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Associations of functional polymorphism in genes of dopamine receptor DRD2, dop-
amine transporter DAT, and dopamine degrading enzyme COMT with variations in an-
xiety sensitivity threshold were studied. On the basis of genetic and psychological ana-
lysis, an attempt was undertaken to evaluate the relationship of DRD2, DAT and COMT
genotypes with values obtained using different anxiety scales. It was found that carriers
of VA1+9+ genotype exhibit increased anxiety and significantly differed from indi-
viduals with other genotypes. The results were illustrated with model of dopamine
diffusion in the extracellular space of the striatum in carriers of different genotypes.
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Individual differences in human temperament and
character have a complex structure based on both
psychosocial and biological factors. During recent
decade, numerous reports were published where
associations between human personality and gene-
tic variations in the neurotransmitter systems re-
sponsible for nervous impulse propagation were
demonstrated. Anxiety is one of the most studied
psychological traits, because it is associated with
numerous psychiatric disorders and is to a large de-
gree genetically determined. Twin studies showed
that anxiety inheritance reaches 0.45; which attests
to great contribution of both environmental and
genetic factors [13]. Genetic mechanisms can act
through the increase in the sensitivity to enhanced
anxiety state under conditions of long-term stress
or other environmental factors.

In positron emission tomography (PET) stu-
dies, significant specific interaction between central

dopaminergic activity markers and anxiety was de-
monstrated [10].

Low rate of dopamine re-uptake in the striatum
is associated with increased anxiety and irritability
[7]. It can be hypothesized that high anxiety in
humans is associated with increased dopamine con-
tent in the extracellular space of the striatum. The
rate of dopamine circulation in the striatum is re-
gulated by two processes: high-amplitude trans-
mission (dopamine release from dopaminergic neu-
rons in the form of short series of intense bursts,
phasic release) and persistent weak spontaneous
(tonic) activity forming background (basal) level of
the neurotransmitter.

In the striatum, dopamine transporter DAT is
located in synaptic endings and along axons of
dopamine neurons. DAT determines the distance of
dopamine diffusion in the extracellular space [5].
3'-Untranslated region of exon 15 of DAT contains
a fragment with variable number of DNA repeats
(3-13, 40 b. p. monomer length) [15]. Alleles with 9
and 10 repeats constitute about 98% population. The
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density of DAT in subjects with 9 repeats is appro-
ximately 25% lower than carriers of 10 repeats.

Dopamine autoreceptors belong to D2 receptor
family (DRD2, DRD3, DRD4) and similarly to DAT
are located on the presynaptic membrane and mo-
dulate activity of ion channels. DRD2 receptors are
expressed primarily in the striatum and to a lesser
extent in the substatia nigra and in ventral tegmen-
tal area [12]. Point TaqIA polymorphism is located
in the 3'-untranslated gene region. Its minor allele
A1 is associated with reduced DRD2 receptor density.

Catechol-O-methyltransferase (COMT) plays
the key role in dopamine catabolism in the pre-
frontal cortex. Point mutation V158M in the 4th
exon of COMT gene leads to a decrease in enzyme
activity by 40% in carriers of M allele [4].

The objective of this study was to find asso-
ciations of functional polymorphisms of DRD2 ge-
nes (D2S, short high-affinity form playing the role
of autoreceptor) and DAT expressed primarily in
the striatum, and COMT enzyme prevailing in the
prefrontal cortex with differences in sensitivity thresh-
old to anxiety states.

MATERIALS AND METHODS

Genetic analysis included 156 subjects (74 men, 82
women, mean age 20±5 years). All participants
gave informed consent for the use of their DNA
and results of psychological tests. DNA was ex-
tracted from 100 μl whole blood as described pre-
viously [2]. TaqIA DRD2 polymorphism [9], DAT
40 b. p. VNTR genotype [11] and COMT Va1158Met
genotype [6] were determined.

All individuals carrying the allele containing 9
repeats comprised a group of DAT 9 carriers (9+)
and were compared with homozygotes 10/10 (9-)
[8]. The same approach was employed to TaqIA
DRD2 genetic typing results. In European popu-
lation, the incidence of A1A1 genotype is 3%, there-
fore individuals with A1A1 and A1A2 genotypes
comprised an A1+ group and were compared with
A2A2 group (A1-).

Diagnosis of anxiety was carried out using three
questionnaires. Determination of human personality
was performed with Cattell’s sixteen personality
factor test questionnaire (16PF) including 16 scale
factors, one of which is O-factor assessing anxiety
level. Emotional susceptibility, irritability, and in-
creased anxiety were evaluated using the neuro-
ticism scale of the Eysenck Personality Inventory.
Taylor personal scale of anxiety manifestations
adapted by Nemchinov was also used [1].

The relationship between genotype and scale
values was evaluated using Mann—Whitney test.

This test was used to check the shift hypothesis,
because the results of the performed psychological
tests represent changes in ordinal scale. Coinciding
observations were referred as mean ranks. Prob-
ability values were corrected using Holm correc-
tion. Calculations were carried out in R medium
(Coin software).

The compliance of genotype distribution to Har-
dy—Weinberg law was assessed using Fisher’s exact
test (p>0.9)

For evaluation of the effects of various DAT
and DRD2 concentrations, a mathematical model
was developed. According to [5], the distribution
of a single portion of released dopamine over a
short time can be simulated by equation (1), which
describes neurotransmitter diffusion from a point
source and its reuptake. In this case, the transporter
is uniformly distributed in the volume, while dop-
amine re-uptake is proportional to its concentration.

Q

NA -r2 -tVmaxC(r,t)= exp exp (1),
α(4dtp)3/2 4dt Km

where C(r,t) is molar concentration of dopamine on
a spherical surface with radius r and center in point
source (synaptic cleft), at moment t after dopamine
release. Diffusion of neurotransmitter molecules in
extracellular space if determined by adjusted dif-
fusion constant d=D/λ2, where D is diffusion coef-
ficient and λ is extracellular space tortuosity coef-
ficient. Constant α determines a part of volume oc-
cupied by extracellular space. In the striatum,
α=0.21, λ=1.54, D=7.63×10—6 cm2/sec for dop-
amine at 37oC [5]. Dopamine uptake is described
by a linear relation V=VmaxC/(C+Km); in the stria-
tum Vmax=4/1 μmol/sec and Km=0/21 μmol [5].

Molar concentration of D2 receptors bound with
dopamine can be assessed using known relations
(2), describing equilibrium concentration.

[D2DA]
k= (2),

[D2f][DAf]
where [D2DA] is the concentration of the receptor
bound with dopamine, [D2f] and [DAf] are concen-
trations of free dopamine receptor and free dopamine,
respectively, and k is equilibrium constant. Expres-
sing baseline concentrations via the concentration of
bound receptor, free receptor [D2f] and free dop-
amine [DAf] concentrations, one will get (3):

[D2DA]
k= (3).

([D2f]—[D2DA])([DAf]—D2DA])
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Solution of this equation for [D2DA] yields:

          ([D2f]+[DAf]+k-  ([D2f]+DAf]+k)2—4[D2f][DAf]
b([D2f])= (4).

2

Substitution of (1) into (4), volume integration,
and multiplication by Avogadro number yields equa-
tion (5) for evaluation of the amount of bound
receptor at moment t:

∞
  D2b(t)=NAα∫∫∫b(C(r,t))dx dy dz=4NAαπ+∫r2b(C(r,t))dr (5).

V→∞ 0

If C=EC50, equation (1) can be easily transfor-
med into equation (6) describing the radius of sphere,
where dopamine concentration exceed EC50 thresh-
old:

Q Vmax
REC50

(t)= 4d t (ln -t (6).
NA EC50α(4dtπ)3/2 Km

Model assumptions: 1) neurotransmitter loss
due to binding with receptors, in particular not pre-
sent in the model, is not taken into account; 2)
Michaelis—Menten ratio was replaced by linear
ratio, which led to some inaccuracy during estima-
tion of dopamine concentration in immediate pro-
ximity to the synapse; 3) equilibrium concentration
of compounds are used; 4) effects of enzymes de-
grading dopamine were not taken into account and
the role of basal dopamine level was considered to
be negligible.

RESULTS

MM homozygotes by V158M polymorphism of
COMT gene were excluded from the study, be-
cause this genotype is associated with increased
phasic activity of dopamine neuron, which leads to
inhibition of tonic activity in the striatum and, con-
sequently, determined less pronounced effects of
DAT and DRD2 on the basal level of dopamine.

During genetic and psychological investiga-
tions, an association of DAT, DRD2 (subjects with
CIMT allele V) genotypes with anxiety tests values
was revealed (Fig. 1).

Significant differences of subjects with geno-
type VA1+9+ from subjects with genotypes VA1-
9+, VA1+9- and VA1-9- (p<0.1) were found (Ta-
ble 1). Individuals with VA1+9+ genotype were
characterized by increased anxiety level.

The density of DAT determines the distance of
spreading of dopamine and its lifetime in extra-
cellular space. DRD2-autoreceptor produces vari-
ous effects on the dopamine system. DRD2 acti-
vation by dopamine reduces the frequency of tonic
contraction. Some studies showed, that activation
of DRD2 receptors increases the efficiency of re-
uptake [3] (Fig. 2).

Thus, DRD2 serves as a feed-back allowing
neurons to maintain basal dopamine concentration
produced by discrete tonic releases. Moreover, auto-
receptors of neurons influence both their own dop-
amine and dopamine from adjacent neurons.

According to Taq1A DRD2 polymorphism and
40 b. p. DAT repeats, four genotypes were pre-
sented. Allele 9+ (Fig. 2, a, b) differs from 9- (Fig.

√

√

Fig. 1. Distribution of anxiety values over genotypes VA1+9-. VA1-9-, VA1-9+ and VA1+9+.
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2, c, d) by reduced expression of DAT; hence, dop-
amine diffusion area and lifetime in the extrasyn-
aptic space are greater in allele 9+ carriers. In car-
riers of A1- allele (a, c), higher number of autore-
ceptors D2 are expressed compared to A1+ allele
(b, d), which first, leads to more active functioning
of DAT reducing dopamine diffusion area, and se-
cond, to lower frequency of tonic releases (Fig. 2).

The dependence of the number of activated D2
receptor on the time elapsed after dopamine quant
release (Q=3000 molecules) into the synaptic cleft
is shown (Fig. 3, a). Curves are obtained by nume-
rical integration by formula (5) with different com-
binations of Vmax and [D2] values corresponding to

different concentrations of dopamine transporter
and receptor. Molar mass concentrations of the
receptor in A1+ and A1- genotypes are ~22 and 34
fmol/mg [14]. Vmax constant is 4.1 μmol/sec and 3.1
μmol/sec in 9- and 9+, respectively.

The dependence of sphere of influence (EC50=
10 nM) of the same dopamine quantum for carriers
of alleles 9+ and 9- was shown (Fig 3, b).

The number of receptors bound with dopamine
in individuals with A1+ is significantly lower than
in subjects with A1-, therefore, subsequent tonic
release in this region will happen earlier in A1+
(Fig. 3, a). Bearing in mind the differences in the
number of activated receptors in A1+ and A1-, we

Fig. 2. Diffusion of dopamine in extracellular space of the striatum in subjects with genotypes A1-9- (a), A1+9- (b), A1+9- (c), A1+9+ (d).

TABLE. 1. Comparative Analysis of Results Obtained from Carriers of Different Genes

VA1+9� vs. VA1+9+ 0.013 (0.004) 0.086 (0.029) 0.080 (0.026)

VA1�9+ vs. VA1�9+ 0.060 (0.042) 0.086 (0.033) 0.093 (0.046)

VA1�9� vs. VA1+9+ 0.060 (0.030) 0.086 (0.043) 0.093 (0.051)

Note: Uncorrected p values are presented in parentheses.

Compared groups Eysenk “Neuroticism”
scale

Taylor scale of anxiety
manifestations

Cattel test,
factor “O”

M. A. Kulikova, E. V. Trushkin, et al.



778

can hypothesize that the difference in the number
of activated receptors in subjects with 9+ and 9-
does not influence essentially the frequency of to-
nic dopamine release. It should be noted that dop-
amine lifetime in the extracellular space and dif-
fusion area are higher in A1+9+ than in A1+9-,
which supports the hypothesis on increased level
of tonic dopamine in carriers of A1+9+ genotype
(Fig. 2).

Thus, carriers of VA1+9+ genotype are char-
acterized by the highest basal dopamine concen-
tration in the striatum, which probably determines
increased anxiety of these individuals.
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