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Association of monoamine oxidase B
and catechol-O-methyltransferase polymorphisms
with sporadic Parkinson’s disease in an Iranian population
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A b s t r a c t

Genetic polymorphisms have been shown to be involved in dopaminergic neurotransmission. This may influence sus-
ceptibility to Parkinson’s disease (PD). We performed a case-control study of the association between PD susceptibil-
ity and a genetic polymorphism of MAOB and COMT, both separately and in combination, in Iranians. The study enrolled
103 Iranian patients with PD and 70 healthy individuals. Polymerase chain reaction restriction fragment length poly-
morphism (PCR-RFLP) methods were used for genotyping. Our data indicated that the MAOB genotype frequencies
in PD patients did not differ significantly from the control group. However, the frequency of MAOB GG genotype was
significantly lower in female patients. It has been shown that the distribution of MAOB allele A was slightly higher in
PD patients. No statistically significant differences were found in the COMT allele and genotype distribution in PD patients
in comparison to the controls. The combined haplotype of the MAOB A, A/A and COMT LL genotype showed a slight
increase in the risk of PD in female patients in this Iranian population. The data may suggest that the MAOB and COMT
genetic polymorphisms do not play any role in the pathogenesis of PD in Iranians. In addition, the combined haplo-
type of MAOB and COMT genes did not significantly affect the susceptibility to PD. Future studies involving larger con-
trol and case populations will undoubtedly lead to a more thorough understanding of the role of the polymorphisms
involved in the dopamine pathway in PD.

KKeeyy  wwoorrddss::  COMT, Iranian, MAOB, Parkinson’s disease, polymorphism.
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Introduction
Many investigations have been made to elucidate

pathogenesis of Parkinson's disease (PD), but no unam-
biguous factors for its occurrence have been indicat-
ed [31]. Currently, a conception of ‘double hit hypoth-
esis’ has been presented to describe involvement
of genetic factors in occurrence of the disease when

subjects are exposed to certain environmental neu-
rotoxins. Dopamine is one of the major modulatory neu-
rotransmitters in the central nervous system (CNS) [20].
As a dysfunction of dopaminergic neurotransmission
in the CNS has been implicated in development
of PD [17], it has been suggested that genetic poly-
morphisms involved in the biosynthesis and degra-
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dation of dopamine and related compounds influence
the susceptibility to PD. The candidate PD pathoge-
nic genes include those that are linked to dopamine
synthesis, transport and degradation, detoxification of
xenobiotics and other toxins in dopaminergic neurons.
Recent studies suggest that monoamine oxidase B
(MAOB) A644G and catechol-O-methyltransferase
(COMT) G1947A polymorphisms might influence the
risk and treatment of PD. 

Monoamine oxidase B (MAOB) is one of the primary
enzymes regulating metabolism of neurotransmitters
such as dopamine. It is well documented that MAOB
inhibition may prevent degeneration of the dopamin-
ergic system in PD [5,35]. Patients with PD are report-
ed to have higher platelet MAOB activity than control
individuals [34]. Furthermore, inhibition of MAOB ac -
tivity in the brains of cigarette smokers has been sug-
gested to have a protective effect against the devel-
opment of PD [5]. Therefore, low MAOB activity may
play a preventive role in PD development. The gene
encoding MAOB is located on the X-chromosome
(Xp11.4-p11.23) [19] and contains an A644G (rs1799836)
SNP in intron 13 [25]. Although the MAOB A644G poly-
morphism is a synonymous substitution, this single
nucleotide polymorphism (SNP) is associated with vary-
ing enzyme activity. As the G allele of MAOB A644G
polymorphism is associated with lower brain MAOB
activity, the G allele may be involved in PD suscepti-
bility (protective). On the other hand, it has been shown
that in the human brain the A allele has been associ-
ated with higher messenger Ribonucleic Acid (mRNA)
levels of MAOB [1]. The positive association of the intron
13 A644G polymorphism in the MAOB gene with PD
has been reported in Caucasian and Japanese popu-
lations [6,25,32,39] whereas other studies failed to find
any correlation [12-14,18,28,29]. 

Catechol-O-methyltransferase (COMT) is an enzyme,
which by O-methylation inactivates neurotransmitters
or toxic catechols and some hydroxylated metabolites.
The COMT gene in humans is localized to chromosome
22, band q11.2. The Val158Met SNP within COMT
(rs4680) encodes a Valine→Methionine substitution
at protein residue 158 of the membrane-bound COMT
isoform that predominates in brain tissue. This sub-
stitution is linked to low COMT enzyme activity and
is designated the L (low activity) allele, in contrast to
the H (high activity) allele [18]. In the individuals 
with the L allele, the COMT protein is thermolabile.
Decreased COMT activity may result in increased me -

tabolism of dopamine to neuromelanin that can en -
hance the formation of cytotoxic radicals contributing
to neuronal degeneration [21]. As the A allele of COMT
G1947A is associated with low COMT activity of sol-
uble COMT [37], the A allele of COMT G1947A may be
linked to an increased risk of PD. Homozygosity for
the COMT A allele has been reported to be a genetic
risk of PD in Japanese people, but recent studies in
whites and Chinese people failed to confirm any asso-
ciation between PD and COMT polymorphism [24,40,41].

To understand the pathogenesis of PD, extensive
studies may be required. In fact, it is necessary to find
out whether a cluster of related genes is involved in
the nigrostriatal degeneration of dopamine neurons.
Several studies have focused on a mutation in a sep-
arate gene of either MAOB or COMT associated with
susceptibility to PD and there are a few reports indi-
cating the interplay between these two genes in
the pathogenesis of PD. Wu et al. [39] reported that
the low activity allele of COMT augments the positive
association of a single nucleotide variant in the MAOB
gene with PD in a Taiwanese population. On the other
hand, there is a report indicating that the combined
haplotype of the MAOB G (G/G) and COMT HL geno-
type caused a fourfold increase in the risk of PD in a Pol-
ish female population [2], thus an interaction between
these two dopamine-metabolizing enzymes may be cor-
related with the pathogenesis of PD. 

The prevalence of PD varies worldwide. In general,
this disease is less common in Asia than in Western
countries. Thus, understanding the ethnicity-specific
influence of susceptible genes on the PD risk in different
races may provide valuable clues to potential causes
of racial and individual susceptibility to PD. In the pre-
sent study, we determined both the individual and 
combined effect of MAOB and COMT genetic polymor -
phisms on the PD risk in a population of Iranian patients
(n = 103) with PD and in a control group (n = 70). 

Material and methods

HHuummaann  ssuubbjjeeccttss

Patients of Iranian origin were included in the study
after giving informed consent. The protocol of the study
was approved by the human subjects research Ethnic
Committee of the Tehran University of Medical Scien -
ces, Iran. A total of 103 unrelated patients suffering from
sporadic PD (72 males, 31 females) aged 36-83 years
(mean age 57.46 ± 10.35 SD) were enrolled in the study.
All patients were recruited from the Movement Dis-

Association of monoamine oxidase B and catechol-O-methyltransferase polymorphisms with sporadic Parkinson’s disease in an Iranian population



Folia Neuropathologica 2012; 50/4384

orders Clinic at the Hazrat Rasool Hospital in Tehran,
Iran. Diagnosis of idiopathic PD was based on clinical
symptoms according to the UK Parkinson's Disease
Society Brain Bank Clinical Diagnostic Criteria [8] and
if at least two of the four main signs of the disease,
i.e. tremor at rest, rigidity, bradykinesia and postural
reflex impairment, were observed. All patients were
examined during the “on” state for their baseline motor
function and the activities of daily living using the Uni-
fied Parkinson’s Disease Rating Scale (UPDRS) in the
phase of good motor activity. The severity of the dis-
ease was evaluated using the Hoehen-Yahr (H-Y) score
[16]. The control group consisted of 70 individuals 
(42 males, 28 females), aged 36-87 years (mean age
55.73 ± 11.69 SD) and recruited from the same hospi-
tal and without any previous diagnosis of a neurode-
generative or malignant disease. Controls and cases
were matched for age and sex.

Genomic DNA was extracted from blood samples,
using the NucleoSpin® blood XL kit (Macherey-Nagel,
Germany). COMT and MAOB genotypes were deter-
mined using the polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) assay, as orig-
inally described by Kunugi et al. [24] and Sun et al. [36].

GGeenneettiicc  aannaallyyssiiss

In the MAOB study, a 232 bp DNA fragment of the
MAOB containing the intron 13 polymorphism was
amplified. The forward primer 5-GGAACCTCTTATACCA -
CAGG-3 and reverse primer 5-GACTGCCAGATTT CAT -
CCTC-3 were used for partial MAOB DNA fragment
amplification [30]. The PCR mixture in the MAOB study
contained the same reagents used in COMT amplifi-
cation and under previously described conditions [3].
To determine the MAOB polymorphism, the PCR ampli-
fied DNA product was digested with the restriction
enzyme Tsp 45I. MAOB allele A (containing the Tsp 45I
restriction site) was detected as two bands of 146 and
86 bp, whereas allele G (containing no Tsp 45I restric-
tion site) was detected as a single 232-bp band [39].

The 217 bp region of the COMT gene, including 
exon 4, which contains the polymorphism site, was
amplified with the following set of primers: 5-TCGTG-
GACGCCGTGATTCAGG-3 and the reverse primer 
5-AGGTCTGACAACGGGTCAGGC-3 [24] under conditions
described previously [3, 24]. The PCR product was di -
gested with the restriction enzyme NIa III (Fermentase,
Canada), which cleaves the Met-108 allele (COMT low
activity) but not the Val-108 allele (COMT high activ-

ity), in addition to a constant cleavage site. Homozy-
gotes for COMTH variant give fragments of 136 and 
81-bp, heterozygotes fragments of 40, 81, 96 and 
136-bp and homozygotes for COMTL fragments of 40,
81 and 96-bp [39]. 

SSttaattiissttiiccaall  aannaallyyssiiss

Frequencies of genotypes and alleles were given
with their 95% confidence intervals (95% CI). Chi-square
and odds ratio were used to compare either allelic fre-
quencies or the genotype frequencies of MAOB or
COMT in the control and patient groups. When more
than 20% of the cell numbers, or when the expected
number of cases was less than 1.0 in a cell, Fisher’s
exact test was performed (SPSS, version 11.5). Since
the MAOB gene is located on the X chromosome,
the MAOB genotype was assessed separately in men
and women. Conformity of genotype distributions to
Hardy-Weinberg law was assessed using Chi-square
test.

Results 

The examination of MAOB and COMT gene’s poly-
morphism was carried out in 70 healthy individuals and
in 103 patients with diagnosed PD. The distribution
of MAOB genes is presented in Table I. No statistical-
ly significant differences were found in the frequen-
cy of MAOB genotype in PD patients and controls. How-
ever, there is an insignificantly higher incidence
of total A alleles in PD patients in comparison to
the controls [odds ratio (OR) 0.57, 95% 0.31-1.02, 
p = 0.06]. Since the MAOB gene is located on chro-
mosome X, both sexes were also analysed separate-
ly. A higher distribution of G/G genotype is shown in
women from the control group compared to the women
patients [odds ratio (OR) 8.18, 95% CI 0.91-72.91, 
p < 0.05]. 

Table II shows the allelic and genotype frequencies
for COMT polymorphism. There were no significant dif-
ferences between the two groups in the frequencies
of either the homozygous (H/H or L/L) or heterozygous
(H/L) genotypes. Similarly to the whole studied po -
pulation, there were no sex differences in the distrib-
ution of COMT genotypes. 

Evaluating the effect of the combined MAOB and
COMT polymorphism on the risk of PD development,
an insignificantly higher incidence of MAOB A or A/A
combined with the COMT L/L genotype was seen in the
patient group [odds ratio (OR) 0.48, 95% CI 0.21-1.20,
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GGeennoottyyppee  PPaattiieennttss  ((nn ==  110033)) CCoonnttrroollss  ((nn ==  7700)) χ22 PP--vvaalluuee OORR  ((9955%%  CCII))

All subjects

A, A/A 75 (72.8%) 44 (62.9%) 1.92 0.16 0.63 (0.33-1.21)

AG 16 (15.5%) 12 (17.1%) 0.08 0.77 1.12 (0.49-2.55)

G,G/G 12 (11.7%) 14 (20%) 2.27 0.13 1.89 (0.81-4.39)

Total alleles

A 105 (78.4%) 66 (67.3%) 3.54 0.06 0.57 (0.31-1.02)

G 29 (21.6%) 32 (32.7%)

Males

A 61 (84.7%) 34 (81.0%) 0.27 0.60 0.76 (0.28-2.08)

G 11 (15.3%) 8 (19.0%)

Females

A/A 14 (45.2%) 10 (35.7%) 0.54 0.46 0.67 (0.23-1.92)

A/G 16 (51.6%) 12 (42.9%) 0.45 0.50 0.70 (0.25-1.96)

G/G 1 (3.2%) 6 (21.4%) 4.66 0.03 8.18 (0.91-72.91)

TTaabbllee  II..  MAOB genotype frequencies

Figures in parantheses indicate percentages or 95% CIs

GGeennoottyyppee  PPaattiieennttss  ((nn ==  110033)) CCoonnttrroollss  ((nn ==  7700)) χ22 PP--vvaalluuee OORR  ((9955%%  CCII))

All subjects

H/H 20 (19.4%) 19 (27.1%) 1.42 0.23 1.54 (0.75-3.17)

H/L 50 (48.5%) 32 (45.7%) 0.13 0.715 0.89 (0.48-1.64)

L/L 33 (32%) 19 (27.1%) 0.47 0.49 0.79 (0.40-1.54)

Total alleles

L 116 (56.3%) 70 (50%) 1.33 0.27 0.77 (0.50-1.019)

H 90 (43.7%) 70 (50%)

Males

H/H 13 (18.1%) 12 (28.6%) 1.71 0.19 1.81 (0.73-4.46)

H/L 38 (52.8%) 19 (45.2%) 0.60 0.43 0.73 (0.34-1.58)

L/L 21 (29.2%) 11 (26.2%) 0.11 0.73 0.86 (0.36-2.02)

Females

H/H 7 (22.6%) 7 (25%) 0.048 0.82 1.14 (0.34-3.79)

H/L 12 (38.7%) 13 (46.4%) 0.35 0.54 1.37 (0.48-3.86)

L/L 12 (38.7%) 8 (28.6%) 0.67 0.41 0.63 (0.21-1.88)

TTaabbllee  IIII..  COMT genotype frequencies

Figures in parantheses indicate percentages or 95% CIs
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HHaapplloottyyppee  PPaattiieennttss  ((nn ==  110033)) CCoonnttrroollss  ((nn ==  7700)) χ22 PP--vvaalluuee OORR  ((9955%%  CCII))

A, A/A, H/L 37 (35.9%) 22 (31.4%) 0.37 0.54 0.81 (0.42-1.55)

A, A/A, H/H 14 (13.6%) 13 (18.6%) 0.78 0.37 1.45 (0.63-3.30)

A, A/A, L/L 24 (23.3%) 9 (12.9%) 2.94 0.08 0.48 (0.21-1.20)

A/G, H/L 7 (6.8%) 5 (7.1%) 0.00 0.93 1.05 (0.32-3.46)

A/G, H/H 3 (2.9%) 2 (2.9%) 0.00 0.98 0.98 (0.16-6.02)

A/G, L/L 6 (5.8%) 5 (7.1%) 0.12 0.72 1.24 (0.36-4.24)

G, G/G, H/L 6 (5.8%) 5 (7.1%) 0.12 0.72 1.24 (0.36-4.24)

G, G/G, H/H 3 (2.9%) 4 (5.7%) 0.84 0.35 2.02 (0.43-9.31)

G, G/G, L/L 3 (2.9%) 5 (7.1%) 1.69 0.19 2.56 (0.59-11.09)

TTaabbllee  IIIIII..  MAOB and COMT haplotype frequencies

Figures in parantheses indicate percentages or 95% CIs

HHaapplloottyyppee  PPaattiieennttss  ((nn ==  110033)) CCoonnttrroollss  ((nn ==  7700)) χ22 PP--vvaalluuee OORR  ((9955%%  CCII))

Females

A, A/A, H/L 5 (16.1%) 5 (17.9%) 0.03 0.86 1.13 (0.29-4.40)

A, A/A, H/H 3 (9.7%) 4 (14.3%) 0.29 0.58 1.55 (0.31-7.65)

A, A/A, L/L 6 (19.4%) 1 (3.6%) 3.50 0.06 0.15 (0.01-1.37)

A/G, H/L 7 (22.6%) 5 (17.9%) 0.20 0.65 0.74 (0.20-2.68)

A/G, H/H 3 (9.7%) 2 (7.1%) 0.12 0.72 0.71 (1.11-4.64)

A/G, L/L 6 (19.4%) 5 (17.9%) 0.02 0.88 0.90 (0.24-3.37)

G, G/G, H/L 0 (0.0%) 3 (10.7%) 3.49 0.06 0.89 (0.78-1.01) 
undefined

G, G/G, H/H 1 (3.1%) 1 (3.6%) 0.00 0.92 1.14 (0.06-19.25)

G, G/G, L/L 0 (0.00%) 2 (7.1%) 2.29 0.13 0.92 (0.83-1.02) 
undefined

Males

A, H/L 32 (44.4%) 17 (40.5%) 0.17 0.68 0.85 (0.39-1.83)

A, H/H 11 (15.3%) 9 (21.4%) 0.69 0.40 1.51 (0.56-4.02)

A, L/L 18 (25.0%) 8 (19.0%) 0.53 0.46 0.70 (0.27-1.80)

G, H/L 6 (8.3%) 2 (4.8%) 0.51 0.47 0.55 (0.10-2.85)

G, H/H 2 (2.8%) 3 (7.1%) 1.20 0.27 0.55 (0.10-2.85)

G, L/L 3 (4.2%) 3 (7.1%) 0.47 0.49 2.69 (0.43-16.8)

TTaabbllee  IIVV..  Sex effect on MAOB and COMT haplotype frequencies

Figures in parantheses indicate percentages or 95% CIs
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p = 0.08]. Moreover, it seems that this association is
stronger in women in the total population, but was not
seen in men. 

Discussion 

Several reports published so far aimed at evaluating
the association between polymorphisms of MAOB and
COMT enzymes and the incidence of PD. There are also
a few reports showing the interaction between the two
gene polymorphisms [2,3,39]. However, there are no
available data on the MAOB and COMT genotype inter-
play in an Iranian population.

The role of a genetic polymorphism of MAOB in
the etiopathogenesis of PD has been widely discussed
in the literature with conflicting results. The results
of the present study demonstrated that the presence
of allele A of MAOB might be associated with an in -
creased risk of PD. Similar to our data there is a report
that in Caucasians allele A occurred slightly more fre-
quently among PD patients than in controls [14]. Fur-
thermore, a two-fold risk elevation associated with
the polymorphism of intron 13 carries of allele A has
been shown, which was detected by single-strand con-
formational polymorphism analysis [25]. Another in -
vestigation in a Japanese population indicated the
predominance of MAOB allele A in PD patients [4,23].
On the contrary, a significant association between the
G allele of MAOB and an increased PD risk was ob -
served [6,33,39]. Other studies found no association
between this polymorphism and the PD risk in Asian,
Caucasian, Australian, Polish, British populations, 
and five other European countries (Italy, Malta, Roma-
nia, Scotland, and Sweden) [2,9,13,14,27,38]. Since the
MAOB gene is located on the X chromosome; the dis-
tribution of the alleles was also evaluated in both sex-
es. In females diagnosed with PD, there is a lower inci-
dence of G/G genotype. Thus, it seems that the G allele
may play a protective role against PD in females. How-
ever, in both sexes, there were no significant dif ferences
between patient and control groups in the frequency
of MAOB alleles and genotypes in Polish and Taiwanese
populations. The role of the MAOB polymorphism in
PD has not been fully established. There are reports
indicating the MAOB allele G as the marker of lower
enzymatic activity [25,27]. However, others reported con-
tradictory results [13]. Al -though it was suggested that
the MAOB (G/A) polymorphism of intronic origin
does not directly affect the amino acid sequence, it can
contribute to the varying expression of MAOB [7,11].

Undoubtedly, intensive oxidation processes in the nigro -
striatal cells may both initiate and intensify the already
existing deleterious processes. 

A similar situation can be observed in the case of
the COMT polymorphism. Most studies have not de -
tected an association between the COMT polymorphism
and the risk of PD [10,15,22,37,40]. Contrary to those
studies, it has been reported that the AA genotype is
a genetic risk factor for PD in the Japanese [24,41]. On
the other hand, another study on a Polish population
showed a significantly lower frequency of COMT L
homozygotes in PD in comparison to the controls [2].
The results of the present study failed to confirm any
significant association between the COMT polymor-
phism and the risk of PD. Furthermore, in PD subjects
and in the controls, the distribution of the COMT allele
studied was comparable both in men and women.
The low-activity COMT allele (COMT L) is common in
whites, with an allelic frequency of 40-50%, but less
common in Asians and Africans, in whom the frequency
is 20-30% [24,26,41]. The frequency of the COMT L allele
in our study (50%) was similar to Caucasians. Since both
COMT and MAOB metabolize dopamine and other cat-
echolamines, we have also analysed the additive
effect of MAOB and COMT polymorphisms and the risk
of PD. We found an insignificantly higher risk of PD in
individuals harboring the MAOB allele A or A/A (A for
men and A/A for women) combined with the COMT
genotype L/L. Low COMT enzyme activity results in
dopamine being metabolized mainly by MAOB, which
may increase oxidative stress on midbrain dopamine
neurons as a result of free radical formation through
MAOB high activity allele A [6,25,28]. There are limit-
ed reports addressing the issue of dopamine catabo-
lism in relation to the PD risk by using a two-gene mod-
el. In the Taiwanese, it has been suggested that the
association of PD with MAOB G allele is augmented in
the presence of COMT L genotype [39]. Similarly, a re -
search on the Polish population found that the frequency
of the haplotype consisting of MAOB allele G or G/G
combined with the COMT genotype H/L was significantly
higher in patients with PD [2]. In contrast, in the US pop-
ulation of Caucasian population ancestry, no cross talk
between MAOB and COMT was seen [13]. 

The present study, however, does have some limi-
 tations. First, although our results were negative, the
findings may be restricted to the Iranian population as
there may be ethnic differences. Moreover, our sam-
ple size may be small and may not be powerful enough,
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especially for the analysis of a combination of geno-
types, as the cells in the constructed contingency tables
of the combinations become many and each cell thus
has relatively small counts. Thus, larger sample sizes
are required to detect smaller effects, probably of minor
clinical significance. 

Conclusions

To the best of our knowledge, this is the first report
on the relation between MAOB and COMT genetic poly-
morphisms with PD in an Iranian population. Our results
suggest that the MAOB and COMT genetic polymor-
phisms do not play a role in the pathogenesis of PD.
In addition, the combined haplotype of MAOB and
COMT genes did not significantly affect the suscepti-
bility to PD in this population. However, further stud-
ies comprising larger control and case populations may
show significant results. 
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