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A B S T R A C T

Monoamine oxidase A (MAOA) plays important roles in the metabolism of catecholamines and modulates
adrenergic, noradrenergic, and dopaminergic signaling. A polymorphic promoter variable number tandem re-
peat (VNTR) locus (MAOA-uVNTR) is located approximately 1.2 kb upstream from MAOA exon 1. Functional
studies revealed that MAOA-uVNTR affects gene expression. In the present study, we examined the frequencies
of MAOA-uVNTR alleles in Japanese autopsy cases, in which amphetamines or psychotropic drugs were not
detected. In total, 87 males and 35 females were evaluated and investigated for the possible effect of MAOA-
uVNTR polymorphisms on cerebrospinal fluid (CSF) catecholamine concentrations. In males, there was no
significant association between MAOA-uVNTR polymorphisms and CSF adrenaline (Adr), noradrenaline (Nad),
or dopamine (DA) levels. In contrast, females who were homozygous for the 3-repeat allele (i.e., 3/3 genotype
carriers) had higher CSF levels of Adr (p= 0.024) and DA (p= 0.035) than individuals who were heterozygous
or homozygous for the 4-repeat allele (3/4 and 4/4, respectively). We found no significant association between
MAOA-uVNTR polymorphisms and CSF Nad levels in females. Thus, the results of the present study indicated
that MAOA-uVNTR polymorphism influences CSF Adr and DA levels in females.

1. Introduction

The catecholamines adrenaline (Adr), noradrenaline (Nad), and
dopamine (DA) act as neurotransmitters in the central and peripheral
nervous systems. Impaired neurotransmission or excess catecholamine
levels lead to pathophysiologic effects [1]. Catecholamines are removed
from the circulation either by reuptake into nerve terminals or by
metabolism [2]. Catecholamine catabolism mainly involves two en-
zymes, monoamine oxidase (MAO) and catechol-O-methyltransferase
(COMT). Specifically, Adr is metabolized to dihydroxymandelic acid by
MAO and to metanephrine by COMT; Nad is metabolized to dihy-
droxymandelic acid by MAO and to normetanephrine by COMT; and DA
is metabolized to dihydroxyphenylacetic acid by MAO and to 3-meth-
oxytyramine by COMT. There are two types of MAOs (MAOA and
MAOB) in humans. MAOA and MAOB play a key role in the degradation
of amine neurotransmitters. MAOA preferentially catabolizes serotonin
and Nad, whereas MAOB prefers β-phenylethylamine [3]. In the human
brain, MAOA is found in catecholaminergic neurons, whereas MAOB is

present in serotonergic neurons and glial cells [4]. Therefore, MAOA is
the predominant enzyme responsible for catecholamine deamination
[5].

MAOA is expressed in most human tissues [6]. The gene encoding
MAOA is located on Xp11.3. Given that one of the X chromosomes is
randomly inactivated in female mammals [7], one of the MAOA alleles
will be inactivated in a given cell in the female body. Various poly-
morphisms in the MAOA gene have been identified and investigated
[8]. A functional polymorphism of a variable number tandem repeat
(VNTR) in the promoter region of the MAOA gene (MAOA-uVNTR) has
been described; this VNTR consists of a 30-bp repeated sequence pre-
sent in 2, 3, 3.5, 4, 5, or 6 copies [9]. Alleles with 3.5 and 4 repeats are
transcribed 2–10 times more efficiently than the 3- and 5-repeat alleles
[10]. This polymorphism has been found to be associated with suicide
[11], panic disorder among women [12,13], and antisocial behaviors
[14].

In the present study, we investigated the MAOA-uVNTR genotype in
autopsy cases and evaluated associations with Adr, Nad, and DA
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concentrations in cerebrospinal fluid (CSF) to clarify the influence of
the MAOA-uVNTR genotype on catecholamine metabolism.

2. Materials and methods

2.1. Autopsy materials

Several psychotropic drugs target the major neurotransmitter sys-
tems in the brain. Amphetamines induce the release of neuro-
transmitters such as catecholamine [15], resulting in high postmortem
CSF levels of catecholamine in drug intoxication cases [16]. Therefore,
we examined autopsy cases in which amphetamines or psychotropic
drugs were not detected in blood and urine samples (Table 1). The
causes of death of the examined forensic autopsy cases are summarized
in Table 2. Although vasopressor administration was not clearly in-
dicated in hospital reports, no significant differences in catecholamine
levels in CSF were found between cases with and without critical
medical care at the time of death. During autopsy, CSF was collected
from openings of the cranial cavities using sterile syringes. Blood
samples were collected from right cardiac chambers. Urine samples
were drawn using an aseptic syringe after opening of the abdominal
cavities. This study was approved by the Fukuoka University Medical
Ethics Review Board and the institutional ethics committee of the Osaka
City University Graduate School of Medicine. The work described in
this article was carried out in accordance with The Code of Ethics of the
World Medical Association (Declaration of Helsinki) and the Uniform Re-
quirements for manuscripts submitted to biomedical journals (http://
www.icmje.org).

2.2. Analytical procedure

CSF concentrations of the catecholamines Adr, Nad, and DA were
determined as described previously [16]. Toxicological analyses were
performed on right heart blood and urine samples using gas chroma-
tography/mass spectrometry and liquid chromatography-tandem mass
spectrometry.

2.3. Genotyping

Peripheral blood was obtained from 122 autopsy cases, and genomic
DNA was isolated from each using a QIAamp DNA Mini Kit (Qiagen,
Hilden, Germany) in accordance with the manufacturer’s instructions.
The specific primers used were designed to amplify the MAOA-uVNTR
polymorphic region (forward primer: 5′- AGCGTGCTCCAGAAACATGA
-3′ and reverse primer: 5′- CTCAGAACGGACGCTCCATT -3′). MAOA-
uVNTR polymorphisms were amplified by PCR in a total reaction vo-
lume of 25 μl containing 2.5 units TaKaRa Ex Taq Hot Start Version
(TaKaRa Bio Inc., Otsu, Shiga, Japan), 10× Ex Taq Buffer, 200 μM
dNTP mixture, 500 nM each primer, and 100–200 ng genomic DNA.
The PCR cycling conditions were as follows: 30 cycles consisting of
94 °C for 20 s, 60 °C for 30 s, and 72 °C for 1min, followed by a final
extension step at 72 °C for 7min. An aliquot (4 μl) of the resulting PCR
products was subjected to electrophoretic separation on a 2% NuSieve™
3:1 Agarose gel (Lonza, Basel, Switzerland), stained with Gelgreen
(Biotium, CA, USA), and visualized using UV illumination. Fragment
sizes were determined by comparison with a 50-bp DNA Ladder
(TaKaRa Bio Inc.). The lengths of PCR products corresponding to 2, 3,
and 4 repeats were 244 bp, 274 bp, and 304 bp, respectively. The
identities of the products obtained from several of the samples were
confirmed by direct sequencing.

2.4. Statistical analysis

Allele frequencies were estimated, and Hardy–Weinberg equili-
brium was performed using SNPAlyze software ver. 8.0.2 (Dynacom,
Chiba, Japan). Catecholamine concentrations and MAOA-uVNTR
polymorphisms were compared using nonparametric Wilcoxon rank-
sum and Steel–Dwass tests. Statistical analyses were performed using
SAS statistical software (SAS Enterprise Guide, Cary, NC, USA). The
association between log-transformed CSF catecholamine concentrations
and MAOA-uVNTR polymorphisms was analyzed using linear regres-
sion analysis adjusted for age. Linear regression analysis was performed
using STATA statistical software (StataCorp LLC, TX, USA). Differences
were considered significant when p < 0.05.

3. Results

Table 3 shows the results of the MAOA-uVNTR genotype frequency
analyses. We identified only three alleles (2, 3, and 4 repeats). There
were no significant deviations from Hardy–Weinberg equilibrium for
the genotype distribution in the female autopsy case group. MAOA-
uVNTR allele frequencies in this study were similar to those reported

Table 1
Case profiles.

Number of
cases

Age, years
(median)

Postmortem interval (day)
(median; h)

Male 87 16–91 (63) < 0.5–3 (27.3)
Female 35 11–88 (72) < 0.5–4 (27.9)

Table 2
Cause of death of the forensic autopsy cases.

Cause of death Number of cases

Male Blunt head injury 3
Blunt injury (Others) 10
Sharp instrument injury (Hemorrhagic shock) 6
Fire fatality 19
Asphyxia 8
Drowning 6
Hypothermia (Cold exposure) 3
Hyperthermia (Heat stroke) 2
Intoxication (Others) 5
Acute cardiac death 15
Natural death excluding acute cardiac death 7
Others* 3

Female Blunt head injury 1
Blunt injury (Others) 3
Sharp instrument injury (Hemorrhagic shock) 4
Fire fatality 14
Asphyxia 1
Drowning 3
Hypothermia (Cold exposure) 1
Hyperthermia (Heat stroke) 0
Intoxication (Others) 3
Acute cardiac death 2
Natural death excluding acute cardiac death 3
Others 0

* Cervical spinal cord and common artery injury (n=1), Anaphylactic shock
(n=2).

Table 3
Frequency of the variable number tandem repeat (uVNTR) allele in the mono-
amine oxidase A (MAOA) promoter region in forensic autopsy cases.

MAOA-uVNTR n Frequency (%)

Male 2 1 1.15
3 55 63.22
4 31 35.63

Female 2/4 1 2.86
3/3 11 31.43
3/4 16 45.71
4/4 7 20.00
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previously for Asian populations [17,18].
The effects of the MAOA-uVNTR genotype on the CSF levels of Adr,

Nad, and DA were determined in autopsy cases. In these analyses, the
median CSF Adr concentrations in males and females were 5.51 and
3.98 ng/ml, respectively; the median CSF Nad concentrations in males
and females were 25.9 and 23.6 ng/ml, respectively; and the median
CSF DA concentrations in males and females were 17.1 and 13.7 ng/ml,
respectively. There were no significant differences between males and
females in terms of CSF Adr, Nad, and DA levels.

CSF levels of Adr, Nad, and DA were not associated with MAOA-
uVNTR genotypes in males (Fig. 1). CSF levels of Adr, Nad, and DA
were not associated with individual MAOA-uVNTR genotypes in fe-
males (Fig. 2A). In contrast, females who were homozygous for 3-repeat
alleles (i.e., 3/3 genotype carriers) had higher CSF levels of Adr and DA
than females who were heterozygous or homozygous for 4-repeat al-
leles (3/4 and 4/4, respectively) (Fig. 2B). Specifically, the median CSF
concentrations of Adr in 3/3 genotype carriers and 4-repeat-allele (3/4
and 4/4) carriers were 5.76 and 3.19 ng/ml, respectively (p= 0.024),
for Adr; and 18.8 and 10.3 ng/ml, respectively (p= 0.035), for DA.
Before adjustment for age, females who were homozygous for 3-repeat
alleles had higher CSF levels of Nad than females who were hetero-
zygous or homozygous for 4-repeat alleles. However, after adjustment
for age, CSF levels of Nad were not associated with MAOA-uVNTR
genotype in females (p= 0.060).

4. Discussion

In this study, the MAOA-uVNTR genotype was associated with CSF
levels of Adr and DA in females. As assessed in transfected human
neuroblastoma and human placental choriocarcinoma cell lines,
MAOA-uVNTR constructs containing 3 repeats have lower transcrip-
tional activity than constructs containing 4 repeats [10,12]. MAOA
activity in male skin fibroblast cultures with 3 MAOA-uVNTR repeats
was significantly lower than that in cultures with 4 repeats [19].
Therefore, MAOA activity in carriers of the 3/3 genotype was expected
to be lower than that in carriers of the 4/4 genotype. However, the
present study did not detect a significant difference in CSF levels of
catecholamines when comparing between 3/3 genotype carriers and 4/
4 genotype carriers. This discrepancy may reflect the limited number of
cases examined in the present work. In contrast, when we compared 3/

3 genotype carriers to individuals harboring 4-repeat alleles (i.e., 3/4
and 4/4 genotype carriers), there was a significant difference in CSF
Adr and DA levels. The MAOA gene is located on the X chromosome,
and most X-chromosome genes are inactivated on one or the other X
chromosome in females. Nonetheless, a number of genes escape X-
chromosome inactivation, such that 15% of X-linked genes are ex-
pressed from both the active and inactive X chromosome [20]. How-
ever, it has been reported that MAOA is indeed subjected to X-chro-
mosome inactivation in humans [21,22]. Females heterozygous for X-
linked genes have mixtures of two types of cells due to X-chromosome
inactivation [23]. Because the inactivation of one X chromosome in
each cell is a random event, females have varying X-inactivation ratios,
defined as the proportions of the two types of cells [24]. Although the
contribution of X chromosome inactivation to the regulation of MAOA
levels is unclear, it seems that the MAOA activity of individuals who are
heterozygous (3/4) is higher than 3/3 genotype carriers. The observa-
tion in the present study of higher Adr and DA concentrations in the
CSF of female 3/3 genotype carriers was consistent with the lower ac-
tivity compared with 4 repeats allele (3/4 and 4/4) carriers in females.
After adjustment for age, CSF levels of Nad were not associated with the
MAOA-uVNTR genotype in females. Catecholamines apparently de-
crease in the brain as some species age [25]. CSF Adr and DA levels in
females were not associated with age in this study. Although we found
no significant association between CSF Nad and age in females (p=
0.056), CSF Nad levels may have been influenced by age. The Km of
MAOA for Nad is higher than that for Adr and DA in homogenates from
human cerebral cortex [26]. For these reasons, it is considered that
there was no significant association between CSF Nad and MAOA-
uVNTR in females.

In contrast to the observation in females, the MAOA-uVNTR geno-
type was not associated with the CSF levels of Adr, Nad, and DA among
males. Notably, females have two X chromosomes, whereas males have
one X chromosome. Therefore, the correlation between genotype and
gene activity is expected to be simpler in males. Notably, the activity of
MAOA differed 515-fold among male skin fibroblast cultures [19] and
varied considerably by individual. In the present study, CSF Adr, Nad,
and DA concentrations in males exhibited wide variation compared
with the CSF concentrations of the respective catecholamines in fe-
males. This wider variance may explain the failure to detect a sig-
nificant difference in males.

Fig. 1. Cerebrospinal fluid levels of catecholamine (ng/ml) in forensic autopsy cases according to VNTR polymorphism in the monoamine oxidase A promoter region
in males. Bars, boxes, whiskers, and open circles indicate medians, 25th and 75th percentiles, ranges, and outliers, respectively.
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DA is metabolized to homovanillic acid (HVA) via either of two
pathways by MAO and COMT. The MAOA-uVNTR genotype has been
reported to significantly influence the HVA concentration. Specifically,
a low-activity MAOA-uVNTR genotype was associated with higher CSF
HVA levels in healthy male volunteers [27], in an overall male sample
(including individuals with alcoholism and healthy controls) [28], and
in female patients with treatment-resistant depression [29]. A high-
activity MAOA-uVNTR genotype was associated with higher CSF HVA
levels in healthy female volunteers [27] and in male patients with
mental health disorders [30]. These results for low- and high-activity
genotypes are inconsistent with each other. CSF HVA levels may be
altered by the rate of biosynthesis, release, and reuptake of DA [28].
The effect of the MAOA-uVNTR genotype on CSF HVA concentration
may change depending on gender or case. Notably, MAOA-uVNTR

genotype was not associated with the level of 3-methoxy-4-hydro-
xyphenylglycol (MHPG), a Nad metabolite, in these subjects [27–30].
Thus, MAOA-uVNTR was not associated with either CSF Nad levels or
the MHPG concentration.

High or low concentrations of catecholamines are related to a wide
variety of health conditions. MAOA-uVNTR polymorphism has been
reported to be associated with reactive impulsive experimental ag-
gressiveness in healthy men and women [31], psychopathological dis-
orders such as anxiety depending on gender [32], and enhanced vul-
nerability to suicide in males with depression [33]. The MAOA-uVNTR
polymorphism also has been reported to be associated with diverse
mental health conditions, an effect that may reflect differences in ca-
techolamine concentrations caused by differences in MAOA activity.

Many factors influencing catecholamine concentrations were not

Fig. 2. Cerebrospinal fluid levels of catecholamine (ng/ml) in forensic autopsy cases according to VNTR polymorphism in the monoamine oxidase A promoter region
in females. (A) Genotype (B) 3/3 versus 3/4+4/4. Bars, boxes, whiskers, and open circles indicate medians, 25th and 75th percentiles, ranges, and outliers,
respectively. Differences between genotypes are indicated as follows: *p < 0.05.
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considered in this study. Notably, catecholamines are released during
the stress response; catecholamine levels fluctuate with the circadian
rhythm; and Adr and Nad concentrations increase markedly during
exercise [34]. In forensic autopsy cases, there is often little or no
antemortem information available. The precedent conditions can vary
markedly among subjects, resulting in ambiguity as to the cause of
death, estimated time of death, nature of the last meal, and elapsed time
between that meal and death. Subjects also are highly likely to be under
great stress before death or at the time of death. Thus, many factors
other than MAOA-uVNTR may influence CSF catecholamine con-
centrations in autopsy cases. The ratio of the concentration of ca-
techolamines to the resulting metabolite of the reaction regulated by
MAOA-uVNTR should be investigated in further studies. Additionally,
our data were limited by the small sample size. A larger sample size
would be required to verify the relationship between CSF catechola-
mine concentration and MAOA-uVNTR by analyzing cases where con-
ditions are matched as much as possible.

5. Conclusions

In this study, we examined the relationships between catecholamine
levels in CSF and MAOA-uVNTR genotype in autopsy cases in which
amphetamines or psychotropic drugs were not detected. These analyses
showed significantly higher CSF Adr and DA concentrations in female
cases with the 3/3 genotype than in cases harboring a 4-repeat allele
(3/4 and 4/4 genotypes). The MAOA-uVNTR genotype was not asso-
ciated with CSF levels of Nad in females. Among males, no significant
associations were identified between MAOA-uVNTR genotype and the
CSF levels of Adr, Nad, or DA. These data suggest that the MAOA-
uVNTR genotype affects CSF Adr and DA levels in females. High CSF
levels of catecholamine may affect diverse health conditions.
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