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Genetic basis of human clock and
links to migraine



« Periodic Paralysis « Advanced Sleep Phase Syndrome

« Episodic Movement Disorders ¢ Delayed Sleep Phase Syndrome
« Epilepsy « Natural Short Sleepers
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Episodic Nervous System
I Diseases

Migraine
Epilepsy
Periodic Paralysis
LQTS
Episodic Ataxia
Paroxysmal Dyskinesias
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Similarities Among These Disorders

Episodic
Precipitating Factors

Stress, Fatigue, Dietary Factors, Alcohol, Caffeine

Therapeutic Responses
eg. CAI, Tegretol

Hormonal Factors
Stigmatization

UG Natural History
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Non-dystrophic Myotonia/Periodic Paralysis

Hyperkalemic Periodic Paralysis

> SCN4A

Hypokalemic Periodic Paralysis

CACNA1S

Paramyotonia Congenita

Potassium Aggravated Myotonia

AR Myotonia Congenita — CLCN1

AD Myotonia Congenita

Andersen-Tawil Syndrome /

Thyrotoxic Hypokalemic PP — KCNJ18

KCNJ2
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sion system would then allow analysis of ion channel re-
sponse to pharmacologic interventions. Understanding
,HYPP and related disease states will lead to better under-
standmg of normal muscle and other excitable tissues.

Furthermore the periodic paralyses and nondystrophic
m; otonic drsorders may serve as a useful paradigm for

-stud ing other disorders in whlch_abnormalltles in electri-

| properties of cell membranes are known to be im-
portant. Such diseases include epilepsy, peripheral nerve
disorders, and cardiac dysrhythmias.

e Ptacek et al., Cell 1991
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NaCh

Periodic Paralysis
Epilepsy, LOT

KCh

Periodic Paralysis

Episodic Ataxia
Epilepsy, LOT

Periodic Paralysis,
Episodic Ataxia, Epilepsy
Familial Hemiplegic Migraine



Migraine headache

--affects 10-15% of the population
--highly heritable

--mode of heritability not clear



Migraine Genetics

Familial hemiplegic migraine (FHM)
CACNAL1A-Calcium channel

SCN1A-Sodium channel
ATP1A2-Na+/K+ ATPase

Alternating hemiplegia of Childhood with epilepsy and migraine

ATP1A2-Na+/K+ ATPase
ATP1A3-Na+/K+ ATPase

Familial migraine with aura

KCNK18-TRESK postassium channel
CSNK1d-Casein Kinase 16
UCsF
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Not all episodic disorders
are channelopathies!
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A Novel Gene Causing a Mendelian
Audiogenic Mouse Epilepsy

Shana L. Skradski,' Anna M. Clark,? Hiamio Jiang,®
H. Steve White,'* Ying-Hui Fu,® and

Louis J. Ptatek?%578

' Department of Pharmacology and Toxicology
Howard Hughes Medical Institute
*Department of Human Genetics

* Anticonvulsant Screening Project
*Department of Neurobiology and Anatomy
*Department of Neurology

"Program in Neuroscience

University of Utah

Salt Lake City, Utah 84112

UCsF

University of California
San Francisco

Cabs



Human Molecular Genetics, 2004, Vol 13, No. 24 31613170
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The gene for paroxysmal non-kinesigenic
dyskinesia encodes an enzyme in a stress

response pathway
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Cell Reports

Mutations in the Gene PRRTZ2 Cause

Paroxysmal Kinesigenic Dyskinesia
with Infantile Convulsions
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ORIGNAL ARTICLE

Familial Cortical Myoclonus with a
Mutation in NOL3
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Selected Familial Sleep-Wake
Phenotypes

v Advanced sleep phase

Delayed sleep phase

“&8 Natural short sleep




Familial Advance Sleep Phase

Autosomal dominant behavioral phenotype where affected

Individuals fall asleep early and wake early
Genes\mutations identified: Per2, CKld, et al.
PTMs critical to regulation of clock speed (CKId, CKle, GSK3p)

Nature Med, 1999:5:1062-65
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Circadian rhythm/Sleep In
Human health and disease

Metabolism/Obesity

Cancer I \Y, [e]0]0
™~ <~ disorder

Clock/Sleep
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Presenter
Presentation Notes
Circadian function and sleep have been linked to many human health conditions such as …… and, We have begun to venture into some of these areas
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Sleep onset time  18:12 +/- 1.4 hr vs. 23:24 +/- 1.1 hr
Sleep offset time 04:06 +/- 0.7 hr vs. 08:00 +/- 1.6 hr




Functional consequences of a CKlo
mutation causing familial
advanced sleep phase syndrome
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( 33376 ) 33724 33372 33375 33373 33371

Sleep onset time  18:12 +/- 1.4 hr vs. 23:24 +/- 1.1 hr
Sleep offset time 04:06 +/- 0.7 hr vs. 08:00 +/- 1.6 hr



33374 33369
33376 33724 33372 33375 33373 33371
|
33291 33368 33367 33365 33366

All mutation carriers have asthma and migraine with aura



A second family with migraine and a CKIo mutation
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Migrainous Brain State
Headache

Aura (CSD)

x

Photo/Phonophobia

Decreased Periph.
Pain Thresholds

Cognitive dysfunction
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Lower threshold for CSD induction in CK10 T44A mutants

CSD Threshold (PSI)

Wild Type CK15T44A
n=8 n=11
p = 0.004
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CKIo Is a migraine gene

T44A & MA cosegregate in K5231
H46R & MA cosegregate in K5579
| CSD thresholds in CKIoé T44A mice
T Arterial dilation in CKIo T44A mice

1 Sensitivity of CKI6 T44A mice to NTG
Induced peripheral allodynia

Astrocytes from CKIld-T44A mice showed increased
spontaneous and evoked calcium signaling
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RESEARCH ARTICLE

MIGRAINE

Casein Kinase lo Mutations in Familial Migraine
and Advanced Sleep Phase

K. C. Brennan,”?* Emily A. Bates,>** Robert E. Shapiro,’* Jekaterina Zyuzin,’
William C. Hallows,”? Yong Huang,? Hsien-Yang Lee,? Christopher R. Jones,?
Ying-Hui Fu,? Andrew C. Charles,'" Louis J. Pta¢ek®°"

Migraine is a common disabling disorder with a significant genetic component, characterized by severe headache
and often accompanied by nausea, vomiting, and light sensitivity. We identified two families, each with a distinct
missense mutation in the gene encoding casein kinase 16 (CKI6), in which the mutation cosegregated with both the
presence of migraine and advanced sleep phase. The resulting alterations (T44A and H46R) occurred in the con-
served catalytic domain of CKI&, where they caused reduced enzyme activity. Mice engineered to carry the CKI6-T44A
allele were more sensitive to pain after treatment with the migraine trigger nitroglycerin. CKI6-T44A mice also
exhibited a reduced threshold for cortical spreading depression (believed to be the physiological analog of migraine
aura) and greater arterial dilation during cortical spreading depression. Astrocytes from CKl6-T44A mice showed
increased spontaneous and evoked calcium signaling. These genetic, cellular, physiological, and behavioral analyses
suggest that decreases in CKlé activity can contribute to the pathogenesis of migraine.
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Autoantinodies mmp. I on —y [Iranscriptional

Channels Regulation
Stress /

Redox?//

Other??

Post-translational
Modifications

Trafficking and
Cellular Localization

Membrane
Excitability
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K7107 clinical phenotype

FASPS, early rise time -21.00 pm sleep
onset, offset 3-4 am, on vacation 7.30pm-
2.30am

Short sleepers 6 - 6.5 hrs
Severe depression and anxiety

_exapro
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Lexapro treatment normalizes period lengthening

# 92 mouse run before
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minutes of swimming

Forced swim test

Mut Tg

A1l

Mut Tg + Lorazepam

WT+ Lorazepam




Tail suspension test: dose dependent rescue of increased immobility by Imipramine

Tail suspension test

300 +
250 -
200 -

150 -

-
o
o

Time immorbilized (sec)

0 +—

Vehicle Imipramine 10 mg/kg Imipramine 20 mg/kg
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Dominant Allele (H=diseaseallele)
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Recessive Allele (h=disease allele)
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Polygenic Inheritance
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