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7TH HEADACHE RESEARCH SUMMIT 

FRIDAY, OCTOBER 16, 2009  
 
 

NEEDS ASSESSMENT 
 
Headache disorders are very prevalent and rank among the most disabling medical disorders worldwide. 
The recognition of such deep individual and societal impacts of headache disorders has been a catalyst 
for a renewed emphasis on the importance of basic and applied research in the field, which undoubtedly 
was faciliated by advances in molecular biology, genomics, imaging, and other biomedical disciplines. 
Indeed, the last two decades have witnessed significant scientific developments and important 
discoveries in the field of headache medicine and cephalic nociception, which have translated into 
enhanced recognition and management. This momentum will continue through seminars and forums that 
are designed to share information on basic and applied research in cephalic pain and migraine. The 
Headache Research Summit is an educational medium that disseminates knowledge on headache 
medicine and faciliates (a) the creation of new hypotheses on disease mechanisms and therapeutic 
targets that can be tested pre-clinically and clinically, and (b) the development of networks of 
investigators who collaborate on headache medicine research designed to ultimately improve the health 
of the headache sufferer. 
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INTENDED AUDIENCE 
 
This Research Summit is intended for established headache researchers, young physician researchers 
and physician investigators who apply for National Institutes of Health (NIH) career development awards 
for post doctorates (e.g., K awards), and MD/PhD scientists. 
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METHOD OF PARTICIPATION 
 
This course will consist of formal lectures (complete with AV enhancements) presented by practitioners, 
from several disciplines, who are involved in headache research and treatment.  An interactive question 
and answer period will follow at the end of each session. Each attendee will receive a syllabus of course 
materials. Upon adjournment of the course, the attendee will complete an evaluation form which provides 
the participant an opportunity to review the program content and method of delivery, and to identify future 
educational needs and possible bias in the presentations. CME credits will be forwarded to the attendees 
after receipt of completed evaluations.  
 
 

CURRICULAR GOALS AND OBJECTIVES 
 

Provide a scholarly medium for exchange of knowledg e on recent advances in cephalic pain and 
migraine. 
Upon completion of this activity, participants will be able to: 
 

·  Translate the understanding of the value of electrophysiological tests in headache medicine and 
cephalic pain. 

·  Acquire a better understanding of the relationship between sleep/wake cycle physiology and 
pharmacology and head pain. 

·  Describe the pathophysiological and mechanistic substrates of paroxysmal disorders such as 
vertigo and epilepsy. 

 
Promote basic and translational research in headach e medicine. 
Upon completion of this activity, participants will be able to: 
 

·  Better describe the basic mechanisms of head pain and its modulation. 
·  Acquire advanced knowledge in the role of hormones in cephalic pain. 
·  Demonstrate added familiarity with the various ionic channel disorders that are linked to migraine. 
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Professor 
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TOPIC OBJECTIVES 
 
 
Key Note Address 
Genomics and Therapeutic Advances 
Daniela Pietrobon, PhD 
 

·  To discuss the functional consequences of gene mutations causing familial hemiplegic migraine 
(FHM) in cellular and animal models. 

·  To discuss what we have learned on migraine-associated cellular mechanisms from the analysis 
of knockin mouse models for FHM1, in particular regarding the mechanisms underlying 
susceptibility to cortical spreading depression. 

·  To discuss the implications of our advances in understanding FHM mechanisms for the 
identification of key targets for novel migraine prophylactic treatments. 

 
Central Modulation of Cephalic Nociception 
Frank Porreca, PhD 

·  Describe mechanisms of descending modulation from the brainstem;  
·  Understand the role of descending modulation in establishing central sensitization;  
·  Identify mechanisms that may drive descending facilitation and potential relevance to cephalic 

pain. 
 

Role of Inflammation and Cytokines in Head Pain Mec hanism 
Linda Watkins, PhD 

·  The role of glia and glial proinflammatory factors in dysregulating pain and opioid actions 
·  The evidence that a key activation receptor on glia may play an important role in both pain and 

opioid dysregulation and new approaches to block that key receptor. 
·  The evidence suggestive that proinflammatory factors of immune and/or glial origin may play a 

role in headache and the negative effect that opioids can have on headache. 
 
Cationopathy and Migraine: Beyond Calcium Ionopathy  
Lou Ptacek, MD 

·  Gain insights into unique opportunities in humans to identify novel headache genes.  
·  Emphasize the opportunities of using model systems for studying migraine and to appreciate 

appropriate caveats. 
·  Learn about potential role of a kinase genes in causing a mendelian form of headache. 

 
Hormones and Migraine 
Nancy Berman, PhD 

·  The participants will be able to explain the mechanism of trigeminal inflammatory pain. 
·  The participants will be able to name the estrogen receptors present in trigeminal neurons and 

describe their intracellular signaling pathways. 
·  The participants will be able to explain how estrogen may augment trigeminal inflammatory pain. 

 
Seymour Diamond Lectureship - Posterior Cerebral Hy poperfusion in Migraine without Aura 
Marie Denuelle, MD 

·  Recall how the functional neuroimaging studies led to advancement in the pathophysiology of 
 migraine. 
·  Understand how the posterior cerebral hypoperfusion can be integrated in the pathophysiology of 
 migraine. 
·  Discuss the role of cortical spreading depression or brainstem activation as a primary initiating 
 event in migraine attack. 
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Electrophsiological Tools in the Diagnosis and Trea tment of Headaches 
Trond Sand, MD 

·  Overview the most important electrodiagnostic methods we may use in headache research. 
·  Critically review recent neurophysiological findings in migraine and other primary headache 

disorders. 
·  Discuss new ideas and the most promising applications of clinical neurophysiology in future 

headache research projects. 
 
Circadian Rhythm and Headache Disorders 
Robert Shapiro, MD 

·  Outline the circadian timing of migraine attacks. 
·  Discuss the molecular relationship between circadian rhythm disorders and migraine. 
·  Discuss the role of circadian rhythmicity in other headache disorders including cluster headache 

and hypnic headache. 
 
NHF Lectureship - Migraine and Obesity: Epidemiolog y, Mechanisms & Implications 
Lee Peterlin, DO 

·  Identify the demographic characteristics that impact adipose tissue distribution. 
·  Understand the current data showing differences in the association between obesity and 

migraineurs of reproductive-age and post-reproductive age.  
·  Identify neuropeptides and proteins which may play a role in both feeding and in migraine. 

 
Paroxysmal Disorders and Primary Headaches 
Robert Baloh, MD 

·  Describe the clinical features of paroxysmal neurological disorders associated with migraine. 
·  Review the genetics of paroxysmal neurological disorders. 
·  What are the common features of paroxysmal neurological disorders? 

 
Migraine, Epilepsy and Migralepsy: Myths and Realit ies 
Michael Rogawski, MD 

·  Describe common pathophysiological mechanisms in migraine and epilepsy. 
·  Discuss use of antiepileptic drugs in migraine prophylaxis. 
·  Discuss headache and epileptic seizures. 
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DISCLOSURE INFORMATION 
 

As a sponsor accredited by the Accreditation Council for Continuing Medical Education (ACCME), Loyola 
University Chicago Stritch School of Medicine (LUSSOM), Division of Continuing Medical Education 
(CME) must ensure balance, independence, objectivity, and scientific rigor in all its continuing medical 
education activities. All individuals in a position to control the educational content of this activity have 
disclosed to LUSSOM-CME any financial interest or other relationships they have had in the past 12 
months with commercial interests whose product(s) will be referred to in presentations, may be providing 
educational grants or 'in-kind' support of this activity. 
 
Although the existence of a commercial interest relationship in itself does not imply bias or decrease the 
value of presentations, this information is provided to the audience to allow them to make their own 
judgments.  It remains for the audience to determine whether the speaker's interest or relationships may 
influence the presentation with regard to exposition or conclusion. 
 
The ACCME Standards for Commercial Support require that presentations be free of commercial bias 
and any information regarding commercial products/services be based on scientific methods generally 
accepted by the medical community. If a presentation has discussion of unlabeled/investigational use of a 
commercial product, that information must be disclosed to the participants of the activity. 
 
The disclosure information received from each individual is presented below.  The activity director has 
also disclosed any relationships existing with the sponsoring department and commercial interests that 
may be referred to in presentations or providing support for this activity.  All disclosure information has 
been reviewed for conflict of interest by both the activity director and LUSSOM-CME.  Conflicts identified 
and resolved are noted below.  If no notation is made, a conflict of interest was not in existence. 
 
 
Sponsoring Department Disclosure 

·  The sponsoring department for this activity has no financial relationships with any commercial  
  interests referred to in presentations or providing support for this educational activity. 

 

Conference Participant Disclosure 
 
Nancy Berman, PhD 

·  Receives research grant support from Merck 
·  No relationships between commercial interests and first degree relatives exist  
·  Does not intend to discuss an unapproved/investigative use of a commercial product/device 

 
Rima Dafer, MD, MPH 

·  No financial relationships with commercial interests 
·  No relationships between commercial interests and first degree relatives exist  
·  Does not intend to discuss an unapproved/investigative use of a commercial product/device 

 
Merle L. Diamond, MD 

·  Receives grants and/or conducted research for AstraZeneca, GlaxoSmithKline, Merck & Co., and 
Ortho-McNeil Neurologics 

·  Served as a consultant to GlaxoSmithKline, Merck & Co., Ortho-McNeil Neurologics, and Primary 
Care Network 

·  Served on the speaker’s bureau of GlaxoSmithKline, Merck & Co., Ortho-McNeil Neurologics, 
Pfizer, and Primary Care Network  

·  Served on the advisory boards of GlaxoSmithKline, Merck & Co., Ortho-McNeil Neurologics, and 
Primary Care Network 

·  Board of Directors for the National Headache Foundation and the Diamond Headache Clinic 
Research and Educational Foundation 

·  No significant financial positions in any pharmaceutical or medical device company 
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·  No relationships between commercial interests and first degree relatives exist 
·  Does not intend to discuss an unapproved/investigative use of a commercial product/device 

 
Paul L. Durham, PhD 

·  Receives grant/research support from Merck & Co., MAP Pharmaceuticals, GlaxoSmithKline, 
Capnia Inc., Minster Pharmaceuticals, CoLucid Pharmaceuticals 

·  Served on the speaker’s bureau of Merck & Co. - Material presented is on migraine pathology. 
Products are not discussed 

·  Consultant for Merck & Co. on the development of web site on migraine pathology 
 
Frederick G. Freitag, DO 

·  Has conducted research for Advanced Bionics, AstraZeneca, GlaxoSmithKline, Merck & Co., and 
Ortho-McNeil Neurologics 

·  Served as a consultant to Allergan, AstraZeneca, Capnia Inc., Endo Pharmaceuticals, Merck & 
Co., NuPathe Inc., Ortho-McNeil Pharmaceuticals, Valeant Pharmaceuticals and Zogenix Inc 

·  Served on the speaker’s bureau of GlaxoSmithKline, Merck & Co., Ortho-McNeil Pharmaceuticals, 
and Valeant Pharmaceuticals 

·  On the Board of Directors for the National Headache Foundation and the Diamond Headache 
Clinic Research and Educational Foundation 

·  No significant financial position in any pharmaceutical or medical device company 
·  No relationships between commercial interests and first degree relatives exist  
·  Does not intend to discuss an unapproved/investigative use of a commercial product/device 

 
Dawn Marcus, MD 

·  Receives grant/research support from Merck & Co. and Pfizer 
·  No relationships between commercial interests and first degree relatives exist  
·  Do not intend to discuss an unapproved/investigative use of a commercial product/device 

 
Lee Peterlin, DO 

·  Receives grant/research support from GlaxoSmithKline 
·  Member speaker’s bureau for GlaxoSmithKline, Pfizer, Endo Pharmaceuticals and Merck & Co. 
·  Consultant for Ortho-McNeil Pharmaceuticals and Pfizer 
·  Other financial/material interest - Patent for use of adiponectin modulating agents in migraine  
·  No relationships between commercial interests and first degree relatives exist 
·  Do not intend to discuss an unapproved/investigative use of a commercial product/device 

 
Louis Ptacek, MD 

·  Consultant for Pfizer – Therapeutic Area Scientific Advisory Panel 
·  No relationships between commercial interests and first degree relatives exist  
·  Do not intend to discuss an unapproved/investigative use of a commercial product/device 
 

Nabih Ramadan, MD, MBA, FAAN, FAHS 
·  Member speaker’s bureau for Merck & Co. – Material presented for Merck is on migraine 

mechanisms, migraine and stroke future therapy 
·  Consultant for Co-Lucid Pharmaceuticals, Inc., MAP Pharmaceuticals, Inc., Kowa Pharmaceuticals 

America, Inc., Ortho-McNeil Neurologics 
·  Chair, Data Safety Monitoring Board for Merck & Co. 

 
Robert Shapiro, MD 

·  Consultant for NuPathe 
·  No relationships between commercial interests and first degree relatives exist  
·  Does not intend to discuss an unapproved/investigative use of a commercial product/device 
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Linda Watkins, PhD 
·  Receives grant/research support for Avigen, GlaxoSmithKline, Adenosine Therapeutics 
·  No relationships between commercial interests and first degree relatives exist  
·  Does not intend to discuss an unapproved/investigative use of a commercial product/device 

 
The following conference participants: 

·  Do not have financial relationships with commercial interests 
·  No relationships between commercial interests and first degree relatives exist  
·  Do not intend to discuss an unapproved/investigative use of a commercial product/device 

 
 
Robert Baloh, MD 
Robert Daroff, MD 
Marie Denuelle, MD 
Seymour Diamond, MD 
Arthur H. Elkind, MD 
Mark W. Green, MD 
Robert S. Kunkel, MD 
Daniela Pietrobon, PhD 
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CME STATEMENT 
 
 
PHYSICIANS:   This activity has been planned and implemented in accordance with the Essentials Areas 
and Policies of the Accreditation Council for Continuing Medical Education through the joint sponsorship 
of Loyola University Chicago, Stritch School of Medicine and National Headache Foundation.  The Loyola 
University Chicago Stritch School of Medicine is accredited by the ACCME to provide continuing medical 
education for physicians. 
 
The Loyola University Chicago Stritch School of Medicine designates this educational activity for a 
maximum of 6.5 AMA PRA Category 1 Credit(s)™.  Physicians should only claim credit commensurate 
with the extent of their participation in the activity. 
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7th Headache Research Summit 
Friday, October 16, 2009 

Location: Chicago, IL 
 
 

5:45 – 6:15am  Registration  
 
6:15 – 7:15am  Breakfast  
 
7:15 – 7:30am  Introduction and Welcome  
   Seymour Diamond, MD 
 
7:30 – 8:15am  Key Note Address 
   Introduction by Nabih Ramadan, MD, MBA, FAAN, FAHS 

  
 Genomics and Therapeutic Advances 
 Daniela Pietrobon, PhD 

 
8:15am – 12:25pm Morning Session: Basic Sciences 

 Chair- Paul Durham, PhD 
 
8:15 – 8:55am  Central Modulation of Cephalic Nociception  

 Frank Porreca, PhD 
   Discussion 
 
8:55 – 9:35am  Role of Inflammation and Cytokines in Head Pain Mec hanisms  

Linda Watkins, PhD 
   Discussion 
 
9:35 – 10:05am  Coffee Break & Poster Session  
   Moderator- Nabih Ramadan, MD, MBA, FAAN, FAHS 
 
10:05 – 10:45am Cationopathy and Migraine: Beyond Calcium Ionopathy  
   Lou Ptacek, MD 
   Discussion 
 
11:15 – 11:25am Hormones and Migraine  
   Nancy Berman, PhD 
   Discussion 
 
11:25am – 12:25pm Lunch and Seymour Diamond Lectureship Award  

Introduction by Frederick G. Freitag, DO 
    

   Posterior Cerebral Hypoperfusion in Migraine withou t Aura  
   Marie Denuelle, MD 
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12:25 – 4:15 pm Afternoon Session: Clinical and Applied Sciences  

Chair- Trond Sand, MD 
 
12:25 – 1:05pm  Electrophysiological Tools in Headache Medicine  
   Trond Sand, MD 
   Discussion 
 
1:05 – 1:45pm  Circadian Rhythm and Headache Disorders 
   Robert Shapiro, MD 
   Discussion 
 
1:45 – 2:25pm  NHF Lectureship 
   Introduction by Robert Daroff, MD 
 
   Migraine and Obesity: Epidemiology, Mechanisms &  Implications 
   Lee Peterlin, DO 
 
2:25 – 2:55pm  Coffee Break  
 
2:55 – 3:35pm   Paroxysmal Disorders and Primary Headaches  
   Robert Baloh, MD 
   Discussion 
 
3:35 – 4:15pm  Migraine, Epilepsy and Migralepsy: Myths and Realit ies  
   Michael Rogawski, MD 
   Discussion 
 
4:15 – 4:30pm  Closing Remarks  
  Frederick G. Freitag, DO 
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7th Headache Research Summit 
Morning Session 

Friday, October 16, 2009 
Location: Chicago, IL 

 
 

BREAKFAST 6:15 to 7:15am 

Introduction and Welcome 

Seymour Diamond, MD 

7:15 to 7:30am 

Key Note Address 

Introduction by Nabih Ramadan, MD, MBA, FAAN, FAHS 

 
Genomics and Therapeutic Advances 

Daniela Pietrobon, PhD 

7:30 to 8:15am 

Morning Session: Basic Sciences  

Chair- Paul Durham, PhD 

8:15am to 12:25pm 

Central Modulation of Cephalic Nociception 

Frank Porreca, PhD 

Discussion 

8:15 to 8:55am 

Role of Inflammation and Cytokines in Head Pain Mec hanisms 

Linda Watkins, PhD 

Discussion 

8:55 to 9:35am 

COFFEE BREAK & POSTER SESSION   

Moderator- Nabih Ramadan, MD, MBA, FAAN, FAHS 

9:35 to 10:05am 

Cationopathy and Migraine: Beyond Calcium Ionopathy  

Lou Ptacek, MD 

Discussion 

10:05 to 10:45am 

Hormones and Migraine 

Nancy Berman, PhD 

Discussion 

10:45 to 11:25am 

LUNCH and SEYMOUR DIAMOND LECTURESHIP AWARD 

Introduction by Frederick G. Freitag, DO 

 

Posterior Cerebral Hypoperfusion in Migraine withou t Aura 

Marie Denuelle, MD 

11:25am to 12:25pm 
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KEY NOTE ADDRESS 
 
 

GENOMICS AND THERAPEUTIC ADVANCES  
 
 
 

Daniela Pietrobon, Ph.D. 

Department of Biomedical Science 

University of Padova 

Padova, Italy 
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GENOMICS AND THERAPEUTIC ADVANCES  
 

Daniela Pietrobon, Ph.D. 
Department of Biomedical Science 

University of Padova 
 

 
Migraine has a strong genetic component. Causative genes have not yet been identified, except 

for familial hemiplegic migraine (FHM), a rare monogenic subtype of migraine with aura (Pietrobon, 2007). 
FHM is genetically heterogeneous: missense mutations in CACNA1A and SCNA1A, the genes encoding 
the pore-forming � 1 subunits of the neuronal voltage-gated Ca2+ channel CaV2.1 (or P/Q-type) and Na+ 
channel NaV1.1, respectively, cause FHM type1 (FHM1: Ophoff et al, 1996) and 3 (FHM3: Dichgans et al, 
2005); mutations in ATP1A2, the gene encoding the Na+-K+ ATPase � 2 subunit, cause FHM type 2 
(FHM2: De Fusco et al., 2003). Additional FHM genes certainly exist and remain to be identified (Thomsen 
et al., 2006).    

To understand the mechanisms of FHM, and thus gain insights that may lead to deeper 
mechanistic understanding of the pathophysiology of the more widespread forms of migraine and 
eventually to novel and effective migraine therapies, we investigated  the functional changes at the 
molecular, cellular and system levels produced by FHM1 mutations in the CaV2.1 channel gene. P/Q-type 
Ca2+ channels are located in somatodendritic membranes and in presynaptic terminals throughout the 
brain, where they play a dominant role in initiating fast synaptic transmission at most central synapses 
(Pietrobon, 2005).  

 
We have shown that:  

i) FHM1 mutations produce gain-of-function of human recombinant CaV2.1 channels, mainly due to a shift 
of channel activation to more negative voltages and an increase of the open probability and single channel 
Ca2+ influx (Hans et al., 1999; Tottene et al., 2002; 2005). 
ii) knockin (KI) mice carrying FHM1 mutations (either the mild R192Q or the severe S218L) show an 
increased P/Q-type Ca2+ current in cerebellar and cortical pyramidal neurons (van den Maagdenberg et 
al., 2004; 2009;  Tottene et al., 2009). These KI mouse models also show gain-of-function of cortical 
excitatory synaptic transmission, due to increased action potential-evoked Ca2+ influx and increased 
probability of glutamate release at pyramidal cell synapses (Tottene et al., 2009; Vecchia et al., 2009). 
Moreover, cortical excitatory neurotransmission in FHM1 KI mice is less susceptible to G-protein coupled 
presynaptic inhibition by GABAB receptors activation; as a consequence, excitatory synaptic transmission 
is further facilitated in the presence of baclofen (Vecchia et al., 2009). Compared to the mild R192Q 
mutation, the severe S218L mutation produces a larger gain-of-function of Ca2+ influx and glutamate 
release at cortical synapses (Vecchia et al., 2009). 
iii) both the induction and the propagation of cortical spreading depression (CSD), elicited either by 
electrical stimulation in vivo or high KCl in acute slices of sensory cortex, are facilitated in FHM1 KI mice 
(van den Maagdenberg et al., 2004; 2009; Tottene et al., 2009). S218L KI mice show a lower triggering 
threshold for CSD and a faster rate of CSD propagation compared with R192Q KI mice. Moreover, the 
S218L mutation, but not the R192Q mutation, makes the cortex more susceptible to multiple successive 
CSD events in response to a single threshold stimulus (van den Maagdenberg et al., 2009). 

 
The more pronounced gain-of-function effects of the S218L mutation (compared to R192Q) on 

cortical excitatory synaptic transmission and CSD correlate with the more severe S218L clinical phenotype 
(that may consist of, in addition to attacks of hemiplegic migraine, epileptic seizures, coma and severe 
cerebral edema often triggered by only a trivial head trauma: Kors et al, 2001). The findings support the 
view that the gain of function effects of FHM1 mutations on cortical excitatory synaptic transmission and 
CSD may be causally relevant in the disease pathogenesis. 

 
To test the hypothesis that the gain-of-function of glutamate release at synapses onto pyramidal 

cells may explain the facilitation of induction and propagation of experimental CSD in FHM1 KI mice, we 
measured the threshold for CSD induction and the velocity of CSD propagation in acute slices of 
somatosensory cortex of R192Q KI mice before and after perfusion with a concentration of the P/Q Ca2+ 
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channel inhibitor � AgaIVA that reduced glutamate release at KI pyramidal cell synapses to wild-type (WT) 
levels. Strikingly, restoration of glutamate release to WT levels completely rescued CSD facilitation, as 
both CSD triggering threshold and CSD propagation rate in mutant mice became similar to those in WT 
mice (Tottene et al., 2009). This finding provides direct evidence of a causative link between enhanced 
glutamate release at pyramidal cell synapses due to gain-of-function of mutant P/Q Ca2+ channels and 
facilitation of experimental CSD. On the whole, our findings support a model of CSD initiation in which 
release of glutamate from recurrent pyramidal cell synapses and activation of NMDA receptors are key 
components of the positive feedback cycle that overwhelms the regulatory mechanisms controlling the 
interstitial concentration of K+ ions and ignites CSD. Indeed, we have recently found that saturating 
concentrations of either � AgaIVA or the NMDA receptor inhibitor AP5 prevent the induction of CSD in 
acute slices of sensory cortex of WT mice (with depolarizing stimuli up to four times larger than the control 
triggering threshold).  

 
Our current work is aimed at testing the hypothesis that FHM1 mutations affect differently synaptic 

transmission at different cortical synapses and, as a consequence, produce functional alterations in the 
neuronal circuits that coordinate and dynamically adjust the balance between excitation and inhibition 
during cortical activity; these functional alterations may, in certain conditions  (e.g. during intense, long 
lasting sensory stimulation or other migraine triggering states)  lead to overexcitation and hyperactivity of 
cortical circuits, and as a consequence, render the cortex vulnerable to CSD ignition and explain the 
episodic onset of seemingly “spontaneous” CSDs; we further hypothesize that these alterations may 
underlie the abnormal processing of sensory information that characterizes the brain of migraineurs in the 
periods between migraine attacks (Pietrobon and Striessinig, 2003; Aurora and Wilkinson, 2007). 

 
As a first test of this hypothesis, we investigated excitatory and inhibitory neurotransmission at 

connected pairs of layer 2/3 pyramidal cells (Pyr) and multipolar fast-spiking (FS) interneurons in acute 
slices of the somatosensory cortex of WT and R192Q KI mice, using paired patch-clamp recordings. In 
striking contrast with the increased strength of excitatory neurotransmission at Pyr-FS synapses, inhibitory 
neurotransmission at FS interneuron synapses was unaltered in FHM1 mice (Tottene et al, 2009). More 
recently, we have investigated the total excitatory and inhibitory synaptic drive onto layer 2/3 pyramidal 
cells in acute cortical slices of WT and R192Q mice, by measuring spontaneous excitatory and inhibitory 
postsynaptic currents in the presence of ongoing network activity. The spontaneous uncorrelated 
excitatory synaptic charge was larger in the mutant mice, as expected if the FHM1 mutation increases 
evoked glutamate release at recurrent pyramidal cell synapses. In striking contrast, the spontaneous 
uncorrelated inhibitory synaptic charge was similar in WT and KI mice. Since, most likely, different types of 
inhibitory interneurons contribute to the measured inhibitory synaptic charge; this finding supports the 
conclusion that FHM1 mutations do not affect evoked GABA release at other types of inhibitory synapses 
in addition to those of FS interneurons. Our findings demonstrate that FHM1 mutations affect differently 
synaptic transmission at excitatory and inhibitory cortical synapses and, as a consequence, alter the 
neuronal circuits that dynamically adjust the balance between excitation and inhibition during cortical 
activity. We will discuss how these alterations may produce overexcitation in certain brain conditions, but 
might leave the excitation-inhibition balance within physiological limits in others, thus explaining the 
episodic nature of the disease. 
 
 Our analysis of the functional consequences of FHM1 mutations give strong support to the view of 
migraine as an episodic disorder of brain excitability, with episodic disruptions of the excitation-inhibition 
balance and hyperactivity of cortical circuits in response to specific migraine triggers as the basis for 
episodic vulnerability to CSD ignition. Our data point to excessive excitatory synaptic transmission at 
recurrent cortical pyramidal cell synapses, due to both enhanced CaV2.1 dependent-dependent glutamate 
release and reduced presynaptic inhibition during G-protein coupled neuromodulation, as the basis for 
possible hyperactivity of cortical circuits and increased susceptibility to CSD in FHM1. Of course, several 
different molecular and cellular mechanisms may potentially lead to disruption of the excitation-inhibition 
balance and to increased vulnerability to CSD ignition in response to specific migraine triggers. This 
concept may explain the remarkable genetic and clinical heterogeneity of migraine. For the types of 
migraine in which the different molecular mechanisms converge to produce hyperactive cortical circuits 
and facilitate CSD induction (as probably occurs in the different types of FHM), agents that increase the 
trigger threshold for CSD are attractive candidates for novel migraine prophylactics.  More in general, the 
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view of migraine as an episodic disorder of brain excitability may be consistent with non converging 
parallel mechanisms leading to episodic disruptions of the excitation-inhibition balance in different 
(perhaps multiple) brain regions in response to specific migraine triggers. In this case, knowledge of the 
different molecular and cellular mechanisms would seem crucial for the development of novel migraine 
prophylactics tailored to distinct therapeutic targets in different patients. 
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Migraine is characterized as an episodic, unilateral throbbing cephalic pain and that may be accompanied 
by nausea, vomiting, photophobia and phonophobia that may occur with, or without, aura. Whereas 
multiple mechanistic hypotheses of migraine have been proposed, the underlying pathophysiology of this 
disorder remains unclear. Clinical and preclinical studies have implicated cortical spreading depression, 
vasodilation, plasma protein extravasation and sensitization of nociceptive dural afferents in the induction 
of migraine headache pain. Despite the high prevalence of migraine in the general population, our 
understanding of the underlying mechanisms remains incomplete, and a unified mechanistic concept has 
not yet emerged. 
 
A central mechanism hypothesized to drive migraine is that migraine represents a dysfunction of 
brainstem mechanisms of pain modulation, or more generally, sensory gating (Goadsby et al. 2006). This 
idea is attractive because a central dysfunction could potentially explain the multiple triggers for migraine 
attacks and the range of symptoms associated with migraine, such as nausea, photophobia, and 
phonophobia. Functional imaging studies performed with migraineurs showed activation of pontine 
brainstem structures that became active with the onset of a migraine headache, and remained active 
when the pain was resolved with triptans, and suggested the possible existence of a “brainstem 
generator” or a “migraine center” (Goadsby et al. 2006; Diener and May, 1996). Although the concept of a 
brainstem generator of migraine is not universally accepted, it is intriguing that the sites include the 
periaqueductal grey (PAG) and the rostral ventromedial medulla (RVM), which are prominent components 
of the pain modulatory pathways.  The RVM receives inputs from the PAG and exerts bi-directional 
control over nociception under different physiological and pathophysiological conditions. A facilitating 
influence from the RVM has been implicated in models of hyperalgesia and persistent pain including 
sickness, acute opiate withdrawal, opioid-induced hyperalgesia, inflammation, and neuropathic pain. 
Based on our observations, we have explored the hypothesis that the pronociceptive role of the RVM in 
sensitized pain states is also implicated in cutaneous allodynia associated with migraine headache. This 
suggestion is consistent with the observations that electrical stimulation of the PAG or microinjection of 
naratriptan into the PAG inhibits responses of trigeminal neurons to dural stimulation.  
 
Goadsby PJ. Recent advances in understanding migraine mechanisms, molecules and therapeutics. 
Trends Mol Med. 2006. 
 
Diener HC, May A. New aspects of migraine pathophysiology: lessons learned from positron emission 
tomography. Curr Opin Neurol. 1996; 9:199-201. 
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“Listening” and “Talking” to Neurons:  Clinical Imp lications of Glial Dysregulation of Pain and 
Opioid Actions  
 
Work over the past 15 years has challenged classical views of pain & opioid actions. Glia (microglia & 
astrocytes) in the central nervous system, through their release of proinflammatory, neuroexcitatory 
products, are now recognized as key players in: pain amplification, including pathological pain such as 
neuropathic pain and likely in headache; compromising the ability of opioids, such as morphine, for 
suppressing pain; causing chronic morphine to lose effect, contributing to opioid tolerance; driving 
morphine dependence/withdrawal; driving morphine reward, linked to drug craving & drug abuse; & even 
driving negative side effects such as respiratory depression.  Atop this, what is both fascinating & 
fundamentally important is that these opioid effects on glia are via the activation of a non-classical, non-
stereoselective opioid receptor distinct from the receptor expressed by neurons that suppresses pain. 
This implies that the effects of opioids on glia & neurons should be pharmacologically separable so to 
lead to new drugs for the control of chronic pain & to increase the clinical efficacy of pain therapeutics.  
The implications of glial activation for headache in general, and for the problems that opioids pose for the 
treatment of headache, will be discussed. 
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Zachary L. Durham and Paul L. Durham, PhD 
Center for Biomedical and Life Sciences, Missouri State University, Springfield, MO 65806 USA 
 
Objective:  The purpose of this study was to determine whether IL-1�  and IL-6 would sensitize trigeminal 
ganglion neurons to capsaicin by evaluating changes in neurons and glial cells in both trigeminal ganglia 
and trigeminal nucleus caudalis (TNC).  
 
Background:  IL-1�  or IL-6 are members of the interleukin family, which are a group of cytokines 
produced by many diverse cell types (neurons, glial cells, mast cells) that mediate sensitization of sensory 
neurons and regulate inflammatory and nociceptive responses. The levels of the pro-inflammatory 
cytokines IL-1�  and IL-6, which can be released in response to cortical spreading depression and cortical 
hyperexcitability, have been reported to be elevated during migraine attacks. However, the role of IL-1�  or 
IL-6 in migraine pathology is not well understood but is likely to involve sensitization of trigeminal 
nociceptors.  
 
Methods:  Male Sprague-Dawley rats were either left untreated (control), injected in the whisker pad with 
IL-1�  or IL-6 alone, or with IL-1�  or IL-6 two hrs prior to injection of a subthreshold concentration of 
capsaicin in the eyebrow region. Both ganglia and the TNC were collected 1 hr after the final injection and 
sections stained for expression of connexin (Cx) and known pro-inflammatory signaling proteins.   
Results:  While a subthreshold concentration of capsaicin alone did not cause increased protein 
expression, injection of IL-1�  or IL-6 prior to capsaicin resulted in significant increases in the levels of Cx 
26 and 43, PKA, and NF-kB in trigeminal ganglion and levels of c-Fos, GFAP, and GLAST in the TNC. Cx 
26 staining was increased in both trigeminal ganglion neurons and satellite glial cells while Cx 43 
expression was increased primarily in satellite glia. Similarly, levels of NF-kB, a transcription factor that 
regulates expression of many pro-inflammatory/nociceptive genes, and the pro-inflammatory signal 
transduction protein PKA were greatly increased in response to cotreatment. Within the TNC, cotreatment 
with IL-6 and capsaicin resulted in elevated levels of c-Fos, a marker of neuronal activation, GFAP, a 
marker of glial activation, and GLAST, a glial protein that functions to remove excess glutamate from the 
extracellular space. Interestingly, treatment with IL-1�  or IL-6 alone resulted in a large increase in GLAST 
expression in the TNC.  
 
Conclusions:  
Results from our study provide evidence that IL-1�  and IL-6 cause sensitization of trigeminal nociceptors, 
and therefore, may play a role in the pathogenesis of migraine by lowering the activation threshold to 
other inflammatory stimuli. Based on our findings, we propose that elevated levels of IL-1�  and IL-6 
function to facilitate increased expression of signaling proteins in neurons and glia within the ganglia and 
TNC that contribute to peripheral and central sensitization, respectively, and thus, play important roles in 
migraine pathology. 
 

 
National Headache Foundation and NIH grant DE017805. 
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NESTIN/HRAMP1 TRANSGENIC MICE: A NOVEL MIGRAINE MOD EL 
 
 
Authors:  Recober A, Kuburas A, Luu AS, Rossi H, Russo AF. 

Objectives:  To study light aversive behavior and trigeminal mediated pain as surrogates of photophobia 
and head pain in nestin/hRAMP1 mice.  

Background:  While the initial triggering of migraine attacks remains unknown, it is widely accepted that 
trigeminovascular system activation and the neuropeptide calcitonin gene-related peptide (CGRP) play a 
key role in the pathophysiology of migraine. As previously reported, we have generated a transgenic 
mouse that is sensitized to CGRP by overexpression of the human receptor activity modifying protein 1 
(hRAMP1) subunit of the CGRP receptor in the nervous system (nestin/hRAMP1 mouse). 

Methods:  nestin/hRAMP1 mice were tested in the light aversion test before and after 
intracerebroventricular (icv) administration of CGRP. The light aversion test is a natural conflict based 
assay. Mice were tested individually in a chamber with two compartments, half enclosed and dark and 
half open and lit, joined by a small opening in the center. Total time spent in the light was measured. 
Olcegepant was coadministered icv with CGRP. Rizatriptan and Sumatriptan were administered 
subcutaneously with CGRP icv. For the trigeminal mediated pain studies a novel operant assay was used 
where mice are given a choice between a reward and avoidance of painful thermal stimulus in the face. 

Results:  Untreated nestin/hRAMP1 transgenic mice spent 30% less time in the light than their littermates 
(P<0.0001). CGRP icv caused around 80% decrease in the time spent in the light (P<0.001). CGRP-
induced light aversion was prevented by olcegepant, rizatriptan and sumatriptan. Studies analyzing motor 
activity, anxiety related behavior and morphology of the anterior segment of the eye of nestin/hRAMP1 
and control mice revealed that none of these can fully explain the light aversive behavior displayed by 
nestin/hRAMP1 mice. Trigeminal mediated nociception is not increased in untreated nestin/hRAMP1 mice 
at different noxious temperatures.  Ongoing studies to address the effect of CGRP and nitroglycerine in 
trigeminal mediated nociception will be reported. 

Conclusions:  These results indicate that RAMP1 gene transfer can increase CGRP actions in the 
nervous system. Nestin/hRAMP1 transgenic mice are more light aversive than littermates and this is 
greatly enhanced by icv administration of CGRP. This behavior can be objectively quantified and used a 
surrogate of the photophobia. The replication of the CGRP-induced light aversive behavior in a different 
pedigree confirmed the contribution of nestin-cre driven hRAMP1 expression to the phenotype 
independent of the genetic context. The reproduction of the same results in a different testing chamber 
corroborates the robust phenotype. The effect of olcegepant, rizatriptan and sumatriptan abolishing the 
CGRP-induced light aversion validate the usefulness of this model for future mechanistic studies and 
drug development.  

Study supported by:   
National Headache Foundation (PI: Recober) 
K08 - NS066087-01  (PI: Recober) 
UI CTSA Pilot Grant  (PI: Recober)  
T32 NS045449 (Trainee: Recober) 
R21 DE018149 (PI: Russo) 
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 Episodic neurological phenotypes are a very interesting and important group of diseases affecting 
humans. These include disorders of skeletal and cardiac muscle, peripheral nerve, and brain. They range 
from episodic weakness syndromes to paroxysmal movement disorders that are quite rare. We have 
shown that ion channel gene mutations are responsible for many of these disorders but have also cloned 
novel genes causing epilepsy and paroxysmal dyskinesias that do not encode ion channels. One of these 
genes encodes a protein that we predict to function in stress response; this raises the possibility that 
proteins critical for homeostatic responses to altered membrane excitability might be sights for genetic 
variants affecting risk for episodic disorders. More common episodic phenomena include cardiac 
arrhythmias, epilepsy syndromes, and headache. In rare Mendelian disorders, single gene mutations are 
sufficient to cause dramatic phenotypes. 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.  
 
 Serendipitously, we recently identified a gene/mutation causing another human phenotype and 
noted that all mutation carriers in the family also have migraine with aura. We set out to test whether this 
mutation in casein kinase 1�  also may be causative of the MA phenotype. This data will be presented. 
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Migraine is much more common in women than in men, and painful episodes are linked to the hormonal 
fluctuations of the menstrual cycle. Classical studies of Somerville implicated estrogen in hormonally-
related headache. Estrogen receptors are present throughout the trigeminal vascular system. Our studies 
have focused on the role of estrogen receptors in the trigeminal ganglion. Tissue culture studies of 
triigeminal neurons obtained from female rats demonstrated that estrogen treatment activates the 
intracellular signaling mediator ERK in trigeminal neurons.  Studies in intact female rats confim this, and 
show that both estrogen and injections of the inflammatory mediator CFA into the masseter increase ERK 
activation, and that the effects are additive. Both estrogen and CFA increase facial allodynia, and, again, 
the effects are additive.  Estrogen receptors that may mediate these effects include estrogen receptor 
alpha (ERalpha) and a G-protein coupled receptor 30 (GPR30), a novel estrogen receptor.  We found that 
the nuclear form of ERalpha is localized in larger trigeminal neurons while the cytoplasmic form, most 
likely to mediate ERK activation, is localized in smaller trigeminal neurons, likely nociceptors. In addition, 
we found that GPR30 protein is present in the trigeminal ganglion, localized to neuronal cell bodies, and 
that neurons expressing GPR30 have smaller diameters than GPR30 negative neurons, suggesting that 
GPR30 is also present in nociceptors.  ERK activation by estrogen in the trigeminal ganglion may occur 
through either ERalpha or GPR30. In order to determine which receptor mediates ERK activation in 
response to estrogen, we examined ERK activation in primary cultures of trigeminal ganglion neurons 
treated with specific agonists for ERalpha and GPR30.  Both selective agonists increased ERK activation. 
In order to determine which estrogen receptor mediates facial allodynia, we used a behavioral model of 
inflammatory trigeminal allodynia. Ovariectomized female Sprague-Dawley rats were injected in the 
masseter with CFA and subcutaneously with an agonist for estrogen receptor alpha or GPR30.  
Treatment with both of these agonists increased allodynia, indicating that both receptors function in 
trigeminal sensitization.  In addition, estrogen treatment increased expression of ERalpha but not GPR30, 
while peripheral inflammation increased expression of GPR30 but not ERalpha.  Differential regulation of 
these receptors by estrogen and inflammation may help to explain the link between changing hormone 
levels and trigeminal pain.  
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A strong relationship exists between headache disorders and the circadian sleep-wake cycle 8. Primary 
headache disorders such as migraine, hypnic headache, and cluster headache occur with greater 
probability at certain times of the day and night. Likewise, a number of primary sleep disorders, notably 
obstructive sleep apnea, are associated with chronic headaches.  
 
Sleep has long been known to have a therapeutic effect on terminating migraine attacks. Furthermore, 
migraine onset has been shown to occur with higher probability at certain times of the day. Initial studies 
of the circadian timing of the onset of migraine attacks, derived from post-hoc analyses of clinical trials for 
sumatriptan, have indicated a preferential onset of migraine attacks upon awakening and during the 
morning hours 15. Studies in Italian children confirmed the finding of morning onset of migraine attacks, 
but also pointed to a second peak of migraine onset in late afternoon 30. Furthermore, these children 
experienced fewest migraine attacks during summer months, which may be related to alleviation of 
school-related stressors during the daytime. Studies of adults in arctic Norway, where ambient daylight 
factors are least constant throughout the year, indicated a morning peak of attack onset, as well as a mid-
day peak which correlated with work-related stressors 1-4. For migraineurs in arctic Norway with co-morbid 
insomnia, an increase in migraine attacks (with or without aura) was observed during sleep hours, as well 
as an increase in attacks of migraine with aura during the constant daylight of summer rather than the 
constant darkness of winter. Collectively, these studies suggest a complex interaction of the brain 
mechanisms that trigger migraine with intrinsic circadian cycles and those of entraining cues, or 
zeitgebers, such as ambient light or social stressors. 
 
Migraine and intrinsic disorders of sleep and waking may be co-morbid due to common genetic 
susceptibilities. We identified a family with 6 individuals, all of whom had a circadian rhythm phenotype 
(advanced sleep phase syndrome 19), migraine with aura, and a point mutation (T44A) in the 
serine/threonine protein kinase, casein kinase 1�  (CK1� ) 29,34. Mice carrying the T44A mutation replicate 
the circadian phenotype. These mice also demonstrate physiological changes associated with migraine, 
including a reduced threshold for inducing cortical spreading depression (CSD), which is believed to 
underlie migraine aura, as well as a heightened sensitivity to nitroglycerin-induced allodynia 7,25. CK1�  is 
a house-keeping kinase with multiple potential substrates and the T44A mutation reduces the maximum 
reaction velocity of CK1�  for phosphorylation of certain of these substrates. One such affected protein 
substrate is hPer2 31, which is crucial to the function of the intrinsic molecular clock mechanisms residing 
in neurons of the suprachiasmatic nucleus of the hypothalamus (SCN) 33. Reduced phoshporylation of 
hPer2 by CK1�  is the likely cause for the circadian phenotype seen in T44A mutant mice. Furthermore, it 
is plausible that the T44A mutation also alters kinase activity for other, as yet unidentified, substrate(s) 
thereby resulting in the migraine-related phenotypes. Of note, another mouse model of migraine, carrying 
the R192Q mutation of the CACAN1A P/Q calcium channel which causes familial hemiplegic migraine 
type 1, also shows changes in the ability to phase-shift to new ambient light/dark circadian cycles 23. This 
suggests that disorders of circadian dysregulation may be a common feature of migraine. 
 
In addition to circadian factors, the timing of migraine attacks may also be related to sleep homeostatic 
factors 6. For example, the purine, adenosine 16, has myriad roles in brain, including as an inhibitory 
neuromodulator and as a cerebral vasodilator. It is also often implicated as a putative sleep homeostatic 
factor since brain concentrations of adenosine rise with prolonged waking and fall during sleep 24. Plasma 
concentrations of endogenous adenosine also rise during migraine attacks 17 and adenosine delivered 
intravenously may precipitate migraine attacks 9. Caffeine, an antagonist at two adenosine receptors (A1, 
A2A), is a mild analgesic for headache, whereas withdrawal from chronic caffeine exposure leads to 
cortical hyperexitability and headaches with migrainous features 29. The full role of adenosine in primary 
headache disorders is yet to be elucidated. 
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Cluster headache is a disorder notable for excruciating pain, autonomic features, and the strict circadian 
timing of the onset of relatively brief attacks (usually less than one hour). By contrast to migraine, episodic 
cluster headache attacks occur most often nocturnally and several investigators have reported their 
relationship to the onset of REM sleep, particularly in patients with co-morbid REM-associated obstructive 
sleep apnea 32. Episodic cluster headache attacks typically occur on a daily basis for several weeks to 
months in duration and these so-called cluster periods also occur most often in July and December 3,20. 
This seasonal timing suggests a relationship of cluster attack onset to the solstices when the intrinsic 
molecular clock mechanisms of the SCN may be most out of phase with ambient day/night zietgebers. 
Cluster headache attacks have also been shown to be associated with increased metabolic activity and 
tissue density in a brain region posterior to the SCN which may lie either within the posterior medial 
hypothalamus or the subparafascicular nucleus of the thalamus 21,22. It is unclear whether this abnormal 
diencephalic region is coincident with the major orexin-containing nuclei of the hypothalamus, however, it 
is notable that a point mutation (G1246A) in the orexin 2 receptor increases relative risk for cluster 
headache 6.8-fold 26, and orexin deficiency is the hallmark of the primary sleep disorder, narcolepsy. 
 
Hypnic headache is a primary headache disorder with strict onset of timing exclusively to the middle of 
the night, often with such predictability that it is called “alarm clock headache” 27. Hypnic attacks are not 
associated with migrainous features or autonomic features as found in cluster 14. Recently a diencephalic 
region, possibly coincident with the region selectively active in cluster headache, has been shown to have 
reduced tissue density in patients with hypnic headache 18. 
 
In summary, the primary headache disorders do not occur at random times of day. A full description of the 
pathophysiology of these disorders will require a more complete understanding of the physiological 
factors which govern the timing of sleep and waking. 
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