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Genetic basis of human clock and  
links to migraine 



• Episodic Disorders 
 

• Periodic Paralysis 
• Episodic Movement Disorders 

• Epilepsy 
• Migraine 

 
 

• Circadian/Sleep Traits 
 

• Advanced Sleep Phase Syndrome 
• Delayed Sleep Phase Syndrome 

• Natural Short Sleepers 
 
 
 



Episodic Nervous System 
Diseases  

Migraine 
Epilepsy 

Periodic Paralysis 
LQTS 

Episodic Ataxia 
Paroxysmal Dyskinesias 





Similarities Among These Disorders 

Episodic 
Precipitating Factors 

Stress, Fatigue, Dietary Factors, Alcohol, Caffeine 

Therapeutic Responses 
eg. CAI, Tegretol 

Hormonal Factors 

Stigmatization 

Natural History 

 
 
 

         



Hyperkalemic Periodic Paralysis 
 
Hypokalemic Periodic Paralysis 
 
Paramyotonia Congenita 
 
Potassium Aggravated Myotonia 
 
AR Myotonia Congenita 
 
AD Myotonia Congenita 
 
Andersen-Tawil Syndrome 
 
Thyrotoxic Hypokalemic PP 

Non-dystrophic Myotonia/Periodic Paralysis 
 

SCN4A 
 
CACNA1S 
 
 
CLCN1 
 
KCNJ2 
 
KCNJ18 





•Ptáček et al., Cell 1991 





Migraine headache 

--affects 10-15% of the population 
 
--highly heritable 
 
--mode of heritability not clear  
 



 
Migraine Genetics 

Familial hemiplegic migraine (FHM) 

 CACNA1A-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 Iδ 



 

Not all episodic disorders 
are channelopathies! 



GPR98 







Annals of Neurology, 2012 



Selected Familial Sleep-Wake 
Phenotypes 

Advanced sleep phase  
 
 
Delayed sleep phase 
 
 
Natural short sleep  



Nature Med, 1999;5:1062-65  

Familial Advance Sleep Phase 
 

Autosomal dominant behavioral phenotype where affected 

individuals fall asleep early and wake early 

 

Genes\mutations identified: Per2, CKId, et al. 

 

PTMs critical to regulation of clock speed (CKIδ, CKIε, GSK3β) 

 

 



Clock/Sleep 

Metabolism/Obesity 

Cancer 

Learning & 
Memory 

Immunity 

Mood  
disorder 

Migraine 

Circadian rhythm/Sleep in  
Human health and disease 

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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K5231 

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 



Nature, 2005;434:640-4  



K5231 

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 
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K5231 

33291

33376 33724

33374 33369

33372 3337333375 33371

33368 33370 33367 33365 33366

All mutation carriers have asthma and migraine with aura 



A second family with migraine and a CKIδ mutation 



Migrainous Brain State 

* 
Headache 

Aura (CSD) 

Photo/Phonophobia 

Decreased Periph. 
Pain Thresholds 

Cognitive dysfunction 



Lower threshold for CSD induction in CK1δ T44A mutants 



CKIδ is a migraine gene 
T44A & MA cosegregate in K5231 

 
H46R & MA cosegregate in K5579 

 
↓ CSD thresholds in CKIδ T44A mice 

 
↑ Arterial dilation in CKIδ T44A mice 

 
↑ Sensitivity of CKIδ T44A mice to NTG  

induced peripheral allodynia 
 

Astrocytes from CKId-T44A mice showed increased 
spontaneous and evoked calcium signaling 

 

 





Membrane 
Excitability 

Ion 
Channels 

Transcriptional 
Regulation 

Post-translational 
Modifications 

Trafficking and  
Cellular Localization 

Stress 
Redox? 

Autoantibodies 

Other?? 



Clock/Sleep 

Metabolism/Obesity 

Cancer 

Learning & 
Memory 

Immunity 

Mood  
disorder 

Migraine 

Circadian rhythm/Sleep in  
Human health and disease 
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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 
 

• Lexapro 
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         Lexapro treatment normalizes period lengthening 
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Seiji Nishino  

•Tail suspension test: dose dependent rescue of increased immobility by Imipramine 
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Funding—HHMI 
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Dominant Allele 

hh 

(H = disease allele) 
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Recessive Allele 

HH 

(h = disease allele) 



Polygenic Inheritance 
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