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INTRODUCTION: Migraine is a chronic, neurovascular
polygenic disease where genetic and environmental factors
are involved in its etiology. Dysfunction of neuronal ion
transportation can provide a model for predisposition for
common forms of migraine. Mutations in genes encoding
ion channels disturb the rhythmic function of exposed tissue
that may also explain the episodic nature of migraine. Our
aim was to study the single nucleotide polymorphisms of
CACNA1A gene in migraine patients.

MATERIALS AND METHODS: The subjects were the
patients of migraine, in the age range of 18-80 years,
diagnosed by a Neurologist, as per the diagnostic criteria
of International Headache Society (IHS) Classification
2004 after excluding other causes of headache by clinical
examination and relevant investigations.

The controls were the age and sex matched healthy
persons from the same population excluding the relatives
of patients. Only those patients and the controls, who
voluntarily participated in the study, were taken and their
blood samples were taken for the study. Deoxyribonucleic
acid (DNA) extraction was performed according to the
manufacturer’s protocol for Qiagen DNA extraction
kits (Qiagen, Hilden, NRW, Germany). DNA content was
quantified by spectrophotometric absorption (Nanodrop
Spectrophotometer, BioLab, Scoresby, VIC, Australia).
Polymerase chain reaction was performed using an
iCycler Thermal Cycler (Bio-Rad, Hercules, CA, USA). The
polymorphic analysis of CACNA1A gene was carried out
by two methods: Restriction fragment length polymorphism
and sequencing.

RESULTS: The study included a total of 25 patients of
migraine, diagnosed on out-patient department basis as per
IHS Classification 2004 and compared with age and sex
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matched 25 healthy controls. Most of the patients 23 (92%)
were below the age of 50 years. 20 of the patients (80%)
were females and 5 (20%) were males. The polymorphic
analysis of CACNA1A gene revealed the presence of only
the wild form of the gene for the codon E993V in both case
and control groups.

CONCLUSION: In our study, we could not find any
polymorphism of CACNA1A gene in the selected patients.
Instead the wild type of genotype was found in both
patients and controls. This negative result presented here,
implies that if the CACNA1A gene is involved in typical
migraine (with and without aura), its contribution is very
modest and therefore difficult to discern. Nevertheless,
there are other genes that could be considered potential
candidates for typical migraine susceptibility for which
further research is needed.
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Introduction

Migraine is a chronic, neurovascular polygenic disease
where genetic and environmental factors are involved in
its etiology. It affects about 15% of the population. There is
a higher prevalence in women (18%) when compared with
men (6%), with attacks lasting from a few hours to days.!"
Onset of migraine is nearly always below age 50 (in 90%
of patients). Peak age of onset of migraine is 10-12 years
old for males and 14-16 years old for females.>?

Diagnosis of migraine is based on the patient’s
description of the attacks and exclusion of other possible
secondary causes of headache. Based on the International
Headache Society (IHS) Classification, migraine with
aura (MA) and without aura (MO), are the two most
frequent forms of this disease (20-30% MA, 70-80% MQO).5!
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Etiology of a migraine attack is only partly understood.
Environmental influences play a role, but family studies
suggest that defective genes may be primarily involved
in disease causation. The mode of transmission of
typical migraine in families is still unclear, but it is widely
believed to be multifactorial,® although a role for a major
susceptibility gene cannot be excluded.”

So far, genetic studies have not identified susceptibility
variants for common forms of migraine, i.e. MA and MO.
Due to similarities and co-occurrence between common
migraine and familial hemiplegic migraine (FHM),
dysfunction of neuronal ion transportation can provide a
model for predisposition for common forms of migraine.
Mutations in genes encoding ion channels disturb the
rhythmic function of exposed tissue that may also explain
the episodic nature of migraine.®*!

Aims and Objectives

The aim of the following study is to determine the
single nucleotide polymorphisms (SNPs) of CACNA1A
gene in migraine patients following Neurology Out-patient
Department at SKIMS Srinagar.

Materials and Methods

Materials

The subjects were the patients of migraine, in the age
range of 18-80 years, diagnosed by a neurologist, as
per the diagnostic criteria of IHS Classification 2004
after excluding other causes of headache by clinical
examination and relevant investigations such as brain
imaging, angiography, electroencephalography and
cerebrospinal fluid analysis.

The controls were the age and sex matched
healthy persons from the same population excluding
the relatives of patients. Only those patients and the
controls, who voluntarily participated in the study, were
taken and their blood samples were taken for the study
after permission from the Institute Ethical Clearance
Committee.

Methods

All the participants were informed and consent

was taken for participation in the study. A volume
of 5 ml peripheral blood samples were collected in
ethylenediaminetetraacetic acid vials from patients
and healthy controls and later stored at -80°C until
further use. Out of the 25 cases, 5 were males and
20 females with the age distribution of <50 years, 23
and >50 years.? The control group had 9 males and
16 females with the age distribution <50 years, 21
and >50 years.

CACNA1A genotyping

Deoxyribonucleic acid (DNA) extraction was
performed according to the manufacturer’s protocol
for Qiagen DNA extraction kits (Qiagen, Hilden,
NRW, Germany). DNA content was quantified
by spectrophotometric absorption (Nanodrop
Spectrophotometer, BioLab, Scoresby, VIC, Australia).
Polymerase chain reaction (PCR) was performed using
an iCycler Thermal Cycler (Bio-Rad, Hercules, CA,
USA). For CACNA1A EQ93V A > T (rs16023) genotype
was determined using PCR-restriction fragment length
polymorphism (RFLP) method. Amplifications were
carried out and a PCR product was amplified using
the specific forward and reverse primer. Primers were
designed and selected using Primer3, version 0.4.0
software (Whitehead Institute for Biomedical Research).
For CACNA1A E993V A > T (rs16023), the primers
were forward 5-ACC TCG AGT GCA GTC GTC CAG
CCC GAG GCG GAG AG-3’reverse 5’-CCT CCT CCG
ATG CCT CCG CTC CTT GTC CTC CCT CC-3'. The
PCR reaction mixture consisted of Taq (1.5 U), sense
and antisense primers (0.5 umol/l), Mg?* (50 mmol/l),
deoxyribonucleotide triphosphate (0.2 mmol/l) and
template (1 ug) and was subjected to an initial
denaturing step of 4 min at 95°C, then 35 cycles of
denaturing for 30 s at 95°C, annealing for 30 s at 65°C,
extension for 30 s at 72°C and a final extension step
of 10 min at 72°C. Digestion of the amplified products
of E993V A > T was done by using 10 units restriction
endonucleases BsaX1l (fermentas) and incubated at
37°C for 16 h. The digested products were checked on
3% agaroses gel, the RFLP picture for E993V genotype
was identified as 100, 52, 33 and 19 bp in the presence
of the V993 allele i.e. four bands were seen which could
have occurred due to the presence of more than one
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restriction site. RFLP results were later confirmed by
sequencing at Macrogen Korea.

Results

This study was conducted to see the association
between migraine and CACNA1A gene polymorphism.
The study included a total of 25 patients of migraine,
diagnosed on out-patient department (OPD) basis
as per IHS Classification 2004 and compared with
age and sex matched 25 healthy controls. Most of
the patients 23 (92%) were below the age of 50 years.
Twenty of the patients (80%) were females and 5 (20%)
were males [Table 1].

Out of 25 patients, 21 (84%) were having MO
and 16 (64%) had a positive family history [Table 2].
With regard to frequency of attacks, 3 (12%) were
having weekly, 9 (36%) had 2-3 weekly, 8 (32%) had
4-6 weekly and 5 (20%) were having attacks >6 weekly.
The associated features including nausea/vomiting,
photophobia and phonophobia were present in 20 (80%),
16 (64%) and 12 (48%) patients respectively. With
regard to severity, 6 (24%) had mild, 12 (48%) had
moderate and 7 (28%) had severe migraine. Out of the
total patients 18 people were experiencing headache
lasting < 2 days and 7 were having attacks lasting > 2 days.

The polymorphic analysis of CACNA1A gene carried
out by two methods: RFLP and sequencing, revealed
the presence of only

the wild form of the gene for the codon E9Q93V in both
case and control groups.

The above table shows that maximum patients (84%)
were without aura nausea/vomiting was the most
common associated symptom (80%) followed by
photophobia (64%) and phonophobia (48%).

Genomic DNA extraction was done by standardized
protocols in our laboratory in immunology and molecular
medicine. Quality of genomic was checked on 1%
agarose gel. The gel was visualized under ultraviolet (UV)
transilluminator.

Amplification of the target region was carried out by
using forward and reverses primer in thermal cycler (Bio
Rad). PCR program was 95°C for 7 min, followed by

35 cycles of 95°C for 35 s, 65°C for 35 s, 72°C and final
extension of 72°C for 7 min. The amplified products was
loaded on 2% agarose gel along with 100 bp marker and
was later checked under UV transilluminator as given
in Figure 1.

Sequencing of the amplified product was carried out
at Macrogen (Korea).

The results obtained revealed the presence of only wild
type of genotype in both cases and controls [Table 3].

Discussion

Due to the complexity of typical migraine, the
identification of causative genes has been difficult.

Table 1: Representing the demographic characteristics
of patients and controls

Demographic characteristics of study subjects

Variable Cases (n=25) (%) Controls (n=25)(%) P value
Age group
<50 23 (92) 21 (84) 0.67
>50 2(8) 4 (16)
Gender
Male 5 (20) 9 (36) 0.34
Female 20 (80) 16 (64)

Most of the patients were below age of 50 years (92%) and most were
females (64%)

Table 2: Representing the clinical profile of patients
Clinical profile of cases

Variable Characteristic and Percentage
frequency in cases
(total patients-25)
Aura Present 4 16
Absent 21 84
Family history Present 16 64
Absent 9 36
Frequency of attacks Weekly 3 12
2-3 weekly 9 36
4-6 weekly 8 32
>6 weekly 5 20
Nausea/vomiting Present 20 80
Photophobia Present 16 64
Phonophobia Present 12 48
Severity Mild 6 24
Moderate 12 48
Severe 7 28
Duration of attack <2 days 18 72
>2 days 7 28

Table 3: Genotype frequencies CACNA1A gene
polymorphism in cases and controls

Genotype Cases (n=25) (%) Controls (n=25) (%)
AA-(wild) 25 (100) 25 (100)
AT-(heterozygous) 0 (0) 0(0)
TT-(variant) 0 (0) 0 (0)
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Figure 1: Representative gel picture of CACNA1A gene
E993V target

However, in 1996, FHM was shown to be caused by four
different missense mutations in conserved functional
domains in the calcium channel gene CACNA1A located
on 19p13.1'"@ The CACNA1A gene, which encodes
the main subunit of the P/Q type neuronal calcium
channel"®*! has been implicated in a percentage
of patients presenting with FHM1.'4161 CACNA1A
encodes the pore-forming alpha 1 subunit of neuronal
CaV2.1 (voltage-gated P/Q-type Ca++) channels. This
subunit consists of four repeated domains (I-1V), each
of which contains six transmembrane regions (S1-S6)
comprising a voltage sensor S4 and a pore loop
between S5 and S6 respectively.'” FHM is a rare and
genetically heterogeneous autosomal dominant subtype
of MA. Mutations in the genes CACNA1A have been
identified and correlated to the FHM.5'FHM1 mutations
produce gain-of-function of the Ca (V) 2.1 channel and
as a consequence, increased Ca (V) 2.1-dependent
neurotransmitter release from cortical neurons and
facilitation of in vivo induction and propagation of cortical
spreading depression the phenomenon underlying
migraine aura.l'® According to International Classification
of Headache Disorders-1l, basilar-type migraine (BM)
only differs from HM by the lack of hemiplegia. This
suggests that HM and BM may have a common genetic
substrate, which is supported by a recent finding of a
mutation in ATP1A2 in a family with BM.['®!

The search for genes involved in the pathophysiology
of migraine poses major difficulties. First, there is no
objective diagnostic method to assess the status of the

individuals studied. Second, migraine is a polygenic
multifactorial disorder. In addition to genetic factors,
familial aggregation of a pathological disorder may
be due to environmental factors and may also, as
previously mentioned, occur purely by chance in very
common diseases. Genetic epidemiological surveys
for migraine genetics showed the existence of genetic
factors. A Danish twin study was carried out in a large
population using the IHS diagnostic criteria, included
1013 monozygotic and 1667 dizygotic twin-pairs, the
pairwise concordance rate was significantly higher among
monozygotic than dizygotic twin-pairs for MO (28 vs. 18%,
P < 0-:05) and for MA (34 vs. 12%, P < 0-001).5!

D’Onofrio et al. in 2009% did a study regarding
the interplay of two SNPs in the CACNA1A gene and
migraine susceptibility wherein the E918D and E993V
SNPs were found in 30/117 (25.6%) and 32/117 (27.3%)
migraine patients, respectively. The prevalence of these
SNPs taken separately was not significantly different
from that of control subjects (n = 28/107, 26.2% for
E918D; n = 29/107 for E993V, 27.1%) neither for the
total migraine population nor for the various migraine
subtypes. By contrast, co-existence of both SNPs was
more frequent in migraineurs (25/117, 21%) than in
healthy controls (12/107, 11%; P = 0.048), a difference
that was significant for every migraine subtype. This
result suggests that the interplay of minor genetic variants
such as SNPs may influence the P/Q-type calcium
channel function in several subtypes of migraine.2”

Gerola et al. did a case-control association study in
a cohort of Italian population, over 18 years of age, to
assess whether two common non-synonymous SNPs in
the CACNA1A gene may represent predisposing factors
for MA or MO. The study suggested that rs16022 and
rs16027 CACNA1A variants did not represent primary
predisposing factors for the pathogenesis of common
migraine in Italian patients. However, since two SNPs
cannot describe the entire gene variability, it could not
exclude a role of CACNA1A in common migraine.?"

CACNA1A gene mutations have been implicated
in spinocerebellar ataxia (specifically SCAB)®?" and in
episodic ataxia type 2.[1022:25]

The minor allele frequencies of this variant in world
populations is A = 0.124/271.2%
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Our study was carried in a Kashmiri population which
is an ethnically related to Aryans. In this population there
is greater incidence of consanguineous marriage. In our
study after analyzing the samples of patients and controls
for the polymorphism of CACNA1A gene, we could not
find any such polymorphism in the selected patients, of
Kashmiri population. Instead the wild type of genotype
was found in both patients and controls. This negative
result presented here, implies that if the CACNA1A gene
is involved in typical MA and MO, its contribution is very
modest and therefore difficult to discern. Nevertheless,
there are other genes that could be considered potential
candidates for typical migraine susceptibility, which
needs continuous research.
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