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Abstract. The prevalence of metabolic syndrome as
well as the occurrence of depressive disorder, which
are both connected with increased risk of diabetes
mellitus type 2 and cardiovascular diseases, is con-
tinually increasing worldwide. These disorders are
interconnected at various levels; the genetic one seems
to be promising. Contribution of genetic factors to
the aetiopathogenesis of depressive disorder weighs
within the range 40-50 %, whereas the genetic back-
ground for the manifestation of metabolic syndrome
is more complicated. In this pilot study, we investi-
gated the incidence of polymorphisms in several genes
supposed to play a role in the development of both
depressive disorder and metabolic syndrome such as
brain-derived neurotrophic factor, methylenetetra-
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hydrofolate reductase, tyrosine hydroxylase, and en-
dothelial nitric oxide synthase. The entire group con-
sisted of 42 patients with depressive disorder, 57
probands with metabolic syndrome and 41 control
individuals. We found that genotype Met/Met of the
Val66Met polymorphism of the brain-derived neuro-
trophic factor gene was positively associated with de-
pressive disorder (P < 0.05), but we were not able to
find any significant associations of both the depressi-
ve disorder and metabolic syndrome with the remain-
ing polymorphisms studied (methylenetetrahydro-
folate reductase 677CT, methylenetetrahydrofolate
reductase 1298AC, endothelial nitric oxide synthase
Glu298Asp, and tyrosine hydroxylase).

Introduction

The modern world is faced with the growing preva-
lence of metabolic syndrome (MetS), which is a risk
factor for the onset of diabetes mellitus type 2 (DM2)
and cardiovascular diseases. Concomitantly, the rise in
the occurrence of depressive disorder (DD) has been ob-
served. At least one-fourth of adults carry the metabolic
syndrome in the Americas, in Europe, and in India
(Grundy, 2008). In the USA, approximately 10-20 %
women and 5-12 % men experience one episode of
main depression at least; half of these cases are recur-
rent (Nestler, 2002). One hundred sixty-eight new cases
of affective disorders in 100,000 inhabitants were no-
ticed in the Czech Republic in 2006; the incidence was
two times higher in women than in men (Czech Health
Statistics Yearbook, 2007). The key role in the aetio-
pathogenesis of both MetS and DM2 is inscribed to in-
sulin resistance (IR) (Reaven, 2002), which (according
to some authors) is also connected with the pathogenesis
of DD (Okamura et al., 2000), associated with an in-

Folia Biologica (Praha) 56, 19-26 (2010)



20 M. Zeman et al.

Vol. 56

creased risk of type 2 diabetes mellitus (Musselman et
al., 2003) and both cardiovascular and all-cause mortal-
ity (Muselman et al., 1998, Wulsin et al., 1999).

Despite increasing occurrence of depressive disorder
we still know little about its underlying mechanisms.
The susceptibility of given individuals to the manifesta-
tion of DD is significantly influenced by genetic factors
— their contribution to the aetiopathogenesis of DD
weighs within the range 40-50 % (Levinson, 2006). The
age-adjusted risk of first-grade relatives of the patients
with unipolar depression is approx. 5-25 % (McGuffin
et al., 1996). According to Levinson (20006), the relative
risk of these relatives reaches 2-3, and this risk is fur-
ther increased in case of depressions manifested before
the age of 30 with a tendency for recurrence.

The genetic background is also significant for the
manifestation of MetS. An important role is probably
played by genes in various /oci, which act via gene-gene
interactions or together with exogenous (diet, physical
activity, stress, smoking, infection) and metabolic fac-
tors. Many candidate genes are known to be associated
with MetS in various ethnical groups (Lépez-Miranda et
al., 2007): genes for insulin receptor substrate 1, peroxi-
somal proliferator-activated receptor gamma, adiponec-
tin, leptin, leptin receptor, and many others.

In depression, several candidate gene polymorphisms
were investigated, such as the serotonin transporter,
serotonin 2A receptor, tyrosine hydroxylase (TH) (the
limiting enzyme for dopamine synthesis), tryptophan
hydroxylase 1 (serotonin synthesis), catechol-O-meth-
yltransferase (dopamine catabolism) (Lesch, 2004; Lev-
inson, 2006), and methylenetetrahydrofolate reductase
(MTHFR) (metabolism of homocysteine, which is toxic
to neurons and is also a risk factor for cardiovascular
disease) (Arinami et al., 1997, Lewis et al., 2006, Lopez-
Ledn et al., 2008). The studies conducted in last years
support the hypothesis on the importance of stress con-
nected with a decreased volume of hippocampus (McE-
wen, 2005). Brain-derived neurotrophic factor (BDNF)
significantly influences hippocampal neurogenesis and
plays an important role in the pathogenesis of the de-
pression (Altar, 1999, Duman 2004). Several studies
revealed lower plasma concentrations of BDNF in de-

Table 1. Basic clinical characteristic of the studied groups

pressive patients (Karege et al., 2002), and a decreased
content of BDNF was proved in the brain cortex and
hippocampus of deceased depressive patients (Dwivedi
et al., 2003). The association of BDNF gene polymor-
phisms with depression was reported by several authors
(Sklar et al., 2002, Sen et al., 2003, 2008; Chen et al.,
2006, Kaufman et al., 2006).

The above-mentioned disorders (cardiovascular dis-
eases, type 2 diabetes mellitus MetS, and DD) are inter-
connected at various levels; the genetic one seems to be
promising. The genes in question also involve those tak-
ing part in various neuronal processes. We therefore de-
cided to compare the occurrence of polymorphisms of
genes for BDNF, MTHFR, TH, and endothelial nitric
oxide synthase (eNOS, metabolism of NO influencing
intersynaptic signal mediation and vessel tonus) in
patients with depression, metabolic syndrome and in
healthy controls.

Material and Methods

Patients and controls

A group of 140 Caucasian subjects (55 M/85 F) was
recruited from outpatients, who were subsequently ex-
amined (from May 2006 until May 2008) at the 4™ De-
partment of Medicine and Psychiatric Department of
Charles University in Prague. The entire group consist-
ed of 41 (14 M/27 F) healthy control subjects (medical
staff of the 1% Faculty of Medicine), 57 patients with
MetS, diagnosed according to the International Diabetes
Federation (Alberti et al., 2006) (35 M/22 F), and 42
patients (6 M/36 F) with depressive disorder, diagnosed
according to the criteria of American Psychiatric Asso-
ciation (1994). The basic clinical characteristics of the
studied groups are shown in Table 1. The study protocol
was approved by the Joint Ethical Committee of the 1%
Faculty of Medicine and General University Hospital of
Charles University in Prague.

Laboratory procedures

Blood samples were collected after a 12-h fasting.
The concentrations of triacylglycerols (TG) and glucose

Depressive Metabolic Controls (41) Statistical significance®

disorder (42) syndrome (57)
Age (years) 61.4+15.8' 56.4+9.1 58.1+13.5 NS¢
Number (men/women) 6/36 35/22 14/27 0.0001*
Weight (kg) 709 +13.9 88.5+ 14.4 71.1+9.6 0.00001
BMI (kg.m?) 26.3+4.9 29.7+3.9 25.0+34 0.00001
Systolic blood pressure (mm Hg) 126 £ 16 137+ 17 130 £12 0.00075
Diastolic blood pressure (mm Hg) 78+9 89+ 8 81+6 0.00001
Glucose (mmol/l) 524 +1.07 5.72+1.39 4.80+£0.43 0.00059
Insulin (mIU/1) 12.47 £10.77 13.44 +8.26 7.66 +3.79 0.00341
Triacylglycerols (mmol/l) 1.68 +1.11 3.74+4.10 1.19 £ 0.59 0.00001
HDL-cholesterol (mmol/I) 1.51+£0.50 1.22+0.23 1.67 £0.37 0.00001

'Average + SD; ¢-(+)ANOVA, * Pearson y*-test; DD vs. CON: P = 0.0631 (Yates’ correction),
DD vs MetS: P=0.0001 (Yates’ correction), CON vs. MetS: P =0.0078
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Table 2. Conditions for detection of allelic variants

genes polymorphisms forward primers (5'— 3") annealing (°C) restriction product
reverse primers (5'— 3") enzymes sizes (bp)
BDNF V66M AAACATCCGAGGACAAGGTG 60 Eco721 G(W) 124, 180
s 6265 (G—A) CCTCATGGACATGTTTGCAG AM) 304
MTHFR A222V, 677CT TCCCTGTGGTCTCTTCATCC 59.9 Hinfl C(W) 206
rs 1801133 (C-T) CAAAGCGGAAGAATGTGTCA T(M) 146, 60
MTHFR E429A, 1298AC AGGAGGAGCTGCTGAAGATG 59.8 Mboll A(W) 150, 54
rs 1801131 ACAGGATGGGGAAGTCACAG C(M) 204
eNOS E298D, 894GT GAGATGAAGGCAGGAGACAGT 59 Mbol G(W) 263
s 1799983 (G—-T) TCCATCCCACCCAGTCAAT T(M) 164, 99
TH (TCAT) GGCAAATAGGGGGCAAAA 56 - A(146), B(148),
microsatellite GGCTTCCGAGTGCAGGTC C(152), D(156),
repeat E(160)

Product sizes — W means wild-type allele, M variant-type allele.

were assessed by enzymatic-colorimetric methods,
HDL-C in supernatant after precipitation of lipopro-
teins-B with PTA/Mg?, immunoreactive insulin by the
radioimmunoassay method.

Genetic analyses

The isolation of DNA was performed according to
standard desalting procedures (Miller et al., 1988). In all
study subjects we examined five genetic variants (four
single-nucleotide polymorphisms and one microsatellite
repeat) using the PCR-RFLP method, direct sequencing
and fragment analysis. Table 2 shows the studied genes,
primers, temperature °C of annealing, restriction en-
zymes, and the length of product sizes. The typing of
TCAT repeat of the TH gene and polymorphism E298D
of the eNOS gene were published in more detail previ-
ously (Jindra et al., 2000, Jachymova et al., 2001).

Statistics

All data were processed and statistical analyses per-
formed in the statistical environment STATISTICA CZ
ver 7.1 (StatSoft Inc., Tulsa, OK) and GenAlEx V6
(Peakall, 2005). Categorical data are summarized in ab-
solute and relative frequencies; continuous data are
summarized as a mean and standard deviation. The var-
iables without normal distributions were log-trans-
formed. Pearson y>-test was employed in testing for dif-
ferences in the distribution of genotype frequencies in
respective groups (Yates’ correction for small numbers
in 2 x 2 tables or Monte Carlo simulation in larger ta-
bles). The statistical significance was defined as P <
0.05; Bonferroni correction was used when multiple
comparisons were carried out.

Results

Basic clinical and demographic data of the studied
groups are shown in Table 1. The MetS group included
significantly more men in comparison with both the
control group (CON) and DD groups. Differences
between CON and DD groups in the men vs. women
representation did not reach statistical significance. Ex-

pected significant differences in anthropometric and
metabolic variables (BMI, systolic and diastolic blood
pressure, fasting blood glucose, triglycerides and HDL-
cholesterol) were seen between the MetS on the one
hand and both CON and DD groups on the other, except
for insulin, where the difference between MetS and DD
groups was not statistically significant and moreover,
serum insulin in DD was significantly higher than in the
CON group. Interestingly, serum TG and BMI were also
higher in the DD in comparison with the CON group,
which indicates that some features of the MetS were
presented in depressive patients.

Tables 3a and 3b show the prevalence of genotypes
and allele frequencies of the investigated genetic vari-
ants. The validity of the Hardy-Weinberg equilibrium
(HWE) was tested in each group separately and the dis-
tributions of genotypes were in HWE except for the
BDNF Val66Met genotype in the DD group. In the case
of BDNF gene Val66Met polymorphism we found a
higher frequency of genotype AA in the DD group, as
compared to the control and MetS group; these differ-
ences were significant after Bonferroni correction at the
5% level. Other polymorphisms did not reveal statisti-
cally significant changes between genotypes or allele
frequencies.

Discussion

BDNF polymorphism

In this pilot study we found a significant association
of the MetMet genotype of Valo6Met BDNF polymor-
phism with DD. To our knowledge, this is the first report
of the investigation of the BDNF' gene polymorphism in
Czech population.

BDNF belongs to a superfamily of neurotrophins,
proteins playing roles in neuronal development, survival
and plasticity (Maisonpiere et al., 1991). Recently it was
found that BDNF also takes part in the regulation of en-
ergy homeostasis and influences blood glucose levels
and insulin sensitivity (Levin, 2007). Decreased levels
of the serum BDNF were found in the patients with
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Table 3a. Selected polymorphisms, genotypes in the studied groups
genotype allele HWE 1 test
BDNF Val66Met AA AG GG total A G total P
depression 5 7 30 42 17 67 84 0.002 0.003 genotype*
MetS 0 19 38 57 19 95 114 0.131 0.788 alleles
control 0 16 25 41 19 16 66 0.121
MTHFR 677CT CC CT TT total C T total
depression 15 18 9 42 48 36 84 0.418 0.495 genotype
MetS 30 19 8 57 79 35 114 0.102 0.170 alleles
control 16 17 8 41 49 33 82 0.377
MTHFR 1298AC AA AC CC total A C total
depression 22 17 3 42 61 23 84 0.908 0.965 genotype
MetS 28 23 57 79 35 114 0.696 0.879 alleles
control 20 18 3 41 58 24 82 0.699
eNOS E298D GG GT TT total G T total
depression 21 19 2 42 61 23 84 0.373 0.682 genotype
MetS 31 20 6 57 82 32 114 0.322 0.896 alleles
control 19 19 3 41 27 25 82 0.550

*Pearson y*-test (Yates’ correction for low numbers, Bonferroni correction for multiple comparison); DD vs. CON: P =0.034, DD vs

MetS: P=0.027, CON vs. MetS: NS

Table 3b. Tyrosine hydroxylase microsatellite repeats in the studied groups

genotype AA AB AC AD AE BB BC BD BE CC CD CE DD DE EE HWE
depression 2 7 0 3 8 1 2 2 3 0 2 3 0 3 6 0.565
MetS 3 6 2 6 8 2 1 3 7 0 1 4 3 8 3 0.962
control 1 5 2 1 9 0 1 3 3 0 4 2 0 7 3 0.1854
allele A B C D E total ¥’ test

depression 22 16 7 10 29 84 0.727 genotype
MetS 28 21 8 24 33 114 0.813 alleles
control 19 12 9 15 27 82

MetS and type 2 diabetes mellitus (Chaldakov et al.,
2001; Krabbe at al., 2007). The human BDNF gene is
mapped to chromosome 11p14, and three common pol-
ymorphisms (C270T, Val66Met, and dinucleotide-re-
peat (GT)_ polymorphism located 1040 bp upstream
from the transcription start site of the 1.6 kb BDNF
mRNA) were described (Proschel et al., 1992; Kunugi
et al., 2003). The single-nucleotide polymorphism
rs6265, which causes a valine to methionine substitution
at codon 66 (Val66Met), is in the experiment connected
with the disturbance of intracellular packaging and reg-
ulated secretion of BDNF by hippocampal neurons
(Chen et al., 2004).

In the presented study the analysis of allele frequen-
cies revealed 20 % of the Met allele in the DD group,
18 % in the MetS group and 19 % in the CON group.
These differences did not reach statistical significance.
The frequency of genotypes has shown a higher occur-
rence (P = 0.044) of the MetMet genotype in the DD
group (12 %) in comparison with the other groups (1.8
% for the MetS and 2.0 % for the CON group). The
frequency of the Met allele in our non-depressive pro-

bands (CON and MetS groups) is similar to those de-
scribed in the Caucasian population by other authors.
Shimizu et al. (2004) found frequency of the Met allele
17-27 % and prevalence of MetMet homozygosity 2—3
%. Montag et al. (2008) described the Met allele fre-
quency 19.2 % and prevalence of MetMet genotype
2.7 % in German healthy non-smokers, and in healthy
former + current smokers 18 % and 3.4 %, respectively.
Quite different findings were observed in Asians. The
prevalence of the MetMet genotype in Asians was
17.3 % (Kynugi et al., 2004), 20.1 % (Iga et al., 2007),
21.1 % (Choi et al., 2006) or 23.3% (Hong et al., 2003)
in the control subjects. Interestingly, in these popula-
tions there were no associations of Val66Met BDNF
polymorphism with major depressive disorder (Choi et
al., 2006; Iga et al., 2007), with bipolar disorder (Kynu-
gi et al., 2004) or with Parkinson’s disease (Hong et al.,
2003). In the study using a sample of probands partici-
pating in the EPIC study, no association between the
BDNF Val66Met polymorphism and mood status in a
non-clinical community sample was shown (Surtees et
al., 2007).
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Recently it was published that BDNF SNP rs6265
(Val66Met) was associated with major DD in Mexican-
Americans, but the associated allele was Val (major al-
lele) and ValVal homozygous was 70 % more likely to
be found in the depressed group than in controls (Ribei-
ro et al., 2007). It seems that ethnic differences play a
role in both distribution of alleles and in their associa-
tion with DD.

Polymorphism of MTHFR gene

Decreased activity of the MTHFR enzyme with con-
comitant folate deficiency is connected with elevated
plasma total homocysteine levels (Folstein et al., 2007),
which are-considered to be a risk factor for cardiovascu-
lar diseases (Zak and Zeman, 2004; Herrmann 2006).
Clinical and epidemiological studies have found the as-
sociation of hyperhomocysteinaemia with DD (Bot-
tiglieri et al., 2000). Homocysteine is directly toxic to
neurons and endothelial cells and can induce DNA
strand breakage, oxidative stress, and apoptosis (Fol-
stein et al., 2007). The most prevalent genetic cause of
hyperhomocysteinaemia seems to be the SNP 677C>T
polymorphism of the MTHFR gene. Another described
mutation of the MTHFR gene (1298A>C) also reduces
MTHFR activity (although to a lesser extent than the
677C>T) (Castro et al., 2003).

Recently it was published that among the patients
with schizophrenia, TT genotype subjects were at great-
er risk for insulin resistance with increasing central adi-
posity, independently of age, gender or BMI (Ellingrod
et al., 2008). The occurrence of the 677CT MTHFR pol-
ymorphism was investigated in the Czech population
and it was reported that the C allele was associated with
DM2 in women, while the T allele was associated with
coronary artery disease only in normotensive subjects
(Benes et al., 2001).

The relationships of the MTHFR gene polymorphism
1298 A>C with psychiatric diseases and MetS were in-
vestigated in several works. In one study, the 1298CC
genotype was associated with the bipolar disorder
(Kempisty et al., 2007). In the study of Teruzzi et al.
(2007), MTHFR (AC) heterozygous genotype was sta-
tistically different in the obese compared to the control
group (P =0.03).

In this study we were not able to find any significant
associations of both SNP 677C>T (677CT) and
1298A>C of MTHFR gene, either with depression or
with MetS. In SNP 677CT polymorphism the frequency
of the T allele was 40 % in the CON group, 31 % in
MetS and 43 % in the DD group, while the prevalence
of the TT genotype in the groups studied was 20 %,
14 % and 21 %, respectively. In the case of the 1298AC
polymorphism, the allele C frequencies in the CON,
MetS and DD groups were: 29 %, 31 % and 27 %, while
the prevalence of genotype CC was 8 %, 11 %, and 7 %,
respectively. There are significant differences in MTHFR
gene polymorphisms between different populations. In
the Czech population, Vesela et al. (2005) found the fre-
quencies of the T allele of SNP 677CT polymorphism to

be about 34.0 %, genotype TT 10 % and in SNP
1298A>C of MTHFR, gene frequencies of C alleles
were about 32 % and CC genotypes 10 %. Among the
healthy controls of the study of Benes et al. (2001), there
were 33.5 % T-allele carriers and 8.1 % TT homozy-
gotes.

Polymorphism of eNOS

Nitric oxide synthase (NOS) catalyzes the oxidative
conversion of L-arginine to citrulline and nitric oxide.
The enzyme is expressed in three isoforms: endothelial
(eNOS), neuronal, and inducible form (Chrapko et al.,
2004). In the central nervous system the enzyme exerts
a mediatory role within synapses (Pacher et al., 2007). A
polymorphism (894G to T) in exon 7 of the eNOS gene
causes conversion of Glu to Asp in position 298, con-
nected with a poorer functional accessibility of the en-
zyme (Jachymova et al., 2001). The changes in enzyme
function play a role in the pathophysiology of hyperten-
sion (Jachymova et al., 2001) and are probably involved
in the development of DD (Le Mellédo et al., 2004) due
to lower neurogenesis (Kempermann and Kronenberg,
2003).

In a case-control study performed in Italy in non-dia-
betic subjects with cardiovascular disease (CAD) and
stent implantation, the presence of the T allele was as-
sociated with both increased insulinaemia and endothe-
lial dysfunction (Galluccio et al., 2008).

In the presented study we could not find any associa-
tions of E298D polymorphism with the presence of ei-
ther DD or MetS. Genotype TT was found in 2.4 % pa-
tients of DD, 7 % of MetS and 6.1 % of CON groups and
the frequency of the T allele was also similar in the stud-
ied groups (25 %; 26 %; 27 %).

Polymorphisms of TH

TH catalyzes hydroxylation of L-tyrosine to L-DOPA
(dihydroxyphenylalanine), which is a rate-limiting step
in the biosynthesis of catecholamines; these substances
are important for physiology of the sympathetic neuro-
nal system and they also serve as neurotransmitters in
the central nervous system (Serreti et al., 1998). The TH
gene is localized on the locus 11p15.5. The functional
activity of the enzyme can be modified by at least three
SNPs: Val81Met, Leu205Pro, Val468Met, and micro-
satellite polymorphism of tetranucleotide (TCAT) re-
peats in the first intron (Rao et al., 2007). Several studies
found the relationship of depression and gene variants,
e.g. in the case of TCAT repeats and bipolar affective
disorder (Leboyer et al., 1990). Contrary to that, other
studies indicate low depressive symptomatology in this
polymorphism (Serretti et al., 1998), or the association
was not found (Furlong et al., 1999).

Essential hypertension, a component of MetS, is as-
sociated with microsatellite polymorphism in the 1% in-
tron of the TH gene (“long allele” 9.3 and 10, Klintschar
etal., 2005). The (TCAT),and (TCAT),, polymorphisms
are cardioprotective, because the carriers have a lower
haemodynamic response to the stress stimulus, contrary
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to (TCAT), (Zhang et al., 2004). However, the stratifica-
tion of the probands in our study for (TCAT),+(TCAT),,
vs. (TCAT), genotypes did not reveal any differences
between the groups, nor were we able to find any asso-
ciation of the microsatellite polymorphism of TH with
the presence of either DD or MetS.

Conclusion

In conclusion, we found that the genotype MetMet of
the Val66Met polymorphism of the BDNF gene was
positively associated with depressive disorder. The find-
ing is in concordance with the present hypothesis that
BDNF genotyping could significantly contribute to the
possibility of prediction of many neurologic and psychi-
atric diseases. The association may probably be caused
by the fact that BDNF gene Val66Met polymorphism
influences the BDNF expression and/or activity. The
limitation of this pilot study lies in the small size of sam-
ples. No associations were found between MetS and
Val66Met polymorphism of the BDNF gene.

In the study we were not able to find any significant
associations of both depressive disorder and metabolic
syndrome with the remaining polymorphisms studied
(MTHFR 677CT, MTHFR 1298AC, eNOS Glu298Asp
and TH). It is evident from the literature that the indi-
vidual gene polymorphisms have quite different dis-
tribution among different ethnic populations and can
also have different associations with the studied distur-
bances.

We suppose that large-scale studies on the association
of the individual polymorphisms with depressive disor-
der and/or metabolic syndrome in specific populations
are needed to elucidate the hypothetical links.
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