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Abst rac t

Background and purpose: The aim of our study was to eval-
uate the frequency of the C677T variant in the methylenete-
trahydrofolate reductase (MTHFR) gene in patients with
migraine with or without aura and to find an association
between this variant and vascular lesions in magnetic reso-
nance imaging of the head, presence of patent foramen ovale
(PFO) and increased level of homocysteine.
Material and methods: Ninety-one patients with migraine,
aged 19-57, were investigated in this study. The MTHFR
C677T variant was genotyped in this group and levels of ho -
mocysteine, folic acid and vitamin B12 were measured. Trans -
cranial Doppler sonography with test for PFO detection by
injection of air contrast during the Valsalva manoeuvre was
performed in each patient.
Results: Frequency of the C677T variant in the MTHFR
gene was similar in patients and controls. Hyperhomocys-
teinaemia was significantly more frequent in migraine patients
with the C677T variant. The prevalence of PFO was signi -
ficantly higher in migraine patients with aura and the homozy-
gous variant of the MTHFR gene.
Conclusions: Frequency of the C677T variant in the MTHFR
gene was similar in patients and controls. Significantly more

St reszczenie

Wstêp i cel pracy: Celem pracy by³a ocena czêstoœci wystêpo-
 wania wariantu C677T genu MTHFR u chorych na migre-
nê oraz okreœlenie, czy istnieje zwi¹zek pomiêdzy wariantem
genu a stê¿eniem homocysteiny w surowicy, obecnoœci¹ ogni-
skowych zmian naczyniopochodnych w badaniu za pomoc¹
rezonansu magnetycznego (RM) g³owy oraz wystêpowaniem
dro¿nego otworu owalnego.
Materia³ i metody: Badaniem objêto 91 chorych. U wszyst-
kich wykonano rutynowe badanie neurologiczne i interni -
styczne, oznaczenia stê¿enia witaminy B12, kwasu foliowego
i ho mo cysteiny w surowicy, badanie na obecnoœæ wariantu
C677T genu MTHFR, badanie dopplerowskie têtnic mózgo-
wych z podaniem kontrastu celem diagnostyki dro¿nego
otworu owalnego, a tak¿e RM g³owy.
Wyniki: Czêstoœæ wystêpowania wariantu C677T genu
MTHFR by³a podobna u osób z migren¹ i w grupie kontrol -
nej. Zwiêkszone stê¿enie homocysteiny w surowicy obserwo-
wano znamiennie czêœciej u chorych na migrenê, u których
stwierdzono obecnoœæ wariantu C677T genu MTHFR. Dro¿-
ny otwór owalny wystêpowa³ znamiennie czêœciej u chorych
na migrenê z aur¹, u których stwierdzono obecnoœæ homo-
zygoty wariantu C677T genu MTHFR.
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frequent prevalence of PFO in migraine patients with aura
(with homozygous recessive genotype of MTHFR) probably
suggests their common genetic basis. Hyperhomocystei -
naemia was significantly more frequent in migraine patients
with the C677T variant, which could be an additional risk
factor of this disease.

Key words: migraine, MTHFR gene, patent foramen ovale.

Wnioski: Czêstoœæ wystêpowania wariantu C677T genu
MTHFR u pacjentów z migren¹ jest podobna jak u osób bez
tej choroby. Znamiennie czêstsze wystêpowanie dro¿nego
otworu owalnego u osób z migren¹ z aur¹, u których stwier-
dzono obecnoœæ homozygoty wariantu C677T genu MTHFR,
mog³oby sugerowaæ zwi¹zek tego typu migreny z anomali¹
rozwojow¹ serca i ich ewentualne wspólne pod³o¿e genetycz-
ne. Znamiennie czêstsze wystêpowanie zwiêkszonego stê¿e -
nia homocysteiny w surowicy u pacjentów z migren¹, u któ-
rych stwierdzono obecnoœæ wariantu C677T genu MTHFR
mog³oby byæ dodatkowym czynnikiem ryzyka wyst¹pienia
migreny.

S³owa kluczowe: migrena, gen MTHFR, dro¿ny otwór 
owalny.

Introduction

Diagnostic and therapeutic difficulties in some cases
of migraine inspire the continued search for new causes
and novel treatments for this disease. The significance
of genetic factors has been highlighted in recent years,
leading to the consideration of migraine as a polygenic
disease [1]. Numerous reports show an association bet -
ween the C677T variant of the MTHFR gene (coding
methylenetetrahydrofolate reductase) and the prevalen-
ce of migraine with aura [2-4]. The impact of the muta-
tions within that gene (especially homozygous form) in
hyperhomocysteinaemia, recognized as an independent
vascular risk factor, is also stressed [3,4].

The metabolism of homocysteine requires an adequ-
ate supply of vitamin B12 and folic acid for normal reme-
thylation reaction. Presence of the C677T variant of
MTHFR decreases the activity of methylenetetrahydro-
folate reductase, leading therefore to an increased level
of homocysteine [5]. In recent years attention has been
drawn to the common mechanism of migraine and persi-
stent foramen ovale (PFO). The coincidence of these two
entities may be found in as many as 40% of patients [6].

The aim of the present study was to evaluate the fre-
quency of the C677T variant of the MTHFR gene in
patients with migraine and to find an association bet -
ween this variant and increased level of homocysteine,
presence of vascular lesions in magnetic resonance imag-
ing (MRI) of the head, or presence of PFO.

Material and methods

The study comprised 91 patients, including 71 wo -
men and 20 men, aged between 19 and 57 years (mean

38 ± 10.3 years), diagnosed with migraine according
to the criteria of the International Headache Society [7].
All patients were hospitalized in the Department of Neu-
rology within the Seventh Independent Public Teaching
Hospital (Medical University of Silesia) in Katowice-
Ochojec and were followed up in the outpatient neuro-
logical clinic. Fifty-one patients, aged between 22 and
54 years (mean 37.9 ± 10.2 years), had migraine with
aura, and the other 40 patients, aged between 19 and 
57 years (mean 39.2 ± 10.4 years), had migraine witho-
ut aura.

The control group consisted of 48 subjects, includ-
ing 36 women and 12 men, aged between 24 and 57
(mean 37 ± 8.6 years).

All patients with migraine underwent the physical
examination (both general and neurological one), along
with measurements of serum concentration of vita min
B12, folic acid, and homocysteine. MRI of the head was
performed in each patient and the contrast transcranial
Doppler study (c-TCD) was used to assess the presence
of PFO.

The C677T variant of the MTHFR gene was tested
with the polymerase chain reaction (PCR) using restric-
tion enzyme digestion, strictly according to the previo-
usly described method [2].

DNA was isolated from whole blood, either fresh 
or frozen, with the DNA isolation kit Blood Mini
(A&A Biotechnology, Poland). The quantity and quali-
ty of the isolated DNA were checked spectrophotome-
trically (Biomate3 spectrophotometer) at the wavelength
of 260 nm and 280 nm. Purified DNA fragments con-
taining the site of the studied MTHFR variant were am -
plified by PCR using the PCR primer sequences publi-
shed by Kowa et al. [8]. The sense primer sequence was
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5’-TGA AGG AGA AGG TGT CTG CGG GA-3’,
and the antisense primer sequence was 5’-AGG ACG
GTG CGG TGA GAG TG-3’.

PCR reaction was performed in a 25-μL sample
containing 150 ng of genomic DNA, 1 U of Fast Start
polymerase (Roche, Germany), 1 × standard PCR buf-
fer with MgCl2, nucleotides mixture at the baseline con-
centration of 200 mM and distilled water mixed to
the final volume of 25 μL. The following PCR para-
meters were used: one cycle at 95°C for 5 min for an ini-
tial denaturation, followed by 35 cycles of denaturation
for 30 s at 95°C, primer annealing for 30 s at 65°C, 
primer extension for 30 s at 72°C and a final extension 
for 5 min at 72°C. The mixture was then cooled to 
4°C. This amplification reaction led to the synthesis
of a 198-bp fragment. Those fragments were separated
using a 1% agarose gel (Top Vision LE GQ Agarose,
Fermentas, USA) with 1 × TAE buffer (50X TAE
Electrophoresis Buffer, Fermentas, USA). The reaction
mixture (5 μL) and length marker (5 μL) (O’Gene-
Ruler Low Range DNA Ladder, Fermentas, USA)
were added to the agarose gel with ethidium bromide.
Electrophoretic separation of DNA fragments was visu-
alized under ultraviolet light and the images were cap-
tured with a digital camera.

The PCR product mixture (about 0.2 μg) was incu-
bated with 1 IU of HinfI endonuclease (FastDigest –
Fermentas, USA). FastDigest buffer (2 μL) was added
to the reaction mixture with distilled water to a final volu-
me of 30 μL. The reaction mixture was incubated for 
5 min at 37°C and then inactivated for 20 min at 65°C. 

The restriction reaction products were separated
using a 2.5% agarose gel (Top Vision LE GQ Agarose,
Fermentas, USA) with 1 × TAE buffer (50X TAE
Electrophoresis Buffer, Fermentas, USA). The length
of the restriction fragments was identified with a length
marker (2 μL) (O’GeneRuler Low Range DNA Lad-
der, Fermentas, USA). The C to T substitution at nuc-
leotide 677 in the MTHFR gene results in a restriction
site for the HinfI enzyme, cleaving this fragment into
175-bp and 23-bp fragments.

TCD was performed in a strictly standardized man-
ner, using the Pioneer TC 2020 (EME) apparatus with
2-MHz and 4-MHz probes [9]. The middle cerebral
artery was assessed at the depth of 50-60 mm with
the access through the temporal bony window. TCD
technique in search of the PFO was in accordance with
the international consensus [10] with the use of Pioneer
TC 2020 (EME) apparatus with dedicated software,
enabling simultaneous registration at several depths.

The study was performed in a supine position, with
the 18-gauge needle inserted into the right cubital vein.
The first stage of testing included bolus injection of
the contrast agent produced by vigorous mixing of the
normal saline (9 mL) and air (1 mL). If no microbub-
bles were detected within 40 s, the testing was repeated
using the Valsalva manoeuvre, increasing the pressure
within the thoracic cavity [11]. The third stage of testing
(expiration) was made 5 seconds after contrast agent
injection. If no embolic signal was detected three times,
the study was considered negative. Each patient rece-
ived a detailed instruction on the appropriate perfor-
mance during the test, and the efficacy of testing was
confirmed by the measured decrease of systolic velocity
of the registered blood flow.

A four-grade scale of the right-to-left shunt was
used: (1) no microbubbles; (2) 1-10 microbubbles; 
(3) > 10 microbubbles; and (4) massive microbubbles
(so-called ‘curtain’). If massive microbubbles were
detected, the Valsalva manoeuvre was abandoned. None
of the patients reported headache directly after the TCD.

The same panel of tests, with the exception of head
MRI and TCD testing for PFO, was performed in con-
trols.

The protocol of the study was approved by the Bio-
ethical Committee of the Medical University of Silesia
in June 2009 (L.dz.KNM/0022/KB1/55/I/09).

Statistical analysis

The database of the clinical material was prepared
in Excel 2003 (Microsoft), and the statistical calcula-
tions were performed in Statistica v.7.1 (StatSoft) and
MedCalc v.9.03. A p-value of less than 0.05 was consi-
dered statistically significant. The hypothetical distri-
bution conformity of the specific variables with the nor-
mal one was tested with the Shapiro-Wilk test.

Unpaired Student’s t-test was used for comparisons
between groups in the case of normally distributed vari-
ables. The Mann-Whitney U-test was used for non-nor-
mally distributed variables. Qualitative variables were
compared using the chi-square test with Yates correc-
tion.

Results

The frequency of the C677T variant of the MTHFR
gene was similar in patients with migraine and in con-
trols (47.3% and 47.9%, respectively; p = 0.94). Increas -
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Fig. 2. Prevalence of patent foramen ovale as related to presence of homozy-
gous or heterozygous C677T variant of MTHFR gene in patients with migra-
ine without aura 
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Fig. 1. Prevalence of patent foramen ovale as related to presence of homozy-
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ed serum homocysteine concentration was significantly
more prevalent among patients with migraine (regard-
less of its type) and with the C677T variant of the
MTHFR gene than in other migraineurs (23.8% vs.
8.3%, respectively; p = 0.04). Hyperhomocysteinaemia
was similarly prevalent in controls with the C677T vari-
ant of MTHFR and in those without the C677T vari-
ant (4.3% vs. 8.0%, respectively; p = 0.6).

The prevalence of vascular lesions in MRI in pa -
tients with migraine and with the C677T variant of
the MTHFR gene was similar to the migraineurs with-
out the C677T variant of the MTHFR gene (36.7% vs.
29.4%, respectively; p = 0.54).

PFO was found more often in patients with migraine
with aura in whom the homozygous C677T variant
of the MTHFR gene was found (Fig. 1).

PFO was found in similar percentages of patients
with migraine without aura, in whom the homozygous
or heterozygous C677T variant of the MTHFR gene
was noted (Fig. 2).

Discussion

Migraine is a common disease, affecting 10-20%
of the general population, but its pathophysiology is not
completely understood. Besides vascular mechanisms,
genetic factors probably also play a role. It is believed
that the C677T variant of the MTHFR gene, as well as
polymorphism of the angiotensin-converting enzyme

(ACE) gene, may play an important role in the respon-
se to vascular oxidative stress [13]. However, the results
of studies on the association between migraine and
the C677T variant of the MTHFR gene are equivocal
[2,8,14-23]. Oterino et al. assessed the frequency
of the T677 homozygous MTHFR gene in the Spanish
population and did not find significant differences
between 230 patients with migraine and 204 controls.
It was noted only that the T allele of the MTHFR gene
was significantly more frequent in patients with migra-
ine with aura [3]. Finnish studies involving 898 patients
with migraine with aura and 900 healthy subjects did
not reveal differences in prevalence of MTHFR gene
variants between those groups. The authors concluded
that the significance of that gene for susceptibility to
migraine was unlikely [20]. There was no difference in
prevalence of the C677T variant of the MTHFR gene
between migraineurs and controls in the Portuguese
population either [17]. Australian authors studied 267
migraineurs with the C677T variant of the MTHFR
gene and found that this genotype was associated with
specific clinical features of migraine [24].

In 2010, Schürks et al. reviewed papers reporting
genetic studies in migraine published before March
2009. Twelve out of the 21 papers on the C677T vari-
ant of the MTHFR gene or ACE D/I polymorphism in
various populations were devoted to the C677T variant
of the MTHFR gene. The combined results of those
studies showed that presence of the T allele was asso-
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ciated with greater risk of migraine development regard-
less of its type, although the differences were non-sig-
nificant for the Caucasian population alone. There was
no agreement among the analysed studies regarding
the probability of development of a particular type
of migraine among patients having the C677T variant
of the MTHFR gene. It was suggested that the presence
of that variant increases the risk for migraine with aura
but not all studies confirmed that supposition.

TT increases the risk of migraine with aura in
the Japanese population but the same genotype incre-
ases the risk of migraine without aura in the Turkish
population. Such an association was not confirmed in
Caucasians. Schürks et al. explain divergent results
of the analysed studies with the biological heterogene-
ity of migraine, different methods of its diagnosis and
divergent populations of patients [25].

The current study did not reveal significant differen-
ces in prevalence of the C677T variant of the MTHFR
gene between patients with migraine and controls. This
finding might be explained by the relatively small studied
samples. Thus, a study on larger groups is required to
find potential differences in the Polish population.

Hyperhomocysteinaemia, being one of the vascular
risk factors, might also play a role in a pathomechanism
of migraine. The endothelial damage caused by homo-
cysteine impairs the release of nitric oxide, and the de -
creased bioavailability of nitric oxide may result in ab -
normal reactions between the vessel wall, platelets and
macrophages, changing the coagulative properties
of blood and affecting the neurovascular functions [26].

The reports on the significance of homocysteine in
the migraine pathomechanism are equivocal. Israeli
authors studied serum concentration of homocysteine
in 78 migraineurs and 126 healthy subjects and found
significantly increased homocysteine concentration in
one patient only [27]. Scher and colleagues think that
the risk of migraine with aura is associated with homo-
zygosity in the C677T variant of the MTHFR gene
independently of other vascular risk factors [22]. On
the other hand, de Tommaso et al. [14] believe that
hyperhomocysteinaemia might promote neuronal fac-
tors predisposing to the development of migraine.

The most recent study by Oterino et al. [28], per-
form ed among 228 patients with migraine with aura, 199
patients with migraine without aura and in 310 controls,
showed that patients with migraine with aura had sig-
nificantly greater serum concentration of homocysteine,
and that the C677T variant of the MTHFR gene was
the best genetic indicator of homocysteine concentration.

Our study showed that hyperhomocysteinaemia was
more common in migraineurs with the C677T variant
of the MTHFR gene (particularly in homozygous pa -
tients), which might suggest the possible increased risk
of migraine in patients with confirmed hyperhomocy-
steinaemia and with the C677T variant of the MTHFR
gene.

Migraine can be a risk factor for ischaemic stroke,
which might be related to the paradoxical embolism due
to the presence of PFO, especially among patients with
migraine with aura. Domitrz et al. [12] studied 62 pa -
tients with migraine with aura, 60 patients with migra-
ine without aura, and 65 healthy volunteers, and noted
that PFO was much more prevalent among patients
with migraine with aura (53%) than in patients with
migraine without aura (25%) or in healthy subjects
(25%).

Rigatelli [29] reviewed papers published between
1988 and 2008, related to migraine and PFO, and conc-
luded that a high proportion of subjects with PFO suf-
fer from migraine, especially from migraine with aura,
and these are persons with an increased risk of parado-
xical embolism. The current study showed that PFO
was more commonly found in patients with migraine
with aura who had the C677T variant of the MTHFR
gene. This finding should be replicated in a larger gro-
up of patients but it may suggest an association betwe-
en migraine with aura and PFO, as well as a possible
common genetic background for both these conditions.

It is suggested that patients with migraine with aura
more often have white matter lesions found in MRI.
Recent studies show, however, that an association betwe-
en paradoxical embolism and lesions seen in MRI is
rather unlikely. Italian authors analysed the possible rela-
tionship between PFO-related shunt and white matter
lesions in 87 patients with migraine with aura. The pre-
sence of shunt was noted in 45% of patients, but sub-
jects with or without shunt did not differ regarding
the number and size of lesions detected in MRI [30].
The same findings were reported by Bosca et al. [31],
who did not find an association between vascular lesions
seen in MRI and presence of the C677T variant
of the MTHFR gene.

Preliminary conclusions

1. Frequency of the C677T variant of the MTHFR gene
was similar in patients and controls, which seems to
confirm the results of other authors.
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2. Significantly higher prevalence of PFO in patients
with migraine with aura (with homozygous recessive
genotype of MTHFR) might suggest their common
genetic basis.

3. Hyperhomocysteinaemia was significantly more fre-
quent in migraine patients with the C677T variant,
which could be an additional risk factor of this disease.
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