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CGRP blockers in migraine therapy: where do they
act?
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Calcitonin gene-related peptide (CGRP) is expressed throughout the CNS and peripheral nervous system, consistent with
control of vasodilatation, nociception, motor function, secretion and olfaction. aCGRP is prominently localized in primary
afferent C and Ad fibres of spinal and trigeminal ganglia. Activation of the trigeminal nerve results in antidromic release of
CGRP, acting through a CGRP1 receptor. Antagonists of CGRP1 receptors reduce signalling in the trigeminovascular pathway
at multiple sites, putatively inside the blood–brain barrier. Other ways of interacting with CGRP mechanisms have appeared
limiting the availability of CGRP in the circulation with a specific CGRP antibody or with a CGRP-binding RNA-Spiegelmer.
Either way reduces neurogenic inflammation and attenuates signalling within the trigeminovascular pathway. Specific CGRP
receptor blockade has been shown to reduce the effect of released CGRP and to abort acute migraine attacks. The novel
approach of reducing available CGRP is limited by the blood–brain barrier; its usefulness may be more as prophylaxis rather
than as acute treatment of migraine.
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Migraine is a common and debilitating episodic disorder with

a prevalence of up to 15–20% of the adult population. It is

more common in women than in men, and occurs in two

major subtypes, migraine with aura and without aura. In

migraine with aura (20% of the cases), the migraine head-

aches are preceded by a visual hallucination/illusion known

as an aura. Typically, the aura begins in the visual field and

expands during a 5–20-min period, and is usually followed by

headache. The phenomenon is linked with ‘cortical spread-

ing depression’ and has been examined in depth in numerous

neuroimaging studies. Migraine attacks are characterized by

typically moderate or severe headaches which are unilateral

and pulsating, lasting 4–72 h, often accompanied by nausea,

phonophobia and photophobia (Goadsby et al., 2002).

Migraine has a strong genetic component, most likely with

a multifactorial polygenic inheritance. It is only for familiar

hemiplegic migraine, a rare autosomal dominant inherited

subtype of migraine with aura, that a genetic link has been

established. There are currently three loci associated with

hemiplegic migraine; the CACNA1A gene at 19p13, the

ATP1A2 gene at 1q23 and a sodium channel SCN1A gene.

Common to these genes is a close relation to cerebral ion

channel function. In theory, they could cause reduced or

enhanced gain of function in the CNS (van den Maagden-

berg et al., 2007). This has been taken as a strong evidence for

depolarizations to spread across the cortex, and these are

considered as key early events in migraine attacks. However,

it is still unclear how this links to the trigeminovascular

system, the part of the intracranial vasculature that is

supplied with sensory nerve endings.

It is my belief that the key nociceptors are located on the

cerebral vasculature, and these are activated by changes in

vessel tone (vasoconstriction) or directly through intracer-

ebral neuronal connections to the microcirculation. In

support of this view is the recent demonstration that sensory

axons in the cranial dura mater/meninges lack calcitonin

gene-related peptide (CGRP) receptor elements (Levy et al.,

2005; Lennerz et al., 2008), and hence CGRP is not involved

in meningeal neurogenic inflammation. The release of CGRP

in conjunction with migraine attacks has lead to the

demonstration that triptans in part act to inhibit the release

of CGRP (Goadsby and Edvinsson, 1993) and has stimulated

the search for novel CGRP antagonists for migraine treat-

ment (Edvinsson, 2004).

Calcitonin gene-related peptide is expressed throughout

the CNS and peripheral nervous system. Two forms of CGRP

are expressed; aCGRP is prominently localized in primary

afferent C and Ad fibres of spinal and trigeminal ganglia in

various parts of the body, whereas �CGRP is the main

isoform located in the enteric nervous system. In CNS, there

is a wide distribution of CGRP with the highest levels in

striatum, amygdale, colliculi and cerebellum. Trigeminal
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nerve activation results in antidromic release of CGRP, acting

through a CGRP1 receptor complex of calcitonin-like

receptor—receptor activity-modifying proteins (RAMP1)

and receptor component protein—adenylate cyclase to cause

non-endothelium-mediated vasodilatation. At synapses in

the trigeminal nucleus caudalis and at C1/C2 levels, CGRP

acts on second-order neurons to transmit pain signals

centrally through brainstem and midbrain to the thalamus

and higher cortical pain regions.

The receptor components, calcitonin-like receptor and

RAMPs, are widely expressed throughout the brain and in

intracranial arteries. Despite this colocalization, RAMP1

seems to be functionally rate limiting for the CGRP receptor

activity as seen in human cranial arteries. Calcitonin-like

receptor and RAMP1 have recently been localized to

trigeminal neurons, and suggested to have a prejunctional

role controlling CGRP production in a feedback loop

(Lennerz et al., 2008). CGRP does not induce neurogenic

inflammation or sensitization at peripheral meningeal sites

but relays nociceptive information from trigeminal primary

afferent neurons to the second-order neurons in the spinal

trigeminal nucleus neurons. Thus, a key question to be

addressed is where do the CGRP antagonists act?

Recently developed CGRP receptor antagonists (olcege-

pant and telcagepant) act on the RAMP1 element and this

could occur at central and peripheral sites to attenuate

signaling within the trigeminovascular pathway. These

antagonists are highly CGRP receptor specific and have been

examined in clinical trials with positive outcomes (Olesen

et al., 2004; Ho et al., 2008). However, despite their in vitro

potency (0.1–10 nM), large amounts are necessary to obtain a

significant antimigraine effect (5–600 mg) in vivo, possibly

owing to high protein binding, low passage through the

blood–brain barrier and being substrates for the efflux

transport system P-glycoprotein pump. In comparing the

effects of luminal and abluminal application on perfused

middle cerebral arteries, we showed that the blood–brain

barrier is, in part, responsible for the high doses needed in

therapy (Edvinsson et al., 2007).

Another approach to block the effects of CGRP is either the

use of specific CGRP antibodies that bind excess of CGRP

and thus hinders its effects (Zeller et al., 2008), or the use of a

specific CGRP-binding RNA-Spiegelmer (a single-stranded

mirror-image oligonucleotide) that is capable of tightly and

specifically binding to CGRP and thus inhibiting its function

(Denekas et al., 2006). In this issue of the British Journal of

Pharmacology, Zeller et al. (2008) have revealed that the

application of antibodies for CGRP is a possible way of

reducing the effects of CGRP. Thus, chronic treatment with

anti-CGRP antibodies exerted a long-lasting inhibition of

neurogenic vasodilatation. The advantage with this ap-

proach is the long half-life of the effect, which opens up

the possibility for its use in the prophylaxis of migraine.

However, one crucial question remains—where are the

antibodies acting? The CGRP1 receptors are present at the

peripheral end of the trigeminovascular system, on smooth

muscle cells of arteries (Figure 1) and on second-order

neurons in the brain stem. CGRP1 receptor elements have

been found in the trigeminal ganglion, but the question of

autoreceptors or intraganglionic interactions has not been

clarified as yet (Lennerz et al., 2008). Antagonists are

considered to reduce signalling in the trigeminovascular

pathway at multiple sites inside the blood–brain barrier. In

addition, there might be other places such as in the CNS

where the anti-CGRP molecules could act. Studies with the

perfused middle cerebral artery using CGRP antibodies or the

CGRP-Spiegelmer revealed that they were unable to pene-

trate the blood–brain barrier but were able to inhibit the

responses to CGRP if given abluminally to the barrier

(Edvinsson et al., 2007) or if studied in the dura mater or

middle meningeal artery, which lack the blood–brain barrier

(Juhl et al., 2007). Consequently, if the CGRP antibodies or

the CGRP-Spiegelmer is evaluated in clinical trials, the

results may provide further understanding of migraine

pathophysiology and, in particular, the function of CGRP

and the blood–brain barrier in this disorder.
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