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Abstract
Background. Monoamine oxidase (MAO) enzymes play an important role in the etiology of many neurologi-
cal diseases. Tension type headache (TTH) treatments contain inhibitors for selective re-uptake of serotonin and 
monoamine oxidase inhibitors. MAO (EC 1.4.3.4) has two isoenzymes known as MAOA and MAOB. A promoter 
polymorphism of a variable number of tandem repeats (VNTR) in the MAOA gene seems to affect MAOA tran-
scriptional activity in vitro. Also, G/A polymorphism in intron 13 (rs1799836) of the MAOB gene have been previ-
ously found to be associated with the variability of MAOB enzyme activity.
Objectives. The aim of our study was to investigate a possible association of monoamine oxidase (MAOA and 
MAOB) gene polymorphisms in tension type headache. 
Material and Methods. MAO gene polymorphisms were examined in a group of 120 TTH patients and in another 
168 unrelated healthy volunteers (control group). MAOA promoter and MAOB intron 13 polymorphisms were 
genotyped using PCR-based methods.
Results. An overall comparison between the genotype of MAOA and MAOB genes and allele frequencies of the 
patients and the control group did not reveal any statistically significant difference between the patients and the 
control group (p = 0.162). 
Conclusions. Factors like estrogen dosage, the limited number of male patients and other genes’ neurotransmitters 
involved in the etiology of TTH could be responsible for our non-significant results (Adv Clin Exp Med 2014, 23, 
6, 901–906).
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The International Headache Society (IHS) in-
troduced the classification “tension type headache” 
(TTH) in 1988 and a revised version in 2004. The 
IHS sub-classifies the diagnosis of TTH into an ep-
isodic and chronic form. TTH occurring at least 
10 times within a 15 day period is classified as ep-
isodic (ETTH). The chronic TTH (CTTH) form 
must cover additional diagnostic criteria and oth-
er defining characteristics according to the IHS 
classification. These characteristics involve muscle 
tenderness, physical activity nausea, pain, photo-

phobia and a history of physical and neurological 
examinations [1–2]. 

TTH treatment features medication with in-
hibitors for selective re-uptake of serotonin and 
monoamine oxidase inhibitors. MAO has 2 iso-
enzymes known as MAOA (Genbank Acc. No: 
BC008064.1, Gene ID: 4128, Xp11.3) and MAOB 
(Genbank Acc. No: M69177, Gene ID: 4129, Xp21-
p11). The genes encoding for MAOA and MAOB 
are mapped on chromosome Xp11.23. The struc-
tures of MAOA and MAOB enzymes are similar 
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(70%), but their functions are different. MAOA and 
MAOB genes contain 60 kb and 15 exons [3–4]. 

Two monoamine oxidase (EC 1.4.3.4) isoen-
zymes MAOA and MAOB are expressed in the 
outer mitochondrial membrane. Serotonin, dopa-
mine and norepinephrine are substrates preferred 
by MAOA while phenylethylamine is processed by 
MAOB. Decreased levels in MAOA activity and 
MAOA gene mutations have been mentioned in 
connection with criminal, violent or impulsive be-
havior. [5–7]. MAO enzymes play an important 
role in the etiology of several neurological diseas-
es. For this reason, the functional polymorphisms 
of MAO genes are important as it may guide us to 
the diagnosis and treatment of illnesses which are 
related to neurotransmitters [8–11]. 

Furthermore, MAOA catalyzes the oxida-
tive deamination of several biogenic amines, in-
cluding key neurotransmitters such as serotonin, 
norepinephrine and dopamine. MAOA is also 
strongly implicated in the regulation of neuro-
transmission by cathecolamine and indolamine. 
Dopamine is metabolized through oxidative de-
amination by MAOA to form 3,4-dihydroxyphe-
nyl-acetaldehyde (DOPAL) [12]. The activity lev-
els of the MAOA enzyme expose a high range of 
difference (over 50-fold) in a population [13]. Sev-
eral lines of evidence indicate that monoamine ox-
idase, and in particular MAOA, plays an impor-
tant role in human behavior and physiology [3]. 
The MAOA gene promoter region contains a 30 bp  
Variable Number of Tandem Repeat (VNTR) 
polymorphism. The location of this polymorphism 
is defined 1.2 kb upstream in the coding sequenc-
es of MAOA [11]. Alleles with 3 or 5 copies of the 
repeat sequence have lesser transcription while 
a more efficient transcription (2–10 times) is re-
ported for other alleles with 3.5 or 4 copies of re-
peat [3]. This polymorphism is a strong candidate 
for association studies of psychiatric disorders and 
related vulnerability traits [14].

MAOB is an enzyme involved in the metabo-
lism of dopamine, benzylamine, phentylamine, ty-
ramine and tryptamine. The MAOB gene has a sin-
gle nucleotide polymorphism (SNP) in intron 13, 
which is based on GA transition (rs1799836) [8]. 
The G/A polymorphism in intron 13 of the MAOB 
gene have been previously reported to be related 
to the variability of MAOB enzyme activity. Al-
tered levels of MAOB have previously been asso-
ciated with a number of psychiatric and neuro-
logical conditions [15–16]. The other studies have 
suggested that MAOB is potentially relevant to 
Parkinson’s disease because of its role in catabo-
lizing dopamine, with the resultant production of 
reactive oxidative free radicals [10]. The aim of 
this study is to examine the relationship between 

the G/A polymorphism in intron 13 and TTH pa-
tients. In this context, we aimed to assess a possi-
ble significance of MAOA and MAOB genes poly-
morphism in tension type headache. This study 
will also be addressing the polymorphic patterns 
of MAOA and MAOB, both in TTH patients and 
the healthy population in our country. 

Material and Methods
168 healthy volunteers formed our control 

group and 120 individuals with a TTH diagno-
sis represent the patients group. The TTH group 
was subdivided to 2 other groups as episodic TTH 
(n = 66) and chronic TTH (n = 54) based on clini-
cal diagnostic criteria (IHS-ICHD 2 edition).

There were 106 (86.8%) females and 14 
(13.2%) males in the TTH group with mean ag-
es of 37.6 ± 10.6 years, and 100 (59.6%) females 
and 68 (40.4%) males in the healthy control group 
with mean ages of 32.9 ± 18.9 years. The TTH pa-
tients and healthy controls were unrelated. TTH 
patients and healthy controls were nearly age and 
sex matched. Patients with migraine having any le-
sion in their brain computed tomography and pa-
tients with clear psychiatric disturbance were ex-
cluded from the study. Additionally, patients with 
a history of cervical and cranial trauma were also 
excluded. Venous blood withdrawal was complet-
ed with sampling in ethylene diamine tetra ace-
tic acid (EDTA) containing tubes. The salting out 
procedure was used for DNA extraction [17].

MAOA gene (Gene ID: 4128) alleles were deter-
mined using a Polymerase Chain Reaction (PCR) 
method [3]. MAOB gene (Gen ID: 4129) rs1799836 
polymorphism was determined by using the PCR 
and Restriction Fragment Length Polymorphism 
(RFLP) methods [10]. The genotypes of MAOA 
and MAOB genes were determined by 3% agarose 
gel electrophoresis containing 0.5 μg/mL ethidium 
bromide.

A 100 bp DNA Ladder (Fermentas, Vilnius, 
Lithuania) was used as a size standard for each gel 
lane. The gel was visualized under UV light us-
ing a gel electrophoresis visualizing system (Vil-
ber Lourmat, Marne La Vallée, France). The sum-
marized PCR-RFLP conditions and band sizes are 
shown in Table 1. The genotype determinations 
were duplicated in independent experiments and 
all inconclusive samples were re-analyzed.

Statistical Analysis 
The MAOA alleles were divided into 2 groups. 

Group 1 represents low activity (3-repeat) and 
group 2 represents high activity (one of 3.5, 4 or 5 



MAOs Genes Polymorphisms in TTH 903

repeat units) as described previously [18]. MAOB 
alleles were also divided into 2 groups: allele G and 
allele A, as described previously [8]. The data is 
presented as mean ± standard error for continu-
ous data or frequencies and percentages for cate-
gorical data. Chi-square or Fisher exact tests were 
used to compare proportions of patients for cate-
gorical data among groups. Analysis of variance or 
t-tests were used to compare the continuous vari-
ables among groups. We used odds ratio (OR) as 
a measure of the association of the genetic poly-
morphisms in MAOA and MAOB with TTH. OR 

values were calculated from genotype frequen-
cy data. The SPSS 11.5 for Windows program was 
used for statistical analysis. A p value < 0.05 was 
considered to be statistically significant.

Results
The visualized samples of polymorphism anal-

yses for MAOA and MAOB genes are presented 
in Fig.1 and 2, respectively. The participants in 
both groups were similar in mean age (p = 0.162). 

Table 1. Primers and Restriction Enzymes (RE) used for MAOA and MAOB genes polymorphisms

Gene Poly- 
morphism

RE Primers Sequence Ann. 
temp 
(oC)

Fragment size (bp)

MAOA VNTR – F 5’-CAGCGCCCAGGCTGCTCCAGAAAC- 3’ 65 Allele 1; 221 bp  
(3 repeats)

Allele 2; 233 bp  
(3 and a half repeats)

R 5’- GGT TCGGGACCTGGGCAGTTGTGC- 3’ Allele 3; 251 bp  
(4 repeats)

Allele 4; 281 bp  
(5 repeats)

MAOB rs1799836 NmuCI F 5’- GGAACCTCTTATACCACAGG -3’ 54 GG :232 bp 

GA: 232,146,86 bp

 R- 5’ GACTGCCAGATT TCATCCTC 3’ AA:146/86 bp

Fig. 1. MAOA gene VNTR 
polymorphism was visualised 
under UV light using a gel 
electrophoresis visualising 
system,  
samples 1–5 and 11 – 3-3 
genotype; samples 6 and 10 
– 3-1 genotype; samples 7 and 
8 – 1-1 genotype, sample 9 
– 1-4 genotype

Fig. 2. MAOB gene intron 13 poly-
morphism was visualised under 
UV light using a gel electrophoresis 
visualizing system, 
samples 1–3 and 7 – AA genotype; 
samples 4, 5, 8, 9 – GA genotype; 
samples 6 – GG genotype
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MAOA and MAOB genes are located on the 
X chromosome and analyses were performed sep-
arately for male and female subjects. 

Results for MAOA gene promoter 30 bp 
VNTR polymorphism revealed that the geno-
types were similar in TTH patients and the control 
group for female (p > 0.05) as well as male subjects 
(p > 0.05). There was no relationship between ep-
isodic TTH, chronic TTH and the control group 
between females (p > 0.05) and males (p > 0.05). 
Table 2 represents all of the MAOA genotype re-
sults for VNTR polymorphism in our group. Allele 

frequencies for MAOA gene VNTR polymor-
phisms are shown in Table 3.

The results of MAOB gene intron 13 polymor-
phism genotypes were similar in TTH patients and 
the control group in females and males (p > 0.05). 
There was also no difference between episodic 
TTH, chronic TTH patients and the control group 
between females and males (p > 0.05). The geno-
types of MAOB gene intron 13 polymorphisms are 
shown in Table 2. Table 3 demonstrates the fre-
quencies of G and A alleles of MAOB gene intron 
13 polymorphisms in TTH patients and controls.

Table 2. Genotypes of MAOA and MAOB genes in female patients and control groups

Females (XX) Genotypes Controls (n = 100) Episodic TTH 
(n = 58)

Chronic TTH 
(n = 48)

TTH  
(n = 106)
X2 p value

n % n % n %

MAOA VNTR 1-1 19 19 11 19  5 10.4 0.657

1-3 37 37 21 36.2 14 29.2

3-3 40 40 22 37.9 23 47.9

3-4  2  2  4  6.9  2  4.2

1-4  1  1 – –  3  6.3

4-4  1  1 – –  1  2

MAOB Intron 13 GG 11 10.9  8 13.8 11 22.9 0.363

GA 58 57.4 31 53.4 25 52.1

AA 31 31.7 19 32.8 12 25

Table 3. Alleles of MAOA and MAOB genes polymorphisms in patients and control groups

MAOA and MAOB 
Alleles

Controls 
(n = 168)

Episodic TTH 
(n = 66)

Chronic 
TTH (n = 54)

X2 

p value
OR (95% CI)

n % n % n % episodic TTH chronic TTH

MAOA VNTR
Females (XX) 
Alleles

1  76 37.9 43 37.1 27 28.1 0.189 reference reference

4   4  2  4  3.4 – – 4.926  
(1.336–18.158)

1.767  
(0.421–7.426)

3 119 60.1 69 59.5 62 64.4 1.467  
(0.858–2.506)

1.025  
(0.636–1.652)

MAOA VNTR
Males (XY) 
Alleles

1  22 32.4  5 62.5  2 33.3 0.21 reference reference

4 – – – – – – – –

3  46 67.6 – –  4 66.7 0.287  
(0.063–1.311)

0.957  
(0.163–0. 5.626)

MAOB Intron 13
Females (XX) 
Alleles

G  80 39.6 47 40.5 47 49 0.845 1.039  
(0.652–1.655)

1.039  
(0.652–1.655)

A 122 60.4 69 59.5 49 51 reference reference

MAOB Intron 13
Males (XY) 
Alleles

G   6 75  2 25  3 50 0.288 0.889  
(0.167–4.72)

0.296  
(0.056–1.573)

A   3 50  3 50  6 75 reference reference
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Discussion
The recent definition of MAOA and MAOB gene 

polymorphisms lead the studies to be focused on 
the involvement of these polymorphisms in differ-
ent neurological and psychiatric disorders [19–20].  
Related studies have shown that MAOA gene mu-
tations could be associated with borderline men-
tal retardation and abnormal behavior, including 
increased impulsive behavior [21]. The association 
between MAOA promoter region polymorphism 
and migraine was also investigated, but no rela-
tion was found [22]. Kelada et al. suggested that 
the G allele of MAOB had approximately two times 
the increased risk for PD [23]. Lung F. et al. spec-
ulated that MAOA activity might increase in ho-
mozygous/hemizygous subjects for the MAOA 4R 
allele which might lead to abnormal serotonin me-
tabolism in the central nervous system. Their study 
provided data for an enhanced vulnerability to sui-
cide in depressed males with major depressive dis-
order, associated with the MAOA 4R allele [24]. 
In a study by Filic V et al., no association was de-
tected in migraine patients with and without au-
ra [22]. Another study revealed that plasma 5-HT 
levels in migraine patients without aura are lower 

when compared to controls, based on the high-
er G allele and G/G genotype of T941G polymor-
phisms of MAOA in migraine patients [25]. Our 
results failed to show a relationship between MAO 
enzymes gene polymorphisms and TTH. A simi-
lar genetic association was also investigated in pa-
tients with chronic daily headache and migraine. 
Beside other genes studied in that study, MAOA 
gene polymorphism was also found to be unrelat-
ed to headache in the subgroups analyzed [26]. Sci-
entific data provides a strong association between 
MAO gene polymorphisms and several neurolog-
ical/psychiatric disorders. Although there is a lack 
of evidence for a relationship between VNTR poly-
morphism of the MAOA gene and intron 13 G/A 
polymorphism of the MAOB gene and TTH, cat-
echolamine metabolism related pathways remain 
worthy to be investigated in the future to clarify 
a possible connection. 

In conclusion, the authors have not found 
any association between tension type headache 
patients and MAO (MAOA, MAOB) genes poly-
morphism. Further investigations are warranted 
in larger populations with other susceptible neu-
rotransmitter genes that might be associated with 
tension type headache.
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