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Roles of mast cells and their interactions with
the trigeminal nerve in migraine headache
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Abstract
Migraine pain is characterized by an intense, throbbing pain in the head area and possesses complex pathological and
physiological origins. Among the various factors believed to contribute to migraine are mast cells (MCs), resident tissue immune
cells that are closely associated with pain afferents in the meninges. In this review, we aim to examine and discuss recent findings
on the individual roles of MCs and the trigeminal nerve in migraine, as well as the various connections between their
mechanisms with an emphasis on the contributions those relationships make to migraine. This is seen through MC release of
histamine, among other compounds, and trigeminal nerve release of calcitonin-gene-related-peptide (CGRP) and pituitary
adenylate cyclase activating peptide-38 (PACAP-38), which are peptides that are thought to contribute to migraine. Secondly,
we illustrate the bi-directional relationship of neurogenic inflammation as well as highlight the role of MCs and their effect on the
trigeminal nerve in migraine mechanisms. Lastly, we discuss potential new targets for clinical interventions of MC- and trigeminal
nerve-mediated migraine, and present future perspectives of mechanistic and translational research.
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Introduction

Headache is the most common neurological disorder, with
migraine ranked third among people aged 15–49 years.1

Headache is described as pain in the head, scalp, and/or neck
in varying degrees of intensity. Migraine headache, however, is
closely associated with severe throbbing pain and is commonly
accompanied by symptoms such as nausea, visual and auditory
sensitivity, and an array of possibly debilitating effects. Addi-
tionally, migraine is characterized by recurrent headaches with a
greater intensity than normal headaches. Episodic migraine,
defined as 0 to 14 migraines per month, possesses fewer dis-
abling effects in comparison to chronic migraine, which is
characterized by over 15 migraines per month.2

Migraine with aura is a unique neurological phenomenon that
precedes the headache phase, with aura progressing gradually and
eliciting sensory, speech, and/or motor symptoms.3 Studies have
demonstrated that migraine with aura possesses varying herita-
bility, greater association with other diseases, and altered brain

structure and function in comparison to migraine without aura.2

Additionally, migraine also shows gender differences and may be
dependent on sex hormones. For example, migraine is two to
three times more common in women than in men.3 Furthermore,
migraine severity, which is characterized by attack duration,
headache intensity, frequency, and occurrence of symptoms, is
also found to be greater in women.3
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The underlying causes ofmigraine headaches have long been
studied and increasing evidence points to the source of migraine
as a complex disorder caused by both vascular and neuronal
factors.4 Since the pathophysiology leading to the generation of
migraine includes an array of factors such as vascular changes,
nociceptor activation, neuropeptide release, and neurogenic
inflammation,5 this review aims to focus on these factors and
how they may contribute to the generation of migraine. We also
outline the role of an important immune cell, mast cells (MCs),
and their interactions with trigeminal nerves as co-participants in
migraine. Finally, we discussed current migraine treatment,
potential new targets for clinical interventions of MC- and
trigeminal nerve-mediated migraine, and future perspectives of
mechanistic and translational research.

Methods

The literature used in this review is focused on the potential
roles of MCs and their interactions with the trigeminal nerve
in migraine. Accordingly, we used keywords including
headache, migraine, MCs, trigeminal nerve, and neurogenic
inflammation for searching peer-reviewed articles published
in recent years in indexed medical journals. We also exam-
ined the reference lists of the sources selected to identify
additional studies not found in the original search.

Origins and etiology of migraine

Vasodilation and role of
calcitonin-gene-related-peptide (CGRP) in migraine

Early studies in human patients with the triptan class of 5-HT1
agonists implicated vascular disorders as the underlying cause of
migraine.6,7 When examining the causes of vasodilation in
migraine, multiple pre-clinical studies implicated the role of
CGRP in contributing to migraine pathophysiology.5 CGRP is a
neuropeptide widely recognized as a potent vasodilator,8 and is
released during the activation of perivascular meningeal noci-
ceptors in the dura mater. The presence of CGRP in meningeal
blood vessels was previously hypothesized to result in activation
and sensitization of trigeminal meningeal nerve afferents, which
is then lead to headache. However, subsequent studies utilizing
electrophysiological recordings found that CGRP could not
directly excite meningeal afferents, By measuring dural blood
flow and recording meningeal nociceptor activation 10–15 min
after CGRP administration in rats, Levy et al.9 found that CGRP
did increase dural blood flow but did not activate meningeal
nociceptors. This finding implies that although CGRP plays a
role in the vasodilation of dural blood vessels but exerts no effect
on meningeal sensitization.

A more recent clinical study examined the role of vasodi-
lation in migraine without the involvement of CGRP,10 by using
magnetic resonance angiography in patients with cilostazol-
induced unilateral migraine. The magnetic resonance angiog-
raphy scans were performed at various stages throughout the

migraine including at baseline, at onset, after sumatriptan, and
27 h after the initial onset of the migraine. The study found that
during the onset of migraine, the meningeal artery increased in
caliber only on the side of the headwhere the painwas described
by the patient, implying a role of vasodilation in migraine.
Authors further suggested that the vasodilation of the middle
meningeal artery may be a biomarker for the activation of dural
nociceptors, indicating an anatomical site for migraine head-
aches. These clinical findings imply that even if vasodilation is
not the sole cause of migraine, vasodilation still may have an
important role in the onset of migraine as it likely participates in
more complex mechanisms than those previously understood.

Role of the trigeminal meningeal nerve in
mediating migraine

The trigeminal nerves are one of the largest cranial nerves, and
consists of three divisions: the ophthalmic, maxillary, and
mandibular divisions which span from the trigeminal ganglion
located around the temple on the left and right of the head.11 The
upper divisions, the ophthalmic and maxillary, provide sensory
information while the mandibular division incorporates both
motor and sensory information as it is partly responsible for the
innervation of the mouth and its components. The center of the
left and right of the head possess a trigeminal ganglion which
provides and receives information from the three divisions.11

Together these afferent nerves are thought to be the primary
source of orofacial pain and migraine pain. Intriguingly, tri-
geminal ganglion neurons widely express both ERα and ERβ

estrogen receptors, providing a biological basis for the sex
difference in migraine prevalence.3

Since the trigeminal nerves are responsible for the inner-
vation of most regions of the head and are a source of CGRP,
they have been a primary target for migraine research and
treatment.12 The dura mater of the meninges is densely inner-
vated by the meningeal nerves, a branch of the trigeminal
nerve’s ophthalmic division. This introduces the relationship of
meningeal blood vessel caliber to the function of the trigeminal
meningeal nerve through their near proximity to each other. The
trigeminal nerve terminals can release pro-inflammatory neu-
ropeptides substance P (SP) and CGRP.13 These compounds,
released from intracranial sources such as the trigeminal nerve,
travel through venous blood where their various mediating
functions and vasodilating effects can then take place.14–16 Thus,
the trigeminal nerve may hold a significant role in regulating the
interactions of cranial systems such as those that contribute to
migraine headaches.14,16

Mast cell degranulation and neurogenic inflammation

MCs are versatile immune cells that can respond to a variety
of stimuli and are implicated in most physiological and
pathological conditions. MCs originate from pluripotent
progenitor cells in bone marrow17 where they then enter the
bloodstream and migrate to various tissues, eventually
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maturing into resident immune cells.18 MCs tend to reside in
areas with close contact with the external environment, in-
cluding sensory nerve endings, allowing MCs to commu-
nicate with nociceptors as a responsive presence between the
external and internal environments. This important ana-
tomical location of MCs therefore allows them to serve as
‘first responders’ to external and internal stimuli. The primary
role of MCs is their participation in immune response through
activation and degranulation mechanisms, releasing stored
vasoactive compounds that increase vascular permeability,
accumulation of fluid, and recruit other immune cells such as
eosinophils, natural killer (NK) cells, monocytes, macro-
phages, and neutrophils, further intensifying and magnifying
the inflammatory response.17,19–21

Numerous bioactive and immunomodulatory molecules
such as chemokines, cytokines, histamine, serotonin, and
tryptase are stored in MCs.22,23 The most commonly un-
derstood mechanism of MC degranulation involves the
binding of allergens to immunoglobin E (IgE),24 causing
cross-linking between IgE and its high-affinity receptor Fc
epsilon RI (FcεR1).25,26 MCs contain a diverse set of cell-
surface receptors which each possess different activation
prerequisites, and when undergoing degranulation can release
an array of products.27 MC activation results in degranulation
and the release of compounds such as histamine, serotonin,
prostaglandins, tryptase, and cytokines, and elevates other
pro-inflammatory mediators such as tumor necrosis factor a
(TNFa) and interleukins,26 which are capable of both potent
inflammation and vasodilation.26

The involvement of meningeal mast cells
in migraine

Meningeal mast cells

Mast cell spatial advantage often makes them the first immune
cells to respond to external and internal stimuli.28 Meningeal
MCs are closely associated with the nociceptors in the dura, and
histamine and cytokines released by these resident immune cells
are elevated in migraineurs.29,30 MCs are most well known for
their involvement in allergy, however, they also possess a
primary role in pathological and physiological interactions
through aforementioned activation and degranulation processes.
Thus, MCs are a crucial component of immune defense and
regulation, as their activation and degranulation are also re-
sponsible for the onset of allergy and its immediate reactions,
which migraine is often associated with.

Through their vasodilating, activating, sensitizing, and
inflammatory capabilities, MCs have been understood to be a
participant in the onset of migraine. In particular, MCs
contribute an important portion of serotonin, prostacyclin
(PGI2), and histamine, which have been identified as capable
of eliciting migraine.31,32 Historically, histamine has been
known for its role in migraine pathogenesis through its
binding with the H1 and H2 receptors and recently discovered

H3 and H4 receptors. H1 and H2 receptor antagonists have
also been proficient in treatment for allergy.33,34 However, the
development of antihistamines that target these receptors in
the attempt of migraine treatment provide mixed results in
their effectiveness, suggesting the existence of other under-
lying mechanisms of MC degranulation which remain to be
identified.33,34

Role of mast cell degranulation in the activation of
meningeal nociceptors

The hypothesis that activation of MCs leads to meningeal
nociceptor firing was based on the findings from elec-
trophysiological recordings of meningeal afferents. These
studies found that intraperitoneal injection of compound
48/80, an agent capable of MC degranulation, could lead
to meningeal nociceptor sensitization.32 Using pERK as a
marker of nociceptor activation, the study examined
meningeal nociceptor responses to compound 48/80 in-
duced MC degranulation. About 15 min after 48/80 was
administered, the number of nerve fibers that expressed
pERK increased four times over, indicating that MCs
possess the capability to activate nociceptors.32 Specifi-
cally noted was an abundance of pERK expression in the
nerve fibers located near the degranulated MCs, further
demonstrating a close correlation between MC degran-
ulation and nociceptor activation. This study concluded
that MCs possess the ability to activate and communicate
with meningeal nerve fibers and nociceptors, suggesting a
relationship that may induce migraine pain. In addition to
dura, pia afferents may also be important to headaches and
MCs are distributed in the pia mater. However, the studies
of the roles of mast cells in their interactions with pia
afferents and migraine are limited and warrant future
research.

Regarding the interactions between nociceptors and MCs,
there exists a possible scenario where activation of MCs
release compounds that subsequently activate nociceptors,
which in turn release neuropeptides that further activate and
degranulate MCs, creating a positive-feedback loop that
continues until MCs are depleted. Moreover, MC- mediated
immune cell recruitment can also promote inflammation,
recruiting activated macrophages, microglia leading to a
further increase in inflammatory compounds, which then
leads to or exaggerates migraine and other neurological
phenomena.35 This topic is explored further in the following
section where research regarding a bi-directional relationship
between MCs and the trigeminal nerve is discussed.

Bi-directional communication between mast cells and
trigeminal nerves

Studies have shown bi-directional communication between
MCs and peripheral afferents may regulate the nociceptive
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process.36,37 Nociceptors that are in close contact with MCs
are known to release certain compounds such as the neu-
ropeptides CGRP and SP, which are often co-released and
capable of inducing MC activation and degranulation.38,39

Alternatively, the trigeminal nerve and its nociceptors can
respond to compounds such as serotonin, PGI2, and most
notably, histamine, which are also released from
MCs.31,32,36,40 This type of neurogenic inflammation repre-
sents a pathophysiological process defined by the release of
neuropeptides and the subsequent increase in inflammatory
conditions. CGRP, pituitary adenylate cyclase activating
peptide-38 (PACAP-38), and neurokinin A, among others,
are released from activated peripheral nociceptive nerve
terminals, leading to inflammation and activation of immune
cells such as MCs. The product of MC degranulation further
excites nociceptors, forming a distinct, cyclical relationship.
In post-surgical pain conditions, aggregation and activation
of MCs at the injury site profoundly influences the subse-
quent inflammatory response to sensitize nerve terminals.
Previous studies demonstrated that stabilization of MCs at-
tenuated post-surgical pain.41 Recent developments in ex-
perimental migraine models have also provided increasing
amounts of evidence suggesting involvement of MCs and
these compounds in migraine headaches.42 Neuroimaging
studies have provided direct evidence that during the head-
ache phase of migraine, CGRP levels are significantly

increased, suggesting the involvement of dural neurogenic
inflammation in the onset of migraine headaches. Addi-
tionally, studies have found that activation of MCs by neu-
ropeptides causes the release of MC mediators, notably
histamine, and in turn, MC compounds further elicit the
release of neuropeptides as well as recruit other immune
cells.36

The opposite sequence occurs when compounds which
were released fromMC degranulation induce the activation of
nociceptors, which release neuropeptides and further activate
MCs, establishing a bi-directional relationship (Figure 1).
Rosa et al.36 described the release of vasoactive intestinal
peptide (VIP) which could activate MCs, however, at much
weaker potency than CGRP or PACAP-38. A study in pa-
tients found that infusion of VIP led to dilation of cranial
arteries but could not elicit migraine or headaches.43 Recent
developments, on the other hand, suggest VIP is relevant in
headache,44 including a recent small clinical study in which
longer infusions of VIP (2 h) resulted in headaches in some
patients.45 However, due to the recent nature of these VIP
migraine studies it was not included in our model.

Pre-clinical evidence involving the administration of
CGRP in rats suggested that there may be a link between this
neuropeptide and MC activation.34 Mobarakeh et al showed
that when CGRP was administered in rats, it induced the
release of histamine from MCs. Additionally, data provided

Figure 1. The bidirectional interactions between nociceptors and mast cells (MCs). The peripheral terminals of nociceptors (green) release
neuropeptides SP (blue) and CGRP (red) which activate the corresponding receptors located on the MCs (purple). In turn, the MC
compound histamine (orange) is released. The dual mediator role of histamine further activates H1-H4 receptors located on both
nociceptors and MCs. Since CGRP receptors were not observed in humans but were observed in rats, -R is used. SP: substance P; CGRP:
calcitonin-gene-related-peptide; MrgprB2: Mas-Related G-Protein-Coupled Receptor B2; CGRP-R: rat calcitonin-gene-related-peptide
receptor. Created with Biorender.com
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by Bileviciute et al. demonstrated that intraperitoneal in-
jection of histamine induced the release of CGRP into the
cerebrospinal fluid in rats.36 Notably as well, Tani et al.
showed that when histamine was applied to the nasal mucosa
of a guinea pig, CGRP was released from the peripheral
terminals of the trigeminal ganglion neurons.34 These find-
ings strongly suggest a direct correlation between the pres-
ence of histamine and the release of CGRP. Also discussed by
Mobarakeh et al. was the MC’s capability to elicit each
other’s degranulation as MCs contain histamine receptors.
This is described and characterized as dual mediation, where
a compound is capable of inducing activation of receptors on
other cells while also activating the receptors on its source
cell.36 The dual mediator function of histamine may also
contribute to the activation of H1-H4 receptors and their
likely involvement in nociceptive mediation. Implications of
histamine and its role in neurogenic inflammation have been
examined in the airways, skin, and bladder. However, the
review did not specifically evaluate the role of this bi-
directional relationship in migraine, but it did indicate the
possibility that the bi-directional relationship may also exist
in areas other than those mentioned as it describes the ex-
istence of this relationship in the skin, airways, and bladder.

Regarding the mechanistic hypothesis of neurogenic in-
flammation, Ramachandran et al.,46 proposed that cortical
spreading depression (CSD), a process that results in men-
ingeal inflammation, can lead to MC degranulation and
nociceptor sensitization. Either process eventually induces
meningeal vasodilation, a characteristic often associated with
migraine. Taken together, neurogenic inflammation is a
multifaceted process consisting of MCs, sensory nerves, and
blood vessels with likely implications for migraine. These
findings open up areas for new research revolving around
vasodilation and MC degranulation, and the exact roles of
different neuropeptides in migraine.

The mediators released from nociceptors and MCs during
bidirectional communication, such as CGRP, PACAP-38,
VIP, PGI2, serotonin, and others, are recognized as com-
pounds that likely contribute to migraine. This suggests that
the possible bi-directional relationship between trigeminal
meningeal nociceptors and MCs could be capable of evoking
the release of a plethora of migraine-inducing mediators
which may induce the onset or intensification of
migraine.31,32,42,47 This prompts the hypothetical mechanism
whereby trigeminal nerve stimulation results in the release of
neuropeptides CGRP and PACAP-38 from trigeminal men-
ingeal nociceptors, which are compounds understood to be
capable of evoking the degranulation of MCs (Figure 2). The
degranulation and release of vasoactive molecules, such as
histamine, from the meningeal MCs would further elicit
migraine pain through the compound’s vasodilating capa-
bilities. Histamine may also intensify and prolong meningeal
nociceptor activation through its ability to activate
nociceptors,32,48 which would then elicit migraine pain.

Sex difference in migraine prevalence

Prior to the pubescent stage, the prevalence of migraine is
similar between boys and girls. However, at the beginning of
the pubescent stage, women suffer migraine at a proportion
two times more than men.49 Overall, women have more
prolonged and intense migraine headaches, and higher sen-
sory hypersensitivity in comparison to men. Sex hormones,
particularly estrogen, may play a role in this sex difference
found in migraine.49 A sex difference in migraine has also
been demonstrated in animal models by Stucky et al.50 uti-
lizing an “inflammatory soup” (IS) of bradykinin, serotonin,
histamine, and prostaglandins applied to the dura to elicit
migraine like pain. Using this IS model of migraine, they
observed pronounced sex differences in migraine-like be-
haviors and electrophysiological changes, with female rats
showing migraine-like effects at much lower dosages and
significantly prolonged pain behavioral changes compared to
males.50 Although this study did not directly examine es-
trogen as a variable, other studies have shown that increased
estrogen levels are elevated in dural afferent fibers and tri-
geminal sensory neurons.3 Furthermore, men who experi-
enced migraine had a higher plasma level of estrogen in
comparison to men who did not experience migraine. These
findings, together with estrogens ability to directly sensitize
trigeminal afferent fibers (particularly through ERα),

51 indi-
cate that elevated estrogen levels play a significant role in sex
difference in migraine, most notably through estrogens
communication with the trigeminal nerves. Additionally,
other hormones such as testosterone, as well as genetic and
epigenetic factors may also play a role.3

Future research

MC specific receptor MrgprB2 and MrgprX2 as new
targets for migraine therapeutics

Although MC degranulation via IgE-mediated activation.24

is common with regards to allergic reactions, recent devel-
opments have identified new receptors on the surface of
MCs.52 Mrgprs are a family of G-protein-coupled receptors
and many (e.g., MrgprA3, C, D) are expressed selectively on
primary sensory neurons.53 However, MrgprB2 (human or-
thologue MrgprX2) was identified as a MC-exclusive re-
ceptor for basic secretagogues in mice.54 Most notably,
MrgprB2 is required for the occurrence of neurogenic in-
flammation and non-histaminergic itch independently of the
IgE-FcεRI-histamine axis in mice.54 In MrgprB2-Cre-tdT
mice expressing the tdTomato fluorescent protein (red) under
the MrgprB2 promoter, we found the increased aggregation
of MCs labeled in situ byMrgprB2-Cre-tdT + near the wound
after plantar incision. These MCs are critical in recruiting
other immune cells to the injury site contributing to thermal
and mechanical pain hypersensitivities.37 We were then able
to connect these two findings by showing that Substance P

Guan et al. 5



(SP) activates MrgprB2 receptors causing the release of
proinflammatory cytokines and the recruitment of immune
cells after tissue injury. Furthermore, SP resulted in immune
cell recruitment independent of the Neurokinin 1 receptor
(NK1R), implicating MrgprB2 and not NK1R in SP-induced
MC degranulation. Furthering the involvement of MrgprB2-
mediated signaling in MCs in headache, Compound 48/80, an
agonist specific to MrgprB2, has long been used to induce
migraine-like pain behavior in rodents, leading to mechanical
sensitivity and light aversive behavior.55,56 Although
MrgprB2 may possess direct involvement in inflammatory
pain, additional in vivo studies and further clinical research of
human homologue MrgprX2 are warranted to ascertain if it
can be an effective new target for migraine pain treatment and
future drug development for clinical use.

Pituitary adenylate cyclase activating peptide-38
(PACAP-38) and MrgprB3 as new targets in
future research

Recently, MrgprB3, which is thought to be the rat homologue
of human MrgprX2, has also been studied for its involvement
in migraine. Multiple pre-clinical studies have implicated

PACAP-38 in contributing to migraine pathophysiology5,57

and a clinical trial tested targeting PACAP-38 as a possible
therapeutic strategy for migraine.58 Within the trigeminal
vascular system, levels of the vasoactive neuropeptide
PACAP-38 has been shown to increase during the acute phase
of migraine, and is also elevated in migraineurs during the
ictal phase57 and intravenous infusion of PACAP-38 can
evoke migraine in chronic migraine patients.59 However, a
recent study from Amgen found that targeting pituitary ad-
enylate cyclase-activating polypeptide type I (PAC1) receptor
had no benefit over placebo for migraine prevention.60 Ini-
tially the PAC1 receptor was thought to be the only receptor
activated by PACAP-38, but a recent study showed that it can
potently degranulate MCs via the MrgprB3 receptor,41 im-
plicatingMCs in PACAP-38-induced migraine. PACAP-38 is
a far more potent MC activator than PACAP-27, or VIP, and
neither may have physiological significance as endogenous
MC activators.41,61 Additionally, antagonists for PAC1 re-
ceptor showed no effect on PACAP-38 activation of MCs.61

This further supports the notion that PACAP-induced MC
degranulation is not facilitated by the activation of PAC1
receptor but rather through other mechanisms, such as
MrgprB3.

Figure 2. A hypothetical migraine mechanism. Stimulated trigeminal nerves lead to the activation of meningeal nociceptors, releasing
neuropeptides PACAP-38 and CGRP from meningeal nociceptors into meningeal blood vessels, contributing to migraine. Both PACAP-38
and CGRP elicit the activation of meningeal mast cells (MCs), which degranulate and release histamine into meningeal blood vessels.
Histamine and CGRP contribute to vasodilation in meningeal blood vessels, which may further promote migraine through meningeal
nociceptor activation. This mechanism would hypothetically be capable of eliciting migraine headaches. PACAP-38: pituitary adenylate
cyclase activating peptide-38; CGRP: calcitonin-gene-related-peptide. Created with Biorender.com
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A recent episodic cluster headache clinical study found no
increase in tryptase from patients infused with PACAP-38.62

However, this was a small pilot study whereby blood was
collected from the antecubital vein and not from cranial veins,
possibly missing released plasma content with a short half-
life in the dura mater. Furthermore, this study focused on
cluster headache patients, and further study is needed to
address migraine patients. Moreover, our lab has uncovered
that MrgprB2-activated MCs are capable of releasing mul-
tiple inflammatory mediators beyond tryptase. Thus, further
study is needed to understand the release time course and
expression pattern of cytokines in MrgprX2 + MCs after
PACAP-38 treatment. This study does, however, encourage
future research over the relevance of PACAP-38 and Mrgprs
in migraine.

CGRP and mast cells remain a future area of research

The recent FDA approval of anti-CGRP antibodies and
ongoing clinical trials targeting PACAP-38 for the treatment
of migraine lend further support to the contribution of neu-
rogenic inflammation in migraine pathophysiology.58,63 Two
classes of monoclonal antibodies (mAB) targeting CGRP or
its receptor have being used in the preventative treatment of
migraine.64 A recent clinical trial for the monoclonal CGRP
antibody fremanezumab saw on average a reduction of 3.5
migraine days per month with monthly injections compared
to placebo and was effective in patients who had failed other
treatments.65 However, studies investigating the role of
CGRP in dural MC activation have yet to find a link. Ex-
amination of CGRP and its respective receptors, calcitonin
receptor-like receptor (CLR) and receptor activity-modifying
protein 1 (RAMP1), in rat dura and human dural vessels
observed colocalization of CLR and RAMP1 with tryptase, a
marker for MC degranulation.66 However, the authors noted
that expression of CLR or RAMP1 was not observed in
human dural MCs, and thus the existence of human MC-
CGRP receptor complex remains unclear. This observation is
also in agreement with other studies that found CGRP had no
effect on degranulating rat dural MCs in the glyceryl trinitrate
migraine model.67 Future research aiming to uncover the
relationship between CGRP and MCs in other animal models
remains warranted.

Migraine treatment

Current migraine treatment exists in non-pharmacologic
and pharmacologic forms with varying specificity. Non-
pharmacologic treatment aims to modify patient’s be-
havioral habits, such as sleep, exercise, and mealtime, all of
which have been observed to correlate with migraine
evolution.7 Pharmacologic treatment of acute migraine is
categorized into specific, non-specific, and adjuvant
treatments. Treatments range based on the frequency,
degree of pain, time of day, and/or other characteristics of

migraine, starting from typical non-steroidal anti-
inflammatory drugs, such as acetaminophen and ibupro-
fen, to prescription triptans and other specific treatment
drugs.68 Recent developments regarding Mrgprs outined in
this review add additional dimension to migraine disease
discussions, and may be a promising area of future re-
search. In particular, MrgprB2 (human homologue
MrgprX2) may be a promising target for migraine treat-
ment. Additionally, the ambiguity around MC-CGRP ac-
tivation mechanisms provides an area of further research to
identify MC-CGRP receptors as a new target for treatment.

Summary

The large burden to patients and significant social impact of
migraine pain have made the study of its origin and man-
agement an important area of research. The current hy-
pothesized mechanisms for migraine suggest the involvement
of a complex combination of central and peripheral com-
ponents of the trigeminal nerve, vasodilation, neurogenic
inflammation, among other factors. MCs are innate resident
immune cells widely distributed in the body and are involved
in both inflammatory and allergic diseases. The results of an
increasing number of studies have suggested that trigeminal
nerve nociceptors and MCs have the ability to mediate each
other’s function, making this an innovative area for future
research. With the involvement of vasodilation, neurogenic
inflammation, MC degranulation, and various neuropeptides
in migraine onset, MCs and the trigeminal nerve have been
observed to hold an influential role in migraine pathophys-
iology. However, research regarding the specific relationship
between trigeminal nerve nociceptors and meningeal MCs
and their possible multidirectional relationship in migraine
remains understudied and requires direct evidence in order to
support this hypothesis.
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