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Abstract

Personality influences several characteristics of normal and
pathologic behaviors and it is associated with neurotrans-
mitter systems that are under genetic control. The dopami-
nergic system has been proposed to play a role in the mod-
ulation of personality traits. In the present study, variants of
the tyrosine hydroxylase (TH) and DOPA decarboxylase
(DDC) genes (for TH: rs3842727, rs6356; for DDC: rs1451371,
rs1470750, rs998850) were investigated in 111 suicide at-
tempters and 289 healthy subjects to assess the involvement
of the dopaminergic synthesis pathway in personality traits.
No strong evidence was found for the associations between
personality and TH or DDC in overall tests. An interaction ef-
fect of genotype and diagnosis was present, with TH and
DDC SNPs having a greater effect on the respective person-
ality dimensions in the group of suicide attempters. Because
of the risk of false positives, these findings should be inter-

preted with highest caution. Direct replication attempts
within independent groups of suicide attempters will help

to resolve this question. Copyright © 2009 S. Karger AG, Basel

Introduction

Personality, defined as the dynamic organization of
the psychobiological systems that modulate adaptation to
experience, influences several characteristics of normal
and pathological behaviors [1-6]. Temperament traits,
which are predominantly stable throughout life and not
markedly influenced by the environment, are the most
heritable component of personality and have been associ-
ated with neurotransmitter systems [2, 7]. Several studies
have been performed with the aim of detecting gene vari-
ants associated with specific temperament traits, but re-
sults have been conflicting [8-11]. The relationship be-
tween the dopaminergic system and temperament traits
has been proposed and thoroughly studied through gene
variants in the dopamine receptors [9, 10, 12, 13]; never-
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theless, results have not always been reproducible [14, 15]
and other genes in the dopaminergic system should be
considered.

Genes involved in the pathway for dopamine synthe-
sis appear to be interesting candidates for personality
studies. Efforts have been made to assess dopamine lev-
els in the central nervous system, either by directly mea-
suring them or through its metabolites, and correlate
them to specific personality traits and behaviors. Pre-
synaptic dopamine synthesis capacity was shown to play
a role in the regulation of anxiety in healthy adults [16],
while dopamine levels in the striatum of rats have been
negatively correlated with harm avoidance [17]. On the
other hand, cerebrospinal fluid levels of homovanillic
acid, an indicator of dopaminergic function, showed a
trend of association with novelty seeking [18], although
this finding did not reach statistical significance in this
or other studies [19]. These results are in agreement with
the proposed role of dopamine synthesis pathway in per-
sonality traits but require further investigation to be
confirmed.

Dopamine is synthesized from the amino acid tyro-
sine undergoing two steps, the first one producing DOPA
by the action of tyrosine hydroxylase (TH), the rate-lim-
iting enzyme in catecholamine synthesis, and the second
one from DOPA to dopamine through the DOPA decar-
boxylase (DDC) enzyme. Both steps could therefore
modulate the system.

The TH gene, which codes for TH, is located on chro-
mosome 11p15; it contains 13 primary exons and it spans
along approximately 8 kb. It encodes for four different
mRNAs through alternative splicing, two of which (both
with exon 2 excluded) are expressed in the brain [20, 21].
A functional tetranucleotide polymorphism [(TCAT)n]
has been described in the first intron of the TH gene [22,
23], defining five alleles, named T6, T7, T8, T9 and T10.
These variants have been suggested to regulate the turn-
over rate of catecholamines, apparently correlating with
behavioral differences; higher scores in the neuroticism
facets among T8 carriers and higher conscientiousness
scores as well as lower openness scores have been de-
scribed in women carrying the T6/T10 phenotype [24].
However, posterior studies have been unable to confirm
this association [25], showing instead a relation between
the T9 allele and extraversion.

DDC s encoded by the DDC gene, located on chromo-
some 7pll, and consists of 15 exons spanning more than
100 kb [26]. Variants of the DDC gene have not been in-
vestigated regarding personality traits.
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Given that the involvement of the dopamine synthesis
pathway has not been consistently related to personality
traits and that results are still conflicting, we investigat-
ed if polymorphisms in the TH and DDC genes are as-
sociated with specific personality traits assessed by the
Temperament and Character Inventory (TCI). For that
purpose, we investigated a set of markers in the TH
(rs3842727, rs6356) and DDC (rs1451371, rs1470750,
rs998850) genesin 111 suicide attempters and 289 healthy
subjects.

Materials and Methods

Suicide Attempters

The recruitment of suicide attempters was carried out among
patients consecutively referred to general psychiatric wards of the
Department of Psychiatry, Ludwig-Maximilian University, Mu-
nich, Germany. The sample has been published for investigations
into other gene variants [27, 28]. Systematic information on sui-
cide attempts was obtained from repeated interviews with the pa-
tients, all available medical records and the Basic Documentation
for Suicidal Behavior [29], in order to discriminate between sui-
cide attempts and other forms of self-harming behaviors and
accidents. Only patients of German descent (i.e., both parents
were German) with at least one clear-cut suicide attempt were in-
cluded.

Suicide attempts were classified as violent or nonviolent ac-
cording to the method used and the severity of the attempt. Pa-
tients with a history of a violent suicide attempt were classified as
violent regardless of the method used for the most recent attempt.
The German version of the Intent Score Scale [30] was also used
to define impulsive and nonimpulsive suicidal behavior. If the
patient manifested not having had suicide-related thoughts before
the attempt, the impulsive attempt was classified as spontaneous.
Current and lifetime diagnoses of mental disorders were assessed
close to discharge by applying the Structured Clinical Interview
for DSM-IV (SCID-I) [31]. Patients with severe general medical
condition or with dementia were excluded. A total of 111 suicide
attempters (43 males and 68 females; males: 38.7%) were included
in the study. Their mean age was 39.2 + 13.6 years (range: 18-73).
DSM-IV lifetime diagnoses of mental disorders among the pa-
tients were as follows: affective spectrum (n = 76; 68.5%), schizo-
phrenia spectrum (n = 17; 15.3%) and borderline personality dis-
order (n = 18; 16.2%). The consent rate of patients was about 90%.
Written informed consent was obtained from all subjects after a
detailed and extensive description of the study, which was ap-
proved by the local ethics committee and carried out in accor-
dance with the ethical standards laid down in the Declaration of
Helsinki.

Healthy Individuals

Unrelated volunteers of German descent were randomly se-
lected from the general population of Munich, Germany, and con-
tacted by mail. To include only subjects without a personal or
family history of neuropsychiatric disorders, a screening was per-
formed before enrolment in the study. First, subjects who re-
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sponded were initially screened by phone. Detailed medical and
psychiatric histories were assessed for both themselves and their
first-degree relatives by using systematic forms. Second, they were
invited to a comprehensive interview (SCID-I and SCID-II) [31,
32].

Psychiatric diagnoses among their first-degree relatives were
assessed using the Family History Assessment Module [33]. Sub-
jects with relevant somatic diseases or a lifetime history of any
axis I or II psychiatric disorders or suicidal behavior were exclud-
ed. Subjects who had first-degree relatives with a lifetime history
of a mental disorder or suicidal behavior were also excluded. Fi-
nally, 289 subjects (123 males, 166 females; males: 42.6%) were
included. Their mean age was 45.2 * 14.9 years (range: 19-79).
The consent rate of controls was about 50%.

Temperament and Character Inventory

The TCI is a 240-item tool to assess individual differences in
the basic dimensions of the Cloninger biosocial model of person-
ality [2]. The scores have been calculated according to the manu-
al [2], adding up the values of the items corresponding to each
dimension. These dimensions comprise harm avoidance, novelty
seeking, reward dependence and persistence as temperament
scales and self-directedness, cooperativeness and self-transcen-
dence as character scales.

Genotyping

THrs3842727,1s6356and DDCrs1451371,1s1470750,1s998850
were genotyped by Illumina (Illumina, Inc., San Diego, Calif,,
USA) with their Integrated Bead Array System. Additionally, 23
SNPs in genes spanning all chromosomes were genotyped as
genomic controls (rs2006727; rs586726; rs724529; rs206847,
rs1868155;1s2009602;rs1383628; rs876635; rs1367828; rs2076940;
1rs2025557; rs1993181; rs2168213; rs948184; rs2227973; rs1713449;
rs2295152; rs1800404; rs1469122; rs731835; rs418251; rs725493;
rs1555048). These genes have been selected based on the low a
priori probability of involvement in behavioral traits and pheno-
types. We supplied Illumina with bar-coded DNA microliter
plates containing the DNA quantified with PicoGreen to be at 100
ng/pl and Illumina delivered genotypes with a quality score cal-
culated by proprietary Illumina algorithms.

Statistical Analyses

Sociodemographic parameters between the tested groups
were compared using x? and t tests. The linkage disequilibrium
map and the assessment of the Hardy-Weinberg equilibrium
were performed using Haploview 3.2 [34]. To compare the TCI
scores for each SNP, a separate two-factor multivariate analysis
of covariance (MANCOVA) was computed for controls and sui-
cide attempters integrating the 7 TCI subscales as well as the 2
factors genotype and gender controlled for the covariates age
and educational level (low, middle, high). MANCOVA was fol-
lowed by univariate analysis. We used the statistics environment
R’ (http://www.Rproject.org), package ‘haplo.score’ for haplo-
type analyses. Sex, age, education and diagnosis were added as
covariates. The expectation-maximization algorithm infers
haplotypes and calculates maximum likelihood frequency esti-
mates. Single haplotype significance and odds ratios were calcu-
lated as well as global significance. Permutation (10,000 permu-
tations) was also performed to estimate the global significance
of the results for haplotype analyses to validate the expectation-
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maximization values. We conservatively calculated the power of
our sample with an alpha level of 0.007 (0.05 divided by 7 TCI
factors).

With these parameters we had sufficient power on the control
sample (0.80) to detect medium effect size (d = 0.24) between the
2 main genotypes, which, for example, corresponds to 1.23 points
on harm avoidance scores (TCI) [35]. The other sample had lower
power given the reduced sample size (data not shown). For haplo-
type analysis we had a similar power [36, 37]

Results

Comparison of Demographic and Clinical Data

among Groups

Suicide attempters and healthy individuals were not
significantly different regarding gender (p = 0.49) and
education (p = 0.12), but patients were significantly
younger than controls (t = 3.7; p > 0.001). There was a
significant difference in TCI scores between suicide at-
tempters and healthy individuals as previously reported
(38].

Tyrosine Hydroxylase

Markers were in Hardy Weinberg equilibrium
(rs3842727: p = 0.38; rs6356: p = 0.72). Association with
suicide has previously been reported [39]. MANCOVA
allowed us to observe an effect of rs3842727 on coopera-
tiveness scores (F = 31.9; d.f. = 2,392; p = 0.0003).

Analyzing separately healthy individuals and suicidal
patients, in healthy individuals no association was found,
while in suicide attempters, the effect of rs3842727 re-
mained marginally significant on cooperativeness scores
(F =5.9; d.f. = 2,106; p = 0.003). Markers were in strong
linkage disequilibrium. Overall, haplotypes were not sig-
nificantly associated with personality scores (global p =
0.14, simulated p = 0.09).

DOPA Decarboxylase

All markers were in Hardy-Weinberg equilibrium
(rs1451371: p = 0.18; rs1470750: p = 0.13; rs998850: p =
0.10). Association with suicide has previously been re-
ported [39]. Rs1470750 showed a marginal effect on self-
directedness (F = 6.36; d.f. = 2,386; p = 0.002) and self-
transcendence (F = 5.07; d.f. = 2,386; p = 0.007). Rs998850
was associated with self-directedness (F = 11.38; d.f. =
2,386; p = 0.000016); however, the effect of the marker on
self-directedness was significantly dependent on the af-
fected status and sex (interaction: F = 8.1; d.f. = 2,384;
p =0.0004), in fact self-directedness scores were lower in
male suicide attempters carrying the G/G genotype (only
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7 subjects). No association was found on rs1451371 SNP.
Analyzing separately healthy individuals and suicide at-
tempters, DDC variants did not show significant associa-
tions with any TCI dimension. Markers were in strong
linkage disequilibrium. Haplotype analyses did not show
any association with TCI scores (all p values >0.01).

Discussion

The purpose of this study was to establish if variants
in the TH and DDC genes, which define the pathway for
dopamine synthesis, were related with specific tempera-
ment traits in a sample of suicide attempters and healthy
individuals, in order to better characterize the molecular
underpinnings of personality.

As we previously reported [39], we found no associa-
tion between these SNPs in the TH and DDC genes and
suicidal behavior. However, it is interesting that an inter-
action effect of genotype and diagnosis was present, with
TH and DDC SNPs having a greater effect on the respec-
tive personality dimensions in the group of suicide at-
tempters. Provided that the observed associations are not
false-positive findings, this suggests that other genetic
and/or environmental factors may operate in patients
and are less pronounced in healthy volunteers. On the
other hand, the use of a conservative threshold for statis-
tical significance does not preclude the possibility of ob-
serving false-positive results, and these findings should
be interpreted with highest caution. Direct replication at-
tempts within independent groups of suicide attempters
will help to resolve this question.

The functional polymorphism rs6356 defines a V/M
variation at position 2065 in the third exon, which could
lead to differences in the protein structure with related
changes in its functionality. The use of intermediate phe-
notypes proves to be an interesting tool to address this
issue [40], where the measurement of dopamine levels
could provide a quantitative approach to study the effect
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