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Migraine is a chronic headache disorder with an unknown pathophysiology. Research
in the past decade has shown that to be a brain disorder, a dismodulation of sensory processing
affecting vascular tone and pain1-3 but since the exact pathomechanism of migraine is not very
well known, its treatment is also difficult. Current drugs recommended by the “European Federation of Neurological Societies (EFNS)” used in the treatment of migraine include the triptan
family drugs that are serotonin (5-HT1B/D) receptor agonists, and the Non-Steroid Anti-Inflammatory Drugs (NSAIDs).4 Several other drugs such as anti-epileptic drugs, beta-blockers, and
calcium channel blockers are also recommended in the treatment of migraine.4
Although glutamic acid is one of the main neurotransmitters in the sensory system,
various neuropeptides have been implicated in pain but among them, Calcitonin Gene Related
Peptide (CGRP) is the only one neuropeptide that was found elevated in the blood of migraine
patients5-7 and CGRP administration induces migraine-like attack in migraine patients.8 Therefore, several studies in the last decade focused on drugs to block the CGRP receptor9-11 or the
effect of CGRP itself by antibodies against it10-12 although, it is not clear if the site of action of
these drugs is peripheral or central.13
Nevertheless, triptan family drugs are currently some of the best and most potent
compounds in the treatment of migraine,4,14 but not all patients respond to them and search for
other drugs that lack vasoconstrictive activity has continued. The discovery of CGRP-receptor
antagonist drugs,15 the so called “gepant family drugs” such as telcegepant and olcegepant, and
BI 44370 TA were the main events in migraine research in the last decade.16-21 Unfortunately,
these drugs were discontinued due to their side effects such as hepatotoxicity although they
were able to treat migraine effectively. Nevertheless, some newer drugs in this category including MK-3207,22,23 BMS-84637224,25 and MK-160226 are still under investigation, see10 for a brief
review. Nevertheless, research in the treatment of migraine did not stop here and search for
other drugs being able to block CGRP or its receptor continued.

Copyright:
© 2015 Samsam M. This is an open
access article distributed under the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction
in any medium, provided the original work is properly cited.
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CGRP receptor is a hetero-oligomeric complex that has a peculiar structure and consists of a component, called the “Calcitonin receptor-like receptor (CLR)” which is a transmembrane Gs protein-coupled receptor, and an accessory protein component known as the
“Receptor Activity-Modifying Protein 1 (RAMP1)” for the transport of CLR to the plasma
membrane, and another component known as “Receptor Component Protein (RCP)” that is
important for signaling pathway by determining the G-protein to which the receptor should be
coupled with.10,27,28
In recent years, monoclonal Antibodies (mAbs) against CGRP or its receptor have
been developed and are the newest anti-migraine drugs in clinical trials.
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Monoclonal Abs against CGRP remove the excess peripheral CGRP that is released from the perivascular nerve endings
and mAb against CGRP receptor prevents the CGRP signalling cascade.10-12,29-31 Please see31 and corresponding references for a brief
review of the structure of CGRP and its receptor and related signalling molecules.
At the moment, there are three anti-CGRP mAbs examined in clinical trials. These include the LY2951742 that has been
developed by Eli Lilly and Company,32 ALD-403 that has been developed by Alde Biopharmaceuticals33 and TEV-48125 (LBR101), developed by Teva Pharmaceuticals.34 The other class of mAb is against CGRP receptor complex, the AMG 334 that has been
developed by Amgen.35
Although these drugs are still in clinical trials, LY2951742 and ALD-403 have both shown to decrease the mean migraine
days per month from baseline compared to placebo group.36,37 The LY2951742 is a humanized mAb against CGRP with a half-life
of 28 days and was given subcutaneously (150 mg once every 2 weeks for 12 weeks) to migraine patients. Migraine days decreased
from 4-14 days per month. This decrease was 4.2 days in drug treated group compared to the placebo treated group who had 3.0 days
decrease in headache days per month in the 3rd month;36 that is 1.2 day difference in migraine headache although, there this decrease
was evident from the first month.36
The ALD-403 is also a humanized mAb against CGRP with a half-life of 31 days and was given as a single i.v. dose (1000
mg per 3 month).37 Migraine days decreased from 9-10 days of headache per month that 8-9 of them qualified as migraine days. This
decrease was 5.6 days in drug treated group compared to the placebo treated group who had 4.6 days decrease in headache days per
month in the 3rd month;37 that is 1 day difference in migraine headache nevertheless, decrease in migraine days started from the first
month.37 TEV-48125 (LBR-101) is also a humanized mAb against CGRP that has a half-life of 45 days. It has been used at 0.2- 2000
mg given in a one hour i.v. infusion as a single dose once on day 1, or up to 300 mg twice on day 1 and 14. It is now in clinical trials
phase 2 and has been reported to reduce the migraine days.12,38 The phase 2b clinical trials will be based on a 1-month run-in phase
which is followed by one subcutaneous injection per month for 3 months.12
The other drug in this category is the AMG 334, a mAb against CGRP receptor. It is under clinical investigation and analysis but reduction in migraine days per month has been reported.39
Please see10-12,31 for brief review of the drugs against CGRP and its receptor and some of the biological activities of CGRP.31
Another interesting pathway is activation of Vanilloid receptor 1 (transient receptor potential action channel subfamily
V member 1, TRPV1) and release of sensory neuropeptides such as CGRP.40 Similarly, inflammatory conditions can activate the
TRPV1 receptor resulting in CGRP release41 therefore, blocking TRPV1 has been one of the goals of some scientists in the treatment
of pain in the last couple of years.42,43
Inhibition of TRPV1 receptor or interfering with the CGRP effect improves health and increase longevity in mice.44 Can
mAbs against CGRP has other effects?
Nevertheless, in addition to targeting CGRP or its receptor with mAbs several other new drugs in clinical trials such as
5-HT1F receptor antagonist, drugs targeting nitric oxide synthase, glutamate, or GABA-A as well as invasive and noninvasive neuromodulation are under investigation for the treatment of migraine, please see45,46 for review.
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Pediatric stroke is a very rare condition and it is a cause of significant morbidity and
mortality. It is among the top ten causes of death in the pediatric population, and over half
of stroke survivors experience long-term disabilities. One major challenge in the diagnosis
of stroke is the fact that there are many conditions that may mimic stroke. In the pediatric
population the incidence of stroke mimic is around 79-93% of all presentations of acute focal
brain dysfunction. The most common diagnosis in children is complicated migraine, seizures
disorders, Bell’s palsy and conversion disorders. The aim of the evaluation of these conditions
is to rule out the diagnosis of acute stroke and the computed tomography (CT) is the modality
of choice as is more accessible in the Emergency Departments (ED).
KEYWORDS: Stroke mimics; Children; Stroke.
ABBREVIATIONS: CT: Computed Tomography, ED: Emergency Department, MRI: Magnetic
Resonance Imaging.
INTRODUCTION

Pediatric stroke is an uncommon condition and it’s a cause of significant morbidity
and mortality. It is among the top ten causes of death in the pediatric population, and over half
of stroke survivors experience long-term disabilities.1 Children with stroke experience impairments that interfere with normal development and living.2,3
The incidence of pediatric stroke is rare with an estimation of 2 to 3 per 100, 000.4
Due to the rarity of the condition, recognition and diagnosis of pediatric stroke is often delayed.
Studies locally and overseas have consistently demonstrated a considerable time lag of more
than 20 hours.5-8

Copyright:
© 2015 Yock-Corrales A. This is
an open access article distributed
under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly
cited.
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Besides pediatric stroke being rare, another major challenge in the diagnosis is the fact
that there are many conditions that may mimic stroke. Stroke mimics are defined as non-vascular conditions with a stroke-like presentation that are suggestive of acute focal brain dysfunction.9 In the adult population the stroke mimics account for approximately 30% of patients that
are assessed for focal brain dysfunction of apparently abrupt onset. Brain attacks is the named
given for this condition in the adult literature.10 According to some case series, in the pediatric
population the incidence of stroke mimic is 79-93% of all presentations of patients with acute
neurological symptoms.11,12
CLINICAL RELEVANCE

From the many patients that present with neurological symptoms in a pediatric ED,
there are the ones who require neuroimaging in order to rule out a diagnosis of stroke. Within
this pool of patients, there are a small number of actual stroke cases. Thus, there is a need to
differentiate these stroke mimics, primarily important for the acute treatment and for the rapid
management of the actual stroke cases.
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Currently, there is a lack of data in the literature describing pediatric stroke mimics and there are only few studies
published.11-13 In the study by Shellhaas, et al., they compared benign diagnoses (one third of mimics) with non-benign diagnoses
within the “mimics” group, and found no difference except for
the presence of seizures in benign disorders. The main presenting signs were seizure, focal weakness and headache. Diagnoses
of the mimics were diverse and included complicated migraine,
seizures disorders, psychogenic diagnoses and musculoskeletal
abnormalities. Limitations noted by the author’s were that not
all stroke mimics were referred to the stroke team for evaluation.
Additionally, the number of mimics included in the study (n=30)
was small, and it wasn´t a representative sample.11
In the study by Mackay, et al., they review prospectively all patients that presented to a pediatric ED with brain
attacks and found that the spectrum of diagnosis in children is
different from adults; being the most common diagnosis in children complicated migraine, seizures disorders, Bell’s palsy and
conversion disorders. This data was more representative with
301 consecutive presentations of brain attacks in a pediatric ED
where immediate decisions need to be made for imaging and
acute management.12
Reported incidence of these stroke mimics in adults
range from 4.8% to 31%.9,10,14,15 A paper on adult stroke mimics
lists intracranial mass lesions, seizures with post-ictal states, migraines, psychiatric disorders, hypoglycemia and encephalopathy as mimics of stroke in adults.16
Another study in adults by Vroomen, et al., looked at
the incidence and scope of stroke mimics presenting to a stroke
department. In those patients younger than 50 years old, a fifth
had a stroke mimic. In this age group, the main mimics were
conversion disorder and migraines. In those above 50 years old,
mimics were much less common (3%). Besides conversion disorder and migraines, epilepsy was also a major stroke mimic in
this age group.15
In the study by Hand, et al., they also attempted to determine the nature of stroke mimics, in order to allow differentiation between stroke and mimics at the bedside of the patient.10
In this study, the proportion of stroke mimics was around 30%.
One of the strengths of this study was that they found 8 items
that independently predicted the diagnosis in “brain attack” patients. This included findings that mimics are more likely with
a history of cognitive impairment, loss of consciousness, seizures at onset, no lateralizing symptoms, no focal neurology and
signs in non-vascular systems. On the other hand, patients with
definite focal symptoms, an exact time of onset and those who
were well the week before were more likely to have a stroke.10
Other strength was that it gives physicians tools to identify the
reliable (and unreliable) components of a clinical assessment in
the bedside when assessing patients with a possible stroke. One
limitation was that the information was obtained only from the
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patient and didn´t include the data given by family members or
emergency physicians.10
Children

Adults

1. Complicated Migraine

1. Epilepsy/Seizures

2. Epilepsy/Seizures

2. Systemic Infections

3. Bell´s Palsy

3 .Migraine

4. Psychiatric causes

4. Toxic-Metabolic

5. Syncope

5. Peripheral Nervous System/
Mononeuritis

6. Non-specified Headache

6. Psychiatric causes

7. Cerebelitis

7. Encephalopathy

8. Peripheral Nervous System/Mononeuritis

8. CNS Tumors

9. Drug intoxication

9. Vestibular

Table 1: Comparison of Stroke Mimics in order of frequency in adults and children.

Modified from Mackay MT, et al. Stroke and nonstroke
brain attacks in children. Neurology. 2014 Apr 22; 82(16): 143440.12
COMMON DIAGNOSIS OF STROKE MIMICS
Migraine

Headaches and migraines are common health problems
in children, and have been reported to occur in 10.6% of children aged between 5 to 15 years, and even greater numbers in
older children (28% in 15 to 19 year-olds).17 Some rare migraine
variants are found in childhood. These include ophthalmoplegic
migraine and alternating hemiplegic migraine. Ophthalmoplegic migraine may involve the 3rd, 4th and/or 6th cranial nerves
and generally presents with transient migraine-like headaches
with associated nerve neuropathy, such as diplopia.18 Alternating
hemiplegic migraine (or alternating hemiplegia of childhood) is
a rare syndrome of episodic hemiplegia lasting minutes to days,
with accompanying dystonia, nystagmus, oculomotor abnormalities and cognitive impairment.19 These syndromes and their associated neurologic deficits may present a diagnostic challenge,
especially in the evaluation of a possible stroke.
Bell’s Palsy

Bell’s palsy is a common cause of facial paralysis and is
a self-limiting disease that has a generally benign course. While
its pathophysiology is unknown, inflammation and compression
of the facial nerve in its passage through the facial canal remains
the popular theory, but acute immune demyelination triggered
by a viral infection may be the reason behind the disease. The
sudden onset of Bell’s palsy causes patients to seek medical attention urgently and it is the role of the emergency physician
to exclude other neurological causes of facial paralysis, such as
stroke.20

Page 75

neuro
ISSN 2377-1607

Open Journal

Todd’s Paresis

Todd’s paresis (or Todd’s paralysis) is a neurological
event in which a period of paralysis, involving usually one side
of the body, occurs after a seizure. These episodes may last from
minutes to hours and the patient’s speech and vision may also
be affected. Its presentation is similar to that of stroke and thus
careful investigation and differentiation is necessary.21
Conversion Disorder

Other mimics of stroke include psychological disorders
such as conversion disorder, which is a condition that presents
with altered physical functioning, but with an underlying psychological cause. Common presentations are weakness, involuntary movements and sensory disturbances. Children with conversion disorder may have a history of abuse, and some may have
family members with conversion disorder. A study in children
and adolescents with acute conversion symptoms concluded that
reduced effective attention, executive function, and memory are
associated in these patients.22
Evaluation and Management

In the evaluation of stroke mimics the main aim is to
rule out the diagnosis of stroke and initiate immediate treatment
according to the diagnosis suspected. It is well known that in
the pediatric population the delays in seeking medical advice,
lack of awareness of health workers and the non-abrupt onset of
symptoms make the diagnosis of this disease very delayed.5,6,23
Risk factors for pediatric stroke are different from those
in adulthood. At initial presentation, approximately half of the
children who presented with stroke had no previous positive
medical history, but once admitted and when investigations are
done some will have unexpected pathologies such as primary
cerebrovascular disease or may have modifiable risk factors
such as hypertension associated with sickle cell disease.24 In
children, a more direct cause–effect relationship between risk
factors and stroke events exists, in comparison with adults, in
whom risk factors such as smoking, obesity, hypertension, and
diabetes cause stroke indirectly via the acceleration of atherosclerosis.25
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when more obvious gross neurological deficits developed. In the
younger age group like neonates and infants, the more common
symptoms on presentation are seizures and lethargy. For older
children, focal deficits like hemiparesis are often the main complain on arrival.7,26,27
Stroke is diagnosed primarily by neuroimaging evidence of infarction in a cerebral artery territory, considered together with clinical history and examination findings. A systematic evaluation should aim to exclude mimics and to identify the
stroke etiology.1 To this end, evaluation should include taking a
detailed personal and family medical history (e.g. coagulopathies, cardiac disorders) and questions about recent events like
trauma and infections to assess possible risk factors for stroke.
A thorough neurological examination should seek to identify all
abnormalities, both gross and subtle. This is especially important in younger patients where subtler signs like limb weakness
can be easily missed.
The imaging use to confirm or in this case rule out
stroke include Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) scans of intracranial structures and also
blood vessels imaging (angiography). Widely available in most
emergency department settings, CT is usually helpful for distinguishing the different possible diagnosis.28 However, an early
infarct may not show up on CT, thus MRI, whether conventional
or diffusion-weighted, is the preferred imaging method in the
evaluation of possible stroke.27 If the patient is still in the ED the
CT is the modality of choice as is more accessible.
Other studies that are helpful when suspected stroke
mimics are electroencephalogram for seizure disorders and
evoke potential test for neuropathies or conversion disorders.
More evaluations needed should be individualized according to
the possible diagnosis suspected by the physician.
The need for early consultation with a neurology specialist might be useful in helping the clinician (usually an emergency doctor) to determine who have a probable stroke. This
early assessment will improve the times from onset of symptoms
to diagnosis of stroke and will help in initiating treatments of
some cute stroke like syndromes in the pediatric population.
CONCLUSION

In children, the clinical presentation of stroke is variable
and may be non-specific, contributing to decreased recognition
by physicians.5 Subtle signs and symptoms of in co-ordination,
limb weakness and lethargy are easily attributable to conditions
besides stroke, such as normal clumsiness and behavioral issues.
Presentation of stroke is related to the age of the child and the
location of the infarct.1

There is currently not much literature about the incidence of stroke mimics in the pediatric population, their presenting signs and symptoms. Therefore, more studies are needed to
help the physician not only to increase awareness about pediatric
stroke but also to help differentiate between the mimics and the
actual stroke cases.

In terms of interpreting the signs and symptoms at presentation, it is essential to understand the normal developmental stages of a child. Subtle signs and symptoms in infants and
younger children tend to be missed, and stroke is picked up only

Adult studies may not be directly applicable for pediatric stroke as there are differences in presentation between
adult and childhood stroke mimics. Also, the incidence of adult
stroke mimics differ from that in children, with a higher propor-
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tion likely in the pediatric population associated to numerous
diagnostic challenges in younger patients.
Limited awareness regarding pediatric stroke among
physicians and in the community is a major issue in the diagnosis not only of stroke but also stroke mimics. There are no
brain attack protocols in children, specifically a well-established
diagnostic pathway from pre-hospital setting to the hospital setting. In the future, the initiative of an ED stroke-screening tool
in all the acute settings, will aid in the prompt recognition of
stroke patients and improvement in their management like using
thrombolysis as acute management for this disease as standard
practice.
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ABSTRACT

Migraine is a chronic headache disorder that its exact pathomechanism is not very well
known but research in the last two decades indicates that it might be a brain disorder, a dismodulation of sensory processing of the brainstem responsible for regulation of vascular tone and
the pain. Several neurotransmitters and neuromodulators including neuropeptides have been
implicated in the pathomechanism of migraine, among them, Calcitonin gene-related peptide
(CGRP) has been the focus of many studies in recent years. Increased CGRP level (perhaps due
to release from peripheral and central sensory nerve endings) has been detected in the blood of
migraine patients and many basic and clinical investigators in recent years have been trying to
block the CGRP receptor by means of newly developed CGRP-receptor antagonist drugs or inhibit its activity by even newer compounds, the monoclonal Antibodies (mAbs) against CGRP
or its receptor. These latter ones are still in clinical trials but have had promising results so far
in alleviating the pain of migraine patients. This article will briefly review and discuss the role
of CGRP and its receptor in migraine and some of the other biological activities of CGRP, the
CGRP receptor antagonist drugs and the new progresses in mAbs against CGRP or its receptor.
KEYWORDS: Migraine; Calcitonin gene-related peptide.
ABBREVIATIONS: CGRP: Calcitonin gene-related peptide; mAbs: monclonal Antibodies;
TG: Trigeminal Ganglion; NSAIDs: Non-steroid anti-inflammatory drugs; CLR: Calcitonin
receptor-like receptor; RAMP1: Receptor activity-modifying protein 1; RCP: Receptor Component Protein; TNF: Tumor Necrosis Factor; IL-10: Interleukin-10; TLR4: Toll-like receptor
4; eNOS: endothelial Nitric Oxide Synthase; ASD: Autism Spectrum Disorders; RNA: Ribonucleic acid; BBB: Blood Brain Barrier.
INTRODUCTION

Copyright:
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Migraine is believed to be a brain disorder, a deficiency of sensory modulation, and
probably a system failure of normal sensory processing of the brainstem that regulates the vascular tone and the pain in migraine.1,2 Although the aura phase of migraine is believed to be due
to cortical spreading depression, a similar mechanism of neuronal excitation is believed to be
the trigger for migraine while the headache phase of migraine seems to involve the trigeminovascular system consisting of mainly trigeminal nerve and meningeal vessels.
Observations of Dr. Goadsby and several investigators using imaging studies suggest
that the trigger phase of migraine is initiated by neuronal hyperexcitability and activation of the
brainstem, hypothalamus, and the brain, and that activation is often unaffected even after relief
of the headache by antimigraine drugs.3-5
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A major part of the dura mater specially the supratentorial part of dura is innervated by the trigeminal nerve, mainly
the ophthalmic branch. The Trigeminal Ganglionic (TG) neurons contain several neurotransmitters and neuromodulators
among them glutamic acid and various neuropeptides including
the calcitonin gene-related peptide.6,7 Several neuropeptides coexist together in TG sensory neurons and may be released at the
first central trigeminal synapses in the brainstem upon stimulation,8 but clinically, significant CGRP increase has been seen in
migraine patients.9,10 CGRP administration in human provoked
a migraine-like attack in migraine patients11 and CGRP-antagonists alleviated the headache to a comparable level to other potent anti-migraine drugs such as sumatriptan.12 Currently, some
of the first choice antimigraine drugs include the triptan family
drugs that are the serotonin receptor agonists (5-HT1B/D), and the
Non-steroid anti-inflammatory drugs (NSAIDs) according to
the “European Federation of Neurological Societies (EFNS)”.13
Please see14-16 for a comprehensive review of the triptan family
drugs and their receptors, and see5,17 for a brief review of several
other drugs that are being used for the treatment of migraine
including their actions, effects and side effects.
However, research in the treatment of migraine is one
of the active fields of the neurological research and several studies in recent years focused on new and alternative treatment
strategies including antagonizing CGRP receptors and/or blocking the CGRP activity by mAbs against CGRP and/or its receptor.
Calcitonin gene-related peptide consists of 37 amino
acid detected by alternative processing of Ribonucleic acid
(RNA) transcripts from the calcitonin gene which result in the
production of distinct messenger RNA (mRNAs) that encodes
the hormone calcitonin.18
There are two forms of CGRP in humans: the α-CGRP
and the β-CGRP that are derived from different genes that differ
in 3 amino acids but show similar functions.19 The α-CGRP is
expressed in sensory neurons including the trigeminal ganglion
and is the relevant one in migraine pathophysiology while the
β-CGRP is expressed in the enteric nervous system and in hypophysis and its role in migraine is not known.20-22
There is a wide anatomical distribution of CGRP in the
body including the central and peripheral nervous system and
is involved in many functions including nociception, glucose
uptake, and stimulation of glycolysis in the skeletal muscles.23
CGRP is a potent vasodilator in human and rat and may mediate
hyperemia in some pathological conditions.24
The headache phase of migraine is believed to be caused
by vasodilation of cranial vessels activating the trigeminal and
other sensory nerves,25-28 although migraine has been reported
without the initial dilatation of the middle cerebral artery29 and
even during cerebral hypoperfusion.29-32
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CGRP Receptor and its Localization in the Nervous System

CGRP receptor has an unusual structure and consists of
a hetero-oligomeric complex with a transmembrane Gs proteincoupled receptor, the “Calcitonin receptor-like receptor (CLR)”
and an accessory protein known as the “Receptor activity-modifying protein 1 (RAMP1)” which is necessary to transport CLR
to the plasma membrane. Both the CLR and RAMP1 subunits
have extracellular domains that interact with one another and
together form a complex for the peptide-binding site.33-36 The extracellular domain of RAMP1 is very important for the binding
of CGRP-receptor antagonist molecules to the CGRP receptors37
and function of RAMP1 is crucial for the activity of CGRP receptor in the trigeminal ganglion.38 Another related structure of
the CGRP receptor is the Receptor Component Protein (RCP)
which is crucial for signaling pathway and determines the Gprotein to which the receptor should be coupled with.29,35
The CLR acts as a receptor for either CGRP or adrenomedullin, depending on which members of RAMPs are expressed. RAMP1 is a CGRP receptor at the cell surface and acts
as a mature glycoprotein as well. RAMP2-transported receptors
are adrenomedullin receptors and are core-glycosylated molecules.33,39
Although originally two CGRP receptors (1 and 2) were
recognized40 the nomenclature changed later and the “CGRP(1)”
receptor is now known as the “CGRP” receptor.17,41
Various signaling molecules and second messengers
are involved following the CGRP receptor activation. These
include the CGRP activation of ATP-sensitive K+ channels42 or
large-conductance Ca+2-activated K+ channels43 with a subsequent increase of intracellular cAMP44 leading to vasodilation
and headache. Nitric oxide activation of CGRP release in trigeminal ganglion neuronal cell culture however involves extracellular calcium and T-type calcium channels.45
CGRP receptor (both CLR/RAMP1 components)
mRNA and protein are expressed in several regions of the CNS
including the spinal cord and spinal trigeminal nucleus, area postrema, pineal gland, parts of hypothalamus, periaqueductal gray
matter, pontine raphe nuclei and the gracile nucleus although
the RAMP1 mRNA was also detected in several regions of the
brainstem and that CGRP receptor was found in areas that were
not supported by BBB.46
CGRP receptor is also expressed in the cerebellum.47
Localization of the CGRP receptor in the tigeminovascular system seems to be on the central trigeminal nerve endings, dural
blood vessels and mast cells, and trigeminal ganglion48,49 as well
as dorsal horn secondary neurons.50 Please see22,46,51 for a comprehensive review of the CGRP receptor sites. CNS glial cells
such as astrocytes and microglial cell52 and Schwann cells49 also
express CGRP receptors as well.
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CGRP Receptor Antagonists in the Treatment of Migraine

One of the important properties of CGRP-antagonist
drugs such as BIBN4096BS is that it prevents the CGRP-mediated vasodilation or activation of trigeminovascular afferents53
without the vasoconstrictor activities which is an advantage in
patients with coronary heart disease or in patients with second
rebound attack, see53,54 for review.
The discovery of CGRP-antagonist drugs the “gepant”
family, in the last decade was a breakthrough in migraine treatment research due to their lack of vasoconstrictive activity compared to some “triptan” family drugs. One of the first drugs, the
BIBN4096BS, also known as olcegepant, prevents the CGRPmediated vasodilation or activation of trigeminovascular afferents,12 and presumably inhibits the central CGRP receptors.
Olcegepant is a potent anti-migraine drug that has been
examined on human arteries.55-59 The BIBN4096BS was shown
to block the responses evoked by stimulants such as α-CGRP
and capsaicin, or transcranial electrical stimulation of perivascular trigeminal nerve60 which reduces the increased dural blood
flow without changing basal vascular parameters,61,62 whereas
sumatriptan reduced only the vasodilation induced by electrical
stimulation.17,60 One important advantage of olcegepant over the
triptan family drugs is that it doesn’t constrict the coronary arteries.55,63,64
Olcegepant has been shown to inhibit CGRP receptor
in the trigeminal nucleus suggesting a similar central nervous
system mechanism as well in treatment of migraine.65 Another
drug in this class, the MK-0974 (telcagepant) is another effective CGRP receptor antagonist when administered orally for the
acute treatment of migraine.66
Both olcegepant (iv) in phase I, phase II and telcagepant (oral) in phase III have been used in migraine clinical trials.66-69 The efficacy of the CGRP antagonists in the central modulation of pain in the hypothalamus has also been reported by
Goadsby and colleagues.5,70 A major side effect of these drugs is
hepatic toxicity and elevated transaminase levels71 although the
presumably high doses of olcegepant and telcagepant alleviating
the migraine symptoms are not so high after all.72 A newer CGRP
antagonist “BI44370TA” was reported to have a lower frequency of adverse effects in its phase II clinical trials.73 It seems that
the CGRP antagonists can act on CGRP receptors however it is
uncertain whether they act on peripheral or central sites or both
in migraine.72
Please see74-77 for a comprehensive review on the CGRP
and its functions, receptors, and the implication of CGRP-receptor antagonists as a novel approach in the treatment of migraine
attacks. A recent report comparing the dose-response curve for
the efficacy and adverse effect of several serotonin receptor
(5-HT1B/D) agonist drugs such as triptans or Lasmiditan (5-HT1F
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antagonist) and the CGRP-receptor antagonists such as telcagepant, BI 44370 TA, MK-3207, and BMS-927711 indicates that
the dose-response curve for efficacy of triptans is flat while their
adverse effects increase by increasing the doses. While Lasmiditan and the CGRP-receptor antagonist drugs had also a flat doseresponse curve, the efficacy-tolerability profile of the triptans is
more favorable than others.78
Nevertheless, these newer drugs may have advantage
in those patients that are triptan non-responders or with coronary
heart disease or in patients with second rebound attack.53,54,78 So
far five different CGRP-receptor antagonist drugs with proof of
efficacy have been used for the treatment of migraine but were
discontinued due to hepatic toxicity and other side effects.79-82
Therefore, search for newer drugs against CGRP did
not stop but this time, efforts were on developing antibodies
against CGRP and it receptors.83,84
Monoclonal Antibodies against CGRP and its Receptor in the
Treatment of Migraine Headaches

Antibodies against viruses have long considered as
effective preventive methods in viral infections.85,86 Antibodies against biological antigens (in this case, CGRP) can bind
proteins and neutralize their effect (block the activity) whether
being free in the circulation or membrane-bound and possibly
intracellular proteins.
Monoclonal antibodies (mAbs) against CGRP and its
receptors are newer drugs that have emerged in recent years87
Table 1. Several investigators have been studying three mAbs
for the prevention of episodic migraine and one mAb for the
prevention of chronic migraine in the last couple of years.87 The
main idea was to remove the excess peripheral CGRP released
from the perivascular nerve endings and for the anti-CGRP receptor antibodies to prevent the CGRP signalling cascade.82,83
Currently, three anti-CGRP mAbs have been developed
that are in clinical trials. These include the LY2951742 (by Eli
Lilly and Company), ALD-403 (by Alde Biopharmaceuticals)
and TEV-48125 (LBR-101) developed by Teva Pharmaceuticals. The other class of mAb is against CGRP receptor complex,
the AMG 334, developed by Amgen.
The ALD 403: Is a humanized Anti-CGRP mAb that has been

used for episodic and chronic migraine, please see company’s
website.88 It has completed phase 189-90 study and is in phase
2.91 It has a half-life of approximately 31 days and has finalized
positive proof-of-concept in phase 2a with a single i.v. dose of
1000 mg that can be repeated every 3-month.92 The safety of the
drug was assessed at 12 weeks after the infusion; the primary
efficacy endpoint was observation of changes in the frequency
of migraine days from the baseline to weeks 5-8 among adult
patients age 18-55 years who had 9-10 days of headache per
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Drug: action

Dose; Half -life

Decrease in migraine days per month from
baseline compared to placebo group

Reference

The ALD 403: mAb against CGRP

1000 mg per 3 month (single i.v.dose);
Half-life: 31 days

5.6 in drug treated versus 4.6 days in placebo group
(1 day difference) in the 3rd month.

92

LY2951742: mAb against CGRP

150 mg once every 2 weeks for 12
weeks (subcutaneous dose); Half-life:
28 days

4.2 in drug treated versus 3.0 days in placebo group
(1.2 day difference in migraine headache) in the 3rd
month.

94

TEV-48125: mAb against CGRP

0.2- 2000 mg (a one hour i.v. infusion)
as a single dose once (on day 1), or
up to 300 mg twice (day 1& 14);
Half-life: 45 days
Phase 2b clinical trials will use a
1-month run-in phase followed by one
subcutaneous injection per month for
3 months

Still under investigation and analysis but reduction
of both headache hours and days per month was
reported.

82,104,105

AMG 334: CGRP-receptor mAb

Subcutaneous injection

Still under investigation and analysis but reduction in
migraine days per month in episodic migraine patients
was reported.

114,115

Table 1: Monoclonal antibodies (mAbs) used in clinical trials against CGRP or its receptor in the treatment of episodic and/or chronic migraine.

month where 8-9 of them qualified for migraine days.82,92 Patients treated with ALD403 had a mean decrease of 5.6 migraine
days between baseline and weeks 5-8 compared to the placebo
group who had a decrease of 4.6 migraine days in the 3rd month
(1 day difference).82,92 The difference in the first month was 5.6
versus 3.9 days between the ALD403 group and the placebo
(1.7 days difference).82,92 These results showed the efficacy of
ALD403 and there was no safety concern with the i.v. injection
of 1000 mg of this mAb against CGRP.92 Some side effects included infections of the upper respiratory, or urinary tracts, back
pain, fatigue, nausea and vomiting that were seen in 57% of the
81 patients treated with ALD403 but were also seen in 52% of
the 82 individuals who received the placebo treatment.92
LY2951742: Is another humanized anti-CGRP mAb (Lilly’s

clinical development pipeline)93 with a half-life of 28 days94 that
has completed phase 1 clinical trials for the treatment of episodic and chronic migraine95,96 and was tested in phase 2 clinical trials.97 This phase 2 proof-of concept included randomized,
double blind, placebo controlled investigations in 35 centres in
the United States.94
The safety of the drug was assessed at 12 weeks treatment period after subcutaneous administration of 150 mg of this
mAb twice per month (once every 2 weeks) for 12 weeks.94 The
primary endpoint was observation of changes in the number of
migraine headache days per 28-day period that were evaluated
at 9-12 weeks (although follow up assessment continued over
24 weeks as well) among adult patients age 18-65 years having 4-14 days of migraine headache per month.94 Patients treated
with LY2951742 had a mean decrease of 4.2 (62.5% decrease)
migraine headache days between baseline and week 12 compared to the placebo group who had a decrease of 3 migraine
days (42.3%).94 This study indicated that LY2951742 may be
beneficial in prevention of migraine.94
Adverse effects such as pain and erythema or both at

Neuro Open J

the injection site (20% versus 6% in placebo group), upper respiratory tract infections (17% versus 9% in placebo group) and
abdominal pain (6% versus 3% in placebo group) were more frequent in the LY2951742 treated group than the placebo treated
group.94 Another effort was also determining the dose selection
for phase 2 studies.98 LY2951742 is currently in clinical trial
phase 3 for treatment of episodic cluster headache.99
TEV-48125: Also known as LBR-101 (with a former identity:
RN-307) is also a humanized anti-CGRP mAb for treatment of
episodic and chronic migraine (Teva Pharmaceutical Industries
Ltd.)100 and has a half-life of about 45 days, the longest among
the anti-CGRP mAbs.101 Its safety profiles were demonstrated
through six phase one studies.102 Studies in monkeys established
the safety and tolerability of LBR-101 and appeared to have
no significant effect in cardiovascular and haemodynamic parameters.103 Clinical studies used 0.2-2000 mg given as a single
dose (a one hour i.v. infusion) once (on day 1), or up to 300 mg
given twice (day 1 and day 14) to human subjects.104 These doses
were well tolerated and overt safety concerns were not noticed.82
TEV-48125 is currently in two phase 2b clinical trials, administered as a 1-month run-in phase followed by randomization and
monthly subcutaneously injections for 3 months.82 TEVA company announced the successful completion a phase 2b clinical
trial using TEV-48125, meeting the primary and secondary endpoints in both chronic and episodic migraine study after a single
dose injection which was significantly higher than placebo and
resulted in significant reduction of both the number of monthly
cumulative headache hours, and the number of headache days of
at least moderate severity relative to baseline.105 No significant
cardiovascular or liver function adverse effects were seen compared to the placebo receiving control group, please see82,104 for
details of the studies and a comprehensive review.
AMG 334: Is a CGRP-receptor mAb, indicated in Amgen media
news release106 that has completed phase 1107-109 and is in its phase
2 clinical trials.110-112 A few recent reports113 and those of Amgen
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released results (reported by PRNewswire) of a global phase 2
clinical trial (which was also presented in the 17th congress of
the International Headache Society, Valencia, Spain) indicate
that this fully human mAb, the AMG 334 seems to have significantly decreased the mean migraine days per month in episodic
migraine patients.114,115 These studies are currently ongoing but
please see references112,113 for more details of AMG 334 studies
that has been released so far.

TRPV1 receptor.124 The central action of CGRP controls the GI
motor function and intestinal motility including the migrating
motor complexes.125

Biological Role of CGRP in Homeostasis

CGRP release from the mesenteric perivascular nerve
fibers increases the induction of pannexin-1-formed channel
opening (hemichannels) which results in reduction of pannexin-1 and endothelial Nitric Oxide Synthase (eNOS) expression,
and CGRP blockade increases the eNOS expression significantly.127 These channels are important in the regulation of blood
brain barrier as well.

So far we discussed the CGRP being a neurotransmitter/neuromodulator that mediates vasodilation peripherally and
acting on its receptor on central neurons but it is important to
discuss some other biological roles of CGRP in the body.
In the lung and respiratory airways, in addition to CGRP
expression of the sensory neurons innervating the airways,
blood vessels and lymphoid tissue,116 CGRP is also localized in
specialized epithelial (neuroendocrine) cells in the lungs and is
involved in regulation of vascular tone,117 protection of the bronchial tree, the anti-inflammatory responses and tissue repair.118
Ablation of sensory nerve fibers leads to a significant increase in
inflammatory responses, and congenital CGRP-knockout mice
have increased reperfusion-induced tissue inflammatory activities.119 In the gastrointestinal (GI) tract, stimulation of sensory
nerves reduces reperfusion-induced liver injury and stressed-induced gastric mucosal injury in rodents presumably by CGRPinduced increase in the expression of prostacyclin [PGI(2)] and
attenuation of inflammatory responses such as tissue Tumor Necrosis Factor (TNF) increase and tissue accumulation of neutrophils.119
CGRP is a negative regulator of innate immune responses by inhibiting the antigen presenting cells such as macrophages and dendritic cells, blocking their capacity to produce
proinflammatory cytokines.120,121 This effect of CGRP is mediated by production of Interleukin-10 (IL-10) and IL-10 independent processes that stimulate the expression of the inducible
cAMP early repressor (International Confederation of Energy
Regulators (ICER)) and inhibition of NF-ΚB, although in sepsis
this effect of CGRP may complicate the situation.121 A central
role for intestinal dendritic cells in neuroimmune communication and similar roles for neuropeptides including CGRP in the
skin, lung and GI tract has also been proposed.122
The Toll-like receptor 4 (TLR4), a bacterial gram negative receptor, can activate the Vanilloid receptor 1 (transient receptor potential action channel subfamily V member 1, TRPV1)
and result in the release of CGRP and its anti-inflammatory effects in the intestine.123
CGRP expressing nerve fibers in the GI tract are involved in pain, GI motility and secretion, defense against irritants, and wound healing of ulceration, presumably acting via
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CGRP and TRPV1 (and some other neuropeptides and
receptors/channels) are also involved in the neural plasticity of
almost all parts of GI tract including the liver and pancreas during pathological conditions.126

There are evidences that CGRP expressing fibers of trigeminal ganglion innervate the pineal gland in several mammalian species.128 Pineal gland is known to regulate hypothalamus,
the command center for the control of autonomic and endocrine
activities. Although this might be involved in the autonomic responses of pain following activation of the trigeminovascular
system.
There is even a role for CGRP in the neuromuscular
transmission. CGRP seems to significantly stimulate the calcium
(Ca++) channels at the sarcoplasmic reticulum leading to Ca++
release into the cytosol of the skeletal muscle and also stimulate
the Ca++ channels at the sarcolemma to a lesser extent.129
CGRP expression increases in injured motor neurons
and is believed to activate neuroglial cells such as astrocytes and
microglial cells in the CNS which is believed to be responsible
for tissue remodeling and repair.52
DISCUSSION

Several anti-migraine drugs have been developed in the
past three decades. Tremendous efforts by brave scientists, clinicians, drug companies, and patients (for clinical trials) in this
field has contributed to the significant achievements so far and
this effort continues until various treatment options for migraine
are found.
Although CGRP has several important roles in human
body, increases in its levels in the blood of migraine patients has
been linked with the headache. Therefore, inhibiting its activities by means of CGRP-receptor antagonists and/or monoclonal
antibodies against CGRP or its receptor has been a focus of more
than a decade of research to find another alternative treatment to
alleviate the pain of migraine specially on those who are nonrespondent to other drugs and also find a more convenient type
of medication that patients could take once a month or so and
become pain free.
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Anti-CGRP treatment strategy is one of the alternative
therapies to a number of drug treatment options currently available for the prophylaxis and treatment of headache in migraine.
Currently, the first choice treatment options of migraine include
the use of triptan [serotonin (5-HT1B/D)] receptor agonist family drugs and NSAIDs. A number of prophylactic drugs such as
the Antiepileptic drugs (AEDs), betablockers, and Ca2+ channel
blockers are currently being used to treat migraine. These are
in addition to some other drugs and non-drug treatment options
that are currently available to treat migraine headache. Nevertheless, research in the treatment of migraine is always looking
for newer and more convenient, more efficient and more potent
drugs or treatment strategies with fewer or no adverse effects.
Although promising, the CGRP-receptor antagonist
drugs (the “gepant” family) were discontinued due to their side
effects, especially the hepatotoxicity. Several other CGRP receptor antagonists such as MK-3207, BI 44370, BMS-846372 are
still in clinical trials, please see77 for review. Search for newer
anti-CGRP compounds with sufficient efficacy and less or no
adverse effects continued in recent years.
It seems that blocking CGRP or its receptor alleviates
the headache in migraine patients. A number of studies so far in
phase one and phase 2, using mAbs against CGRP or its receptors have shown a decrease in the number of headache days per
month while did not have a significant adverse effect although
these studies are still ongoing at the moment. One important fact
about CGRP mAbs is their half-life (and their clearance from the
body) which is in the range of a few weeks. This is very good
and convenient for migraine patients since with one injection
or so per month they experience much less headache days per
month although the clearance time of the mAbs from the body is
also extended equally.
If proven effective with minimal or no significant adverse events after completing the clinical trials, mAbs against
CGRP or its receptors will be another revolution like the triptan
family drugs in the field of migraine treatment and will increase
our abilities and options to treat migraine effectively. Some of
the adverse events of mAbs against CGRP such as infections
and abdominal pain seen in some patients may correspond to
decrease or inhibition of biological activities of CGRP or activation of some other compensatory mechanisms. Therefore, long
term use and monitoring of the patients would add more knowledge to our current understanding.
Such mAbs will certainly be beneficial in other painful
or other conditions if their pathophysiology is similar.130 CGRP
is among the four neuropeptides that were increased in the archived neonatal blood of infants who were later (after couple of
years) diagnosed having Autism Spectrum Disorders (ASD) or
mental retardation.131
It is not known why some neuropeptides are increased
in ASD, but increased blood serotonin levels has been linked to
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loss of brain serotoninergic terminals via a negative feedback,
disrupting the serotonin function leading to a compensatory increase in CGRP level in ASD patients.132-134 Although, several
genes have been implicated in ASD135 environmental factors including GI abnormalities and immune imbalance might play a
role in ASD136 and other psychological health problems.
The role of CGRP increase in ASD children is not very
well known but both serotonin and CGRP are involved here as
well. Some GI problems including diarrhea and abdominal pain
in autistic children136-139 are due to various causes but the exact
pathomechanism of GI problems in ASD children is not completely understood.140 It is however possible that anxiety, sensory
over-responsivity and GI problems are interrelated phenomena
in children with ASD.141
Several studies using CGRP knockout mice or other related studies have reported about the various roles of CGRP in
pathological conditions in animal studies and results are indicative of some protective and some deleterious effects of CGRP
in neuroprotection, immune activation or vascular structure and
function.142-150
However, mAbs against CGRP in migraine treatment
research should tell us more about the long term effect of CGRP
inhibition.
Interestingly, inhibiting the TRPV1 receptor or interfering with CGRP activity may improve health and increase age
longevity as shown in a recent study in mice151 and brought the
ideas of “die another day”152 and “a long pain-free life”.153
Can mAbs against CGRP increase our longevity?
CONFLICTS OF INTEREST

This paper has been written without external financial funding.
There is no conflicts of interest.
ACKNOWLEDGMENTS

The author’s salary is paid by the University of Central Florida,
Orlando, FL, USA.
REFERENCES

1. Weiller C, May A, Limmroth V, et al. Brain stem activation in
spontaneous human migraine attacks. Nat. Med. 1995; 1: 658660.
2. Akerman S, Holland PR, Goadsby PJ. Diencephalic and
brainstem mechanisms in migraine. Nat Rev Neurosci. 2011; 12:
570-584. doi: 10.1038/nrn3057
3. Cohen AS, Goadsby PJ. Functional neuroimaging of primary
headache disorders. Expert Rev. Neurother. 2006; 6: 1159-1171.

Page 84

neuro
ISSN 2377-1607

Open Journal

doi: 10.1586/14737175.6.8.1159
4. Goadsby PJ. Recent advances in understanding migraine
mechanisms, molecules and therapeutics. Trends Mol. Med.
2007; 13: 39-44. doi: 10.1016/j.molmed.2006.11.005
5. Samsam M. Central nervous system acting drugs in treatment
of migraine headache. Cent Nerv Syst Agents Med Chem. 2012;
12(3): 158-172. doi: 10.2174/187152412802430147
6. Lazarov NE. Comparative analysis of the chemical neuroanatomy of the mammalian trigeminal ganglion and mesencephalic
trigeminal nucleus. Prog Neurobiol. 2002; 66(1): 19-59. doi:
10.1016/S0301-0082(01)00021-1
7. Samsam M, Coveñas R, Ahangari R, Yajeya J. Major neuroanatomical and neurochemical substrates involved in primary
headaches. Chapter 1. Neuroanatomy Research Advances; In:
Flynn CE, Callaghan BR, eds. Nova Science Publishers; New
York; 2009: 1- 58.
8. Samsam M, Coveñas R, Ahangari R, Yajeya J, Narváez JA,
Tramu G. Simultaneous depletion of neurokinin A, substance
P and calcitonin gene related peptide immunoreactivities in the
caudal trigeminal nucleus of the rat following electrical stimulation of the Gasserian ganglion: a possible co-release of neuropeptides. PAIN. 2000; 84: 389-395.

http://dx.doi.org/10.17140/NOJ-2-117

tans, a major therapeutic breakthrough. Headache. 2008; 48:
685-687. doi: 10.1111/j.1526-4610.2008.01097.x
15. Bigal ME, Krymchantowski AV, Ho T. Migraine in the triptan era: progresses achieved, lessons learned and future developments. Arq. Neuropsiquiatr. 2009; 67: 559-569. doi: 10.1590/
S0004-282X2009000300040
16. Ferrari MD, Färkkilä M, Reuter U, European COL-144
Investigators. Acute treatment of migraine with the selective 5-HT1F receptor agonist lasmiditan-a randomised proofof-concept trial. Cephalalgia. 2010; 30: 1170-1178. doi:
10.1177/0333102410375512
17. Samsam M, Coveñas R, Ahangari R, Yajeya J. Neuropeptides
and other chemical mediators, and the role of anti-inflammatory
drugs in primary headaches. AIAA-MC. 2010; 3: 170-188.
18. Amara SG, Jonas V, Rosenfeld MG, Ong ES, Evans RM.
Alternative RNA processing in calcitonin gene expression generates mRNAs encoding different polypeptide products. Nature.
1982; 298: 240-244. doi: 10.1038/298240a0
19. Brain SD, MacIntyre I, Williams TJ. A second form of human
calcitonin gene-related peptide which is a potent vasodilator.
Eur J Pharmacol. 1986; 124(3): 349-352. doi: 10.1016/00142999(86)90238-4

9. Friberg L, Olesen J, Olsen TS, Karle A, Ekman R, Fahrenkrug
J. Absence of vasoactive peptide release from brain to cerebral
circulation during onset of migraine with aura. Cephalalgia.
1994; 14(1): 47-54. doi: 10.1046/j.1468-2982.1994.1401047.x

20. Sternini C, Anderson K. Calcitonin gene-related peptidecontaining neurons supplying the rat digestive system: differential distribution and expression pattern. Somatosens Mot Res.
1992; 9(1): 45-59.

10. Gallai V, Sarchielli P, Floridi A. et al. Vasoactive peptide levels in the plasma of young migraine patients with and without
aura assessed both interictally and ictally. Cephalalgia. 1995;
15(5): 384-390. doi: 10.1046/j.1468-2982.1995.1505384.x

21. Ohno T, Hattori Y, Komine R, et al. Roles of calcitonin generelated peptide in maintenance of gastric mucosal integrity and
in enhancement of ulcer healing and angiogenesis. Gastroenterology. 2008; 134(1): 215-225. doi: 10.1053/j.gastro.2007.10.001

11. Lassen LH, Haderslev PA, Jacobsen VB, Iversen HK,
Sperling B, Olesen J. CGRP may play a causative role in migraine. Cephalalgia. 2002; 22(1): 54-61. doi: 10.1046/j.14682982.2002.00310.x

22. Durham PL, Vause CV. Calcitonin gene-related peptide
(CGRP) receptor antagonists in the treatment of migraine. CNS
Drugs. 2010; 24(7): 539-548.

12. Olesen J, Diener HC, Husstedt IW, et al. BIBN 4096 BS
Clinical Proof of Concept Study Group. Calcitonin gene-related
peptide receptor antagonist BIBN 4096 BS for the acute treatment of migraine. N Engl J Med. 2004; 350(11): 1104-1110.
13. Evers S, Afra J, Frese A, et al. EFNS guideline on the
drug treatment of migraine-revised report of an EFNS task
force. Eur. J. Neurol. 2009; 16: 968-981. doi: 10.1111/j.14681331.2009.02748.x
14. Humphrey PP. The discovery and development of the trip-

Neuro Open J

23. van Rossum D, Hanisch UK, Quirion R. Neuroanatomical
localization, pharmacological characterization and functions of
CGRP, related peptides and their receptors. Neurosci Biobehav
Rev. 1997; 21(5): 649-678.
24. Brain SD, Williams TJ, Tippins JR, Morris HR, MacIntyre I.
Calcitonin gene-related peptide is a potent vasodilator. Nature.
1985; 313: 54-56.
25. Burstein R, Yarnitsky D, Goor-Aryeh I, Ransil BJ, Bajwa
ZH. An association between migraine and cutaneous allodynia.
Ann. Neurol. 2000; 47: 614-624.

Page 85

neuro
ISSN 2377-1607

Open Journal

26. Villalón CM, Centurión D, Valdivia LF, De Vries P, Saxena PR. An introduction to migraine: from ancient treatment to
functional pharmacology and antimigraine therapy. Proc. West
Pharmacol. Soc. 2002; 45: 199-210.
27. Spierings ELH. Pathogenesis of the migraine attack. Clin. J.
Pain. 2003; 19: 255-262.
28. Silberstein SD. Migraine pathophysiology and its clinical
implications. Cephalalgia. 2004: 2: 2-7.
29. Kruuse C, Thomsen L, Birk S, Olesen J. Migraine can be
induced by sildenafil without changes in middle cerebral artery
diameter. Brain, 2003; 126: 241-247.
30. Nichols FT 3rd, Mawad M, Mohr JP, Stein B, Hilal S, Michelsen WJ. Focal headache during balloon inflation in the internal carotid and middle cerebral arteries. Stroke. 1990; 21(4):
555-559. doi: 10.1161/01.STR.21.4.555
31. Olesen J, Friberg L, Olsen TS, et al. Timing and topography
of cerebral blood flow, aura, and headache during migraine attacks. Ann Neurol. 1990; 28(6): 791-798.
32. May A, Büchel C, Turner R, Goadsby PJ. Magnetic resonance angiography in facial and other pain: neurovascular
mechanisms of trigeminal sensation. J Cereb Blood Flow Metab.
2001; 21(10): 1171-1176. doi: 10.1097/00004647-20011000000005
33. McLatchie LM, Fraser NJ, Main MJ, et al. RAMPs regulate
the transport and ligand specificity of the calcitonin-receptorlike receptor. Nature. 1998; 393: 333-339. doi: 10.1038/30666
34. Choksi T, Hay DL, Legon S, et al. Comparison of the expression of calcitonin receptor-like receptor (CRLR) and receptor
activity modifying proteins (RAMPs) with CGRP and adrenomedullin binding in cell lines. Br J Pharmacol. 2002; 136(5):
784-792. doi: 10.1038/sj.bjp.0704761
35. Poyner DR, Sexton PM, Marshall I, et al. International
Union of Pharmacology. XXXII. The mammalian calcitonin
gene-related peptides, adrenomedullin, amylin, and calcitonin
receptors. Pharmacol Rev. 2002; 54(2): 233-246.
36. Miller PS, Barwell J, Poyner DR, Wigglesworth MJ, Garland
SL, Donnelly D. Non-peptidic antagonists of the CGRP receptor, BIBN4096BS and MK-0974, interact with the calcitonin
receptor-like receptor via methionine-42 and RAMP1 via tryptophan-74. Biochem. Biophys. Res. Commun. 2010; 391: 437-442.
doi: 10.1016/j.bbrc.2009.11.076
37. Mallee JJ, Salvatore CA, LeBourdelles B, et al. Receptor
activity-modifying protein 1 determines the species selectivity
of non-peptide CGRP receptor antagonists. J Biol Chem. 2002;

Neuro Open J

http://dx.doi.org/10.17140/NOJ-2-117

277(16): 14294-14298. doi: 10.1074/jbc.M109661200
38. Zhang Z, Winborn CS, Marquez de Prado B, Russo AF. Sensitization of calcitonin gene-related peptide receptors by receptor activity-modifying protein-1 in the trigeminal ganglion. J.
Neurosci., 2007; 27: 2693-2703.
39. Hay DL, Howitt SG, Conner AC, Doods H, Schindler M,
Poyner DR. A comparison of the actions of BIBN4096BS and
CGRP(8-37) on CGRP and adrenomedullin receptors expressed
on SK-N-MC, L6, Col 29 and Rat 2 cells. Br J Pharmacol. 2002;
137(1): 80-86.
40. Dennis T, Fournier A, Cadieux A, et al. hCGRP8-37, a calcitonin gene-related peptide antagonist revealing calcitonin generelated peptide receptor heterogeneity in brain and periphery. J.
Pharmacol. Exp. Ther. 1990; 254: 123-128.
41. Hay DL, Poyner DR, Quirion R, et al. International Union
of Pharmacology. International Union of Pharmacology. LXIX.
Status of the calcitonin gene-related peptide subtype 2 receptor.
Pharmacol. Rev. 2008; 60: 143-145. doi: 10.1124/pr.108.00372
42. Kitazono T, Heistad DD, Faraci FM. Role of ATP-sensitive
K+ channels in CGRP-induced dilatation of basilar artery in
vivo. Am J Physiol. 1993; 265(2 Pt 2): H581-H585.
43. Hong KW, Yoo SE, Yu SS, Lee JY, Rhim BY. Pharmacological coupling and functional role for CGRP receptors in the
vasodilation of rat pial arterioles. Am J Physiol. 1996; 270(1 Pt
2): H317-H323.
44. Birk S, Kruuse C, Petersen KA, Tfelt-Hansen P, Olesen J.
The headache-inducing effect of cilostazol in human volunteers.
Cephalalgia. 2006; 26(11): 1304-1309. doi: 10.1111/j.14682982.2006.01218.x
45. Bellamy J, Bowen EJ, Russo AF, Durham PL. Nitric oxide
regulation of calcitonin gene-related peptide gene expression
in rat trigeminal ganglia neurons. Eur J Neurosci. 2006; 23(8):
2057-2066. doi: 10.1111/j.1460-9568.2006.04742.x
46. Eftekhari S, Gaspar RC, Roberts R, et al. Localization of
CGRP receptor components and receptor binding sites in rhesus monkey brainstem: a detailed study using in situ hybridization, immunofluorescence and autoradiography. J Comp Neurol.
2015. doi: 10.1002/cne.23828
47. Edvinsson L, Eftekhari S, Salvatore CA, Warfvinge K. Cerebellar distribution of calcitonin gene-related peptide (CGRP)
and its receptor components calcitonin receptor-like receptor
(CLR) and receptor activity modifying protein 1 (RAMP1) in
rat. Mol Cell Neurosci. 2011; 46(1): 333-339. doi: 10.1016/j.
mcn.2010.10.005

Page 86

neuro
ISSN 2377-1607

Open Journal

48. Ottosson A, Edvinsson L. Release of histamine from dural mast cells by substance P and calcitonin gene-related peptide. Cephalalgia. 1997; 17(3): 166-174. doi: 10.1046/j.14682982.1997.1703166.x
49. Lennerz JK, Rühle V, Ceppa EP, et al. Calcitonin receptor-like receptor (CLR), receptor activity-modifying protein 1
(RAMP1), and calcitonin gene-related peptide (CGRP) immunoreactivity in the rat trigeminovascular system: differences
between peripheral and central CGRP receptor distribution. J
Comp Neurol. 2008; 507(3): 1277-1299. doi: 10.1002/cne.21607
50. Yu LC, Zheng EM, Lundeberg T. Calcitonin gene-related
peptide 8-37 inhibits the evoked discharge frequency of wide
dynamic range neurons in dorsal horn of the spinal cord in
rats. Regul Pept. 1999; 83(1): 21-24. doi: 10.1016/S01670115(99)00046-4
51. Benemei S, De Cesaris F, Fusi C, Rossi E, Lupi C, Geppetti P. TRPA1 and other TRP channels in migraine. J Headache
Pain. 2013; 14: 71.
52. Reddington M, Priller J, Treichel J, Haas C, Kreutzberg GW.
Astrocytes and microglia as potential targets for calcitonin gene
related peptide in the central nervous system. Can J Physiol
Pharmacol. 1995; 73(7): 1047-1049.
53. Arulmani U, Gupta S, Massen Van Den Brink AM, Centurión
D, Villalón CM, Saxena PR. Experimental migraine models and
their relevance in migraine therapy. Cephalalgia, 2006; 26: 642659. doi: 10.1111/j.1468-2982.2005.01082.x
54. Linde M. Migraine: a review and future directions for treatment. Acta Neurol. Scand., 2006; 114: 71-83. doi: 10.1111/j.16000404.2006.00670.x
55. Edvinsson L, Alm R, Shaw D, et al. Effect of the CGRP
receptor antagonist BIBN4096BS in human cerebral, coronary
and omental arteries and in SK-N-MC cells. Eur J Pharmacol.
2002; 434: 49-53. doi: 10.1016/S0014-2999(01)01532-1
56. Jansen-Olesen I, Jorgensen L, Engel U, Edvinsson L. Indepth characterization of CGRP receptors in human intracranial
arteries. Eur. J. Pharmacol., 2003; 481: 207-216. doi: 10.1016/j.
ejphar.2003.09.021
57. Wu D, Eberlein W, Rudolf K, Engel W, Hallermayer G,
Doods H. Characterisation of calcitonin gene-related peptide receptors in rat atrium and vas deferens: evidence for a [Cys(Et)(2,
7)]hCGRP-preferring receptor. Eur. J. Pharmacol. 2000; 400:
313-319. doi: 10.1016/S0014-2999(00)00407-6
58. Jansen-Olesen I, Kaarill L, Edvinsson L. Characterization of CGRP(1) receptors in the guinea pig basilar artery.
Eur. J. Pharmacol. 2001; 414: 249-258. doi: 10.1016/S0014-

Neuro Open J

http://dx.doi.org/10.17140/NOJ-2-117

2999(01)00760-9
59. Wu D, Doods H, Arndt K, Schindler M. Development and
potential of non-peptide antagonists for calcitonin-gene-related
peptide (CGRP) receptors: evidence for CGRP receptor heterogeneity. Biochem Soc Trans. 2002; 30: 468-473. doi: 10.1042/
bst0300468
60. Gupta S, Akerman S, van den Maagdenberg AM, Saxena
PR, Goadsby PJ, van den Brink AM. Intravital microscopy on a
closed cranial window in mice: a model to study trigeminovascular mechanisms involved in migraine. Cephalalgia. 2006, 26,
1294-303.
61. Petersen KA, Birk S, Lassen LH, et al. The CGRP-antagonist, BIBN4096BS does not affect cerebral or systemic haemodynamics in healthy volunteers. Cephalalgia. 2005; 25: 139147. doi: 10.1111/j.1468-2982.2004.00830.x
62. Tröltzsch M, Denekas T, Messlinger K. The calcitonin generelated peptide (CGRP) receptor antagonist BIBN4096BS reduces neurogenic increases in dural blood flow. Eur J Pharmacol. 2007; 562: 103-110. doi: 10.1016/j.ejphar.2007.01.058
63. Gupta S, Mehrotra S, Villalon CM, et al. Characterisation of
CGRP receptors in human and porcine isolated coronary arteries: evidence for CGRP receptor heterogeneity. Eur J Pharmacol. 2006; 530: 107-116. doi: 10.1016/j.ejphar.2005.11.020
64. Hasbak P, Saetrum Opgaard O, Eskesen K, et al. Investigation of CGRP receptors and peptide pharmacology in human
coronary arteries. Characterization with a nonpeptide antagonist. J. Pharmacol. Exp. Ther. 2003; 304: 326-333. doi: 10.1124/
jpet.102.037754
65. Sixt ML, Messlinger K, Fischer MJ. Calcitonin gene-related
peptide receptor antagonist olcegepant acts in the spinal trigeminal nucleus. Brain. 2009; 132: 3134-3141. doi: 10.1093/brain/
awp168
66. Ho TW, Mannix LK, Fan X, et al. MK-0974 Protocol 004
study group. Collaborators (20), Randomized controlled trial of
an oral CGRP receptor antagonist, MK-0974, in acute treatment
of migraine. Neurology. 2008; 70: 1304-1312.
67. Connor K.M, Shapiro RE, Diener HC, et al. Randomized, controlled trial of telcagepant for the acute treatment
of migraine. Neurology. 2009; 73: 970-977. doi: 10.1212/
WNL.0b013e3181b87942
68. Iovino M, Feifel U, Yong CL, Wolters JM, Wallenstein G.
Safety, tolerability and pharmacokinetics of BIBN 4096 BS, the
first selective small molecule calcitonin gene-related peptide
receptor antagonist, following single intravenous administration in healthy volunteers. Cephalalgia. 2004; 24: 645-656. doi:

Page 87

neuro
ISSN 2377-1607

Open Journal

10.1111/j.1468-2982.2004.00726.x
69. Ho TW, Ferrari MD, Dodick DW, et al. Efficacy and tolerability of MK-0974 (telcagepant), a new oral antagonist of calcitonin gene-related peptide receptor, compared with zolmitriptan
for acute migraine: a randomised, placebo-controlled, paralleltreatment trial. Lancet. 2008, 372: 2115-2123. doi: 10.1016/
S0140-6736(08)61626-8
70. Summ O, Charbit AR, Andreou AP, Goadsby PJ. Modulation
of nocioceptive transmission with calcitonin gene-related peptide receptor antagonists in the thalamus. Brain. 2010; 133(9):
2540-2548. doi: 10.1093/brain/awq224
71. Tepper SJ, Cleves C. Telcagepant, a calcitonin gene-related
peptide antagonist for the treatment of migraine. Curr. Opin. Investig. Drugs. 2009; 10: 711-720.
72. Tfelt-Hansen P, Olesen J. Possible site of action of CGRP
antagonists in migraine. Cephalalgia. 2011; 31: 748-750. doi:
10.1177/0333102411398403
73. Diener HC, Barbanti P, Dahlöf C, Reuter U, Habeck J, Podhorna J. BI 44370 TA, an oral CGRP antagonist for the treatment
of acute migraine attacks: results from a phase II study. Cephalalgia. 2011; 31(5): 573-584. doi: 10.1177/0333102410388435

http://dx.doi.org/10.17140/NOJ-2-117

of migraine attacks via the CGRP, serotonin, dopamine, PAC1,
and NMDA receptors. Expert Opin Drug Metab Toxicol. 2014;
10(11): 1509-1520.
81. Edvinsson L. CGRP receptor antagonists and antibodies
against CGRP and its receptor in migraine treatment. Br J Clin
Pharmacol. 2015; 80(2): 193-199. doi: 10.1111/bcp.12618
82. Bigal ME, Walter S, Rapoport AM. Therapeutic antibodies
against CGRP or its receptor. Br J Clin Pharmacol. 2015; 79(6):
886-895. doi: 10.1111/bcp.12591
83. Bigal ME, Walter S. Monoclonal antibodies for migraine:
preventing calcitonin gene-related peptide activity. CNS Drugs.
2014; 28(5): 389-399. doi: 10.1007/s40263-014-0156-4
84. Reuter U. Anti-CGRP antibodies: a new approach to migraine prevention. Lancet Neurol. 2014; 13(9): 857-859. doi:
10.1016/S1474-4422(14)70126-7
85. Burton DR. Antibodies, viruses and vaccines. Nat Rev Immunol. 2002; 2(9): 706-713. doi: 10.1038/nri891
86. Nimmerjahn F, Gordan S, Lux A. FcγR dependent mechanisms of cytotoxic, agonistic, and neutralizing antibody activities. Trends Immunol. 2015; 36(6): 325-336.

74. Benemei S, Nicoletti P, Capone JA, Geppetti P. Pain pharmacology in migraine: focus on CGRP and CGRP receptors.
Neurol. Sci., 2007, 28(Suppl 2): S89-S93. doi: 10.1007/s10072007-0757-5

87. Bigal ME, Walter S, Rapoport AM. Calcitonin gene-related
peptide (CGRP) and migraine current understanding and state of
development. Headache. 2013; 53(8): 1230-1244. doi: 10.1111/
head.12179

75. Villalón CM, Olesen J. The role of CGRP in the pathophysiology of migraine and efficacy of CGRP receptor antagonists
as acute antimigraine drugs. Pharmacol. Ther., 2009; 124: 309323. doi: 10.1016/j.pharmthera.2009.09.003

88. Alder Biopharmaceuticals, Inc. A parallel group, doubleblind, randomized, placebo controlled dose-ranging phase 2
trial to evaluate the efficacy, safety, and pharmacokinetics of
ALD403 administered intravenously in patients with chronic
migraine. http://www.alderbio.com/clinical-trials/ 2013; Accessed August, 2015.

76. Karsan N, Goadsby PJ. Calcitonin gene-related peptide and
migraine. Curr Opin Neurol. 2015; 28(3): 250-254.
77. Karsan N, Goadsby PJ. CGRP mechanism antagonists and
migraine management. Curr Neurol Neurosci Rep. 2015; 15(5):
25.

89. Alder Biopharmaceuticals, Inc. Safety tolerability and pharmacokinetics of ALD403. Available at:
https://clinicaltrials.gov/ct2/show/NCT01579383?term=
ALD403&rank=1 2013; Accessed August, 2015.

78. Hougaard A, Tfelt-Hansen P. Review of dose-response
curves for acute antimigraine drugs: triptans, 5-HT1F agonists
and CGRP antagonists. Expert Opin Drug Metab Toxicol. 2015;
22: 1-10.

90. Alder Biopharmaceuticals, Inc. Safety, efficacy and pharmacokinetics of ALD403. Available at:
https://clinicaltrials.gov/ct2/show/NCT01772524?term
=ALD403&rank=3 2014; Accessed August, 2015.

79. Hoffmann J, Goadsby PJ. New agents for acute treatment
of migraine: CGRP receptor antagonists, iNOS Inhibitors. Curr
Treat Options Neurol. 2012; 14(1): 50-59. doi: 10.1007/s11940011-0155-4

91. Alder Biopharmaceuticals, Inc. A multicenter assessment of ALD403 in chronic migraine. https://clinic a l t r i a l s . g o v / c t 2 / s h o w / N C T 0 2 2 7 5 11 7 ? t e r m = A L D
403&rank=2 2015; Accessed August, 2015.

80. Tajti J, Csáti A, Vécsei L. Novel strategies for the treatment

92. Dodick DW, Goadsby PJ, Silberstein SD, et al. ALD403

Neuro Open J

Page 88

neuro
ISSN 2377-1607

Open Journal

study investigators. Safety and efficacy of ALD403, an antibody
to calcitonin gene-related peptide, for the prevention of frequent
episodic migraine: a randomised, double-blind, placebo-controlled, exploratory phase 2 trial. Lancet Neurol. 2014; 13(11):
1100-1107. doi: 10.1016/S1474-4422(14)70209-1
93. Eli Lilly and Company. CGRP mAb migraine prevention.
Available at: http://www.lilly.com/SiteCollectionDocuments/
Pipeline/Clinical%20Development%20Pipeline/10.html. Accessed in Aug 2015.
94. Dodick DW, Goadsby PJ, Spierings EL, Scherer JC, Sweeney SP, Grayzel DS. Safety and efficacy of LY2951742, a
monoclonal antibody to calcitonin gene-related peptide, for the
prevention of migraine: a phase 2, randomised, double-blind,
placebo-controlled study. Lancet Neurol. 2014; 13(9): 885-892.
doi: 10.1016/S1474-4422(14)70128-0
95. Eli Lilly and Company. A study of LY2951742 in healthy
Japanese and Caucasian participants. Available at: https://clinicaltrials.gov/ct2/show/NCT02104765?term=LY2951742&ra
nk=2 2015; Accessed August, 2015.
96. Eli Lilly and Compan. A study of LY2951742 in healthy
volunteers. Available at: https://clinicaltrials.gov/ct2/show/NCT
01337596?term=LY2951742&rank=5 2015; Accessed August,
2015.
97. Eli Lilly and Company. A study of LY2951742 in participants with migraine. Available at: https://clinicaltrials.gov/ct2/
show/NCT01625988?term=LY2951742&rank=7 2015; Accessed August, 2015.
98. Vermeersch S, Benschop RJ, Van Hecken A, et al. Translational pharmacodynamics of CGRP monoclonal antibody
LY2951742 in a capsaicin-induced dermal blood flow model. J
Pharmacol Exp Ther. 2015; 354(3): 350-357.
99. Eli Lilly and Company. A Study of LY2951742 in Participants With Chronic Cluster Headache. Available at: https://clinicaltrials.gov/ct2/show/NCT02438826?term=LY2951742&ra
nk=3 2015; Accessed August, 2015.
100. Teva to Present New Findings at the American Headache
Society (AHS) Meeting – Analysis of Migraine Phase IIb Studies Provides Novel Insights into TEV-48125 Efficacy and Safety in Both Episodic & Chronic Migraine. Available at: http://
news.tevausa.com/mobile.view?c=251945&v=203&d=1&
id=2060482, 2015.

http://dx.doi.org/10.17140/NOJ-2-117

CGRP antibody in development for the preventive treatment of
migraine. Curr Pain Headache Rep. 2015; 19(3): 6.
103. Walter S, Alibhoy A, Escandon R, Bigal ME. Evaluation
of cardiovascular parameters in cynomolgus monkeys following
IV administration of LBR-101, a monoclonal antibody against
calcitonin gene-related peptide. MAbs. 2014; 6(4): 871-878.
104. Bigal ME, Escandon R, Bronson M, et al. Safety and tolerability of LBR-101, a humanized monoclonal antibody that
blocks the binding of CGRP to its receptor: Results of the Phase
1 program. Cephalalgia. 2013; 34(7): 483-492.
105. TEVA latest news. Available at: http://www.tevapharm.
com/news/?itemid=%7B007EDCEC-98E8-41EA-87752F4E78BB12E6%7D 2015; Accessed 2015.
106. Amgen. Amgen To Present AMG 334 Data At 17th Congress of the International Headache Society: Data Evaluating
Safety and Efficacy of AMG 334 Provides New Insights Into
Preventive Treatment of Migraine. Available at: http://wwwext.
amgen.com/media/media_pr_detail.jsp?year=2015&release
ID=2046668. Accessed August, 2015.
107. Amgen. Ascending single doses of AMG 334 in healthy
subjects and migraine patients. Available at: https://clinicaltrials.
gov/ct2/show/NCT01688739?term=AMG+334&rank=1 2014;
Accessed August, 2015.
108. Amgen. Ascending multiple-doses of AMG 334 in healthy
subjects and in Migraine Patients. Available at: https://clinicaltrials.gov/ct2/show/NCT01723514?term=AMG+334&rank=3
2013; Accessed August, 2015.
109. Amgen. Ascending multiple-doses of AMG 334 in healthy
subjects and in migraine patients. Available at: http://www.amgentrials.com/amgen/trialsummary.aspx?studyid=20101268.
Accessed August, 2015.
110. Amgen. A phase 2 study to evaluate the efficacy and safety
of AMG 334 in migraine prevention. Available at: https://clinicaltrials.gov/ct2/show/NCT01952574?term=AMG+334&rank=2
2015; Accessed August, 2015.
111. Amgen. A sudy to evaluate the efficacy and safety of AMG
334 in chronic migraine prevention. Available at: http://www.
amgentrials.com/amgen/trialsummary.aspx?studyid=20120295
2015; Accessed August, 2015.

101. Schuster NM, Vollbracht S, Rapoport AM. Emerging treatments for the primary headache disorders. Neurol Sci. 2015;
36(Suppl 1): 109-113.

112. Amgen. A study to assess the long-term safety and efficacy of AMG 334 in chronic migraine prevention. Available at: http://www.amgentrials.com/amgen/trialsummary.
aspx?studyid=20130255 2015; Accessed August, 2015.

102. Walter S, Bigal ME. TEV-48125: a review of a monoclonal

113. Amgen. Amgen Presents Open-Label Extension Data From

Neuro Open J

Page 89

neuro
ISSN 2377-1607

Open Journal

Ongoing Phase 2 Study Of AMG 334 In The Prevention Of Episodic Migraine. Available at: http://wwwext.amgen.com/media/
media_pr_detail.jsp?year=2015&releaseID=2061044
2015;
Accessed September, 2015.
114. PRNewswire/THOUSAND OAKS, Calif. Amgen presents
first phase 2 data for AMG 334 in the Prevention of Episodic
Migraine. Available at: http://www.prnewswire.com/news-releases/amgen-presents-first-phase-2-data-for-amg-334-in-theprevention-of-episodic-migraine-300084005.html 2015; Accessed May 15, 2015.
115. PRNewswire/ THOUSAND OAKS, Calif. Amgen Presents open-label extension data from ongoing phase 2 study
of amg 334 in the prevention of episodic migraine: Available at: http://wwwext.amgen.com/media/media_pr_detail.
jsp?year=2015&releaseID=2061044 2015; Accessed June 19,
2015.
116. Nohr D, Weihe E. The neuroimmune link in the bronchusassociated lymphoid tissue (BALT) of cat and rat: peptides and
neural markers. Brain Behav Immun. 1991; 5(1): 84-101.
117. Keith IM. The role of endogenous lung neuropeptides in
regulation of the pulmonary circulation. Physiol Res. 2000;
49(5): 519-537.
118. Dakhama A, Larsen GL, Gelfand EW. Calcitonin gene-related peptide: role in airway homeostasis. Curr Opin Pharmacol. 2004; 4(3): 215-220.
119. Okajima K, Harada N. Regulation of inflammatory responses by sensory neurons: molecular mechanism(s) and possible therapeutic applications. Curr Med Chem. 2006; 13(19):
2241-2251.
120. Springer J, Geppetti P, Fischer A, Groneberg DA. Calcitonin gene-related peptide as inflammatory mediator. Pulm Pharmacol Ther. 2003; 16(3): 121-130.
121. Holzmann B. Antiinflammatory activities of CGRP modulating innate immune responses in health and disease. Curr Protein Pept Sci. 2013; 14(4): 268-274.
122. Alpaerts K, Buckinx R, Adriaensen D, Van Nassauw L,
Timmermans JP. Identification and putative roles of distinct subtypes of intestinal dendritic cells in neuroimmune communication: what can be learned from other organ systems? Anat Rec
(Hoboken). 2015; 298(5): 903-916. doi: 10.1002/ar.23106
123. Assas BM, Miyan JA, Pennock JL. Cross-talk between
neural and immune receptors provides a potential mechanism
of homeostatic regulation in the gut mucosa. Mucosal Immunol.
2014; 7(6): 1283-1289. doi: 10.1038/mi.2014.80
124. Evangelista S. Capsaicin receptor as target of calcitonin

Neuro Open J

http://dx.doi.org/10.17140/NOJ-2-117

gene-related peptide in the gut. Prog Drug Res. 2014; 68: 259276. doi: 10.1007/978-3-0348-0828-6_10
125. Taché Y, Garrick T, Raybould H. Central nervous system
action of peptides to influence gastrointestinal motor function.
Gastroenterology. 1990; 98(2): 517-528.
126. Demir IE, Schäfer KH, Tieftrunk E, Friess H, Ceyhan GO.
Neural plasticity in the gastrointestinal tract: chronic inflammation, neurotrophic signals, and hypersensitivity. Acta Neuropathol. 2013; 125(4): 491-509. doi: 10.1007/s00401-013-1099-4
127. Gaete PS, Lillo MA, Figueroa XF. Functional role of connexins and pannexins in the interaction between vascular and
nervous system. J Cell Physiol. 2014; 229(10): 1336-1345. doi:
10.1002/jcp.24563
128. Reuss S. Trigeminal innervation of the mammalian pineal gland. Microsc Res Tech. 1999; 46(4-5): 305-309. doi:
10.1002/(SICI)1097-0029(19990815/01)46:4/5<305::AIDJEMT7>3.0.CO;2-#
129. Vega AV, Avila G. CGRP, a vasodilator neuropeptide
that stimulates neuromuscular transmission and EC coupling. Curr Vasc Pharmacol. 2010; 8(3): 394-403. doi:
10.2174/157016110791112287
130. Ishida K, Kawamata T, Tanaka S, Shindo T, Kawamata
M. Calcitonin gene-related peptide is involved in inflammatory
pain but not in postoperative pain. Anesthesiology. 2014; 121(5):
1068-1079. doi: 10.1097/ALN.0000000000000364
131. Nelson KB, Grether JK, Croen LA, et al. Neuropeptides
and neurotrophins in neonatal blood of children with autism or
mental retardation. Ann Neurol. 2001; 49: 597-606.
132. McNamara IM, Borella AW, Bialowas LA, WhitakerAzmitia PM. Further studies in the developmental hyperserotonemia model (DHS) of autism: social, behavioral and peptide
changes. Brain Res. 2008; 1189: 203-214.
133. Gabriele S, Sacco R, Persico AM. Blood serotonin levels
in autism spectrum disorder: a systematic review and meta-analysis. Eur Neuropsychopharmacol. 2014; 24(6): 919-929. doi:
10.1016/j.euroneuro.2014.02.004
134. Yang CJ, Tan HP, Du YJ. The developmental disruptions of
serotonin signaling may involved in autism during early brain
development. Neuroscience. 2014; 267: 1-10. doi: 10.1016/j.
neuroscience.2014.02.021
135. Miles JH. Autism spectrum disorders--a genetics review. Genet Med. 2011; 13(4): 278-294. doi: 10.1097/
GIM.0b013e3181ff67ba
136. Samsam M, Ahangari R, Naser SA. Pathophysiology of au-

Page 90

neuro
ISSN 2377-1607

Open Journal

tism spectrum disorders: revisiting gastrointestinal involvement
and immune imbalance. World J Gastroenterol. 2014; 20(29):
9942-9951. doi: 10.3748/wjg.v20.i29.9942
137. White JF. Intestinal pathophysiology in autism. Exp Biol
Med (Maywood). 2003; 228: 639-649.
138. Chaidez V, Hansen RL, Hertz-Picciotto I. Gastrointestinal
problems in children with autism, developmental delays or typical development. J Autism Dev Disord. 2014; 44(5): 1117-1127.
doi: 10.1007/s10803-013-1973-x
139. Mazefsky CA, Schreiber DR, Olino TM, Minshew NJ.
The association between emotional and behavioral problems and gastrointestinal symptoms among children with
high-functioning autism. Autism. 2014; 18(5): 493-501. doi:
10.1177/1362361313485164
140. Buie T, Campbell DB, Fuchs GJ 3rd, et al. Evaluation, diagnosis, and treatment of gastrointestinal disorders in individuals
with ASDs: a consensus report. Pediatrics. 2010; 125(Suppl 1):
S1-S18. doi: 10.1542/peds.2009-1878C
141. Mazurek MO, Vasa RA, Kalb LG, et al. Anxiety, sensory over-responsivity, and gastrointestinal problems in children
with autism spectrum disorders. J Abnorm Child Psychol. 2013;
41(1): 165-176. doi: 10.1007/s10802-012-9668-x
142. Mikami N, Watanabe K, Hashimoto N, et al. Calcitonin
gene-related peptide enhances experimental autoimmune encephalomyelitis by promoting Th17-cell functions. Int Immunol.
2012; 24(11): 681-691. doi: 10.1093/intimm/dxs075

http://dx.doi.org/10.17140/NOJ-2-117

vascular injury. J Mol Cell Cardiol. 2013; 59: 55-66.
10.1016/j.yjmcc.2013.02.002

148. Li J, Carnevale KA, Dipette DJ, Supowit SC. Renal protective effects of α-calcitonin gene-related peptide in deoxycorticosterone-salt hypertension. Am J Physiol Renal Physiol. 2013;
304(7): F1000-F1008. doi: 10.1152/ajprenal.00434.2012
149. Mai TH, Wu J, Diedrich A, Garland EM, Robertson D. Calcitonin gene-related peptide (CGRP) in autonomic cardiovascular regulation and vascular structure. J Am Soc Hypertens. 2014;
8(5): 286-296. doi: 10.1016/j.jash.2014.03.001
150. Smillie SJ, King R, Kodji X, et al. An ongoing role of
α-calcitonin gene-related peptide as part of a protective network
against hypertension, vascular hypertrophy, and oxidative stress.
Hypertension. 2014; 63(5): 1056-1062. doi: 10.1161/HYPERTENSIONAHA.113.02517
151. Riera CE, Huising MO, Follett P, et al. TRPV1 pain receptors regulate longevity and metabolism by neuropeptide
signaling. Cell. 2014; 157(5): 1023-1036. doi: 10.1016/j.
cell.2014.03.051
152. Steculorum SM, Brüning JC. Die another day: a painless
path to longevity. Cell. 2014; 157(5): 1004-1006. doi: 10.1016/j.
cell.2014.05.013
153. Bray N. Neuroendocrinology: a long pain-free life. Nat
Rev Drug Discov. 2014; 13(7): 495. doi: 10.1038/nrn3778

143. Jusek G, Reim D, Tsujikawa K, Holzmann B. Deficiency of
the CGRP receptor component RAMP1 attenuates immunosuppression during the early phase of septic peritonitis. Immunobiology. 2012; 217(8): 761-767. doi: 10.1016/j.imbio.2012.04.009
144. Park SH, Sim YB, Kim CH, Lee JK, Lee JH, Suh HW. Role
of α-CGRP in the regulation of neurotoxic responses induced by
kainic acid in mice. Peptides. 2013; 44: 158-162. doi: 10.1016/j.
peptides.2013.04.001
145. Sardi C, Zambusi L, Finardi A, et al. Involvement of calcitonin gene-related peptide and receptor component protein in
experimental autoimmune encephalomyelitis. J Neuroimmunol.
2014; 271(1-2): 18-29. doi: 10.1016/j.jneuroim.2014.03.008
146. Engel MA, Khalil M, Siklosi N, et al. Opposite effects
of substance P and calcitonin gene-related peptide in oxazolone colitis. Dig Liver Dis. 2012; 44(1): 24-29. doi: 10.1016/j.
dld.2011.08.030
147. Yang L, Sakurai T, Kamiyoshi A, et al. Endogenous CGRP
protects against neointimal hyperplasia following wire-induced

Neuro Open J

doi:

Page 91

neuro
ISSN 2377-1607

Mini Review
*

Corresponding author:

Christie D. Fowler, PhD

Assistant Professor
Department of Neurobiology
and Behavior
University of California
1232 McGaugh Hall, Irvine
CA 92697, USA
E-mail: cdfowler@uci.edu

Volume 2 : Issue 3
Article Ref. #: 1000NOJ2118

Article History:
Received: September 5th, 2015
Accepted: October 12th, 2015
Published: October 13th, 2015

Citation:
Ochoa V, Loeffler AJ, Fowler CD.
Emerging role of the cerebrospinal
fluid – neuronal interface in neuropathology. Neuro Open J. 2015; 2(3):
92-98.

Open Journal

http://dx.doi.org/10.17140/NOJ-2-118

Emerging Role of the Cerebrospinal Fluid –
Neuronal Interface in Neuropathology
Vanessa Ochoa, Annalee J. Loeffler and Christie D. Fowler*
Department of Neurobiology and Behavior, University of California, Irvine, CA 92697, USA
ABSTRACT

The choroid plexus and cerebrospinal fluid have recently begun to emerge as essential regulators of neural function. Factors produced by the choroid plexus are released into the
ventricular environment and thus provide a rich source of extracellular signaling molecules
throughout the central nervous system. Identified factors in the cerebrospinal fluid include
growth factors, hormones, proteins, peptides, lipids, glucose, microRNAs (miRNAs), messenger RNA (mRNA), and enzymes. In addition to mediating neural function, these factors
have the potential to serve as biomarkers of disease states. In this review, we highlight recent
advances demonstrating the importance of extracellular signaling mechanisms in mediating
neural function and provide recent evidence for their role in neuropathology.
KEYWORDS: Choroid plexus; Cerebrospinal fluid; Microvesicles; Extracellular communication; Neuropathology.
ABBREVIATIONS: CSF: Cerebrospinal fluid; siRNA: short-interfering RNA; mRNA: messenger RNA; miRNAs: microRNAs; MVEs: Multivesicle endosomes; IGF2: Insulin-like growth
factor 2; FGF2: Fibroblast growth factor 2; FXTAS: Fragile X-associated tremor/ataxia syndrome; AIDS: Acquired Immune Deficiency Syndrome.
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Historically, the function of the Cerebrospinal fluid (CSF) was considered to be limited to maintenance of extracellular ion concentrations and to serve as a protective ‘cushion’ during cranial impact. However, recent advances have revealed that the CSF provides a rich source
of signaling molecules, including growth factors, hormones, proteins, peptides, lipids, glucose,
microRNAs, mRNA, and enzymes.1-5 Indeed, primary CSF removed from the brain is sufficient
to maintain cortical explants and cells in culture without the presence of other factors,6 clearly
demonstrating the extent of micronutrient and growth factor enrichment in this fluid. Several
initial studies of CSF function had suggested that signaling factors present in the CSF mediate
satiety, circadian rhythms, and locomotor behavior.7,8 In these early studies, reinstatement of
feeding behaviour was induced by infusing CSF collected from fasted sheep into the ventricles
of satiated sheep,9 and similarly, CSF collected from sleep-deprived goats increased the duration of sleep and decreased locomotor activity when infused into the ventricles of rats.7 These
findings indicated that substances present in the CSF can exert a significant influence on motivated behaviors. More recently, Pedrazzoli and colleagues established that the peptide orexin
(a.k.a., hypocretin) is increased in the CSF during sleep deprivation.10 In addition to regulating
arousal and wakefulness, orexin has been implicated in drug reinforcement, obesity and neurodegenerative diseases, such as Parkinson and Alzheimer’s diseases.11-15 As such altered expression of orexin in the CSF under these physiological conditions could be a mediating factor for
the sleep-related effects in the earlier study7 and may also have additional multifaceted effects
on physiological function.
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CHOROID PLEXUS AND CEREBROSPINAL FLUID (CSF)

In vivo, production of CSF occurs at several choroid
plexus sites, including the lateral, third and fourth ventricles,
thus creating an independent circulatory system for the brain.3
At each of these sites, the choroid plexus appears to differ in
some respects in structure, function, and factors produced/released into the ventricles.16 The epithelial cells that comprise
the choroid plexus contain extensive basolateral infoldings and
microvilli, providing an extensive surface area for transport into
the ventricular fluid. These cuboidal epithelial cells exhibit a polarized shape, with differential function ascribed to the apical
and basolateral membranes.17 The apical membrane interfaces
with the capillaries of the brain and mainly functions to uptake
nutrients from the blood, whereas the basolateral membrane
provides a removal mechanism for toxins and excess substances
from the CSF, in addition to releasing factors into ventricular
circulation.17 As such, dysfunction in the transport mechanism of
the choroid plexus could potentially alter CSF compositions and
compromise brain health.
The potential for CSF-derived factors to impact neural
function may be further imparted when one takes into account
that the total surface area at the choroid plexus-CSF interface is
roughly the same as the entire blood-brain-barrier.16 As CSF is
generated, it moves transcellularly and paracellulary among the
epithelial cells of the choroid plexus to be released into the ventricular space.16 Since the amount of CSF produced allows for
turnover of approximately four times per day in humans,18 the
levels of circulating factors has the potential to be continuously
regulated to influence neuronal function. It has also been proposed that the apical membrane of the choroid plexus expresses
receptors that function as feedback loops to mediate the further
release of certain factors into the ventricles,16 and thus the pres-
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ence of growth factors, neuropeptides, proteins, cytokines and
hormones may be regulated in this manner. Indeed, this feature
of the choroid plexus has been experimentally exploited to alter
growth factor release; genetically displaying growth factor ligands on bacteriophage coats binds the construct to receptors on
the choroid plexus cell surface, thus altering further release of
the growth factor into the ventricle.19 In addition to factors produced by the epithelial cells of the choroid plexus, the presence
of blood vessels in the choroidal stroma allows for the presence
of the CSF-blood interface through which factors from the blood
may enter the central nervous system through leaky endothelial
junctions.
EXTRACELLULAR TRANSPORT IN THE CSF

It has been proposed that the transport of factors from
the choroid plexus into the ventricular CSF may occur via three
main routes: (1) transport in the CSF itself as the choroid plexus
is permeable for smaller molecules, (2) membrane-bound transport mechanisms on the plasma membrane of choroidal epithelial cells, (3) release from the intracellular compartment as
extracellular vesicles20 (Figure 1). In the prior literature, these
extracellular vesicles have been referred to as either exosomes
or microvesicles, although this terminology inconsistently varies
across fields.21 Van der Pol and colleagues propose that the main
distinction between the two types of vesicles concerns their size,
with exosomes being smaller in diameter than microvesicles
when examined from the same cell. However, this distinction is
not clearly defined when one considers varying types of cells. For
instance, exosomes have been most commonly reported to range
from ~50-100 nm in diameter, and microvesicles from between
~20-1000 nm in diameter; as can be seen, these classifications
provide a range of overlap.21 Both types of extracellular vesicles
can be formed by an outward blebbing of a cell’s plasma mem-

Figure 1: Mechanisms of extracellular transport from the choroid plexus into the cerebrospinal fluid. Factors derived from
the choroid plexus may be released into the ventricular space:
(A) as exosomes released from intracellular Multivesicle endosomes (MVEs) through exocytosis, (B) via blebbing of the
cellular membrane as a microvesicle or exosome, (C) transcellularly and/or paracellulary with release of cerebrospinal fluid,
or (D) via membrane-bound transport mechanisms located in
the epithelial plasma membrane.
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brane, but exosomes may be additionally formed as intraluminal
vesicles within multivesicle endosomes that are then released
from the cell as the endosome fuses with the plasma membrane.
For the purposes of this review, we will employ the general terminology of extracellular vesicles to refer to both exosomes and
microvesicles, and moreover, it should also be noted that this
classification is distinct from membrane particles or apoptotic
vesicles.21 Many cell types have been shown to release extracellular vesicles via budding of the cell membrane, including
epithelial, immune, tumor and stem cells,22,23 and the resulting
vesicles differ in content and function. Whereas initial investigations assumed extracellular vesicles contained cellular debris,
growing evidence has established that these compartments are
enriched with a vast source of signaling molecules that have crucial roles in a number of physiological processes. Release of extracellular vesicles has been shown to occur via Ca2+-, protein
kinase C-, or ceramide-dependent mechanisms, and after entry
into the CSF, the vesicles may immediately breakdown to dump
contents into the fluid or can travel to a distant site to fuse with
the membrane of a target cell and transfer genomic material.22-24
The method of vesicular packaging for extracellular communication may be preferred for mRNA and miRNAs transport, as
exposure to circulating RNAses are limited and long-distance
communication may be achieved via cell-specific targeting motifs on the vesicle surface. Importantly, several recent reports
have demonstrated that mRNA from microvesicles can become
integrated and translated into the proper protein within the target
cell,23,24 short-interfering RNA (siRNA) packaged into exosomes
can efficiently silence gene expression,25 and epigenetic changes can be induced in target cells via transfer of miRNAs.22 In
consideration of these findings, elucidation of the structure and
function of these packaged compartments could hold promise
as a novel avenue for therapeutic delivery of preloaded vesicles
with mRNA, miRNA, siRNA or pharmacological compounds
into the central nervous system.
RELEVANCE TO NEUROPATHOLOGY

With the exception of hydrocephalus, the CSF has not
traditionally been considered a vital regulatory mechanism of
and/or implicated in human disease states. However, recent reports are beginning to redefine our understanding of choroid
plexus and CSF function as they demonstrate the importance
of factors derived from the CSF in maintaining physiological
function (Table 1). For instance, growth factors produced by the

choroid plexus, such as Insulin-like growth factor 2 (IGF2) and
Fibroblast growth factor 2 (FGF2), have been shown to regulate
neurogenesis throughout the lifespan.3,6 Further, an elegant study
from Sawamoto and colleagues recently demonstrated that the
CSF directly interacts with cilia in the subventricular zone to
mediate the migration of progenitor cells in the adult brain.26
Choroid plexus transport has been implicated as a contributing factor for certain neurodegenerative diseases. For instance, Fragile X-associated tremor/ataxia syndrome (FXTAS)
is associated with iron dysregulation in mitochondria.27 Interestingly, post-mortem FXTAS subjects exhibit an accumulation of
iron in the stroma of the choroid plexus and decreased amounts
of transferrin, ferroportin, and ceruloplasmin, all of which are
essential to the transport of iron.27 These findings suggest that
abnormal transport of iron within the choroid plexus may contribute to pathophysiology exhibited by FXTAS subjects. Another disorder, cerebral folate transport deficiency, is characterized by a lack of B-vitamin within the brain. The polarized cells
of the choroid plexus have been shown to translocate the folate
receptor α(FRα) in a unilateral direction from the basolateral to
the apical compartments, leading to exocytosis into the CSF and
subsequent integration in the brain parenchyma.28 Thus, abnormal transport of substrates involved in the production of B-vitamins may underlie the pathology found in this disorder.
To date, dysfunction of the choroid plexus has been
most studied as a mediating factor of Alzheimer’s disease. Postmortem, neural pathology in the Alzheimer’s brain is evidenced
by a build-up of amyloid-β (Aβ) plaques and intracellular neurofibrillary degeneration of hyperphosphorylated tau (neurofibrillary tangles).29,30 Under normal circumstances, the Aβ protein is produced by the brain and subsequently becomes cleared
through enzymatic degradation, capillary reabsorption, and/or
CSF transport through the choroid plexus.29,31 In contrast, pathological accumulation of Aβ plaques and neurofibrillary tangles
in the disease state leads to dysfunction of neurons and synapses
throughout the brain, most notably those in brain regions involved in memory and cognitive function, such as the hippocampus and cortex.32 As such, recent evidence suggests that the
choroid plexus and CSF may play a significant role in the pathology of Alzheimer’s disease.1,31,33 Altered clearance of Aβ by
the CSF with aging results in accumulation of Aβ protein, thus
promoting the formation of plaques. In late onset Alzheimer’s
disease, structural abnormalities of the choroid plexus, which in-

Disease

Fragile X-Associated
Tremor/Ataxia
Syndrome

Cerebral Folate
Transport Deficiency

Alzheimer’s Disease

Multiple Sclerosis

AIDS

Choroid Plexus
Characteristics

Iron accumulation
in stroma

Failure to transport
FRα along with
B-vitamin

Failure to clear
amyloid-β (Aβ)
plaques

HLA-DR
expression

Accumulation
of HIV-1

CSF
Characteristics

Low iron levels

Low FRα and B-vitamin
levels

Accumulation of
amyloid-β (Aβ)
protein

Increased
CD4/CD8 ratio

To be further
investigated

Table 1: Summary of neuropathology associated with abnormal choroid plexus and CSF.
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clude cellular atrophy, calcification and fibrosis, and thickening
of the basement membrane,29 are evidenced. These abnormalities are thought to lead to altered synthesis, secretion, clearance
and transport of factors between the choroid plexus, cerebrospinal fluid and blood.29 Therefore, in patients with Alzheimer’s
disease, choroidal dysfunction prevents adequate clearing of Aβ
from the CSF and promotes Aβ accumulation in the brain.29,33
Another possible role for CSF in the pathogenesis of Alzheimer’s disease is through transport of melatonin. The pineal gland
directly secretes melatonin into the CSF of the third ventricle,34
or, alternatively, the hormone may enter via leaky endothelial
cells of blood vessels in the choroid plexus.35 Interestingly, recent findings suggest that the amount of melatonin in the CSF
is negatively correlated with the status of Alzheimer’s disease
symptoms.36 Through its actions as an antioxidant it has been
proposed that melatonin exerts neuroprotective effects by counteracting oxidative damage.36 In the younger brain, evidence
suggests that melatonin administration can result in anti-amyloid
and antioxidant effects; however, administration of melatonin
to the aged brain has been shown to exert a minimal effect on
pre-existing amyloid deposits.37 Thus, as a therapeutic approach,
strategies to increase melatonin in the CSF may be of benefit in
the early stages of Alzheimer’s disease and/or as a preventative
measure based on familial considerations.38
The choroid plexus also functions as a principal mediator of the innate immune response of the central nervous system.
Peripheral immune molecules interact with receptors located on
choroid plexus cells to initiate the release of proinflammatory
molecules, such as interleukins, into the CSF.16 Myeloid progenitors located in the vascularized choroid stroma have also
been shown to provide a source of brain macrophages.39,40 Moreover, inflammatory processes mediated by the choroid plexus
have been speculated to contribute to the heightened immune
response found in multiple sclerosis and encephalitis.41 In addition, the choroid plexus is a main entry point for viruses to
infiltrate the brain from the periphery. For instance, the presence
of HIV-1 in the choroid plexus has been suggested to occur prior
to the onset of Acquired Immune Deficiency Syndrome (AIDS)
and immunosuppression,42 and infected CSF or choroid plexusderived macrophages can induce toxic effects on neurons in vitro.43 HIV-1 or other viruses may also be capable of altering the
expression of signaling molecules within the epithelial cells of
the choroid plexus to permit enhanced entry of the virus into the
CSF, a possibility which needs to be more systematically investigated in future studies.
Finally, given the close proximity of CSF to brain regions implicated in substance abuse, such as the habenula, hippocampus, and interpeduncular nucleus,44,45 signaling molecules
in the CSF could potentially regulate the neural processes underlying the addictive state. Interestingly, nicotine has been shown
to mediate the function of the choroid plexus.46,47 Transthyretin, the plasma thyroid hormone transport protein, is produced
by the choroid plexus and acts to transport thyoxine across the
blood-brain barrier,48 and nicotine administration has been found
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to increase the synthesis and release of transthyretin into the
CSF.47 Further, prenatal exposure to nicotine has also been correlated with an increased incidence of pathological features of
the fourth ventricle choroid plexus and premature death.46 However, further investigations will be critical to ascertain whether
extracellular factors from the choroid plexus/CSF are important
mechanisms that mediate the development and maintenance of
drug dependence. “If established, these findings have the potential to redefine our understanding of novel signaling mechanisms
within the brain and in doing so, could provide a foundation for
more efficacious therapeutic approaches Table 1.”
CONCLUSION

Our current understanding of the function of the choroid plexus and CSF has begun to be transformed, and as such,
the emerging importance of these signaling mechanisms must
now be recognized as putative essential mediators of brain function. Extracellular signaling factors have been shown to integrate
in and modulate function of neurons within the brain and thus,
have the potential to both maintain normal homeostatic function
and/or contribute to pathological disease states. Moreover, CSFderived factors also hold the potential to serve as biomarkers
of disease. As the field progresses, the vital function of factors
derived from the choroid plexus will likely continue to emerge,
and these advances may then provide a foundation for novel approaches to treat neuropathology in humans.
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ABSTRACT

The pathology of the cistern of the cerebellopontine angle is primarily the disease of
the nervous and vascular structures that it contains and of the meninges that line it. It appears
by the Trigeminal Neuralgia (TN), Hemifacial spasm (HFS), and Glossopharyngeal Neuralgia
(GN). We have reviewed the anatomy, pathogenesis, diagnostics and therapy of neurovascular
conflicts of cerebellopontine angle. The clinical manifestations of the conflict vary according to
the affected nerve. The diagnosis is made on the basis of symptoms but need to be confirmed by
imaging. Now-a-days, high-fields Magnetic Resonance Imagings (MRIs) are the standard gold
diagnostic method but stay impervious in areas or countries that are less medically equipped.
The treatment of neurovascular conflicts of cerebellopontine angle is conservative or interventional. The interventional acts constitute the only curative treatments.
KEYWORDS: Neurovascular conflict; Cerebellopontine angle; Glossopharyngeal neuralgia;
Trigeminal neuralgia; Hemifacial spasm.
ABBREVIATIONS: CPA: Cerebellopontine angle; TN: Trigeminal Neuralgia; GN: Glossopharyngeal Neuralgia; HFS: Hemifacial spasm; REZ: Root Exit Zone; MRI: Magnetic Resonance
Imaging; PICA: Posterior Inferior Cerebellar Artery; AICA: Anterior Inferior Cerebellar Artery; VA: Vertebral Artery; APC: Anterior Piriform Cortex; MeSH: Medical Subject Headings.
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The pathology of the cistern of the Cerebellopontine angle (CPA) is primarily the
disease of the nervous and vascular structures that it contains and of the meninges that line it.
Knowledge of its anatomy and pathogenesis makes it possible to understand and search for
a rare pathology, including Trigeminal Neuralgia (TN), Hemifacial spasm (HFS), and Glossopharyngeal Neuralgia (GN). Trigeminal neuralgia consists of brief paroxysms of pain in the
facial distribution of the trigeminal nerve, precipitated by stimuli to sensory endings in the
trigeminal receptive area.1 The overall incidence is estimated to be approximately 3-5 cases per
year per 100,000 people and increases with age.2 HFS is a facial movement disorder characterized by involuntary, unilateral and intermittent twitching of muscles innervated by the facial
nerve.3 Like in TN, in more than 95% of the cases HFS is caused by neurovascular compression affecting the Root Exit Zone (REZ) of the facial nerve. Medical imagery, based on the
Magnetic Resonance Imaging (MRI), is systematic and enables us to preview the conflict. We
have reviewed the anatomy, pathogenesis, diagnostics and therapy of neurovascular conflicts of
cerebellopontine angle.
METHODS

The research for this review was data mining through Medline and Google scholar web
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sites. The Medical Subject Headings (MeSH) terms were “neurovascular conflict”, “cerebellopontine angle”, “glossopharyngeal neuralgia”, “trigeminal neuralgia” and “hemifacial spasm”.
The research included English, French and Russian studies in
humans. Articles were included when dealing with anatomy, pathology, pathogenesis, diagnostics or therapy of neurovascular
conflicts of CPA. Case series and single cases were included.
Articles were excluded when the cause of the conflict were nonneurovascular. Bibliographies of selected articles were screened
for additional relevant articles. We used HITACHI (AIRIS
Vento) 0,3T. The sequences carried out were: 3DT1, 3DT2 with
high resolution and angio-MR-3DTOF. Informed consent was
obtained for patients to publish their pictures.
ANATOMICAL RECALL

The CPA is located between the superior and inferior
limbs of the cerebellopontine fissure, a V-shaped angular cleft,
formed by the cerebellum folding around the pons and middle
cerebellar peduncle.4-6 The CPA faces the posterior surface of the
temporal bone. The middle cerebellar peduncle fills the interval
between the superior and inferior limbs of the angle (fissure).
The apex of the angle is located laterally where the superior
and inferior limbs meet. The fourth through the eleventh cranial
nerves are located near or within the angular space between the
two limbs.7
The surgical cerebello pontine angle (CPA) can then be
divided into three spaces comprising each one a nerve, vessels
and its distinct pathologies:
• Space of the mixed nerves, inferior external occupied by the
mixed nerves IX, X and XI after passing through the jugular
foramen. Apart from these, the sigmoid sinus will become
gulf of the chin-strap. The artery belonging to this territory
is the Posterior Inferior Cerebellar Artery (PICA) born from
the ipsilateral vertebral artery;7-9
• Space located coarsely at the medium of the CPA, more internal than the previous, consists of the acousticofacial package (VII and VIII), emanating from the bulbo-protuberantial furrow and engulfing themselves in the porus. It crosses
this space in straight line. It is the zone of the Anterior Inferior Cerebellar Artery (AICA) which may form several
loops there engaging itself or engaging one of its branches
towards the porus and more or less deeply in the meatus. In
this space, the presence of a vein is very variable from one
subject to another, but one can find with the former face of
the cerebellum and sometimes joining directly the petrous
sinus, a vein of rather large gauge;7-9
• Third space is located at the anterior tip of the Cerebellopontine space, well inside of the precedent. It contains the
motor and sensitive roots of the Trigeminal nerve or the fifth
cranial nerve (CN V) which, being born from the former
face of the protuberance, will join the trigeminal cavum.
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The other occupying permanent structure of this space is the
vein of Dandy, very bulky vein joining the higher petrous
sinus. The artery of this territory is the superior cerebellar
artery which may often form a loop by contacting the trigeminal nerve.7-9
PATHOLOGY AND PATHOGENESIS

The vertebro-basilar arterial system is never perfectly
symmetrical: the unilateral Vertebral Artery (VA) is all the more
bulky as its counterpart contralateral hypoplastic. The basilar artery can be also very tortuous. Thus, these large arterial trunks
or their branches can come in contact with the various nervous
structures of the CPA and produce there a mechanical aggression
on both peripheral and central nervous tissues10 leading to various signs and symptoms of neuralgias. The “ephaptic” theory
refers to the development of a true short-circuit electric activity
that may occur by time between fibers constituting the nerve.10
Similarly, a hyper reactivity at the core of the cranial nerves in
the brainstem known as the “nuclear” theory10 may cause the
sign and symptoms of these disorders. Nevertheless, there is
another unifying theory, the Kindling effect, which says that a
central hyper excitability of the cranial nerves does not exclude
an associated peripheral origin.10 In the three cases, the “electric
discharges” thus produced are responsible for various pathologies which are, by order of frequency: neuralgia of the trigeminal nerve and the spasm of the hemi face. In 95% of the cases,
there is an arterial loop. The seat of the conflict is the REZ (zone
of central transition myelin – myelin peripheral) of variable situation from one nerve to another. It seems that smallness of the
cisterns of the Anterior Piriform Cortex (APC) and short trigeminal nerve have an impact on the pathogenesis of the essential
neuralgia by facilitating the neuro-vascular conflict, particularly
among younger patients.11
The major etiology of cerebellopontine neurovascular conflict is the pulsatile compression of a vascular structure
within a few millimeters from the origin of the nerve (REZ).
Persistence of the phenomenon leads to demyelination of the
nerve.12 Baliazina, has shown that the contact between the superior cerebellar artery and trigeminal nerve trunk cannot lead
to the development of trigeminal neuralgia since traumatizing
action on the nerve results not from the pulsation of the wall of
artery which touches the nerve, but from the strokes of the distal
arm of superior cerebellar artery loop, that unbends during each
systole and is located at an angle to trigeminal nerve trunk.13
The vessels responsible for the conflict vary according
to the reached nerve. The most common offending vessel in the
Hemifacial spasm (HFS), is the AICA accounting for more than
50% of the cases, while the rest may be caused by the PICA, the
basilar artery or veins.14 HFS caused by developmental venous
anomaly is a very rare occurrence. Developmental venous anomaly is the most frequently found cerebral vascular malformation
constituting approximately 60% of all vascular lesions.15,16 The
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role of hypertension in the late onset of HFS have been shown
in a family, spanning four generations, using MRI and magnetic
resonance angiography.17 Figures 1 and 2 show respective normal MRI of the cranial nerves VII and V.

Figure 1: MRI aspect, axial sequence 3DT2 showing a normal nerve VII
(yellow arrow).

http://dx.doi.org/10.17140/NOJ-2-119

HFS is a facial movement disorder characterized by involuntary, unilateral and intermittent twitching of muscles innervated by the facial nerve.3 The literature describes the frequency
of site of onset: the orbicularis oculi muscle in 90%, the cheek
in 11% and the perioral region in 10% of cases. Over months to
years, the spasms spread gradually to other muscles innervated
by the ipsilateral facial nerve. Tonic spasm is generally accompanied by twitching and synkinesis.23
GN is characterized by paroxysms of repetitive lancinating pain localized unilaterally in the tongue, soft palate, and
throat in the lateral and posterior parts of the pharynx, and radiating to the ipsilateral ear. Neuralgia can be triggered by swallowing, coughing, yawning or chewing, and usually lasts seconds
or minutes. Vagoglossopharyngeal neuralgia is a very rare type
of GN associated with cardiac syncope, arrest and bradycardia
caused by vasodepressor reaction of the vagus nerve. Vagoglossopharyngeal neuralgia occurred in only 4 of 217 patients with
GN.24,25
IMAGING STUDIES IN TN, HFS AND GN

Figure 2: MRI aspect, axial sequence 3DT2 showing a normal nerve V (yellow arrow).

The vessels which most frequently make contact with
a trigeminal nerve are the superior cerebellar artery (55-88%),
then the AICA, and, in various order, depending on the author,
the basilar artery, PICA or a vein embedded in the nerve.18,19
Sometimes more than one vessel contacts with the nerve. Some
authors think that the offending vessel should dislocate the
nerve, while according to others it is enough to find a contact between them.18,20 Furthermore, the vessel should touch the nerve
at a right or acute angle at the level of the REZ, which means up
to 6 mm from the point of sensory root exit from the pons.21
CLINICAL MANIFESTATION OF TN, HFS AND GN

TN is recognized by unilateral short-lived, strong,
sharp, shooting pains in one or more branches of the fifth cranial nerve. The description of the pain is very important; it must
be sharp, shooting, lancinating, and “electric shock”. The pain
can be brought on by ordinary stimuli, such as eating, washing,
shaving, cold, warmth, and draught.22
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When the diagnosis of neurovascular conflicts of CPA
is made, the patient needs to undergo a MRI scan to exclude
specific pathologies such as a tumor or multiple sclerosis, which
could cause a secondary TN, HFS or GN. The MRI scan can
also be used if there is a suspected compression of the nerve in
the posterior cranial fossa. Sometimes the MRI scan is sensitive
enough to detect blood vessels that have come in contact with
the nerve. Now-a-days, the high MRI fields became inescapable
in the diagnosis of neurovascular conflicts of the CPA.26-29 However, in areas or countries that are less medically equipped, certain authors think that the low-fields MRI can constitute an alternative to do the proof of the conflict.30 Indeed, in these countries,
the access to the care is difficult because of the weak economic
capacity of the population and the absence of the most stripped
system of insurance. Moreover, the MRI is inalienable and inaccessible. In our low outcome country, we have two low-fields
MRI for 6 million inhabitants. It means that efforts remain to be
made.
The positive diagnosis of neurovascular conflicts is
based on major criteria (neurovascular contact on the level of the
REZ, the way how the nerve is deviated in the cistern) and on a
minor criterion (remote contact of the REZ). The imagery 3DT2
with high resolution in combination with the angio-MR-3DTOF
is a reliable technique to detect the conflict and to predict the
grade of compression.28,31 Figure 3 shows a crossing with right
angle between the right AICA and the ipsilateral facial nerve
translating a HFS. Figure 4 shows a crossing enters V and the
basilar artery with cisternal way deviation of the nerve.
The classification of Sindou et al (made on a series of
trigeminal neuralgia) distinguishes three grades of neurovascular conflicts.32 Grade I corresponds to a simple contact on the

Page 101

neuro
ISSN 2377-1607

Open Journal

Figure 3: Axial sequences 3DT2 showing a crossing with right angle between the right AICA (red arrow) and the facial nerve ipsilateral (yellow arrow)
translating a neurovascular conflict.

nerve, whereas grade II corresponds to a contact with nerve distortion or displacement. Grade III is associated with indentation
on the nerve.
The classification of Adamczyk et al33 shows the evaluation criteria and the relation between arteries and trigeminal
nerve. They distinguish 5 grades:
0: Absence of neurovascular contact;
1: Artery and nerve come into contact and their axes are parallel;
2: Artery and nerve come into contact and they cross each other
by a straight or acute angle;
3: Contacting artery dislocates the nerve;
4: Artery and nerve come into contact, nerve atrophy is visible.
The degree of anatomical relationship between vessel
and the cranial nerve VII was graded by Lagalla et al17 as follows: 0=adjacent; 1=closeness; 2=contact; 3=distortion; 4=indentation.
DIFFERENTIAL DIAGNOSIS

The same symptoms of HFS, TN and GN are common
to many disorders such as tumors, arachnoid cysts, epidermoid
cysts, neuroglial cysts, facial myokymia, blepharospasm and facial tic.34-42 Generally, this is not an issue since differential diagnosis is possible by studying the MRI findings and the clinical
manifestation of the disease.
TREATMENT OF TN, HFS AND GN

The treatment of neurovascular conflicts of CPA is conservative or interventional. The medication of choice is carbamazepine in trigeminal/glossopharygeal neuralgia whereas botulinium toxin injection is used in the treatment of hemifacial spasm.

Neuro Open J
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Figure 4: MRI aspect showing a crossing enters V and the basilar artery (red
arrow) with cisternal way deviation of the nerve (yellow arrow).

Microvascular decompression is an important procedure for the management of microvascular compression syndromes in the CPA like TN or HFS. The ability to identify the
offending vessel is the key to success.19,32 The endoscope helps
surgeons to identify and understand the responsible conflict in
order to treat them. Endoscopy improves visualization of the
cranial nerves and allows seeing and understanding the neurovascular conflicts, which are not able to be observed using the
microscope alone for certain patients.43 The endoscope is a useful adjunct to microscopic exploration of the cranial nerves in
the CPA avoiding significant cerebellar or brainstem retraction.
The most important thing for a successful microvascular decompression operation is to remove the offending artery off the
nerve. However, if the conflict site failed to be approached after
endeavors, a successful microvascular decompression can still
be achieved by relocating the offending artery with the guidance
of real-time electromyography even without visualization of the
confliction.44
The efficacy of endovascular treatment for neurovascular conflicts in the CPA caused by intracranial aneurysms and
intracranial arteriovenous malformations, including TN, HFS,
and GN, have been investigated.45 The authors have concluded
that endovascular treatment is a feasible and less invasive approach for relief of neurovascular conflicts in the CPA caused by
intracranial aneurysms or intracranial arteriovenous malformations and could be considered as a therapeutic option in these
situations.45
Other techniques for the treatment of TN and GN that
were reported in the literature include:
• Treatment achieved with thermocoagulation or in exceptional cases by anesthetic block for diagnostic purposes46;
• The optimal radiation dose and target of Gamma-knife radiosurgery for medically refractory idiopathic trigeminal neuralgia47;
• Use of Gamma Knife radiosurgery for recurrent glossopha-
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ryngeal neuralgia after microvascular decompression48;
• Use of endotracheal tube surface electrodes to help delineate
the sensory and motor vagal rootlets which may be sacrificed
during the surgical treatment of glossopharyngeal neuralgia49;
• Use of electrophysiological monitoring on selective rhizotomy of the glossopharyngeal nerve.50 Electrophysiological
monitoring in selective rhizotomy treating glossopharyngeal
neuralgia can improve the efficiency of pain relief and reduce
the incidence of complications.
MRI permits to identify the segment of the nerve which
is atrophied. Indeed, TN is associated with atrophy of the REZ
of the affected nerve compared with the asymptomatic side, but
volume loss in different segments of the nerve has very different prognostic implications. Proximal atrophy is associated with
vascular compression and correlates with improved outcome
following microvascular decompression. However, distal atrophy is associated with a significantly worse outcome after microvascular decompression.51
CONCLUSION

The clinical manifestations of the neurovascular conflict of the CPA vary according to the affected nerve. High-field
MRI remains the gold standard method in their diagnosis; but
alternatively, the low-field MRI might be similarly useful. Treatment of TN, HFS and GN is initially by medicine but the intractable conditions may need interventional acts which constitute
the only curative treatment.
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