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Recently a functional 30 bp variable number of tandem repeat polymorphism (VNTR)
in the promoter region of the MAO-A gene was identified, which was shown to be as-
sociated with MAO-A transcriptional activity. Variation in the number of repeats (3-5)
displayed a 2.7-4.8 fold increased transcription activity for allele containing four or five
repetitive elements than allele containing three repetitive elements. In the present study
we investigated this polymorphism in 78 male and 122 female patients with bipolar and
unipolar affective disorders, and in 221 control subjects.

There were significant differences in the alleles and genotypes frequencies between the
group of females with bipolar affective illness compared to the controls and compared to
the unipolar female subjects. No differences were found in genotype distribution between
unipolar female patients and control group and between bipolar and unipolar male sub-
Jects comparing to the controls. We suggest that the association may exist between uVNTR
polymorphism in MAO A gene and bipolar affective disorder in women.
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Introduction

Monoamine oxidase MAO is an enzyme that catalyses the oxidative deamination
of biogenic amines, including brain neurotransmitters such as noradrenaline, dopamine
and serotonin. All of these are supposed to play a major role in a pathophysiology of
affective disorders and schizophrenia [1]. Therefore MAO has been of great interest
in psychiatric research. There are two isoforms of MAO — MAO-A and MAO-B with
different substrate affinity [2]. Monoamine oxidase A inhibitors are effective treatments
for depression in affective disorders [3]. This makes the monoamine oxidase A gene
one of the possible candidate genes in affective disorders.
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The MAO-A gene was cloned and characterised in 1988. It was shown to map to
region p11.23-p11.4 in chromosome X [4]. Subsequently, four gene polymorphisms
were demonstrated, namely:

1. MAO-A-(CA)n — MAO-A dinucleotide repeat polymorphism [5]

2. variable number of tandem repeats in intron 1 (MAO-A-VNTR) [6]

3. MAO A restriction fragment length polymorphism in egzon 8 (RFLP) [7]
4. MAO-Au VNTR polymorphism in the promoter region [§]

Lim et al. [7] were the first to hypothesise that the MAO A gene could be implicated
in the aetiology of bipolar disorder. They studied bipolar patients using MAO-A dinucle-
otide repeat marker and found a higher prevalence of the 3-repeat allele in the group
of bipolar patients than in control subjects. Their results were confirmed by Kawada
et al. [9] in a sample of bipolar patients of Japanese origin. Also Rubinsztein et al. [§]
found a significant difference in the frequencies both for microsatellite and the RFLP
polymorphisms between bipolar patients and controls. However subsequent studies
yielded conflicting results. N6then et al. [10], Craddock et al. [11] and Muramatsu et
al. [12] did not confirm the association between polymorphisms of MAO-A gene and
bipolar disorder, using either the dinucleotide marker or VNTR and RFLP markers.

Recently, Sabol et al. [13] identified a functional 30 base pair (bp) polymorphism
of a variable number of tandem repeat (VNTR) in the promoter region of the MAO-A
gene, which was shown to be associated with MAO-A transcriptional activity. The
Sabol group identified four alleles: allele 1 - containing three repeats, allele 2 - contain-
ing 3.5 repeats, allele 3- containing four repeats and allele 4- containing five repeats.
Variation in the number of repeats (3-5) of this polymorphism displayed a 2.7-4.8 fold
increased transcription activity for the allele containing four repetitive elements (allele
3) then the allele containing three repetitive elements (allele 1) [14].

Although previous studies have suggested a possible association between several
polymorphisms of the MAO A gene and mood disorders, there is no evidence that these
polymorphisms are related to the function of the MAO-A gene. On the other hand,
the polymorphism found by Sabol et al. [13] is related to the functional activity of
the MAO-A. A study performed by those authors [13] has shown that the three-repeat
allele (allele 1) and five repeat allele (allele 4) were less active than allele with 3.5
repeats (allele 2) and allele with four repeats (allele 3). Deckert et al. [15] examined
the frequency of the more active alleles in German and Italian patients with panic
disorder. They found no differences in the male group, however, longer alleles were
more common in females with panic disorder compared to the control. Samochowiec
et al. [16] found that the less active (three-repeat allele) was more common in the
antisocial alcoholics.

In this paper we report the data from a group of Polish bipolar and unipolar patients
with affective disorders. We hypothesised that the MAO-A uVNTR polymorphism
may be associated with affective disorders.
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Materials and methods
Subjects

Subjects were 200 patients with affective disorders (78 males and 122 females),
106 with bipolar affective illness (52 males, 54 females) and 94 with unipolar illness
(mean number of depression 3) (26 males, 68 females). The mean age was 49 (SD=14)
years for the bipolar group and 50 years for unipolar group (SD=11).

Patients with mood disorders were recruited from inpatients, treated at the Depart-
ment of Adult Psychiatry, University of Medical Sciences in Poznan (n=122) and at
the Department of Psychiatry, Pomeranian University of Medical Science in Szczecin
(n=78). Consensus diagnosis by at least two psychiatrists according to the ICD-10 and
DSM-1V criteria, was made for each patient using SCID (Structured Clinical Interview
for DSM-IV Axis I Disorders).

Two hundred and twenty one control subjects (90 females, 131 males) were recruited
from the group of blood donors. They were not psychiatrically screened. Their mean
age was 59 years (SD=14). The project was accepted by the local ethical committee.

DNA analyses

Genomic DNA was extracted from anticoagulated venous blood samples or lym-
phoblastoid cell lines using a salting out method [17]. The VNTR polymorphism in
the promoter region of the MAO-A gene was amplified by polymerase chain reaction
(PCR) with oligonucleotide primers: For 2 (sense): (5’ - CCC AGG CTG CTC CAG
AAA C 3°), Ref2 (antisense): (5’- GGA CCT GGG CAG TTG TGC-3"). PCR reac-
tions contained 100 ng genomic DNA, 10 pmol of each primer, 50 mM KCl, 75 mM
Tris-HCL (pH 8.3 at 25 C), 1.5 mM MgCl,, 0,01% gelatine, 200mM of each dNTP,
20 mM (NH4),S0,, 0.01% Tween 20 and 0.5 unit Taq polymerase (InViTek) in the
total volume of 25 il. Cycling conditions were initial denaturation at 95°C for 3 min,
followed by 35 cycles of (denaturation at 94°C for 40 s, annealing at 60°C for 30s
elongation at 72°C for 50 s) and a final elongation at 72°C for 5 min. PCR was car-
ried out in a Perkin-Elmer Cetus 9600 thermal cycler. Amplification products were
separated by electrophoresis on 3% Methaphor agarose gels and bands were visualised
by ethidium bromide staining. Fragment sizes were determined by comparison to mo-
lecular length standards. The 209 bp fragment refers to 3- repeats, 239 bp: 4-repeats,
269 bp: S-repeats.

Genotyping was carried out without knowledge of the diagnostic status of the
subjects.

Statistical analysis

The chi-square (y?) test was applied to test differences in the allelic distribution
between groups of affective disorders patients and controls. Odds ratio together with
their 95% confidence bounds for allele prevalence (frequency of individuals carrying
a certain allele) were calculated using the computer program (SPSS version 7.5.2.).
Two-tailed type I error rate of 5% was chosen for the analyses.
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Results

Although Sabol’s group identified four alleles of a 30 base pair (bp) motif of the
MAO-A gene, we detected only three alleles, i.e. the allele containing five, four and
three repetitive elements. In our sample, only five persons had the five repeat allele
(four from control group and one from patient group) so we did not analyse this group.
The genotype distribution in females were in Hardy-Weinberg equilibrium for all three
groups (for the bipolar 2 =0,667, p=0,414, for the unipolar group x>=0,239, p=0,239,
for controls x*=1,56, p=0,211).

The frequency of the alleles was analysed only in female subjects because the
gene maps to chromosome X therefore the genotypes in males are also alleles. The
genotype distribution was analysed separately for male and female subjects. We found
a significant difference in genotype distribution between female bipolar patients and
the control group (p=0,029). In male bipolar patients the distribution of genotypes did
not differ significantly. For unipolar depression, genotype distribution did not differ
significantly from that for the controls in males or in females. For bipolar female pa-
tients we found a significant difference (p=0,013) in allele frequencies comparing to
the control group, but in the group of unipolar female patients we found no significant
difference in allele frequencies. We observed statistically significant difference in both
allele and genotype frequencies between bipolar and unipolar female patients only
(p=0,029 for genotypes, p=0.006 for alleles).

Discussion

The main finding of our study is an association between the functional polymor-
phism in the promoter region of the MAO-A gene and bipolar affective illness in female
subjects. It may suggest that this functional VNTR polymorphism of the MAO-A gene
is likely to have some relevance to the susceptibility to bipolar mood disorder. In our
sample, the allele containing three repeats was significantly more frequent in the group
of female bipolar patients compared with female control subjects and with unipolar
female subjects. We also found significant difference in the genotype distribution in the
female bipolar patients compared to the control subjects and unipolar female subjects.
On the other hand, we did not find differences in genotype/allele distribution in male
bipolar and unipolar subjects comparing to the control group.

Our results are in contrast with those of Furlong et al. [ 1] who found no association
of promoter VNTR polymorphism and affective disorders. Also Kunugi et al. [ 14] found
no association of this polymorphism either in males or females and affective disorders
in the Japanese population. Jorm et al. [18] studied this polymorphism in the group
of Caucasian patients with depressive symptoms although no significant association
was observed, they found a trend towards some association in females with 3.5 repeat
allele (allele 2) and anxiety traits.

Our results correspond in a way to those of Deckert et al. [15] who observed an
association between this polymorphism and female gender with panic disorder. These
authors found that in females with panic disorder the more active allele was signifi-
cantly more frequent, whereas in our study the less active allele was significantly more
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frequent in bipolar female patients. Since drugs used in the treatment of depression
(such as moclobemide) inhibit the MAO-A activity, therefore our results are difficult
to interpret. They may resemble findings with serotonin transporter gene in affective
illness, where a less active variant of this transporter polymorphism was prevalent,
and drugs inhibiting this transporter (SSRI) exert a therapeutic action (19).

In summary, we found an association between the less active form of functional

polymorphism in the promoter region of the MAO-A gene and bipolar affective ill-
ness in females.
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Table 1

Genotype distribution and allele frequencies of MAQO-A gene polymorphism

in female subjects of bipolar, unipolar and control group
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Difference bipolar versus control — 2 =7.581 df=2 p=0.023 for genotypes, x*=6.790 df=1
p=0.013 for alleles

Difference unipolar versus control — x?>=3.436 df=2 p=0.179 for genotypes, x>=0.152 df=1
p=0.719 for alleles

Difference bipolar verus unipolar — y>=7.074 df=2 p=0.029 for genotypes, x*>=7.800 df=1

p=0.006 for alleles

Table2
Genotype (alleles) distribution of MAO-A gene in male subjects
of bipolar, unipolar and control group

e 5 ide d TOTL

EIFOLAF: re E o
5 (51T (1005

LMIFOILAF: i Y o
(2513 LR (100

CONTRIOL AT i i1

3547 (.15 (1004

Differences bipolar versus control — y>= 0.655 df=1 p=0.499
Difference unipolar versus control — %= 1.590 df=1 p=0.260
Differences bipolar versus unipolar — y>= 2.786 df=1 p=0.134
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