nervous system phenotypes. Patients with episodic ataxia type 1 can have attacks of
paroxysmal kinesigenic dyskinesia, an episodic movement disorder precipitated by
sudden movements that frequently affects infants with benign convulsions prior to the
development of the disease.? Migraine may be part of the clinical constellation in
patients with paroxysmal nonkinesigenic dyskinesia.’

The periodic paralyses and nondystrophic myotonias were the first human disorders to
be characterized as defects in voltage-gated ion channels.*® Many episodic and
electrophysiologic disorders affecting the nervous system result from mutations in
members of these (and other) ion channel gene families. For instance, hyperkalemic
periodic paralysis, hypokalemic periodic paralysis, paramyotonia congenita, potassium-
aggravated myotonia, Andersen-Tawil syndrome, Thomsen myotonia congenita, and
Becker myotonia congenita are caused by mutations in voltage-gated sodium, calcium,
potassium, and chloride channel genes.’
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Mutations in homologs of these channels have subsequently been shown to cause
episodic ataxia, long QT syndrome, mendelian forms of epilepsy, and familial
hemiplegic migraine (FHM), which has been traced to mutations in CaCNA1A (calcium
channel), ATP1A (Na+/K+ ATPase), and SCN1A (Na+ channel). Moreover, these
mutations are not limited to voltage-gated channels; they have also been found in
ligand-gated channels, transporters, and exchangers.*® It is fascinating that multiple
phenotypes can result from different mutations in a single ion channel gene, and that
different ion channel genes, when mutated, can give rise to phenotypes that are
clinically indistinguishable.

Familial Advanced Sleep Phase Syndrome (FASPS)—a rare, sporadic disorder caused
by a mutation in casein kinase 1-delta (CK18T44A) —is characterized by a profound
phase advance of the sleep-wake, melatonin, and temperature rhythms associated with
a very short tau.®’ Patients routinely fall asleep between 4:00 p.m. and 6:00 p.m. and
experience relatively normal sleep duration and architecture. About one third of those
with ASPS are older than 65. The trait segregates as an autosomal dominant with high
penetrance. Studies of genetic behaviors have been hampered by the complexity of
behavioral phenotypes, and FASPS was identified mainly because of a very dramatic
advance of the sleep phase that was recognized in a single individual. Subsequent
identification of FASPS in a large cohort of FASPS families provided an opportunity to
search for genes and variants that cause period alterations as well as phase angle of
entrainment variants in the general population, a unique opportunity for genetic analysis
of human circadian physiology.?

Several lines of evidence support a causative role for CK18T44A in migraine. First, the
mutation causes a familial syndrome in which migraine with aura is co-expressed with
flushing, myalgias, asthma, and ASPS.%"® |n addition, mice transgenic for human
CK18T44A have a significantly decreased threshold for CSD and a significantly
increased number of CSD events per level of stimulus compared with controls. ™
Finally, CKI®T44A mice exhibit a dose-dependent and prolonged NTG-induced thermal
and mechanical allodynia that is alleviated by sumatriptan.'’
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Knowledge gained from molecular characterization of rare genetic disorders is informing
studies of the genetically and clinically more complex diseases. Molecular
characterization of all of these disorders is shedding light on pathophysiology and will
ultimately lead to better diagnosis and treatment of patients.

National Headache Foundation’s 7" Headache Research Summit October 16, 2009
Louis Ptacek, MD - A Gene Causing Migraine with Aura



References

—

. Ptacek LJ, Fu YH. Channels and disease: past, present, and future. Arch Neurol.

2004;61:1665—1668.

Swoboda KJ, Soong B, McKenna C, et al. Paroxysmal kinesigenic dyskinesia and
infantile convulsions: clinical and linkage studies. Neurology. 2000;55:224—-230.
Fouad GT, Servidei S, Durcan S, Bertini E, Ptacek LJ. A gene for familial
paroxysmal dyskinesia (FPD1) maps to chromosome 2q. Am J Hum Genet.
1996;59:135-139.

Jen J, Ptacek LJ. Channelopathies: episodic disorders of the nervous system. In:
Schriver CR, Beaudet AL, Sly WS, Valle D, eds. Metabolic and Molecular Bases of
Inherited Disease. 8th ed. New York, NY: McGraw-Hill; 2000:5223-5238.

Lenz R, Ptacek LJ. Channelopathies. In: Bradley W, Daroff RB, Fenichel G,
Jankovic J, eds. Neurology in Clinical Practice. 4th ed. Philadelphia, PA:
Butterworth-Heinemann; 2004:1847—-1866.

Jones CR, Campbell SS, Zone SE, et al. Familial advanced sleep-phase syndrome:
a short-period circadian rhythm variant in humans. Nat Med. 1999;5:1062—1065.
Shapiro RE, Waheed W, Nagle K. A novel familial syndrome of migraine with aura,
flushing spells, myalgias, asthma, and the advanced sleep phase syndrome.
Cephalalgia. 1999;19:424.

Ptacek LJ, Jones CR, Fu YH. Novel insights from genetic and molecular
characterization of the human clock. Cold Spring Harb Symp Quant Biol.
2007;72:273-277.

Xu 'Y, Padiath QS, Shapiro RE, et al. Functional consequences of a CKldelta
mutation causing familial advanced sleep phase syndrome. Nature. 2005;434:640—
644.

10.Brennan KC, Charles A. Sleep and headache. Semin Neurol. 2009;29:406—418.
11.Bates E, Nikai T, Brennan K, et al. Sumatriptan alleviates nitroglycerin-induced

mechanical and thermal allodynia in mice. Cephalalgia. 2009.

National Headache Foundation’s 7" Headache Research Summit October 16, 2009
Louis Ptacek, MD - A Gene Causing Migraine with Aura



