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M I G R A I N E A N D PAT H O P H Y S I O L O G Y

The genetics of migraine

Abstract Migraine is currently considered to be a multifactorial disease
in that it is modified by environmental and genetic factors and has a
polygenic determination. Familial
hemiplegic migraine (FHM), a subtype of migraine with aura conforming to simple mendelian transmission, has been shown to result from
mutations in the CACNA1A gene, a
neural calcium channel gene. FHM
is allelic with episodic ataxia type 2
and spinocerebellar ataxia type 6.
FHM is genetically heterogeneous,
with at least another linkage locus
on chromosome 1. Association and

Introduction
Migraine is a disease with a rather high prevalence among
the general population, with lifetime rates ranging from 18%
to 25% in certain age ranges and among women. Migraine
can be diagnosed only by means of clinical criteria, and has
no recognized laboratory markers. Moreover, there is no
general agreement among researchers that migraine forms a
unique nosological category, and it is rather probable that
different, independent types of migraine exist as a result of
diverse pathophysiological mechanisms. It is therefore difficult to draw definite conclusions about the genetic mechanisms underlying the pathophysiology of migraine. Several
studies have examined the genetic transmission of migraine,
and others have been devoted to linkage and association.
These efforts have resulted in the discovery of the first gene
clearly implicated in migraine etiology and of another locus

linkage studies have also been performed in migraine with and without
aura, the so-called typical migraines,
without however definite results up
to now.
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of linkage, both for familial hemiplegic migraine (FHM).
The genetic patterns of migraine and FHM are briefly
reviewed here, but for more details of the association studies the reader is referred to a previous review [1].

Migraine with and without aura: genetic patterns
Migraine is significantly more frequent in families along the
maternal line as compared to the paternal line. The onset of
the disease is clearly related to the genetic “load” of the
proband, and occurs earlier among probands with a higher
number of affected relatives, especially parents. A family
history of migraine is particularly likely when age at onset
in the proband is below 20 years [2].
A segregation study of 128 Italian families observed at
the Headache Center in Bologna found that 56% of
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probands with migraine had at least one affected parent,
confirming the relationship between family prevalence and
age at onset [3]. All subsequent studies concurred that relatives of probands with migraine have a higher disease risk.
A very high percentage, 85%, of first-degree relatives affected with migraine was found by D’Amico et al. [4]. In two
studies of the disease risk in relatives of migraine probands,
Russell et al. [5, 6] calculated that the risk for first-degree
relatives was 3-fold greater in probands with migraine without aura, and 2-fold greater for probands with migraine with
aura. These authors went on to study the comparative risk of
migraine in spouses versus relatives of migraine sufferers,
who share a similar environment but have presumably distinct genotypic backgrounds. The risk for spouses of
migraine sufferers was not significantly different from that
of the general population, a solid indication that the
increased disease risk among relatives was indeed related to
genetic factors. Later studies by the same group in
Copenhagen showed this genetic determination to be
stronger in the case of migraine with aura, with a disease
risk for first-degree relatives ranging from 2 to 6 times that
found in the control population.
A different type of study of 90 Italian patients with
migraine headaches led us to calculate the so-called heritability index of Falconer [7]. This measure of the relative
genetic versus environmental determination of a disease
varies between 1 (complete) and 0 (absent). Migraine with
aura had a heritability index of 0.72 and migraine without
aura of 0.96, values in both cases highly indicative of a
strong genetic determination [8].
Studies of the disease risk in relatives leave small
doubts that there is indeed a major genetic causation in
migraine. Detailed studies of migraine pedigrees, however,
all failed to indicate a clear transmission modality of the
disease, at least according to the rules of simple mendelian
transmission valid for monogenetic traits. Indeed, neither a
dominant nor recessive autosomal modality can be
unequivocally substantiated, and mitochondrial and Xlinked transmissions have been excluded since there is
ample evidence for male-to-male transmission. Most
authors have concluded in favor of a polygenetic determination, i.e. they considered migraine to be a multifactorial
disease. D’Amico et al. [4] considered migraine to be a disease with “sex-limited” transmission, meaning that environmental or genetic factors related to the sex of the
proband modify the expression of the disease, which however is autosomal and otherwise conforms to regular
mendelian rules. This is a rather useful concept, which
explains the overall higher prevalence of migraine among
women in all age groups except pre-pubertal children. The
concept of sex-limited transmission may also be applied to
the genetics of cluster headache, another primary headache
in which the sex pattern is reversed.

Another traditional genetic approach is represented by
the study of twins: disease prevalence can be compared
among pairs of mono- and dizygotic twins and, more appropriately, among monozygotic twins raised together or apart.
All twin studies have documented a higher prevalence of
migraine among monozygotic than dizygotic twins, in the
range of 22%–60% versus 5%–20%. By averaging all of the
relevant studies, Merikangas [9] came up with a heritability
of about 0.38 (in a range from 0 to 1), which again confirms
that migraine has a genetic determination, but nonetheless
leaves a great part of causation to environmental factors.
Higher rates of heritability, 0.5 and 0.7, have been more
recently found [10, 11].

Familial hemiplegic migraine
FHM is considered to represent a subtype of migraine with
aura, and its autosomal dominant genetic transmission has
been recognized very early. FHM is the only subtype of
migraine which conforms to simple mendelian transmission
and indeed the phenotype and sex ratio in FHM are quite
distinct. This has much helped genetic analysis.
In 1993 Joutel et al. [12] mapped FHM to a locus on
chromosome 19, while performing genetic studies on
CADASIL, an unrelated condition with syndromic migraine
with aura among the clinical features. Later Ophoff et al.
[13] found that the gene involved in FHM pathogenesis was
the CACNA1A gene encoding a P/Q type calcium channel
widely expressed in presynaptic terminals of neurons, especially the Purkinje cells of the cerebellum.
Four missense mutations have been found in the
CACNA1A gene in families with FHM. Interestingly,
frameshift mutations in the same gene have been found in
pedigrees affected with episodic ataxia type 2 (EA-2). Later,
Zhuschenko et al. [14] found that spinocerebellar ataxia type
6 (EA-6), a progressive type of ataxia with cerebellar atrophy, was due to intragenic CACNA1A CAG repeats, thus
establishing that FHM is a disease allelic not only with EA2 but also with SCA-6. Several mutations in CACNA1A
have been reported in FHM pedigrees, some but not all of
them are associated with progressive cerebellar ataxia [1].
Why some CACNA1A mutations lead to cerebellar atrophy
while others do not remains unclear. This difference seems
unrelated to the characteristics of the mutated channel, since
experimental studies in animals have shown that mutations
responsible for cerebellar atrophy may cause either gain or
loss of function.
Knock-out mice lacking the murine equivalent of human
CACNA1A developed cerebellar ataxia, but the pathogenesis remains elusive. Epileptic seizures occur in these mice,
and the intriguing possibility that migraine and epilepsy,
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both paroxysmal disorders, represent parts of a spectrum of
calcium channelopathies has been raised by the Leiden
school [14, 15]. In light of established pathogenic theories, it
is difficult to envisage why the cerebellum would be
involved in a migraine disorder, and how reversible paralysis could occur, unless we postulate some disorder of neural
excitability linked to calcium channel malfunctioning and
possibly leading to a persistent and travelling neuronal depolarization, e.g. spreading depression. Spreading depression is
not, however, a necessarily good pathogenic model for
migraine aura. Even though a rare disease, FHM has been
shown to be genetically heterogeneous; linkage has been
established on chromosome 1 to two different loci, 1q21-23
[16] and 1q31 [17], and other FHM families are unlinked to
both CACNA1A and chromosome 1. Therefore, there are at
least 4 and probably more loci responsible for FHM.

ed in the pathogenesis of the more common types of
migraine, e.g. those with and without aura, henceforth called
“typical” migraines. Some evidence in favor of this idea was
found by May et al. [18] and Nyholt et al. [19], but several
other studies have instead given negative results.
Sequencing of the CACNA1A gene in selected families has
proven negative, and as yet no family has been reported with
non-hemiplegic migraine and a mutation of CACNA1A.
This makes CACNA1A a poor candidate gene for the typical migraines.
Finally, several association studies performed in
migraine have led to positive findings which were later disputed [1]. Linkage studies have predictably proved negative
[20]. Surprisingly, in view of the female preponderance of
migraine, Nyholt et al. [19] identified a linkage with the X
chromosome (Xq24–28) in 2 families. The typical migraines
continue, however, to represent a genetic challenge, and sure
proof of the involvement of definite genes is still lacking. It
is hoped that this scenario will change in the near future.

The “typical” migraines: association and linkage studies
At first, the discovery of the CACNA1A gene responsible
for FHM led to the proposition that this gene was implicat-
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