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Associations of BDNF Val66Met polymorphism with such components of executive func-
tions as verbal fluency, working memory, attention set shifting, and response inhibition were
evaluated. A total of 401 healthy volunteers were genotyped. The effect of polymorphism on
working memory during the counting test was detected. The test performance in heterozygotic
carriers was much worse than in homozygotic ones. Individuals with the MetMet genotype
demonstrated the best results, presumably due to molecular mechanisms compensating for

the neuropeptide secretion deficiency.
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effect

The executive functions are a complex of processes in-
cluding initiation and planning of behavior, inhibition
of irrelevant reactions, and other aspects of informa-
tion processing regulation; they are mediated by the
prefrontal cortex with its cortical and subcortical rela-
tions. Executive function abnormalities are regarded as
the key cognitive pathology in some mental diseases,
e.g. schizophrenia, autism, and the attention deficiency
hyperactivity syndrome [8], and it is therefore essen-
tial to detect their molecular mechanisms.

Studies of the executive functions were initial-
ly focused on genes of the monoaminergic systems
modulating the status of the prefrontal cortex [8]. Re-
cent studies of the cognitive (including the executive)
functions have been focused on the gene encoding
brain-derived neurotrophic factor (BDNF) located
at 11p14.1; this factor plays an important role in the
neurodevelopment and adult brain plasticity. A single
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nucleotide polymorphism (756265 or Val66Met) lead-
ing to valine sustitution for methionine in codone 66
of BDNF precursor protein has been detected in the
gene. Met allele is essential for neuropeptide transport
inside the cell; that is why depolarization-dependent
secretion of BDNF decreases in the presence of Met
allele [4]. Disorders in the structure and patterns of
the hippocampus activation and of memory traces
consolidation depending on this brain structure have
been found in the Met allele carriers [4]. The data on
the BDNF relationships with various components of
the executive functions are contradictory. On the one
hand, the presence of Met allele is associated with
changes in prefrontal cortex activation during perfor-
mance of tasks addressed to the executive functions
[2,15]. The influence of Val66Met polymorphism on
some aspects of executive functions in mental patients
and normal subjects has been noted [3,7,13], includ-
ing that in combination with other marker genotypes
[1,11]. On the other hand, negative results have been
obtained for many components of the executive func-
tions [7,10,15].
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We continued studies of BDNF Val66Met poly-
morphism relationships with variations in the execu-
tive functions in the common population.

MATERIALS AND METHODS

A total of 401 subjects were genotyped by the BDNF
Val66Met marker. The sample included subjects with-
out mental and neurological diseases at the age of
16-65 years, Russians, residents of the Moscow region
(30.4410.6 years), 60% women and 60% individu-
als with higher education or students. All volunteers
gave informed consent to participation in the study.
Psychological data including at least partial informa-
tion about certain aspects of executive functions have
been obtained for each volunteer. The following as-
pects of executive functions were evaluated: semantic
verbal fluency, working memory, attention set shift-
ing, and irrelevant reactions inhibition. The verbal flu-
ency test consisted in generation of words belonging
to the animal and fruit categories. The index was the
number of correctly found words converted to T-score
with consideration for the education level. The working
memory was evaluated by continuous subtraction of 2
and 5 from 200. The index was the number of correctly
performed operations per min. The attention set shifting
was evaluated by the Trail Making Test, Part B (TMT-
B). The task was to connect the figures and letters (1-A-
2-B...) written on a sheet of paper as rapidly as possible.
The irrelevant reactions inhibition was evaluated by
Stroop test in which the volunteer was to: 1) read the
names of colors; 2) say the color of the ink in which
the letters X were printed; 3) say the color of the ink
in which the names of colors were printed (the colors
and sense of words did not coincide). Each series was
performed during 40 sec. The interference coefficient
or Stroop effect served as the index. It reflected the ef-
ficiency of problem solving inhibition under conditions
of the color—word meaning conflict and was calculated
by the formula: SE=(1-2n./(n +n,)x100%, where n , n,,
and n, were numbers of correctly read words/named
colors in the corresponding series.

DNA was isolated from venous blood by the phe-
nol-chloroform method. Genotyping was carried out
using PCR by a previously described method [12].
After one “ejection” was discarded from the TMT-B
results, all signs fit the normal distribution according
to the Kolmogorov—Smirnov test. Their associations
with the polymorphism were evaluated by one-way
ANOVA using Statistica 6.0 software.

RESULTS

The incidence of Val allele in the studied cohort was
0.81, that of genotypes ValVal, ValMet, and MetMet
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was 0.64, 0.33, and 0.03, respectively. This did not
differ from the expected Hardy—Weinberg distribution
(¥*=0.10, p>0.1) and corresponded to the incidence in
europeoid populations [4,10,11].

Comparison of men and women by Student’s test
showed no differences between them by the cognitive
signs. The TMT-B and Stroop test correlated with age
(r=0.31, p=0.001 and r=0.35, p=0.001). For subse-
quent ANOVA, the age was introduced as a covariate
for these variables. The education level was essential
for the working memory, TMT-B, and Stroop test val-
ues (=4.62, p<0.00; =3.58, p<0.00; =2.27, p=0.03,
respectively). Additional analysis with the genotype,
education, and relationship between these signs as
independent factors was carried out for these signs.
Carriers of three genotypes were compared by verbal
fluency and working memory. For evaluation of the
relationship between the genetic marker and param-
eters of TMT-B and Stroop test the heterozygotic and
homozygotic carriers of Met allele were united into
one group because of little number of MetMet geno-
type carriers in sub-samples in which these tests were
carried out (TMT-B and Stroop test were carried out in
4 and 2 individuals of 122 and 83 examinees, respec-
tively). Groups with different genotypes were similar
by demographic characteristics.

Significant differences in the relationship with the
genotype were found only for working memory (Table
1). They did not disappear in the analysis with consid-
eration for education: F=2.95, p=0.05. The genotype
explained 1.5% dispersion of the cognitive index. The
heterozygotic carriers performed the task significantly
worse than the homozygotic ones. Individuals with the
MetMet genotype demonstrated the best results. A trend
to superiority of ValVal homozygotes (F=2.66, p=0.10)
was seen in the group of hetero- and homozygotic car-
riers of Met allele. It was more manifest among the
subjects with higher education (post-hoc LSD: p=0.05).

Our results were in line with other data indica-
ting that BDNF Val66Met polymorphism was ines-
sential for such processes of executive functions as
word generation, attention set shifting, and irrelevant
reactions inhibition [7,10,15]. The available data on
working memory are somewhat contradictory. Some
authors noted the impact of BDNF polymorphism for
the working memory [3,7,11,13], while others, who
carried out studies on hundreds of normal subjects,
failed to detect it [9,15]. However, the effect of BDNF
on brain stimulation during the working memory tests
was recorded in cases when carriers of different geno-
types did not differ by the performance efficiency in
these tasks [2,4]. Our results showed worse work-
ing memory of heterozygotic carriers of Met allele in
comparison with Val/Val homozygotes, which was in
line with the majority of other reports. On the other
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TABLE 1. Cognitive Sign Values in Carriers of Different Genotypes of BDNF Val66Met Gene Marker

Genotype
Sign F p

ValVal ValMet MetMet

Verbal fluency (T score) 50.98+10.80 49.22+10.84 51.50%£6.93 1.17 0.31
(N=246) (N=125) (N=12)

Working memory* (number of operations/min) 17.82+6.83 16.05+6.32 20.27+5.55 3.33 0.04
(N=193) (N=95) (N=11)
ValVval ValMet+MetMet

TMT-B (time of performance, sec) 106+42 96+34 1.66 0.20
(N=79) (N=42)

Stroop effect, % 43+12 42+16 0.01 0.93
(N=53) (N=30)

Note. “Post-hoc LSD test for paired comparison revealed significant di
ValVal (p<0.05) and MetMet (p<0.04) carriers.

hand, we revealed superiority of MetMet homozygotes
in this test. The data on the MetMet monozygotes are
scanty because of low incidence of Met allele. Some
authors noted their lagging behind in the mnestic tests
in comparison with carriers of other genotypes [4,15].
On the other hand, other authors noted a certain cog-
nitive superiority of Met allele carriers, especially of
MetMet homozygotes [5,6,10]. Carriers of Met allele
suffering from parkinsonism exhibited higher values
for such an aspect of executive functions as planning
[6]. MetMet homozygotes in the elderly cohorts were
superior in nonverbal intellect [10]. K. 1. Erickson et
al. [5] noted the protective effect of Met allele on age-
associated deceleration of prefrontal task performance
in elderly people. Disagreement of the results concern-
ing the cognitive effects of Met allele can be due to
not only age, but also significant effects of gene-gene
and allele-environment interactions on the extent and
type of these effects. The inhibition of responses in
solution of the prefrontal problems was the greatest
for the ValVal COMT+Met BDNF diplotype [11]. Ac-
cording to some data [14], the impact of BDNF Val-
66Met polymorphism for memory is modulated by the
severity of mental injury inflicted by sexual violence
act in childhood. The advantage of the MetMet homo-
zygotes can be also due to the compensatory mecha-
nisms. Presumably, after a certain threshold of BDNF
precursor protein shortage is attained, the number of
extracellular molecules responsible for its transforma-
tion into mature neuropeptide forms [5] or the number
of BDNF binding receptors increases.

The specificity of associations of BDNF Val66Met
polymorphism with cognitive functions is an impor-
tant problem. Some authors think that its effects are

fferences in working memory of heterozygotes in comparison with

confined to long-term episodic memory and are medi-
ated by changes in the molecular processes underly-
ing long-term potentiation in the hippocampus [4,15].
However, the data on BDNF relationship with other in-
formation processing processes, for example, with the
executive function complex, contradict this opinion.
A sort of specificity is observed within this cognitive
domain: the BDNF Val66Met polymorphism is essen-
tial for some aspects of working memory and attention
and does not influence the generation and interference
processes. The results suggest that Met allele is more
likely essential for the velocity of prefrontal tasks per-
formance than for the executive function mechanisms
[1,5,11,15]. Our results are in line with the hypothesis
on the specificity of BDNF Val66Met effect on the
working memory, but do not show whether this effect
is due to the effects exclusively on the task perfor-
mance velocity or on the working memory contents
updating processes, the requirements to which are so
great in the test used in our study.

The study was supported by the Russian Founda-
tion for Basic Research (grant No. 09-06-00128-a).

REFERENCES

1. M. V. Alfimova, T. V. Lezheiko, V. 1. Golimbet, et al., Zh. Nev-
rol. Psikhiatr. im. S. S. Korsakova, 108, No. 4, 62-69 (2008).

2. A. Cerasa, E. Tongiorgi, F. Fera, et al., Behav. Brain. Res., 207,
No. 2, 377-386 (2010).

3. D. Echeverria, J. S. Woods, N. J. Heyer, et al., Neurotoxicol.
Teratol., 27, No. 6, 781-796 (2005).

4. M. F. Egan, M. Kojima, J. H. Callicott, et al., Cell, 112, No.
2, 257-269 (2003).

5. K. I. Erickson, J. S. Kim, B. L. Suever, et al., Front. Hum.
Neurosci., 2, 11 (2008).



M. V. Alfimova, G. I. Korovaitseva, et al. 609

6. T. Foltynie, S. G. Lewis, T. E. Goldberg, et al., J. Neurol., 252, 11. I. E. Nagel, C. Chicherio, S. C. Li, et al., Front. Hum. Neuro-
No. 7, 833-838 (2005). sci., 2, 1 (2008).
7. P. Gong, A. Zheng, D. Chen, et al., J. Mol. Neurosci., 38, No. 12. M. Neves-Pereira, E. Mundo, P. Muglia, et al., Am. J. Hum.
3, 250-256 (2009). Genet., 71, No. 3, 651-655 (2002).
8. C. M. Green, W. Braet, K. A. Johnson, and M. A. Bellgrove, 13. J. K. Rybakowski, A. Borkowska, M. Skibinska, et al., Psy-
Biol. Psychol., 79, No. 1, 30-42 (2008). chiatry Clin. Neurosci., 60, No. 1, 70-76 (2006).
9. N. K. Hansell, M. R. James, D. L. Duffy, et al., Genes Brain 14. J. Savitz, L. van der Merwe, D. J. Stein, et al., Biol. Psychia-
Behav., 6, No. 3, 260-268 (2007). try, 62, No. 5, 391-399 (2007).
10. S. E. Harris, H. Fox, A. F. Wright, et al., Mol. Psychiatry, 11, 15. P. R. Schofield, L. M. Williams, R. H. Paul, et al., Biol. Psy-

No. 5, 505-513 (2006). chol., 80, No. 2, 176-188 (2009).




	Abstract

	MATERIALS AND METHODS
	RESULTS
	REFERENCES

