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This study investigated the possible association of
the MAOA T941G gene variant with differential
antidepressant response to mirtazapine and/or
paroxetine in 102 patients with major depression
(DSM-IV criteria) participating in a randomized
double-blind controlled clinical trial. Female
mirtazapine-treated patients homozygous for
the T-allele had a significantly faster and
better treatment response than TG/GG-patients.
In males, we failed to show an association between
MAOA T941G gene variant and mirtazapine
response. In the paroxetine-treated group, there
were no significant differences in treatment
response between MAOA T941G genotype groups.
Time course of response and antidepressant
efficacy of mirtazapine, but not paroxetine, seem
to be influenced in a clinically relevant manner
by this allelic variation within the MAOA gene,
at least in female patients. An independent repli-
cation of our finding is needed. If replicated,
genotyping of this locus could become a promising
tool to predict response to mirtazapine treatment
in females suffering from major depression.
� 2006 Wiley-Liss, Inc.
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INTRODUCTION

The identification of gene variants affecting drug response is
a promising tool in the search for predictors of response to
psychopharmacological drugs.

The selective serotonin reuptake inhibitor (SSRI) paroxetine
inhibits the serotonin transporter (5-HTT), thus decreasing
the reuptake of serotonin (5-HT) and consecutively augment-
ing the amount of 5-HT in the synaptic cleft. Paroxetine as
well as other SSRIs are widely and successfully used in the
treatment of major depression. The serotonergic neuro-
transmission is therefore a good candidate in the search of
antidepressant response predictive factors. The anti-
depressant effect of SSRIs, like paroxetine and fluvoxamine,
has been found to be partly influenced by gene variants of the
serotonin transporter and of the tryptophan hydroxylase
(TPH). However, the results for other genes have been less
conclusive with some reports failing to replicate positive
findings [for extensive review, see Malhotra et al., 2004;
Bondy, 2005; Serretti et al., 2005].

Mirtazapine is an antidepressant drug that is believed to act
through a potent antagonism of central a2-adrenergic auto-
and heteroreceptors located on both noradrenergic and
serotonergic neurons. As a result, mirtazapine appears to
enhance both the neurotransmission of serotonin and norepi-
nephrine (NE). Additionally, mirtazapine inhibits 5-HT2A,
5-HT2C, and 5-HT3 receptors, thereby focusing the enhanced
serotonergic neurotransmission on 5-HT1A receptors [Fawcett
and Barkin, 1998; Kent, 2000]. Pharmacogenetic studies on
mirtazapine treatment in mood disorders are scarce; Murphy
et al. [2004] showed a small effect of the serotonin transporter
gene promoter polymorphism (5-HTTLPR) on mirtazapine
efficacy in geriatric major depression. Our previous report
[Szegedi et al., 2005] indicated an influence of the COMT Val/
Met polymorphism on mirtazapine treatment response in
major depression.

Monoamine oxidase (MAO) catalyzes the oxidative deami-
nation of a number of biogenic amines in the brain and
peripheral tissues. Thus, it is one of the major enzymes
responsible for the degradation of the neurotransmitters
serotonin, NE, and dopamine (DA). Significant improvement
in major depression can occur by the administration of
substances that inhibit MAOA activity. This physiological
and pharmacological evidence makes the MAOA gene a
potential candidate for pharmacogenetic studies on the
antidepressive effect of paroxetine and mirtazapine. The
gene encoding MAOA is located on the X-chromosome
(Xp11.4-p11.23) [Levy et al., 1989] and contains 15 exons that
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span at least 60 kb. Several polymorphisms within theMAOA
coding sequence have been identified. The occurrence of
guanine (G) at position 941 creates a restriction site for
Fnu4H1 within the coding region of the gene. Although this
T/G exchange concerns the third base of a codon, thereby not
affecting protein structure, it was associated with varying
enzyme activity. Hotamisligil and Breakefield [1991] reported
anassociation of theT-allelewith lowerMAOAenzymeactivity
in 40 cell lines of known MAOA activity.

So far, there is a paucity of studies addressing the influence
of variations in the MAOA gene on antidepressant treatment
response.Mainly, the impact of a functional polymorphism of a
variable number tandem repeat (uVNTR) in the promoter
region upstream of the MAOA gene [Sabol et al., 1998] has
been investigated. Neither short-term response in depressed
patients to moclobemide [Müller et al., 2002] nor to paroxetine
or fluvoxamine [Cusin et al., 2002; Yoshida et al., 2002] has
been affected by this MAOA gene variant. A different result
with an association of the uVNTR with fluoxetine response in
HanChinese patientswas recently reported byYuet al. [2005].
Additionally, in a study ofSerretti et al. [2004] thisMAOA gene
variant was not associated with relapse after remission from a
major depressive episode. Whether the MAOA T941G poly-
morphism is associated with antidepressant drug response to
paroxetine or mirtazapine has not been investigated so far.

The aim of the present study was to investigate the possible
effect of the MAOA T941G gene variant on the outcome of
mirtazapine and paroxetine antidepressant treatment in
patients with major depression.

METHODS

Patients

Two hundred seventy-two outpatients were enrolled in
a multi-center, randomized, double-blind comparison of
mirtazapine and paroxetine conducted at 50 centers in
Germany. Of these patients, 116 gave written informed
consent for the asseveration of blood samples for DNA
genotyping and the analyses of possible associations between
genotypes and clinical data (e.g., response to treatment). All
study components had been approved by the local ethics
committees.

A detailed description of the recruitment procedure, treat-
ment schedule, and clinical assessments has been reported
separately in previous papers [Benkert et al., 2000; Szegedi
et al., 2005]. In brief, males and females, aged from 18 to
70 years and fulfilling DSM-IV criteria for major depressive
episode with a sum score �18 points on the 17-item version of
the Hamilton Rating Scale for Depression (HAMD-17) at the
start and end of a placebo washout period, were eligible for the
study. Diagnosis of major depressive episode according to
DSM-IV criteria was assigned by 11 clinically experienced
research assistants, who underwent several rater trainings
prior to the start of the study. Exclusion criteria were the lack
of response to at least two adequate antidepressant treatments
during the current depressive episode, current episode’s
duration more than 12 months, more than three previous
episodes that did not respond to adequate treatment, a
reduction of �25% in the HAMD-17 sum score during placebo
washoutperiod, suicide riskdefinedas a score of 4–6 on item10
of theMontgomery-AsbergDepressionRating Scale (MADRS),
history of bipolar affective disorder, depressive disorder not
otherwise specified, panic disorder (with or without agorapho-
bia), agoraphobia without a history of panic disorder, schizo-
phrenia, organic mental disorder, eating disorder, specific
phobia, social phobia, or generalized anxiety disorder.

After a 3- to 7-day washout period, patients were randomly
assigned to either mirtazapine or paroxetine treatment for

6 weeks. Mirtazapine was first administered at 15 mg (days 1
and 2), from day 3 onward at 30 mg/day; after 2 weeks, an
increased dose of 45 mg/day was given to non-responders,
defined by Clinical Global Impression scale (CGI) ratings in
the efficacy index of ‘‘slight’’ or ‘‘unchanged/worsened’’ and no
‘‘outweighs therapeutic efficacy’’ ratings in the tolerability
index.Paroxetine dosewas20mg/dayand could be increased to
40 mg/day after 2 weeks in non-responders according to the
same pre-specified CGI criterion. No concomitant psychotropic
treatment was allowed during the study. All patients were
assessed at baseline (day 0), and on days 7, 14, 21, 28, and 42 of
active treatment using the HAMD-17.

DNA Analysis

Genotyping was performed blind to treatment and clinical
course of the illness. Genomic DNA was prepared from 10 ml
blood using the Qiagen Maxi DNA Extraction Kit. The primer
pair sfnu IV (GAC CTT GAC TGC CAA GAT) and asfnu IV
(CTT CTT CTT CCA GAA GGC C) [Hotamisligil and Breake-
field, 1991] was used to determine the presence of a G- or
T-allele located at position 106 in exon 8 of the MAOA gene
(rs6323). Fifty microliters PCR reactions contained 50 nmol
genomic DNA, 0.2 mM/L dNTPs, 15mM/L ammonium sulfate,
60 mM/L Tris-HCl (pH 9.0), 2 mM/L MgCl2, 0.3 mM/L of each
primer, and1UTaqpolymerase (LifeTechnologies,Karlsruhe,
Germany).After the initial denaturation stepat 958C for 3min,
DNA was amplified in 35 PCR cycles (948C for 30 sec; 668C for
30 sec; 728C for 1 min). The final extension step was 728C for 5
min. Twenty-five microliters of the PCR product was digested
with 3 U Fnu IV (New England Biolabs, Frankfurt am Main,
Germany), analyzed by gel electrophoresis in a 2.5% agarose
gel containing ethidium bromide, and visualized under UV
light. When guanine is present, digestion results in two
fragments of 65 bp whereas the absence of the Fnu IV
recognition site (GCNGC) leaves the 130-bp PCR product
intact.

Data Analysis

Data analyses were carried out using SPSS (version 12.0).
With respect to theX-chromosomal location of theMAOA gene,
all analyses were performed for males and females separately.
For the entire treatment group and within treatment groups,
clinical and demographic characteristics were compared
between genotype groups with one-way ANOVA, t-test or with
Chi-square test, when appropriate.

Continuous data. For the entire treatment group and
within treatment groups, HAMD-17 total score differences
between genotype groups were analyzed using a linear mixed
model for repeated measurement ANCOVA provided by SPSS
(12.0). In this model, we included HAMD-17 total scores as
dependent variables; the independent variables time and
genotype as well as the interaction time� genotype were
included as fixed effects, cases as random effects. For this
analysis, patients with valid HAMD-17 scores for at least
2 weeks of treatment (and baseline) were included (mirtaza-
pine group: 36 females/13 males; paroxetine: 29/14). Propor-
tions of missing data (mirtazapine group: females 2.8%/males
3.8%; paroxetine group: 2.3%/5.9%) were similar between
treatment groups. Additionally, within the intention-to-treat
sample HAMD-17 total score differences between genotype
groups were analyzed at each time point of the study with one-
way ANOVA or t-test, if appropriate.

Categorical data. Within the intention-to-treat sample
we performed a global evaluation of response rates (i.e.,
proportion of patients with at least 50% improvement in
HAMD-17 scores) between different genotypes and across the
course of treatment (6 weeks) applying Kaplan–Meier curve
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analyses with log-rank tests in the entire treatment group and
in each treatment group separately. ‘‘Survival time’’ was
defined as the time of first occurrence of response and no
change in responder status during study period or—in case of
non-response—as the time of the last observation.A significant
result indicates that thegroupingvariable (here: genotype) has
a significant effect on responder rates during the course of
treatment. Additionally, we determined responders and non-
responders for each assessment day. The division by genotype
led to clear 3� 2 (2� 2, for males) contingency tables which
were analyzed by Chi-square test.

The level of significance was set at 0.05 (two-tailed). A
correction for multiple testing was not performed because of
the exploratory nature of the study.

RESULTS

Onehundred sixteenpatients gavewritten informed consent
for DNA genotyping. Of those, n¼ 14 had to be excluded
because of missing genotypes (n¼ 2) or incomplete HAMD-17
data at baseline (n¼ 12). A description of clinical and
demographic characteristics as well as genotype frequencies
of our sample is shown in Table I. Owing to the X-chromosomal
location of the gene, data are presented separately for females
and males. The intention-to-treat sample consisted of n¼ 102
patients (mean age¼ 48.5� 11.0 years; females/males: n¼ 75/
27).

Overall allele frequencies were similar between the entire
female (T: 68.0%; G: 32.0%) and male sample (T: 70.4%; G:
29.6%). The overall genotype frequencies for the entire female
sample were 45.3% for both the TT and the TG genotype and
9.3% for the GG genotype. In the female subsample, there was
no deviation from Hardy–Weinberg equilibrium.

Regarding the two treatment groups separately, in the
mirtazapine group (n¼ 54; mean age 48.3� 11.1 years) allele
frequencies were 58.5% (T) and 41.5% (G) in females (n¼ 41),
and 76.9% (T) and 23.1% (G) in males (n¼ 13). In paroxetine-
treated patients (n¼ 48; mean age 48.6� 11.0 years) allele
frequencies in females (n¼ 34) were 79.4% (T) and 20.6% (G),
and 64.3% (T) and 35.7% (G) in males (n¼ 14). Genotype
distribution in both mirtazapine- and paroxetine-treated
females was in Hardy–Weinberg equilibrium.

Allele frequencies were significantly different between
treatment groups (P¼ 0.02; df¼ 1). Significant differences
were also detected between allele frequencies (P¼ 0.01; df¼ 1)
and genotype distribution (P¼ 0.02; df¼ 2) between female
treatment groups. These differences occurred very probably by
chance, since patients were randomly assigned to either
mirtazapine or paroxetine treatment and investigators were
blind to patients’ genotype status. There was no impact of the
observed differences of the above-mentioned allele frequencies
(genotype distribution, respectively) on the reported results
(see below), since HAMD-17 score changes during the study
period were very similar in both treatment groups (F¼ 0.14;
df¼ 1; 126.4; P¼ 0.71; repeated measurement ANCOVA) as
well as in the female (F¼ 0.004; df¼ 1; 95.8;P¼ 0.95) andmale
subsamples (F¼ 0.31; df¼ 1; 31.8; P¼ 0.58).

There were no differences among the MAOA genotype
groups in mean age, duration of current episode, number of
episodes in the last 5 years, or baseline mean HAMD-17 score
in both treatment groups. Analysis strategy (see below)
required a further comparison to exclude an influence of
clinical and demographical factors; in both female treatment
groups, there were no significant differences between the TT
genotype group and the pooled data of TG and GG genotype
groups.

In order to analyze a possible influence of the MAOA
T941G genotype on depressive symptom reduction to anti-
depressant treatment in general, independently of a specific

T
A
B
L
E

I.
C
li
n
ic
a
l
a
n
d
D
em

og
ra
p
h
ic

C
h
a
ra
ct
er
is
ti
cs

of
O
u
r
S
a
m
p
le

M
ir
ta
za

p
in
e

P
a
ro
x
et
in
e

F
em

a
le

g
en

ot
y
p
es

(n
¼
4
1
)

M
a
le

g
en

ot
y
p
es

(n
¼
1
3
)

F
em

a
le

g
en

ot
y
p
es

(n
¼
3
4
)

M
a
le

g
en

ot
y
p
es

(n
¼
1
4
)

T
T

T
G

G
G

T
G

T
T

T
G

G
G

T
G

N
u
m
b
er

(%
)

1
3
(3
1
.7
)

2
2
(5
3
.7
)

6
(1
4
.6
)

1
0
(7
6
.9
)

3
(2
3
.1
)

2
1
(6
1
.8
)

1
2
(3
5
.3
)

1
(2
.9
)

9
(6
4
.3
)

5
(3
5
.7
)

A
g
e
(y
ea

rs
)

5
1
.8
�
9
.6

4
7
.9

�
1
1
.1

4
8
.0
�
1
0
.9

4
3
.5
�
9
.7

5
2
.7
�
2
1
.9

5
1
.2
�
1
2
.5

4
9
.2
�
9
.2

5
8
.3

4
1
.2
�
1
0
.4

4
7
.9
�
5
.1

D
u
ra
ti
on

of
cu

rr
en

t
ep

is
od

e
(w

ee
k
s)

1
3
.0

�
1
3
.5

1
1
.0
�
8
.5

1
2
.1
�
1
3
.0

1
5
.3
�
1
0
.1

5
.7
�
3
.7

1
5
.1
�
1
0
.8

1
4
.2
�
1
6
.0

3
1
.1

b
1
1
.4
�
1
0
.2

1
2
.7
�
1
4
.1

E
p
is
od

es
in

th
e
la
st

5
y
ea

rs
(n
u
m
b
er
)

2
.1
�
1
.5

2
.6
�
1
.9

1
.8
�
1
.0

1
.5
�
0
.6

2
a

2
.1
�
1
.4

3
.8
�
3
.3

4
b

2
.7
�
1
.0

2
.0
�
1
.4

H
A
M
D
-1
7
a
t
b
a
se
li
n
e

2
3
.5
�
2
.2

2
3
.2
�
3
.3

2
2
.8
�
2
.9

2
0
.7
�
2
.4

2
1
.0
�
1
.7

2
3
.1
�
4
.1

2
3
.0
�
3
.0

2
1
b

2
4
.2
�
4
.0

2
1
.4
�
3
.1

D
a
ta

a
re

p
re
se
n
te
d
a
s
m
ea

n
(S
D
)
u
n
le
ss

ot
h
er
w
is
e
in
d
ic
a
te
d
.

a
N
o
S
D

g
iv
en

b
ec
a
u
se

of
p
re
se
n
t
d
a
ta

on
ly

fo
r
on

e
of

th
re
e
p
a
ti
en

ts
.

b
N
o
S
D

b
ec
a
u
se

of
on

ly
on

e
p
a
ti
en

t
in

th
e
g
ro
u
p
.

MAOA T941G Polymorphism and Antidepressant Response 327



antidepressant substance, data of mirtazapine- and paroxe-
tine-treated patients were pooled together. In the female
group, global comparisonofHAMD-17 score changesacross the
treatment course revealed a highly significant main-effect of
time (F¼ 28.2; df¼ 5; 198.8; P< 0.0001, repeated measure-
ment ANCOVA), but main-effects of genotype or the interac-
tion time� genotype were not detected (genotype: F¼ 0.6;
df¼ 2; 84.7; P¼ 0.55; interaction time� genotype: F¼ 1.3;
df¼ 10; 198.8; P¼ 0.26). Further analyses of continuous and
categorical data as described in Methods did not reveal
significant differences between genotype groups (data not
shown). The results in the entire male sample were similar to
those in females: repeated measurement ANCOVA detected a
significant main-effect of time (F¼ 8.4; df¼ 1; 30.7;
P< 0.0001), but not a main-effect of genotype or genoty-
pe� time interaction (data not shown).

The analysis was continued for both treatment groups
separately. In the mirtazapine-treated female group repeated
measurement ANCOVA detected a significant main-effect of
time (F¼ 22.4; df¼ 5; 103.5; P< 0.0001), a trend for a main-
effect of genotype (F¼ 3.1; df¼ 2; 46.2; P¼ 0.056), but no effect
of the interaction time� genotype (F¼ 1.4; df¼ 10; 103.5;
P¼ 0.175). One-way ANOVA for comparison of HAMD-17
sumscores between three genotypes (TTvs.TGvs.GG) showed
a statistical trend at week 3 (F¼ 2.6; df¼ 2; P¼ 0.093) and at
week 4 (F¼ 3.1; df¼ 2; P¼ 0.057). Kaplan–Meier curve
analysis detected a significant difference between genotype
groups (log-rank test, w2¼ 6.7; df¼ 2; P¼ 0.036), indicating
that MAOA T941G genotype has a significant effect on
responder rates during the course of treatment. Analysis of
proportion of patients with at least 50% improvement in
HAMD-17 sum scores revealed statistical trends at week 1
(Pearson’s w2¼ 4.7; df¼ 2; P¼ 0.096) and at week 3 (Pearson’s
w2¼ 5.6; df¼ 2; P¼ 0.06) of the study. In paroxetine-treated
females there were no statistically significant differences
between the three genotype groups (data not shown).

However, female patients homozygous for the T-allele (‘TT’)
displayed a more pronounced response to mirtazapine than
TG- or GG-patients. Therefore, data of TG- and GG-patients
were pooled together. The global comparison of HAMD score
changes across the treatment course revealed a highly
significant main-effect of time (F¼ 24.8; df¼ 5; 105.3;
P< 0.0001), a significant main-effect of genoytpe (F¼ 4.5;
df¼ 1; 47.1; P¼ 0.039), but no effect of the interaction time�

genotype (F¼ 1.2; df¼ 5; 105.3; P¼ 0.327). When comparing
mean HAMD-17 scores of TT-patients with the pooled data
from TG- and GG-patients, two-tailed t-tests detected a
statistical trend at week 3 (T¼�1.72; df¼ 33; P¼ 0.094) and
a statistically significant difference at week 4 of treatment
(T¼�2.45; df¼ 32; P¼ 0.02). After 6 weeks of treatment there
was still a marked but statistically not significant difference of
4.2 points (HAMD-17 mean score: 7.7 points for TT vs.
11.9 points for TG/GG) between the two genotype groups. In
the female paroxetine group there were no statistically
significant differences between corresponding genotype
groups (see Fig. 1a,b). Kaplan–Meier curve analysis for
the global evaluation of response rates between different
genotypes revealed a significant difference between the two
genotype groups (log-rank test, w2¼ 6.25; df¼ 1;P¼ 0.012). No
differences were detected in paroxetine-treated females (see
Fig. 2a,b). Furthermore, the Chi-square-based responder
analysis for each investigation date of the study comparing
TT-patients versus the pooled data of TG- and GG-patients
revealed statistically significant differences at week 3 (Pear-
son’s w2¼ 5.25; df¼ 1;P¼ 0.022) and showed a statistical trend
at week 2 (Pearson’s w2¼ 3.15; df¼ 1; P¼ 0.076), week 4
(Pearson’s w2¼ 3.34; df¼ 1; P¼ 0.068) and at endpoint (Pear-
son’s w2¼ 3.64; df¼ 1; P¼ 0.057). Again, in paroxetine-treated
females, analysis of responder proportions showed no signifi-
cant differences between corresponding MAOA genotype
groups (Fig. 3a,b).

In male mirtazapine-treated patients (n¼ 13) the global
comparison of HAMD-17 score changes across the treatment
course (repeated measurement ANCOVA) detected a signifi-
cantmain-effect of time (F¼ 4.1; df¼ 5; 31.8;P¼ 0.005), but no
main-effect of genotype or the interaction time� genotype.
Further analyses of continuous and categorical data as
described in Methods revealed no significant differences
between genotype groups. The results in paroxetine-treated
males (n¼ 14) were similar to those obtained in mirtazapine-
treated males, that is, we detected no significant differences
between genotype groups (data not shown).

DISCUSSION

The present study investigated the association between the
MAOA T941G polymorphism and treatment response to
paroxetine and mirtazapine, two antidepressant drugs with

Fig. 1. Time course of changes in HAMD-17 score during treatment in females stratified by genotype groups. *¼P< 0.05; (*)¼ 0.05<P<0.1.
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different mechanisms of action. While administration of
paroxetine enhances serotonergic function, mirtazapine addi-
tionally leads to an increased noradrenergic neurotransmis-
sion. MAOA plays an important role in the central metabolism
and regulation of serotonin, NE, and DA levels. Through
degradation of these neurotransmitters it regulates their
availability for neuronal communication.

We did not find an association of the MAOA T941G
polymorphism with antidepressant response for the whole
study population. This result does not support the hypothesis
that theMAOA T941G polymorphism is involved in a common
mechanism affecting serotonergic antidepressant treatment
response.However, this result does not preclude the possibility
for this polymorphism to affect treatment response to a specific
antidepressant drug or in a specific subgroup.

With this first report on the MAOA T941G polymorphism
and mirtazapine treatment response, we can provide provi-
sional evidence that the MAOA T941G polymorphism affects
treatment response tomirtazapine in female patients suffering
from major depression. This conclusion is derived from the
finding that female mirtazapine-treated patients homozygous
for the T-allele showed a faster and better response than
patients carrying the TG or GG genotype in our study sample.
This finding is in line with our previous report of a differential
mirtazapine treatment response depending on the genotype
status of the functional COMT-Val/Met polymorphism [Sze-
gedi et al., 2005], sincebothenzymesare substantially involved
in the metabolic pathway of NE, while administration of
mirtazapine affects central NE availability [Anttila and
Leinonen, 2001]. However, the mechanisms responsible for

Fig. 2. Kaplan–Meier survival curves showing cumulative response rates in female mirtazapine (a) and paroxetine (b) treated patients. (Survival
time¼ time of first occurrence of response and no change in responder status later.) The curves show the 1-survival function.

Fig. 3. Responder rates in the female mirtazapine-treated (a) and the female paroxetine-treated group (b) divided by genotype. Response has been
defined as a reduction of 50% of HAMD-17 baseline score. *¼P< 0.05; (*)¼ 0.05<P< 0.1.
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the observed differences in antidepressant response are not yet
clear. A theoretical explanation is based on the finding of
Hotamisligil and Breakefield [1991], who found the T-allele
associated with lower MAOA enzyme activity in male fibro-
blasts. Assuming the same association in females one might
speculate that depressed females homozygous for the TT
variant have a greater noradrenergic amount at their disposal
than TG/GG carriers, leading to a better and faster response to
mirtazapine treatment. However, the functional relevance of
theMAOAT941Gpolymorphism is largely unknown, since the
gene variant is located in the third base of a codon and does not
lead to a change in protein structure. Functional differences
could be caused by other polymorphisms that are in linkage
disequilibrium (LD) with the MAOA T941G gene variant.
Possible polymorphisms are (a) the VNTR located in a highly
polymorphic region near exon 1 of the gene [Hinds et al., 1992],
because it was associated with behavioral phenotypes in
Tourette syndrome and drug abuse and it is thus supposed to
be functionally active [Gade et al., 1998] and (b) the functional
uVNTR polymorphism upstream of the MAOA gene [Sabol
et al., 1998], which was associated with panic disorder in
females [Deckert et al., 1999] andmale autism severity [Cohen
et al., 2003]. Both polymorphisms are reported to be in LDwith
the presently investigatedMAOA T941G variant [Balciuniene
et al., 2002].

Since MAOA is involved in the metabolism of serotonin,
there is a theoretical possibility that paroxetine treatment
response could be affected by the MAOA T941G gene variant.
This is the first report on an investigation concerning the
MAOAT941Ggenevariantandparoxetine treatment response
in major depression. We found no association between the
MAOA T941G polymorphism and paroxetine treatment
response. Our result of amissing association between aMAOA
gene variant is in line with previous negative reports. The
functional MAOA uVNTR [Sabol et al., 1998] was neither
associated with antidepressant response to paroxetine nor to
fluvoxamine [Cusin et al., 2002;Yoshida et al., 2002].However,
in a Han Chinese sample the same uVNTR polymorphismwas
associated with short-term (4 weeks) fluoxetine treatment
response [Yu et al., 2005]. Summarizing the currently avail-
able data, one can state that for SSRI treatment response in
major depression in Caucasians, allelic variations in the genes
coding for the serotonin transporter (5-HTT) and theTPHseem
to be more important. This assumption is derived from the
results of numerous pharmacogenetic studies on SSRI treat-
ment response, which found antidepressant efficacy of parox-
etine and fluvoxamine related to allelic variations in the
promoter of the serotonin transporter gene and of the TPH
gene [for extensive review, see Malhotra et al., 2004; Bondy,
2005; Serretti et al., 2005].

In our study the MAOA T941G gene variant affected
treatment response in female mirtazapine-treated patients,
but we failed to show an equal effect in the male group. This
might be due to the small sample size of our male group.
However, the possibility that this MAOA gene variant affects
mirtazapine-treatment response differently in males and
females cannot be excluded. Recently, Yu et al. [2005] found
an association of the MAOA uVNTR polymorphism with
fluoxetine response in major depression, which was more
prominent in females than in males. Moreover, variousMAOA
polymorphismsrevealedgenderdifferences inmajordepression
[Lin et al., 2000; Schulze et al., 2000], depressed suicide [Du
et al., 2002], panic disorder [Deckert et al., 1999], pathological
gambling [Ibanez et al., 2000], suicide attempts in bipolar
disorder [Ho et al., 2000], and in OCD [Camarena et al., 1998,
2001; Karayiorgou et al., 1999]. Finally, the influence of other
factors, such as sex hormones, cannot be ruled out.

Although our exploratory study revealed an association
between theMAOA T941G polymorphism and antidepressant

treatment response to mirtazapine in females with major
depression, there were some limitations. Our study did not
allow us to control for unknown population stratification and
possible influences of comorbid personality disorders. Some
positive results could be due to type I errors, since we tested
multiple outcomes and genotyped 10 additional SNPs in the
herein investigated study population.Moreover, the relatively
small sample size as well as the fact that our patients were
outpatientsmay limit the generalizability of our results. These
issues should be addressed in future studies.

CONCLUSION

In conclusion, our results provide the first suggestive
evidence that female patients suffering frommajor depression
and being homozygous for the T-allele at the MAOA T941G
polymorphism respond better and faster to short-term mirta-
zapine treatment than female patients with at least one G-
allele. Taking into account the X-chromosomal location of the
MAOA gene, the herein found gender differences appear to be
plausible. Differences in the mechanisms of action of mirtaza-
pineandparoxetinemayaccount for thedivergent effects of the
MAOA T941G gene variant on treatment outcome with these
substances. Because of some limitations of our study, indepen-
dent replication of our finding is needed. If replicated,
genotyping of this locus could become a marker to predict
treatment response tomirtazapine in female patients, in order
to individualize the pharmacological treatment of major
depression.
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