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CGRP: New Focus in Migraine
CGRP: Migrende Yeni Odak
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Abstract

Migraine is a neurological disorder characterized by recurrent attacks of headache usually accompanied by symptoms such as nausea, vomiting, photophobia and
phonophobia. According to the Global Burden of Disease Study 2019 estimates, it affects more than 1.12 billion people worldwide and is a major cause of disability
worldwide. Although migraine has been recognized for centuries, its pathophysiology has not been fully understood yet. Several theories have been proposed so far,
the most recent being the neurovascular theory. Supported by the developments in neuroradiology and immunohistochemistry, the theory emphasizes the essential
role of the trigeminovascular (TGV) system in migraine pathophysiology. It is obvious that the TGV system, regulating the cranial blood flow and nociceptive
transmission, contributes to initiation and progression of serial complex events associated with migraine. The identification of vasoactive neuropeptides which had
a role in migraine pathophysiology also created an opportunity for development of new treatment strategies in migraine. Calcitonin gene related peptide (CGRP)
is one of the neurotransmitters that has attracted most attention since it is abundantly found in the TGV system and plays a significant role in different processes
of migraine including vasodilation, neurogenic inflammation, peripheral and central sensitization. It became the focus of research in the last few decades and
extensively investigated. Both small molecules antagonizing CGRP receptor and monoclonal antibodies targeting either CGRP or its receptor have been developed
and used in migraine treatment. This article overviews the role of the TGV system in migraine pathophysiology and treatment with a specific focus on CGRP.
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Oz

Migren bulanti, kusma, 1518a ve sese duyarlilik gibi semptomlarin eglik ettigi tekrarlayan bas agrisi ataklar: ile karakterize bir nérolojik bozukluktur. Global
Hastalik Yiikii 2019 verilerine gore diinya genelinde 1,12 milyardan fazla kisiyi etkilemektedir ve 6nemli bir engellilik nedenidir. Yiizyillardir bilinen bir
hastalik olmasina ragmen, patofizyolojisi heniiz tam olarak aydinlatilamamistir. Bugiine dek gesitli teoriler 6ne siiriilmiigtiir; en giinceli norovaskiiler teoridir.
Néroradyoloji ve immiinohistokimya alanindaki gelismelerin de destekledigi bu teori trigeminovaskiiler (TGV) sistemin migren patofizyolojisindeki 6nemine
vurgu yapmaktadir. TGV sistemin kraniyal kanlanmay: diizenleyerek ve nosiseptif iletinin yayilmasina katki saglayarak migrenle iligkilendirilen bir dizi karmagik
olayin baglamasina ve siirdiiriilmesine katkida bulundugu agiktir. Migren patofizyolojisinde rolii oldugu gésterilen vazoaktif nsropeptidlerin saptanmasi migren
tedavisine yonelik yeni stratejilerin gelistirilmesi igin firsat yaratmigtir. KT gen ile iligkili peptid (CGRP), TGV sistemde fazla miktarda bulunmasi ve migrenin
vazodilatasyon, norojenik enflamasyon, periferik ve santral sensitizasyon gibi farkli siireclerinde rol oynamasi nedeniyle en fazla dikkat ¢eken ndrotransmitterlerden
biri olmugtur. Son birka¢ dekadda aragtirmalarin odag: haline gelmis ve genis dl¢iide ¢alisilmistir. Gerek CGRP reseptoriinii antagonize eden kiigiik molekiillii
CGRP antagonistleri gerekse CGRP’nin kendisini veya reseptriinii hedef alan monoklonal antikorlar gelistirilmis ve migren tedavisinde kullanima girmistir. Bu
derleme, CGRP’ye odakli olarak TGV sistemin migren patofizyolojisindeki ve tedavisindeki roliinii gozden gegirmektedir.

Anahtar Kelimeler: Kalsitonin gen ile iligkili peptid, CGRP, migren, trigeminovaskiiler sistem

Introduction as nausea, vomiting, photophobia and phonophobia may occur.
Prodrome and postdrome symptoms may be experienced at the
beginning and end of a migraine attack (1). Of the patients 20-
30% describe an aura period in which various focal neurological
unilateral, throbbing, and increasing with physical activity. symptoms are seen, most often associated with vision, before

Headache increases with physical activity and symptoms such headache (2).

Migraine is a complex neurological disorder characterized by

moderate to severe headache attacks lasting 4-72 hours, usually
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According to the Global Burden of Disease 2019 estimates,
migraine affects more than 1.12 billion people worldwide with an
age-adjusted prevalence of 14.72% (12.81-16.92) (3). It is seen
more frequently in women than in men {18.46% (16.09 -21.16)
and 10.92% (9.45-12.606), respectively} and its prevalence peaks
in the 30-34 age group (3). In a survey-based study conducted
in Turkey, the prevalence of migraine was found to be 16.4% in
individuals aged 18-65 years, and it was reported that this disease
was 3 times more common in women (4). Although migraine can
be seen in all age groups, it especially affects individuals in the
productive period of life (3,5). Migraine, which is the second most
common cause of disability in the world, ranks first in women
aged 15-49 in this regard (3,5). It creates a significant burden on
both individuals with migraine and the society with its negative
effects on social relations, work life and quality of life, and the use
of health resources (admission to health professionals, emergency
services, hospitalization, imaging, etc.) (6,7,8).

Migraine isadisease known for hundreds of years (2). Advances in
neuroradiology and immunohistochemistry in the last half century
have contributed significantly to a better understanding of its
pathophysiology (2,9,10). This paved the way for the development
of migraine-specific treatment options. This study reviews the role
of the trigeminovascular (TGV) system in the pathophysiology of
migraine, with a particular focus on the calcitonin gene related
peptide (CGRP), which has gained attention for its potential as a
therapeutic target in the last 20 years.

As can be understood from the diversity of clinical signs and
symptoms, migraine attack is a complex process that includes
a series of neurological and vascular events (2,9,10,11,12). At
different times, opinions emphasizing the role of vascular or neural
factors in the development of migraine were dominant (9). In the
1940s, the vascular theory gained strength with the establishment
of a relationship between the dilatation of cranial vascular
structures and migraine headache in the studies of Graham and
Wolff (9). Over time, the vascular theory has become questionable,
with scientific findings supporting that migraine cannot be
explained by vasodilation alone and that neuronal events are at
the center of the process (9). Moskowitz et al. (13) proposed the
neurovascular hypothesis in 1979, which suggested that vasoactive
neuropeptides released from trigeminal nerve endings might play
a role in the development of migraine. The neurovascular theory
centered on the TGV system is still valid today (9,11,12).

Migraine and the Anatomy of the Trigeminal Nerve

The trigeminal nerve, with its three branches {ophthalmic (V1),
maxillary (V2), mandibular (V3)} is responsible for the sensorial
innervation of the entire face and most of the head, including the
pain-sensitive intracranial structures (meningeal blood vessels,
great cerebral arteries, venous sinuses, and part of the dura mater)
(14). The neck and the occipital part of the head are innervated
by the upper cervical nerves (C1-C2). The only ganglion of the
trigeminal nerve is the sensory trigeminal (Gasser) ganglion. Some
of the neurons in this ganglion contain various neuropeptides,
especially CGRP, which has a role in the pathogenesis of primary
headaches. In addition, some other neurons in the ganglion and
satellite glia cells have CGRP receptors (15). Sensory impulses of
all branches of the trigeminal nerve reach the spinal trigeminal
nucleus (SpV) with central axonal processes from the trigeminal
ganglion. SpV itself consists of three different anatomical parts.
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The part that plays a role in the transmission of pain sensation
is called the trigeminal nucleus caudalis (TNC) and it extends
towards the spinal cord (16). The TNC forms the trigeminocervical
complex (TCC) together with the dorsal horn of the upper cervical
(C1-C2) spinal cord. The TCC, which is the meeting place of the
central extensions of the trigeminal ganglion and the C1-C2 spinal
afferents innervating the adjacent skin, paraspinal and pericranial
muscles, is a transition point for the pain signals coming from the
periphery to reach the subcortical and cortical areas (9,10).

The Trigeminovascular System and its Role in Migraine
Pathophysiology

The TGV system plays an important role both in the regulation
of intracranial blood flow and in the transmission of pain (17). It
was a concept that was first introduced in 1983 to describe the
functional connection between the trigeminal nerve, meningeal
vascular structures and the central nervous system (12). This
system consists of the trigeminal ganglion, the cranial vascular
structures innervated by the trigeminal nerve, and the SpV (17).
The brain is a largely pain-insensitive organ, however, it has a
rich nociceptive neural network consisting of unmyelinated C and
thin myelinated Ad (delta) fibers originating from the trigeminal
ganglion and innervating cranial structures such as the meningeal
vessels and large cerebral arteries (9).

Migraine attack is a process involving many central and
peripheral neural anatomical structures (9,10,11,12,17,18).
Although functional imaging methods have provided important
information about this process, the neuronal mechanism that
initiates pain has not yet been fully explained (9,12,19,20,21,22).

For many years, it has been thought that the brain stem is
responsible for the onset of migraine headache because stimulation
of periaqueductal gray matter (PAG) causes migraine-like
headaches and because of the monitoring of activation in the
dorsolateral pons (DLP) during spontaneous migraine attack by
imaging methods. This view became controversial over time, as it
was understood that DLP activation was not specific to migraine,
the use of triptans did not abolish DLP activation, and PAG
activation was not observed in patients with migraine in imaging
studies (23).

It has been suggested that cortical spreading depression (CSD),
which neurophysiologically corresponds to migraine aura, may
be effective in the onset of headache in migraine by activating
trigeminal sensory afferents (24,25). This view is based on the
similarity between the immediate and delayed activation of CSD in
the trigeminal ganglion and spinal TG nucleus in rodents and the
immediate and delayed post-aura headache in humans (25). The
absence of aura in two-thirds of migraine patients contradicts this
view (22). In addition, the sensitizing effect of CSD on peripheral
and central TGV neurons is not consistent in electrophysiological
studies (2). It has also been suggested that there may be a link
between a harmful internal brain event of migraine pain and the
activation of trigeminal pain fibers, including the opening of
Pannexin 1 mega-channels in stressed neurons, then activation of
inflammatory pathways and the transmission of this signal to the
trigeminal nerves around the pial vessels (26).

Another structure that has been suggested to play a role in
the onset of migraine attack and headache within the framework
of clinical and radiological findings is the hypothalamus
(10,12,19,20,21,27). Homeostasis in the body takes place under
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the control of the hypothalamus. Homeostasis-related symptoms
such as fatigue, change in appetite, and recurrent yawning are
common in the prodromal period (9,10). In a positron emission
tomography study conducted in patients with episodic migraine
without aura, the increase in blood supply in the hypothalamus
during the prodromal period supported the view regarding the
role of the hypothalamus in the early phase of the attack (19). In
serial magnetic resonance (MR) sections obtained for 30 days in
a patient with migraine without aura, it was shown that there
was functional interaction and increased activity between the
hypothalamus and TNC in the preictal period, and between the
hypothalamus and dorsal rostral pons in the pain phase (21). In
a functional MR imaging study including patients with chronic
and episodic migraine and healthy volunteers, it was shown that
the anterior part of the hypothalamus played an active role in the
development of attacks and the chronicity of migraine, and the
posterior part in the acute pain phase (27).

It is known that migraine attack is triggered by various internal
and external factors (such as insomnia, hormonal factors, hunger,
stress, chocolate, cheese, alcohol, light) in susceptible individuals
(9,10,12,18). However, in recent years, a different perspective
has emerged regarding the role of triggers in migraine. An
experimental provocation study with triggers that patients stated
based on their own migraine experiences resulted in migraine
attacks in only 11% of patients (28). This result suggests that
some factors thought to be triggers may actually be a part of the
prodromal symptoms of the attack (9,12).

The process that predisposes to headache in migraine is not
fully understood yet. However, it is thought that the headache
phase begins with the stimulation of the nociceptive trigeminal
nerve terminals that innervate the meningeal vessels, large cerebral
arteries, and venous sinuses (18). Amongthe three branches of the
trigeminal nerve, it is the ophthalmic branch that contributes
most to the pathogenesis of migraine. This may explain why pain
is commonly felt around the periorbital dermatome (29). Since the
central projections from the trigeminal ganglion meet with the
upper cervical nerves (C1-C2) that innervate the posterior part of
the head in TCC, pain can also be felt in different parts of the head
(frontal, temporal, parietal and occipital) and in the upper part of
the neck (9,10). Trigeminothalamic processes from second-order
neurons in the TCC extend upward to deliver the pain message
to the thalamus. Meanwhile, they send collateral extensions to
various nuclei in the brain stem, basal ganglia and hypothalamus.
Fibers reaching the thalamus transmit sensory information to
various cortical areas for processing after making synapses with
thalamocortical neurons in the nuclei here. Thus, the clinical
picture consisting of pain and accompanying symptoms specific
to the attack emerges (9,10,11,29). In addition, the activation
of the trigemino-autonomic pathway from TCC contributes
to the emergence of autonomic symptoms accompanying
headache. There is a reflex connection between the TCC and
the superior salivary nucleus (SuS). SuS activates the trigeminal
autonomic reflex retrogradely, causing autonomic symptoms
such as lacrimation, rhinorrhea, periorbital edema, ptosis, and
nasal congestion (9,10,29). On the other hand, parasympathetic
messages from the SuS stimulate meningeal nociceptors via the
sphenopalatine ganglion, causing the TGV pathway to continue
to be activated and re-stimulation of the TCC via central TGV
projections (9,10,29).
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Calcitonin Gene Related Peptide and its role in migraine
pathophysiology

The CGRP is a member of the CGRP family, which also
includes calcitonin (CT), adrenomedullin and amylin (AMY)
(30). It is a 37-aminoacid-long neuropeptide and exists in humans
in two forms (alpha and beta). Alpha CGRP is mainly found in
sensory neurons of the trigeminal ganglion, and beta CGRP is
found in enteric motor neurons (22). This peptide was defined in
1982, its presence in the TGV system was demonstrated in 1984,
and its role in the pathophysiology of migraine was first suggested
in 1985 (31). CGRP is expressed in approximately half of the
neurons in the trigeminal ganglion. It is stored in vesicles located
at sensory nerve terminals and is released through exocytosis after
neuronal activation. CGRP is expressed in the central nervous
system by sensory neurons in various areas such as the TCC, PAG,
hypothalamus, thalamus, and cerebellum (31).

The CGRP can act through all receptors associated with the
CT peptide family; however, it has two receptors to which it binds
with high affinity. These are CGRP and AMY 1 receptors (17).
The distribution of CGRP receptors in the TGV system is similar
to that of CGRP; however, they are not found in the same cell body
or fiber as CGRP, except in Purkinje cells. CGRP receptors located
in the myelinated A delta fibers of the trigeminal nerve are also
found in approximately one third of the neurons in the trigeminal
ganglion (31). The fact that these receptors are also common in
satellite glia cells surrounding CGRP-expressing neurons suggests
that they also play a role in neuron-glia cell interaction (31).
AMY1, another receptor to which CGRP binds with high affinity,
is also located in the trigeminal ganglion, but the function of these
receptors in the pathophysiology and treatment of migraine is not
yet known (31).

Sensory fibers of the trigeminal nerve contain various
neuropeptides/neurotransmitters such as substance P, CGRP,
neurokinin A, pituitary adenylate cyclase activating protein,
and nitric oxide synthase, which play a role in the activation of
TGV system (9,32). Among them, CGRP is the most abundant
neuropeptide in trigeminal afferents and has an important role
in the pathogenesis of migraine (9,22,30). CGRP is effective
in the emergence of peripheral and central events that develop
during a migraine attack, with its role in vasodilation, neurogenic
inflammation, and peripheral and central synthesis processes
(10,11,18,22,29,30). CGRP released from the axonal terminals of
nociceptive afferents by stimulation of the trigeminal nerve causes
vasodilation in meningeal vessels, increased vascular permeability
and extravasation of plasma proteins. Neurogenic inflammation
develops as a result of perivascular changes and the release of
proinflammatory substances from mast cells in the dura mater.
This local inflammatory response in meningeal structures increases
the sensitivity of peripheral afferents to stimuli; that is, it results
in peripheral sensitization (10,11,12,18,22,29,30). This results in
a response at a lower threshold. The pulsatility of the headache
becomes more perceivable when leaning forward or coughing
is a result of peripheral sensitization (33). CGRP released from
neurons in the trigeminal ganglion interacts with satellite glia
cells and causes the release of various cytokines and nitric oxide.
These substances increase the release of CGRP retrogradely, which
leads to a vicious circle, allowing the continuation of trigeminal
activation and peripheral sensitization. This situation is thought
to be important in terms of the progression of the migraine attack.
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Endogenous inflammatory mediators released during a migraine
attack activate second-order neurons in the TNC, causing central
sensitization. CGRP increases the release of excitatory substances
such as glutamate from astrocytes and second-order neurons. On
the other hand, CGRP activates a-amino-3-hydroxy-5-methyl-4-
isoxazolpropionic acid and N-methyl-D-aspartate receptors located
in nerve endings of primary afferents, second-order neurons and
astrocytes, and makes them more susceptible to excitation. This
situation contributes to the central sensitization process by causing
more release of excitatory substances (2). The clinical manifestation
of central sensitization is allodynia. Allodynia, which is a feeling
of pain and discomfort that occurs with simple contacts, can
sometimes be felt to affect the whole body. Sensitization of neurons
in the TCC and thalamic nuclei leads to cephalic and extracephalic
allodynia, respectively (33). Persistent sensitization as a result of
repetitive activation of the central TGV pathways plays a role in
the development of chronic migraine (34).

Table 1. In vivo and in vitro findings supporting the role of

CGRP in migraine pathophysiology

Release of CGRP into the extracerebral circulation in humans
as a result of stimulation of the trigeminal ganglion (35)

High CGRP levels in the external jugular vein in the headache
phase of migraine attack (36)

High CGRP levels in saliva during migraine attack and
decrease after sumatriptan administration (37)

High cerebrospinal fluid CGRP levels in patients with migraine

38

Intravenous CGRP infusion causing migraine-like attacks in
patients with migraine (39,40)

CGRP: Calcitonin gene related peptide

Treatment Approaches Targeting the Calcitonin Gene
Related Peptide Ligand or Receptor

The role of CGRP in the pathophysiology of migraine has
been confirmed by findings from various 77 vivo and in vitro studies
(Table 1). Based on these observations, the focus has been on the
development of new treatment options targeting CGRP itself or
its receptor since the early 2000s (41). The first of these are small
molecule CGRP receptor antagonists called gepants. They have
come to the forefront with the potential to be an alternative to
triptans, which are accepted as standard acute migraine treatment
but have limited effectiveness, limitations in use in some comorbid
conditions (cerebrovascular and cardiovascular) and drug overuse
associated with problems such as headache (42). The development
processes of olcegepant and telcagepant, which were the first
developed members of this class, were terminated due to the low
oral bioavailability of the first and the liver dysfunction of the
second in phase III studies (42). These problems were overcome
in the second generation gepants developed later; ubrogepant and
rimegepant were approved by the Food and Drug Administration
for use in the treatment of acute migraine (43). The efficacy and
side-effect profiles of these drugs are generally positive and similar;
lack of direct vasoconstrictor effects is an important advantage
over triptans (44).
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Another treatment group developed to act on CGRP-
related processes is monoclonal antibodies targeting the CGRP
ligand or its receptor (30,31,45). These treatments are the first
group of drugs focused on the pathophysiological mechanism
for the prevention of migraine attacks. Since their molecular
size is large, their potential to cross the blood-brain barrier is
low (31,45). Since some of the CGRP and CGRP receptors are
located outside the blood brain barrier, it has been predicted that
monoclonal antibodies developed against CGRP or its receptor
may be effective in the treatment of migraine (31,45). In clinical
studies, they reduced the frequency of attacks, the need for acute
treatment and disability; and were shown to improve quality of life
(45,46,47,48,49,50,51,52). Considering that current preventive
treatments should be taken daily, these monoclonal antibodies
that require less frequent (monthly or quarterly) administration
(31) will increase compliance with treatment in migraine. Their
safety and tolerability were generally found to be good in clinical
studies (45,46,47,48,49,50,51,52). Due to their high selectivity
and high affinity for their target molecules, their undesirable
effects are expected to be low. Since they are metabolized by the
reticuloendothelial system, the possibility of hepatic and renal
toxicity is thought to be low (34). As of the writing of this review,
a total of 4 monoclonal antibodies, one against the CGRP receptor
(erenumab) and three against CGRP itself (fremanezumab,
galcanezumab, and eptinezumab), have been approved by various
health authorities for use in the preventive treatment of migraine
(43). Research continues to develop new monoclonal antibodies
targeting the CGRP pathway.

Conclusion

Developments in the last few decades have contributed greatly
to a better understanding of the role of the TGV system in the
pathophysiology of migraine. CGRP has attracted attention with
its central role in the cascade of events observed during a migraine
attack, such as vasodilation, neurogenic inflammation, peripheral
and central sensitization. As a result, migraine has become the
main focus of drug research based on pathophysiology.

Drugs targeting the CGRP ligand or its receptor have added a
new dimension to migraine treatment with their positive efficacy,
safety and tolerability profiles in clinical studies. Real-life data will
contribute to revealing the place of these new treatment options
in clinical practice.
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