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Abstract

Background: Migraine is a chronic neurological disorder,
characterized by recurrent moderate to severe headaches.
Worldwide migraine affects nearly 15%. Studies suggest that
genes involved in the production of nitric oxide (NO) may act
as genetic factors for migraine. NO synthase 3 (NOS3) by
expressing enzyme NOS regulates endothelial derived NO.
One class of medications used as first-line treatment in
migraine prophylaxis is tricyclic antidepressants (TCAs). The
aim of this study was to determine effects of NOS3 gene
Glu298Asp polymorphism in the production of NO and
response of patients to TCAs in migraine attacks.

Methods: A total of 80 migraine patients were invited to
participate in the study. Patients recorded the
characteristics of their migraine attacks such as frequency
of attacks and intensity of headaches for the 1% month of
the study. Then peripheral blood samples were taken from
all subjects in order to determine patients’ genotype
distribution, mMRNA expression level of NOS3 and NO
content of plasma. Patients were then instructed to use 25
mg nortriptyline at night before bed for 3 months. At the
end of 3 month of the treatment patients again recorded
the migraine characteristics for 1 month and blood
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sampling was performed in order to determine the level of
plasma NO.

Results: The patients’ genotype distribution for TT, GT,
and GG was 9, 24, and 47 subjects, respectively. Mean NO
level in patients with TT genotype was less in comparison
to GT and GG genotypes before and after use of TCAs (P <
0.05). Mean intensity of headaches in patients with TT
genotype was lower in comparison to GT and GG
genotypes before and after use of TCAs (based on verbal
numerical rating scale). Mean frequency of migraine
attacks after use of TCAs was significantly decreased in all
genotypes of NOS3 Glu298Asp polymorphism particularly
in TT genotype (P < 0.05).

Conclusion: Presence of T allele of the GIlu298Asp
polymorphism may be a factor for TT genotype patients to
produce less NO and is a favorable factor for better
response to TCAs in reducing migraine attacks in
comparison to GT and GG genotypes.

Introduction

Migraine is a chronic neurological disorder characterized
by recurrent moderate to severe headaches. It represents
an enormous socioeconomic burden to the individual as
well as the society and affects the quality of life.
Typically, the headache is unilateral and pulsating in
nature lasting from 2 to 72 h. Associated symptoms
may include nausea, vomiting, photophobia,
phonophobia, and the pain, which is generally
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aggravated by physical activity.?

Worldwide migraine affects nearly 15% or
approximately 1 billion people. It is more common in
women at 19% than men at 11%.% Diagnosis of
migraine can be made according to the International
Headache Society (IHS). The disease most commonly
starts between 15 and 24 years of age and occurs
most frequently in those who are between 35 and 45

years old.4
Migraine is claimed to be a neurovascular
disorder.# The intracranial blood vessels are

innervated by trigeminal sensory nerve that stores
several neuropeptides including substance P and
calcitonin gene-related peptide (CGRP).5

The generation of migraine occurs in the brain
stem. Activation of trigeminovascular system
stimulates perivascular trigeminal sensory afferent
nerve with the release of vasoactive neuropeptides
such as substance P and CGRP and results in
neuroinflammation.® High density of CGRP binding
sites are present in blood vessels.” G-protein receptor
forms the basic receptor protein for CGRP.8 CGRP-
induced vascular responses are mediated through
endothelium pathway. CGRP by binding to its
receptors in the endothelium of intracranial blood
vessels activates adenyl cyclase thereby increasing
cyclic adenosine monophosphate (cAMP) levels. This
increase in cAMP levels activates the enzyme nitric
oxide synthase (eNOS) which in turn increases the
level of nitric oxide (NO). Studies have demonstrated
that migraine patients have a higher concentration of
plasma NO in comparison to healthy people.” NO
which is a potent vasodilator implicated in migraine
headaches, 0 has a strong correlation with CGRP.11

NO acts on smooth muscles by activating guanyl
cyclase with an ensuring production of cyclic
guanosine monophosphate (cGMP). Agents that
increase ¢cGMP can activate K-channels. K efflux
resulting  from  K-channel opening causes
hyperpolarization, inhibits voltage-gated Ca channels
and promotes smooth muscle relaxation.?

The information of vasodilatation is conveyed to
central neurons in the trigeminal sensory nucleus that
in turn relays the pain signals to the higher centers
where headache pain is perceived.

Studies suggest that genes involved in the
production of NO may act as genetic factors for
migraine.”®> NOS3 by expressing eNOS regulates
endothelial derived NO.14

The NOS3 gene is located on chromosome 7 and
consists of 26 exons.’® The NOS3 gene has numerous
polymorphisms which among them the Glu298Asp at
exon 7 is the only single nucleotide polymorphism
(SNP) (guanine to thymine at position 894) which
leads to amino acid substitution (from glutamic acid
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to aspartic acid at position 298).16

One of important factors that have been implicated
in pathophysiology of migraine is serotonin which
plays a role in modulation of pain.’” Studies suggest
that migraine patients tend to have low levels of
serotonin in their brain.’® One class of medications
which is used as first-line treatment in migraine
prophylaxis is TCAs. These agents are effective in
preventing migraine, and the response is usually
rapid.’® TCAs increase the concentration of serotonin
in the synaptic cleft by blocking the transport of
serotonin back into the presynaptic neurons.?2 Human
trigeminal ganglia express abundant 5HT1B/D
receptors and serotonin agonists through 5HT1B/D
receptors inhibit trigeminal activity in releasing CGRP
and consequently affect the release of NO and
migraine attacks.?1.22

By considering high prevalence of migraine in
society, the aim of this study was to determine the effect
of NOS3 gene Glu298Asp polymorphism in the
production of NO and investigating the response of this
polymorphism to TCAs treatment in migraine attacks.

Materials and Methods

A total of 80 migraine patients of which 46 were
women and 34 were men did not have familial
relationships were invited to participate in this study.
Patients signed the informed consent prior to entering
the study. Patients were matched for age and sex and
types of migraine and had a history of migraine for at
least 1 year. Age of patients was 35.2 + 13.6 years. The
patients had at least two attacks per month and
diagnosed by a specialist based on IHS. The study
group consisted of 54 patients suffering from migraine
without aura and 26 migraine patients with aura.
Patients in the 1 month of study recorded their
migraine attack (migraine headache) characteristics such
as frequency of migraine attacks and intensity of
headaches based on verbal numerical rating scale
(VNRS). Then for all subjects peripheral blood sample
were collected into sterile tube with
ethylenediaminetetraacetic acid in headache free period.

Genomic DNA was isolated from whole blood
using QIAamp DNA Blood Mini Kit (Qiagen,
Germany). Polymerase chain reaction (PCR) analysis
was made with oligonucleotides primers. The sense
primer was: 5-CATGAGGCTCAGCCCCAGAAC-3
and the antisense primer was: 5-
AGTCAATCCCTTTGGTGCTCAC-3.

The DNA was denatured at 94° C for 1 min and
temperature cycling was set at 94° C for 1 min, 63° C
for 1 min and 72° C for 1 min for 35 cycles. PCR
products were visualized on 2% Agarose gel stained
with ethidium bromide. SNP genotyping was
performed by Sanger sequencing,.
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Sanger sequencing is a method of DNA sequencing
based on the selective incorporation of chain
terminating dideoxynucleotides by DNA polymerase
during in vitro DNA replication. In this method,
dideoxynuycleotides are labeled with fluorescent dye,
each of which emit light at different wavelengths
which is depicted in the form of a chromatogram
which is a diagram of colored peaks that correspond
to the nucleotide in that location in the sequence. By
investigating the location of the SNP in the gene,
genotypes of the patients are identified (Figure 1).

NOS3 m-RNA expression was measured by real-
time PCR/reverse transcription-PCR method. In this
method, first total RNA was extracted using QIAamp
RNA Blood Mini Kit (Qiagen, Germany). Then
reverse transcription was performed using 2 pg of
total RNA and random hexamers with the following
conditions: 65° C for 2 min, 45° C for 60 min, and 95°
C for 5 min.

For quantification of mRNA, resulting cDNA was
amplified by using specific primers for NOS3 and
B-actin. B-actin was used as housekeeping gene.
Expression level was quantified as the difference
between the number of cycles required to achieve
threshold for NOS3 m-RNA and that required for B-
actin (delta threshold). The ratio of NOS3 m-RNA
expression to B-actin for each sample was calculated.
Plasma NO levels in the headache free period was
measured. Then, patients used nortriptyline 25 mg
tablet at night before bed for 3 month. At the end of
3rd month patients again recorded their frequency of
migraine attacks and intensity of headaches for 1
month. Blood samples were again collected in
headache free period in order to measure NO level.

In this study, 11 patients stopped using the
medication because of the adverse effects of the drug

(dry mouth, dizziness, and sedation) and were
excluded and subsequently replaced by newly
diagnosed patients.

Statistical analysis

SPSS for Windows 14.0 (SPSS Inc., Chicago, IL, USA).
was used for statistical analysis paired sample t-test and
one-way ANOVA was used as statistical methods for
comparison. The significance level was set at P < 0.05.

Results

Patients” genotype distribution for TT, GT, and GG
were 9, 24, and 47 subjects, respectively (T stands for
thymine and G for guanine).

mRNA expression for genotypes TT, GT, and GG

were 039 = 011, 037 = 0.06, and 036 = 0.04,
respectively (Figure 2).
In this study, mean NO level before use of TCAs in
patients with genotype TT, GT, and GG were 29.50 +
0.06 umol/1, 32.70 + 0.09 um/1, and 32.90 £ 0.07 um/1,
respectively. Mean NO level after use of TCAs in
patients with genotypes TT, GT, and GG were 28.80 +
0.05 um/1, 32.10 £ 0.06 um/1, and 32.30 + 0.05 pm,
respectively (Figure 3).

Intensity of headaches based on VNRS before use
of TCAs was reported as: medium level in patients
with genotype TT (5 £ 1), severe in subjects with GT
(8.5 £ 0.5), and severe in patients with GG (9 £ 1).
Furthermore, intensity of headache after use of TCAs
was reported as: medium level in TT (4.5 £ 0.5), severe
level in GT (7.5 £ 0.5), and severe level in GG
genotype (8 £ 1) (Figure 4).

Mean frequency of migraine attacks before use of
TCAs in patients with genotype TT, GT, and GG was
reported as 4 + 1, 5.5 £ 0.5, and 4.5 + 0.5, respectively
and after use of TCAs the frequencies were reported
2+1,25+£0.5, and 2 £ 1, respectively (Figure 5).
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Figure 1. Patients’ genotype determination by use of Sasgguencing by considering location of the SNP irSSQA)
Single black peak indicate homozygote in the foff@G genotype. (B) Single red peak indicate homotgdn the form of
TT genotype. (C) Double peak (red and black) in@ideterozygote in the form of GT genotype
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Figure 2. Comparison of the genotypes according to mRNAesgion
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Figure 3. Comparison of the genotypes according to the migan oxide level before and after
use of tricyclic antidepressants
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Figure 4. Comparison of the genotypes according to the nmgansity of headaches before and
after use of tricyclic antidepressants. Verbal Nrioa Rating Scale* (VNRS*): 8- no pain;
1-3— mild pain; 4-6— moderate pain; 7-18> severe pain
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Figure 5. Comparison of the genotypes according to meamuéecy of migraine attacks
before and after use of tricyclic antidepressants

Discussion

Studies have shown that the NOS3 Glu298Asp
variation is fairly widespread in human population, with
35-40% prevalence of the T allele in Caucasians and less
prevalence in African, Americans, and Asians.?

In this study, the percentage of TT, GT, and GG
genotypes were 11.2%, 30%, and 58.8%, respectively.
And overall prevalence of T allele was 26.2%.

There was no significant correlation between the
polymorphism and age, sex, and type of migraine
patients.

NOS3 mRNA expression tended to be higher in TT
genotype patients in comparison with GT and GG
genotypes, but based on one-way ANOVA test and
with P < 0.05 the difference was not statistically
significant. Mean NO level produced by NOS3
genotypes after use of TCAs based on paired sample t-
test with P < 0.05 did not change significantly.
Furthermore, mean NO level production before and
after use of TCAs by using ANOVA test with P < 0.05
in patients with TT genotype were less in comparison
with GT and GG genotypes. This finding indicates
that NOS3 variant expression leads to conformational
changes in eNOS protein and reduced activity of the
enzyme.?*

Mean intensity of headaches based on VNRS before
and after use of TCAs in patients with TT genotype was
reported lower in comparison with GT and GG
genotypes. This finding may show a direct correlation
between NO level and intensity of headaches.

Mean frequency of migraine attacks after use of
TCAs based on paired sample t-test with P < 0.05 was

significantly decreased in all genotypes of NOS3.
Mean percentage reduction in attacks in TT, GT, and
GG genotypes were 50%, 45.5%, and 44.6%,
respectively. This result by use of ANOVA test with
P < 0.05 suggests that the presence of T allele of the
Glu298Asp polymorphism may be a favorable factor
in responding to TCAs in reducing migraine attacks.

Conclusion

In this study, homozygote variant (TT genotype) of
NOS3 gene Glu298Asp polymorphism produced less
NO level in comparison with GT and GG genotypes. Use
of TCAs had no significant effect in intensity of headache
in migraine patients, but by decreasing frequency of
migraine attacks had an inhibitory role in migraine
generation, particularly in patients with TT genotype.

Acknowledgments

This study was financially supported by the Deputy
Research at Tehran University of Medical Sciences.

Conflict of Interests
The authors declare no conflict of interest in this study.

How to cite this article: Molana A, Mehrpour M,
Vousooghi N, Hajighasem MR, Joghataei MT. Effect of
NOS3 gene polymorphism on response to Tricyclic
antidepressants in migraine attacks. Iran J Neurol 2014;
13(3): 154-9.

158 Iran J Neurol 2014; 13(3)

http://ijnl.tums.ac.ir

Molana et al.

4 July



References

1.

Ruiz de Velasco |, Gonzalez N, Etxeberria
Y, Garcia-Monco JC. Quality of life in
migraine patients: a qualitative study.
Cephalalgia 2003; 23(9): 892-900.

The International  Classification  of
Headache  Disorders: 2nd  edition.
Cephalalgia 2004; 24(Suppl 1): 9-160.

Vos T, Flaxman AD, Naghavi M, Lozano R,
Michaud C, Ezzati M, et al. Years lived
with disability (YLDs) for 1160 sequelae of
289 diseases and injuries 1990-2010: a
systematic analysis for the Global Burden of
Disease Study 2010. Lancet 2012;
380(9859): 2163-96.

Bartleson JD, Cutrer FM. Migraine update. 12.

Diagnosis and treatment. Minn Med 2010;

93(5): 36-41.

Edvinsson L, Ekman R, Jansen |,

McCulloch J, Uddman R. Calcitonin gene-

related peptide and cerebral blood vessels:

distribution and vasomotor effects. J Cereb 13.

Blood Flow Metab 1987; 7(6): 720-8..
Tepper SJ, Rapoport A, Sheftell F. The
pathophysiology of migraine. Neurologist
2001; 7(5): 279-86.

Wimalawansa SJ, Emson PC, Macintyre 1.

Regional distribution of calcitonin gene-related 14.

peptide and its specific binding sites in rats
with particular reference to the nervous system.
Neuroendocrinology 1987; 46(2): 131-6.

Egea SC, Dickerson IM. Direct interactions 15.

between calcitonin-like receptor (CLR) and
CGRP-receptor component protein (RCP)
regulate CGRP  receptor  signaling.
Endocrinology 2012; 153(4): 1850-60.

Uzar E, Evliyaoglu O, Toprak G, Acar A, 16.

Yucel Y, Calisir T, et al. Increased
asymmetric dimethylarginine and nitric

NOS3 gene and migraine

10.

11.

oxide levels in patients with migraine. J
Headache Pain 2011; 12(2): 239-43.
Arulmani U,
Villalon CM, Saxena PR. Calcitonin gene-
related peptide and its role in migraine
pathophysiology. Eur J Pharmacol 2004;
500(1-3): 315-30.

Juhasz G, Zsombok T, Modos EA, Olajos S,
Jakab B, Nemeth J, et al. NO-induced

migraine attack: strong increase in plasma 19.

calcitonin gene-related peptide (CGRP)

concentration and negative correlation with 20.

platelet serotonin release.
106(3): 461-70.

Durham PL, Cady R, Cady R. Regulation of

Pain  2003;

calcitonin gene-related peptide secretion 21.

from trigeminal nerve cells by Botulinum
toxin type a: implications for migraine
therapy. Headache: The Journal of Head and
Face Pain 2004; 44(1): 35-43.

Jia S, Ni J, Chen S, Jiang Y, Dong W, Gao

Y. Association of the pentanucleotide repeat 22.

polymorphism in NOS2 promoter region
with susceptibility to migraine in a Chinese
population. DNA Cell Biol 2011; 30(2):
117-22.

Sessa WC. Regulation of endothelial 23.

derived nitric oxide in health and disease.
Mem Inst Oswaldo Cruz 2005; 100(Suppl
1): 15-8.

Robertson CS, Gopinath SP, Valadka AB, Van
M, Swank PR, Goodman JC. Variants of the

endothelial nitric oxide gene and cerebral 24.

blood flow after severe traumatic brain injury.
J Neurotrauma 2011; 28(5): 727-37.
Wattanapitayakul SK, Mihm MJ, Young
AP, Bauer JA. Therapeutic implications of
human endothelial nitric oxide synthase

Maassenvandenbrink A, 17.

18.

gene polymorphism. Trends Pharmacol Sci
2001; 22(7): 361-8.

Szczudlik A. The role of serotonin in the
pathophysiology of migraine. Neurol
Neurochir Pol 1992; (Suppl 2): 14-27.
[In Polish].

Panconesi A. Serotonin and migraine: a
reconsideration of the central theory. J
Headache Pain 2008; 9(5): 267-76.
Parsekyan D. Migraine prophylaxis in adult
patients. West J Med 2000; 173(5): 341-5.
Katzung BG, Masters SB, Trevor AJ. Basic
and Clinical Pharmacology 12/E. 12th ed.
New York, NY: McGraw Hill Professional;
2012. p. 387-94.

Hou M, Kanje M, Longmore J, Tajti J,
Uddman R, Edvinsson L. 5-HT(1B) and 5-
HT(1D) receptors in the human trigeminal
ganglion: co-localization with calcitonin gene-
related peptide, substance P and nitric oxide
synthase. Brain Res 2001; 909(1-2): 112-20.
Goadshy PJ, Hargreaves RJ. Mechanisms of
action of serotonin 5-HT1B/D agonists:
insights into migraine pathophysiology
using rizatriptan. Neurology 2000; 55(9
Suppl 2): S8-14.

Joshi MS, Mineo C, Shaul PW, Bauer JA.
Biochemical consequences of the NOS3
Glu298Asp variation in human
endothelium: altered caveolar localization
and impaired response to shear. FASEB J
2007; 21(11): 2655-63.

Caglayan AO, Kalay N, Saatci C, Yalcyn A,
Akalyn H, Dundar M. Lack of association
between the Glu298Asp polymorphism of
endothelial nitric oxide synthase and slow
coronary flow in the Turkish population.
Can J Cardiol 2009; 25(3): €69-e72.

Iran ] Neurol 2014; 13(3)

http:/fijnl.tums.ac.ir 4 July

159



