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Abstract: Migraine is the sixth most prevalent disease and the second cause of disability worldwide, therefore 
it has a remarkable social burden. Apart from monogenic forms of migraine, several single nucleotide poly-
morphisms (SNPs) and epigenetic modifications have been implicated in several aspects of migraine going 
from susceptibility, to cortical spreading depression and aura, and to responsiveness to treatment and evolu-
tion including chronification and transformation into medication overuse headache. Classically, the genetic 
variants investigated for their influence on migraine development and manifestation are concerned with genes 
related to vascular modifications and cardiovascular diseases, such as those encoding angiotensin converting 
enzyme (ACE) and methylenetetrahydrofolate reductase (MTHFR). However, the calcitonin gene-related 
peptide (CGRP) has proven a pivotal role in migraine development and sensitization, cephalic and extra-
cephalic, addressing its progression. Moreover, most anti-migraine drugs, directly or indirectly, affect CGRP 
signaling. The novel four monoclonal antibodies targeting CGRP pathway, eptinezumab, fremanezumab, 
galcanezumab for CGRP and erenumab for CGRP canonical receptor, are the most promising tools in the 
arsenal for migraine treatment and prophylaxis since they are effective, well-tolerated and promising also in 
patients refractory to the other treatments. However, some 40% people still does not respond to mAbs. There-
fore, the purpose of the present study is to identify all the genetic variants affecting the CGRP pathway to 
understand their possible effect on migraine susceptibility, clinical features and responsiveness to treatment. 
This is fundamental to future personalization of anti-migraine therapy.
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Introduction: Migraine

According to the Global Burden of Disease 
(GBD) study 2007-2017, there are some 716.8 mil-
lion people aged 5–19 years suffering from migraine 
or tension-type headache, accounting for around 7% 
of all-cause Years Lived with Disability (YLD) and for 

72% of all YLDs associated to neurological disorders 
(1). Importantly, minor to no improvement in disabili-
ty associated has been registered over the decade 2007-
2017 (1). Therefore, the social worldwide burden of 
migraine is remarkable. Based on the definition of the 
International Classification of Headache Disorders 
3rd edition (ICHD-3), migraine is a primary headache 
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disorder defined as a prevalent neurologic disease cha-
racterized by headaches that can occur without or with 
aura, i.e. transient focal neurological symptoms (visual, 
sensory, speech and/or language, motor, brainstem and 
retinal) that usually precede of hours or days, or some-
times accompany, the headache (2). Headache attacks 
are recurrent, last 4–72 hours and are unilateral, pul-
sating, of moderate to severe intensity and associated 
with nausea and/or photophobia and phonophobia (2). 
Migraine is a chronic disease characterized by episodic 
manifestations (CDEM) (3) increasing in frequency 
over time during the process of clinical transformation 
and progression up to develop chronic migraine (CM), 
with attacks on ≥ 15 days/month, since migraine pro-
file changes over life span according to age (4). Being 
frequent attacks in episodic migraine (EP), one of the 
most important modifiable risk factors for progression 
to CM (5) with long-duration primary chronic daily 
headaches (CDHs) (6), prevention and consequent 
reduction of the attacks is fundamental to avoid pro-
gression. In fact, being a disease not neurodegenerati-
ve, migraine does not irreversibly progress: transitions 
within the different migraine forms often occur in bi-
directional manner (6). 

Sensitization

Alteration in brain structure as volumetric chan-
ges in white and grey matter and silent infarct-like 
lesions as well as neuronal network connectivity alte-
rations, impaired energy metabolism and mitochon-
drial dysfunction have been demonstrated in patients 
suffering from migraine (7). The role of thalamus is 
fundamental to understand the pathophysiology of 
migraine since it is the relay of the trigeminovascular 
pain pathway integrating ascending nociceptive infor-
mation from lower brain regions to cortical areas (8). 
Activation of first-order neurons in the trigeminal gan-
glion induces migraine pain. Microstructural changes 
of thalamic nuclei and functional connectivity pattern 
modifications between the right thalamus and some 
cortical regions have been reported in migraineurs; 
dysfunctions of the thalamic integration system has 
been suggested to be involved in the development of 
allodynia, representing a major risk factor for chronifi-

cation (8). More than two thirds of patients affected by 
migraine develop ictal cutaneous allodynia consisting 
in painful response to stimuli that would not normal-
ly cause pain (9). Cutaneous allodynia during migrai-
ne episodes can depend on neuronal sensitization of 
second-order neurons in the trigeminal nucleus cau-
dalis (10, 11) receiving afferents from the dura mater 
and periorbital skin (12). It can cause pain while com-
bing hair, shaving, touching scalp or wearing glasses 
and pain during attacks is exacerbated by coughing or 
bending (11). This is due to dural stimulation that ma-
kes peripheral trigeminovascular neurons mechanical-
ly hypersensitive, accounting for throbbing headache 
(9, 13). Further sensitization of third-order neurons 
mainly in the pulvinar of the thalamus can cause lo-
calized or cephalic allodynia on the contralateral side 
of the head and generalized or extracephalic allodynia 
(10, 11). In fact, in case of generalized allodynia acti-
vation of the contralateral pons, insula and thalamus 
has been found suggesting a dysfunctional regulation 
of thalamocortical inputs; on the contrary, in absence 
of allodynia, the posterior cingulate and periaqueduc-
tal gray (PAG) are activated, supporting that the PAG 
mediates inhibition on ascending neurons (10). There-
fore, prevention and early intervention during attacks 
is fundamental to prevent disabling pain and allodynia 
and chronification.

Targeting CGRP-signaling

Alterations of the signaling of vasodilatory neuro-
peptides present in the trigeminal ganglion and in the 
nerve fibres around meningeal arteries, like the Cal-
citonin-gene related peptide (CGRP), have been im-
portantly implicated in the pathogenesis of migraine. 
In fact, activation and following sensitization of dural 
nociceptors and of second- and third-order neurons in 
the trigeminal nucleus and in the thalamus are due to 
dural neurogenic inflammation induced by neuropep-
tides, i.e. CGRP, substance P and Pituitary adenylate 
cyclase-activating peptide (PACAP), released from 
dural vessels innervating fibers (14). Also, neurogenic 
extravasation is a fundamental determinant of neuro-
genic inflammation. CGRP is the neuropeptide most 
effective in inducing clinically relevant vasodilation 
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acting on its receptor in the trigeminal ganglion and 
its release is triggered by stimulation of meningeal af-
ferents (15). Moreover, CGRP is fundamentally invol-
ved also in the aura, which is caused by a propagating 
wave of cellular excitability followed by a long period 
of hyperpolarization: the aura is the clinical manifesta-
tion of cortical spreading depression (CSD) (15). Two 
forms of CGRP encoded by different genes exist: the 
α-CGRP, which is the transcript of calcitonin-related 
α gene (CALC A), and the β-CGRP. The α-CGRP is 
implicated in the pathogenesis of migraine (16). Sti-
mulation of CGRP-ergic afferent fibers can occur in 
reponse to electrical, temperature and pH variations 
activating transient receptor potential (TRP) receptors 
expressed on primary peptidergic nociceptors (17). 
The CGRP receptor is a Gαs protein-coupled receptor 
characterized by components necessary to explicate its 
activity: the calcitonin receptor-like receptor (CLR); 
the receptor activity-modifying protein (RAMP) 1; 
the receptor component protein (RCP) (18). The bin-
ding of CGRP to its receptor requires internalization 
and conformational changes to activate the pathway 
of adenilate cyclase with increase of cAMP and ac-
tivation of protein kinase A (PKA) and of endothe-
lial nitric oxide synthase inducing vasodilation (19). 
Moreover, CGRP receptor can be coupled to Gαq/11, 
activating phospholipase C (PLC) and mitogen-acti-
vated protein kinase (MAPK), inducing release of NO 
(19). CGRP can bind also the human amylin subtype 
1 receptor (AMY1), but its role in migraine deserves 
further investigation. The localization of CGRP and 
of its receptor within the trigeminovascular system is 
fundamental for its signaling (Figure 1) (20). Migraine 
is often treated with symptomatic analgesic drugs not 
specifically developed for this disease. On the contra-
ry, specific anti-migraine drugs, e.g. triptans, although 
being agonists of 5-HT1B, 5-HT1D and 5-HT1F, 
inhibit CGRP release during migraine attacks (16). 
Specific migraine treatments targeting CGRP signa-
ling have been developed and these are the gepants, 
i.e. antagonists of CGRP receptor, and anti-CGRP 
monoclonal antibodies (mAbs), among which fre-
manezumab, galcanezumab and eptinezumab are hu-
manized antibodies directed towards the CGRP and 
erenumab binds the CGRP receptor. Eptinezumab 
is the only anti-CGRP mAb to be administered in-

travenously, representing the first-to-market infusion 
therapy for migraine prevention and designed to act 
on both α and β-CGRP (21). The anti-CGRP mAbs 
are the first migraine-specific preventive treatments 
that can be useful for difficult-to-treat patients (16), 
even though some 30–40% of patients are resistant to 
treatment (22). In fact, further investigation of these 
therapeutic agents is necessary for resistant patients 
since they could be useful also as add-on therapy to 
other treatments (16). 

Polymorphisms in migraine

Migraine pathogenesis has been associated with 
several mutations and single-nucleotide polymorphi-
sms (SNPs). The first genetic characterization of 
predisposition to migraine has been identified with 
familial hemiplegic migraine (FHM) affecting three 
genes involved in the regulation of glutamate synap-
tic levels (23). Other rare pathologic variants of the 
PRRT2, PNKD, SLC2A1, SLC1A3, SLC4A4 genes 
and of KCNK18 encoding the TRESK channel, a two 
pore domain potassium channel regulating the noci-
ceptors in the dorsal root and trigeminal ganglia, have 

Figure 1: Localization of the calcitonin-gene related peptide 
(CGRP) and of its receptor (CGRP(R)) in the complex trige-
minovascular system identified through immunoistochemistry. 
CGRP is indicated in light blue, while CGRP(R) in green. 
The only colocalization of CGRP (cytoplasm) and CGRP(R) 
(plasma membrane of cell bodies, axons and dendrites) occurs 
in the cerebellar Purkinje cells. Cell bodies in red do not express 
CGRP and CGRP(R) (adapted with permission from 20).
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been described (24). Variants with lower penetrance 
or mosaicisms are correlated to Sporadic Hemiplegic 
Migraine (SHM) (24). Most of the genes implicated 
in migraine pathogenesis influence and increase gluta-
mate neurotransmission and this can account for brain 
hyperexcitability predisposing to migraine, neuronal 
plasticity and sensitization (23). Since migraine is not 
only monogenic, SNP in common migraine have been 
investigated over the last years both for their impli-
cations in the genesis and in the clinical features of 
migraine manifestations. Genes related to vascular 
modifications and cardiovascular diseases are often in-
vestigated for their influence on migraine development 
and manifestation. For instance, the deletion/insertion 
D/D, I/D and I/I polymorphisms of the gene OMIM 
encoding the angiotensin converting enzyme (ACE) 
influence the serum levels of ACE and they have been 
studied in migraine due to their involvement in va-
scular changes. A mild protective role of ACE D/D 
has been hypothesized (25). However, the frequency 
of migraine attacks has been reported to be higher in 
patients with D/D (26). In fact, the role, protective or 
predisposing, of these variants is not fully understo-
od yet. The D/D genotype is associated with increa-
sed activity of the enzyme. The ACE I/D and D/D 
variants and the methylenetetrahydrofolate reductase 
(MTHFR) C677T, T/T genotype, previously indica-
ted to confer modest susceptibility to aura (27), have 
been suggested to increase migraine susceptibility 
acting in combination, expecially in case of migraine 
with aura (MA) (28, 29). The homozigous MTHFR 
C677T alleles are reponsible for reduction of the gene 
product activity and increase of homocysteine levels. 
The homocysteine has been demonstrated to induce 
sensitization and apoptosis of trigeminal nociceptors 
via a glutamate-mediated mechanism (30). Neverthe-
less, an association study has found an association of 
MTHFR polymorphism with a reduced risk for MA 
(31). Moreover, variations of the haplotype structure 
across of the genes methionine synthase (MTR) and 
methionine synthase reductase (MTRR), that are part 
of the folate metabolic pathway, have been found to 
reduce the risk of MA in over 76 population through 
haplotype blocks (32). The combination of the D/D 
and I/D variants with the 5A5A genotype of the ma-
trix metalloproteinase (MMP) 3 is a risk factor for mi-

graine development (33). On the contrary, the ACE 
I/I and/or the MMP-3 6A6A genotypes have been 
suggested as protective factors (33). Another endothe-
lial dysfunction marker that has been investigated in 
migraine as risk factor for ischemic events is von Wil-
lebrand factor (vWF): ACE D/D genotype, even more 
if combined with MTHFR T/T, has been associated 
to higher levels of vWF activity (34). The influence of 
the I/I variant on the clinical characteristics of migrai-
ne being associated to reduced use of preventative tre-
atments has been demonstrated (35). Also, the rs4343 
A/G polymorphism of ACE gene has been associated 
to migraine and the G/G genotype has resulted signi-
ficantly higher in patients with MA (36). Polymorphi-
sms of the gene encoding endothelin type A receptor 
(EDNRA) have been implicated in the development of 
the disease, as well as of the genes encoding for endo-
thelial nitric oxide synthase (NOS3), β-2 transforming 
growth factor (TGFB2) and its receptor and neuro-
genic locus notch homolog protein 3 (NOTCH3) 
(37). Moreover, human leukocyte antigens (HLA) 
have been implicated in inflammation-mediated pa-
thophysiology and there is evidence for HLA-linked 
heredity for migraine (38). The HLA Class II DR2 
antigen has been found to be present less frequently 
in case of MA, suggesting its protective role (39). The 
alleles HLAB*39:01, HLA-B*51:01, HLA-B*58:01, 
and HLA-C*03:02 are risk factors for migraine (40), 
while the HLA-DQB1*0602 is not a susceptibility 
factor for aura (41). The tumor necrosis factor (TNF) 
gene polymorphisms located in the HLA class III re-
gion TNF308A, TNF308G, TNFB*1 and TNFB*2 
have been studied demonstrating an higher frequency 
of TNFB*2 and a decrease of TNFB*1 homozygotes 
in migraineurs without aura (42). However, the A/G 
polymorphism of the cytotoxic T lymphocyte antigen 
4 (CTLA-4) gene, linked to HLA-associated diseases, 
has not resulted a factor of susceptibility to migraine 
(43). Since oxidative stress can be implicated in CSD, 
the possibility of the influence of polymorphisms of 
genes involved in oxidative stress on the risk of deve-
loping aura and of migraine chronification has been 
explored. While the superoxide dismutase 2 (SOD2) 
gene rs4880 T/T (Val/Val) genotype has been asso-
ciated to unilateral cranial autonomic symptoms in 
MA (44), no association has been detected between 
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polymorphisms of genes encoding proteins involved in 
oxidative stress and chronification (45). 

Pharmacogenetics in migraine therapy with triptans

Functional SNPs can induce variations of the 
interaction between drug and receptor, causing alte-
rations of the expected pharmacokinetic and pharma-
codynamic profiles as well as of the drug metabolism if 
they affect metabolizing enzymes, hence representing 
good predictors of the drug efficacy (46). In fact, gene-
tic factors are responsible for several differences among 
migraineurs from development of migraine and of MA 
to tendency to chronification (with consequent overu-
se and medications overuse headache) and to responsi-
veness to treatment and drug-drug interactions within 
politherapies (37). The efficacy and safety of therapy is 
hypothesized to depend on genetic individual variabi-
lity, making genetic profiling of the utmost importance 
for the prediction of the disease course and to effecti-
ve and safe personalized therapy (47, 48). Moreover, 
it can be fundamental to design new drugs targeted 
on the patient’s individual genetics in the future (46). 
For instance, the SNP C825TC of rs5443 in the gene 
GNB3 coding the G protein β3 subunit in the signa-
ling of 5HT-1B/1D is a common genetic variant im-
plicated in the rate of good responsiveness to triptans 
(49, 50). On the other hand, polymorphisms T-261G 
and A-161T in the promoter region of the 5-HT-1B 
receptor have not been found to influence the respon-
siveness to triptans, although more receptors are corre-
lated to better efficacy (51). Furthermore, SNPs of the 
enzymes responsible for triptan degradation, e.g. mo-
noamine oxidase (MAO) A and the cytochrome P450, 
CYP1A2 in particular, have been demonstrated to in-
fluence the pattern of response to triptans (50). The 
polymorphism uVNTR of the gene of MAO A and 
the *1F allele (rs762551) and *1C allele (rs2069514) 
of the gene encoding CYP1A2 have been investigated, 
showing a significant correlation of MAO A uVNTR 
polymorphism to the grade of response to triptan ad-
ministration and of the polymorphism CYP1A2*1F to 
medication abuse (50). The polymorphism rs4680 of 
the catechol-O-methyltransferase (COMT) increases 
the risk of poor response to frovatriptan (52). On the 

other side, the polymorphic variant STin2 VNTR of 
the gene SLC6A4 encoding the serotonin transporter 
5HTT has been correlated to increased risk of incon-
sistent clinical response to triptans (53). A genome-
wide meta-analysis has identified 12 susceptibility loci 
for migraine (54) and these have been searched for in-
fluence on therapy unraveling that the rs2651899 SNP 
of the gene PRDM16, encoding a transcription factor 
regulating leukemogenesis, palatogenesis and brown-
fat development, correlates with enhanced efficacy of 
triptans (55). Also, within those 12 susceptibility loci, 
the rs6724624G allele of the gene TRPM8 and the 
rs1024905 allele of FGF6 have been associated with 
a consistent response to triptans (56). Glutamater-
gic transmission has been associated to monogenic 
inherited migraine and metadherin (MTDH) gene 
polymorphism rs1835740, that down-regulates the 
EAAT2/GLT1 glutamate transporter likely increa-
sing glutamate in the synaptic cleft, has been linked 
to risk of migraine (57); nevertheless, the rs548294 
polymorphism at the glutamate receptor subunit 
GluR1 gene (GRIA1) does not affect the susceptibili-
ty to MA and the response to triptans (58).

Polymorphisms and epigenetic modifications affec-
ting the CGRP pathway

The new era in the treatment and prevention of mi-
graine is represented by the biotechnological drugs that, 
being mAbs are devoid of metabolism and, thus, they 
are not subjected to the influence of metabolic enzyme 
polymorphisms. However, there is growing evidence 
that polymorphisms occurring along the CGRP recep-
tor pathway affect the clinical evolution of migraine and 
the responsiveness to anti-CGRP mAbs (37). The first 
time that polymorphisms of CGRP have been investi-
gated in migraine and CSD, the SNP rs1553005 has 
resulted to interact with the variant rs2049046 of brain-
derived neurotrophic factor (BDNF), neurotransmitters 
co-expressed in trigeminal ganglion neurons of rat, in-
creasing the risk of migraine in a European population 
(59). The CALC A gene has been investigated in neu-
rologic and psychiatric diseases and association studies 
have identified four novel polymorphisms (g.979G>A, 
g.1210T>C and g.1244C>G, 16-bp deletion in the first 
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intron and finally 4218T>C in the coding sequence), 
but not linked to Parkinson’s disease and schizophrenia, 
suggesting more likely involvement in migraine (60). In 
particular, the 16-bp deletion in the first intron of the 
CALC A gene, region characterized by triplet G-run 
motifs, has been tested for association with the risk of 
migraine in an Australian population (61). Although 
this SNP can be responsible for altered splicing through 
removal of an intron splice enhancer (62), no signifcant 
association to an increased risk of migraine or of aura 
has been found (61). Also the possible association of 
attack frequency and severity with the SNP T-692C 
has been investigated (63). The latter has not resulted 
to be correlated with frequency and severity of migrai-
ne episodes and with the occurrence of aura in females 
(63). The SNPs rs3781719 in the promoter region and 
rs145837941 in the coding sequence of the CALC A 
gene have been studied for contribution to increase the 
susceptibility to migraine in an Australian population 
(64). In particular, the second SNP is thought to alter 
the structure of the propeptide. The rs3781719 has not 
been associated to increased frequency of migraine or of 
presenting MA and no gender associations have been 
found (64). Not even the rs145837941 has resulted 
correlated to susceptibility of migraine (64). Due to its 
role in the CGRP signaling, also the SNP rs3754701, 
in the promoter region, and the rs7590387 of the gene 
encoding RAMP1 have been investigated for the first 
time (64). The latter had been associated to migraine 
during a genome-wide association study (65), but the-
se data were not published. Also for RAMP1 SNPs no 
statistically significant differences have been unraveled 
(64). Moreover, the rs3781719 CALC A gene variant 
and the SNPs rs3754701 and rs7590387 of RAMP 1 
have been tested for their association with response to 
triptans in patients suffering from migraine without 
aura and as risk factors for transformation into medica-
tion overuse headache (MOH) in an Italian population 
(66). Although no significant association with response 
to triptans has been found under the log-additive, the 
dominant and the recessive model of inheritance, the 
RAMP1 rs7590387G allele and the rs7590387GG 
genotype have been demonstrated for the first time to 
reduce significantly (also at P <0.0029 in the recessive 
model of inheritance) the risk for episodic migraine to 
turn into MOH (66). Importantly, this association is 

confirmed after limiting the analysis to MOH patients 
with daily headaches after drug withdrawal (66). Intere-
stingly, the first comprehensive genetic association study 
of patients with chronic and high-frequency migraine 
has highlighted rs2956 of CALC A gene, rs858745 of 
CALCRL gene (encoding the fusion protein of the ex-
tracellular domains of human G protein-coupled recep-
tor calcitonin receptor-like receptor CALCRL, required 
in the CGRP receptors) and rs302680 of RAMP1 to be 
potential candidate genes involved in the chronification 
process (67). Furthermore, CALC A rs3781719C allele 
and TRPV1 rs222749A allele have been correlated with 
a higher risk of lack of response to Onabotulinumtoxi-
nA in a female population of Caucasian ethnicity and 
Spanish origin (68). Another aspect that has been stu-
died for migraine susceptibility is represented by epige-
netics. The role of methylation occurring at the promo-
ter region of the gene encoding RAMP1 in migraine 
has been investigated showing a methylation trend, lo-
wer in females, but without significant differences in the 
DNA methylation level between migraineurs and con-
trol patients (69); however, according to the Authors, 
sample size calculation was not accurate since it was the 
first study investigating RAMP1 methylation pattern, 
thus a wider cohort is needed. The first epigenome-wide 
association analysis of DNA methylation in migraine 
(70) has detected true association signals of small effect 
of differential DNA methylation. In particular, 692 dif-
ferentially methylated regions significantly enriched in 
CpG islands, corresponding to 62 non-overlapping re-
gions (false discovery rate <0.05), among which 45 were 
hypomethylated (mostly genes associated with solute 
transportation and haemostasis) and 17 hypermethy-
lated (70). Moreover, differentially methylated regions 
associated to migraine can influence the transcription of 
close genes (70). The main characteristics of the studies 
investigating the most frequently examined SNPs are 
reported in table 1.

Conclusions

Different SNPs consisting in base-exchange, a 16-
bp deletion and a modification of methylation pattern 
have been identified in genes involved in the CGRP 
pathway from CALC A to RAMP 1 and CALCRL, 



Conf. Cephalal. et Neurol. 2021; Vol. 31, N. 3: e2021023 7

Table1: Studies and most investigated polymorphisms affecting the cacitonin-gene related peptide (CGRP) pathway.
Study Design Ethnicity Polymorphisms Endpoints Results
Lemos 
et al., 2010 

Case-control 
study. 

Portuguese rs1553005 (CGRP) 1) BDNF in migraine 
susceptibility; 2) CGRP 
association to migraine; 
3) interaction of BDNF 
and CGRP genes in 
migraine’s susceptibility.

Significant association 
rs1553005*rs2049046 
(BDNF) – P=0.005]

Menon 
et al., 
2011

Case-control 
study. 

Australian (east 
coast) Caucasian: of 
European descent 
living in Australia, 
with ancestors 
emigrated within 
the last 160 years 
from the British 
Isles and other parts 
of Europe

rs35815751 (16 bp deletion in 
intron 1 of the CALC A gene)

Role of 16 bp deletion 
in the first intron of the 
CALCA gene in the 
risk of migraine 

No association between 
rs35815751 and migraine 
for genotypes (P=0.575) 
nor alleles (P=0.502), 
and migraine with aura 
(genotypes, P=0.666; alleles, 
P=0.7) or without aura 
(genotypes, P=0.325; alleles, 
P=0.276) 

Guldiken 
et al., 
2013 

Case-control 
study on 
females.

Local (Turkish) rs3781719 (SNP T-692C of 
CALC A gene)

Frequency of CALCA 
T-692C in migraineurs 
and association to 
attack frequency and 
severity

No association for genotype 
and allele frequency of 
migraine (P=0.44), without 
and with aura (P=0.52), and 
the severity and frequency of 
migraine attacks 

Sutherland 
et al., 
2013

Case-control 
study. 

South Eastern 
Australian: adult 
Caucasians of 
European descent 
living in Australia, 
with ancestors 
emigrated within 
the last 160 years 
from British Isles 
and other parts of 
Europe

rs3781719 (SNP 624 (T/C) of 
the CALC A gene promoter) 

Contribution of the 
4 SNPs in the risk of 
migraine

No significant association 
with migraine (P=0.260), 
migraine with aura (0.563) 
and migraine without aura 
(0.133)

rs145837941 (4218T>C base-
exchange in the coding sequence 
of  CALC A)

No significant association 
with migraine (P=0.913)

rs3754701 (SNP in the 
RAMP1 gene promoter at 
position − 1166 (T/A))

No significant association 
with migraine (P=0.360), 
migraine with aura 
(P=0.276) and migraine 
without aura (P=0.260)

rs7590387 ((G/C) 1.4 kb 
downstream of the RAMP1 
gene)

No significant association 
with migraine (P=0.341), 
migraine with aura 
(P=0.566) and migraine 
without aura (P=0.299)

Cargnin 
et al., 
2015 

Case-control 
study. 

Italian (north-west) rs3781719 [CALC A (T > C)] Role of the two 
SNPs in: 1) risk of 
inconsistent response 
to triptans; 2) risk 
of trasformation of 
episodic migraine to 
MOH

No significant association 
for risk of inconsistent 
response to triptans 
(consistent responders: 
patients experiencing a ≥2 
point reduction after triptan 
administration in at least 2 
out of 3 consecutive attacks); 
for risk of trasformation of 
episodic migraine to MOH 
significant association of 
RAMP1 rs7590387GG: 
P=0.0002

rs3754701 [RAMP 1 (T > A)]
rs7590387 [RAMP 1 (C > G)]
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that have been associated to clinical manifestation of 
migraine and to the treatment with triptans and ona-
botulinum toxin A. However, it is fundamental to con-
sider the effect of gender and ethnicity differences in 
the evaluation of the existing evidence. The study of 
the effect of genetic variants of CGRP signaling on 
the therapy with anti-CGRP mAbs is still at the be-
ginning. In particular, the study INTERROGATE, 
Biomarker and Genetic Predictors of Erenumab Tre-
atment Response (NCT04265755) is recruiting and 
will search for genetic biomarkers of clinical response 
to erenumab. Moreover, a very recent study, not yet 
recruiting, the BIOmarkers of MIGraine (BIOMI-
GA) proof of concept study (NCT04503083) aims at 
identifying predictive biomarkers of response to anti-
CGRP mAbs in patients affected by severe migraine 
including pharmacogenetics and epigenetics (asses-
sment of the methylation levels). Increased patient 
cohorts numerosity and use of the most recent SNP 
arrays to unravel the effects of even rare variants are 
needed (71). In fact, CGRP-related genes can reve-
al themeselves as important pharmacogenetic deter-
minants of response to anti-CGRP mAbs. Another 
aspect that deserves further deep investigation is the 
treatment of migraine in fragile populations, i.e. pa-
tients suffering from dementia since a genetic associa-
tion between these diseases has been shown (72, 73). 
Moreover, the responsivess of the elderly to current 
treatments, e.g. triptans, is not studied (74) and the 
demented patients often are not effectively treated for 
chronic pain (75-77), finding more relief from comple-
mentary treatments (78, 79). Therefore, future adequa-
tely powered and rigorous genetic association studies 

on CGRP-related gene variants are necessary to better 
elucidate the genetic and epigenetic background of 
migraine and to personalize the pharmacological the-
rapy according to the patients.  
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