BDNF gene valé6met polymorphism associated grey matter changes in human brain

BDNF Gene Val66met Polymorphism Associated Grey Matter
Changes in Human Brain

Cagdas Eker', Omer Kitis?, Erol Ozan', Hamza Okur?,

Ozlem Donat Eker', Mehmet Akif Ersoy', Fisun Akdeniz',

Simavi Vahip'4, Nurten Akarsu?, Ali Saffet Gonul'245

ABSTRACT: ) )
BDNF gene val66met poI\qurphlsm associated grey
matterchanges in human brain

Obijective: A frequent single nucleotide polymorphism (SNP) in the
targeting region of the human brain-derived neurotrophic factor
(BDNF) gene (valé6met) has been associated with abnormal
intracellular trafficking and regulated secretion of BDNF in cultured
neurons fransfected with met allele. Moreover, normal individuals
with met alleles have poor episodic memory performance, reduced
hippocampal volume and re(ﬁjced physiological engagement during
memory encoding and retrieval. However, the effects of this SNP on
other brain areas and functions have not been studied well. In this
study, we aimed to explore the effects of BDNF val6é6met
polymorphism on human brain without defining a region of interest a
priori.

Methods: Twenty-eight healthy volunteers were studied by voxel-
based morphometry according to their genotype. The imaging tool
was 1.5T MRI scanner and images were analyzed by Statistical
Parametric Mapping 2 software.

Results: The met carriers had decreased grey matter in left uncus,
Brodmann Area (BA) 36, right inferior parietal lobule, BA 40 and left
occipital lobe, BA 18 compared to those of val homozygote volunteers.
On the other hand, they had more grey matter in right inferior frontal
gyrus, BA10 and left inferior temporal %yrus, BA 20.

Conclusion: BDNF val66met polymorphism has a significant effect on
brain structures which are involved in the working memory network of
healthy people. However, further structural and functional imaging
studies are needed fo understand the effects of this SNP better in the
physiology of working memory of healthy people and
pathophysiology of psychiatric disorders.

Key words: BDNF, frontal cortex, parietal cortex, working memory,
voxel-based morphometry
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OZET:
Insan beyninde BDNF %ﬂzlnl_ﬂ val66met polimorfizmine
bagl gri madde degisiklikleri

Amag: Beyinden koken alan norotropfik faktort (BDNF) kodlayan
genin val6émet, tek nUkleotid polimorfizmine (TNP) sik
rastlanmaktadir ve bu durum met alleli ile transfekte edilmis hucre
koltoru néronlarinda BDNFnin hucre-ici iletimi ve salgilanmasinin
duzenlenmesindeki anormallikle iliskilidir. Dahasi, met alleli tasiyan
saglkl  bireylerin  epizodik bellek performanslari  dUsUktur;
hippokampal hacimleri ile bellek kodlamasi ve geri ¢aginimasi
sirasindaki fizyolojik uyumlari azalmistir. Bununla birlikte TNP'nin diger
beyin bolgeleri ve islevleri Uzerindeki etkilerine yonelik calismalar
yeterli degildir. Biz, bu calismada BDNF valéémet polimorfizminin
insan beyni Uzerindeki etkilerini 6nceden bir ilgi alani belirlemeden
arastirmayr amagladik.

Yontem: Yirmisekiz saglikli génulloye ait gérontuler Uzerinde
genotiplerine gore voksel-tabanli morfometri ile ¢calisildi. Gorintuleme
cihazi olarak 1.5 T MRG tarayicisi kullanildi ve goérintuler Statistical
Parametric Mapping 2 programi ile analiz edildi.

Bulgular: Met 10§|{)|C|I0r|n|n sol uncus, Brodmann Alani (BA) 36, sag
inferior parietal lobtl, BA 40 ve sol oksipital lob ile BA 18'deki gri
cevher hacimleri, val homozigot génulllerine gére daha dusukto. Ote
yandan sag inferior frontal girus, BA 10 ve sol inferior temporal girus
ile BA 20°deki gri cevher hacimleri daha yuksek saptandi.

Sonug: BDNF val6émet polimorfizmi, saglikl bireylerin isleyen bellek
aginda yer alan beyin yapilar Uzerinde belirgin bir etkiye sahiptir.
Bununla birlikte bu TNP'nin saglikli bireylerdeki isleyen bellek fizyolojisi
ve psikiyatrik hastaliklardaki patofizyoloji Uzerine etkilerini anlamak
icin daha fazla yapisal ve islevsel beyin goruntileme calismasina
gereksinim vardir.

Anahtar sozcukler: BDNF, frontal korteks, parietal korteks, isleyen
bellek, voksel-tabanli morfometri
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rain-derived neurotrophic factor

(BDNF), which is a member of the

neurotrophin family, is widely
expressed in the adult mammalian
brain (1). It plays a critical role in the
long-term survival, differentiation and
outgrowth  of  neurons  during
development and maintenance of
neuronal systems in adult life (2-5). It is
also thought that BDNF is one of the

causes various psychiatric diseases like
schizophrenia and major depression.
The gene of BDNF is localized to
chromosome 11p14.1 (6) and has a
single nuclear polymorphism (SNP) at
nucleotide position 196/758 which
results in amino acid change at codon 66
Valine (val) 0 Methionine (Met)
(Val66Met) of the proBDNF molecule. The
SNP is located in a section of BDNF
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precursor protein that is cleaved away by proteases on
the cell surface, rendering the amino acid change
absent from mature BDNF (7). Cultured hippocampal
neurons transfected with Met-BDNF show reduced
depolarization induced secretion and fail to localize
BDNF to secretory granules and dendritic process (7,8).
Normal individuals with Met alleles have poor episodic
memory performance, and reduced hippocampal
physiological engagement during memory encoding
and retrieval, studied by functional magnetic resonance
imaging (fMRI) (8). Furthermore, N acetyl aspartate level
which is accepted as an indirect measure of neuronal
integrity and synaptic abundance showed a linear
reduction with increasing number of Met alleles in the
hippocampus of normal individuals (8). Recent reports
showed that Met allele may have a negative effect on
hippocampal volumes which may be more pronounced
in patients with schizophrenia (9,10). The effect of this
SNP on other regions of the brain is still not known well.

Voxel-base morphometry (VBM) is a new approach
for performing an explanatory analysis without the
need to define structures a priori (11,12). In addition,
VBM analysis allows structural investigation of
functional regions, such as portion of frontal cortex
that may be difficult to define anatomically. Potential
disadvantages however, include the need to control
for the large number of comparison made in a
structural study of whole brain, with the potential loss
of statistical power that entails.

In this study, we aimed to explore the effects of
BDNF val66met polymorphism on human brain
anatomy without defining a region of interest a priori.
This approach allows us to define new anatomical areas
that are going to be subject of future studies designed
to investigate the effects of this SNP in patients with
major psychiatric disorder like major depressive
disorder or schizophrenia. We also studied the
hippocampus which is known to be affected most with
this SNP separately with the “small volume comparison”
option of Statistical Parametric Mapping (SPM) software.

METHODS

Subjects and Evaluation
Twenty-eight healthy volunteers were recruited
for this study. All of the volunteers were screened

with Structured Clinical Interview for DSM-IV (SCID) by
one of us (13). Neither of them had been diagnosed
with any axis | psychiatric conditions including
substance use disorder (with the exception of nicotine
addiction). The following subjects were also excluded:
subjects with serious or unstable medical illness or
head trauma associated with loss of consciousness,
subjects with a history of seizure disorder or any
other organic mental disorder; subjects with a family
history of any axis | psychiatric disorder. Each
participating volunteer provided written informed
consent after receiving a complete description of the
study, and the study was approved by the
Institutional Review Board.

MRI Acquisition

The imaging was performed on a 1.5 Tesla MR unit
(Magnetom Vision Symphony Upgrade, Siemens,
Erlangen, Germany) with a circularly polarized head coil.
Three-dimensional (3-D) T1-weighted images, using a
magnetization prepared rapid acquisition gradient echo
(MPRAGE) sequence, were acquired with the following
parameters: echo time (TE) = 3.93 ms, repetition time
(TR) = 1600 ms, 2 mm coronal slices without gap, flip
angle = 15°, NEX = 1, field of view (FOV) = 25 cm.

MRI Data Analysis

Image analysis was performed by using SPM 2
software (Wellcome Department of Cognitive
Neurology, Institute of Neurology, London;
http://www fil.ion.uclac.uk/spm/) running in MATLAB
6.5 (Mathworks, Sherborn, MA). Image processing
(VBM) was based on the method reported by
Ashburner and Friston (11). As the details given below,
this process involves spatially normalizing of all the
images to the same streotactic space, extracting the
grey matter from normalized images, smoothing and
finally performing statistical analysis.

Spatial normalization achieved by registration each
of the image to the same SPM2 Montreal Neurological
Institute T1 template image, by minimizing the
residual sum of square differences between them with
an initial 12-parameter affine transformation, followed
by 16 nonlinear iteration using 7 X 8 X 7 discrete
cosine transform basis function. Images were written
out in 1 X 1 X 1mm resolution. Normalized images
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then segmented into the grey matter, white matter,
cerebrospinal fluid, and skull/scalp compartments by
using an automated and operator-independent
process. The segmentation of normalized MR images
in SPM uses a clustering algorithm identifying a voxel
density of a particular tissue type combined with a
priori knowledge of the spatial distribution of these
clusters in healthy subjects. The segmentation step
also incorporates an image-density nonuniformity
correction (11) to address image-density variations
caused by different positions of cranial structures
within the MRI head coil. The segmented grey and
white matters were smoothed with a 12-mm full-
width, half-maximum isotropic Gaussian kernel to
accommodate individual variability in the sulcal and
gyral anatomy. By smoothing the data, the partial
volume effect was used to create a spectrum of grey-
white matter intensities. Grey- or white- matter
density is equivalent to the weighted average of the
grey- or white-matter voxels located in the volume
defined by the smoothing kernel. Because previous
studies showed a fair correlation between the regional
grey- or white-matter density identified with VBM and
their volumes measured by the conventional manual
tracing method (14-16), the regional grey- and white
matter density can be considered to represent the
local amount of grey and white matter.

A mask image for hippocampus was formed with
software MRicro (http://www.psychology.nottingham.
ac.uk/staff/cri/mricro.html). For the mask image, a mean
image of 28 volunteers was obtained by SPM. The
borders of hippocampus were manually traced in the
best seen planes. The traced area was accepted as 1 and
background as 0. Finally, masked image transformed to
analyze format for small volume comparison.

Genotyping

Blood samples were collected from all volunteers
and DNA subsequently extracted. A total of DNA was
extracted by using MagNa Pure LC (Roche Molecular
Biochemicals, Germany) an automated nucleic acid
purification system and MagNa Pure LC DNA Isolation
Kit 1 (Roche Molecular Biochemicals, Germany)
according to the manufacturer instructions. 200 uL
whole blood has been used as the starting amount.
Real Time PCR assay and probe melting point

Table 1: Primer and probe sequences used in this study. Nucleotide
in bold and underlined shows the position of GA transition
producing valé6met common coding variant

Primers Primer Sequences
BDNF_F 5'- ACTCTGGAGAGCGTGAATGG - 3
BDNF_R 5'- CCAAAGGCACTTGACTACTGA- 3°
Probes Probe Sequences
BDNF_FLU AAGAGGCTTGACATCATTGGCTGACACT
BDNF_LC640 CGAACACGTGATAGAAGAGCTGTTGGAT
0.2-
0.18: BDNF A/A
g']g: —BDNF G/G
017- —BDNF GIA

Fluorescence ~d[F2}/dT
=1
[}

f ' ' ' [rm— ' ' ) '
54 56 58 1) 52 64 66 68 70 2 74 76
Temperature (*C)

Figure 1: Melting peak analysis of BDNF val6émet SNP change
(GtA). The figure demonstrate homozygous, G/G (val/val); and
A/A (met/met) as well as heterozygous G/A (val/met) peaks.

hybridization analysis were used to detect allelic
changes (Figure 1). The primers used in this study were
demonstrated in (Table 1) and were purchased from
used Tib Mol Biol, (Germany). BDNF_F and BDNF_R were
used to amplify 184bp fragment containing GOA
transition responsible for valéémet change. Specific
probes (detection probe BDNF LC640 and anchor probe
BDNF FLU (Table 1) were included in the PCR mixture.
The detection probe was 5’ labeled with LC-Red 640
and 3’ phosphorylated, and the anchor probe was 3’
labeled with fluorescein. The probes were designed in
a distance of two nucleotides. PCR was performed on
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LightCycler Instrument (Roche Diagnostics, Germany) in
capillary glass tubes. PCR mixture contained 4,8 uL PCR
Grade H20, 0,8 uL 25 mM MgCl2 (last concentration
2mM), 0,5 uL BDNF_F (10 pmol/uL), 0,5 uL BDNF_R (10
pmol/uL), 0,2 uL BDNF_FLU (10 pmol/uL), 0,2 uL BDNF_
LC640 (10 pmol/ul) and 1 uL Light Cycler DNA Master
Hybridization Probe Mix (Roche Diagnostics, Germany)
and 2 uL sample DNA was added to the mixture. Cycling
conditions consisted of an initial denaturation at 95°C
for 10 minutes, followed by 45 cycles with denaturation
at 95°C for 10 seconds, annealing at 53°C for 10
seconds, and extension at 72°C for 12 seconds. After
completion of the amplification process, melting step
was performed and samples of the reaction mixture
were denatured at 95°C for 0 s, held at 52°C for 1:30
minutes and then slowly heated to 78°C at a ramp rate
0.2°C/seconds. During this process, declining of
fluorescence was continuously monitored.
Fluorescence channel 2 / 1 (F2/1) was selected as
reading parameter. Melting curves were converted
melting peaks by plotting the negative derivative of the
fluorescence with respect to temperature (Figure 1).

Statistical Analysis
Processed images were analyzed with SPM2,

employing the framework of general linear model (17).
A design matrix was used in which age and gender
were used as covariates of no interest and genetic
polymorphism was considering parameter of interest.
Two contrasts were calculated, testing for a positive
and negative of grey matter volume with parameter of
interest. Significance was set a p-value of p=0.025 (for
each tail) with a minimum cluster size of 200 voxels.
Points of maximum correlation were converted from
Montreal Neurological Institute to Talariach
coordinates using nonlinear transformation (18).
Comparison of sociodemographic variables of
volunteers was done by non-parametric tests.

RESULTS

Genotyping showed that twenty of the volunteers
are val/val carrier while eight of the volunteers are
met/val carriers. There was no homogenous met
carrier in the group (The BDNF met polymorphism is
relatively common in the human population with
prevalence for heterozygote between 20-30% and
prevalence for the homozygote at 04% (8,9)). The two
groups divided according to their genotype were
similar in the aspect of age, sex and education (Table 2).

Table 2: Demographical data of healty volunteers included in BDNF comparison

Val/Val (N=20) Met-Carriers (N=8) Comparison
Mean SD Mean SD V) p°
Age 28.4 7.6 26.4 3.4 75 p>0.05
Education (years) 13.4 2.9 15.1 2.1 52 p>0.05
Male Female Male Female p°
Gender 5 15 6 df=1p>0.05
SD: Standard deviation, a: Mann-Whitney U test, b: Chi-square test
Table 3: Regional Coordinates of Areas of Differential Gray Matter Volume
Brain Region Talariach Coordinates
X Y z Brodmann Area Cluster Size t p*
Val/Val > Met-car
-6 -99 14 Left Occipital Lobe,Cuneus, BA 18 818 3.0 0.003
-24 -2 -33 Left Limbic Lobe,Uncus, BA 36 305 2.64 0.007
34 -40 45 Right Inferior Parietal Lobule, BA 40 309 2.47 0.010
37 6 -36 Right temporal Cortex, BA 21 333 2.19 0.014
Met-car > Val/Val 44 45 1 Right Inferior Frontal Gyrus, ,BA 10 889 418 <0.001
-60 -38 -20 Left Inferior Temporal Gyrus, BA 20 250 3.97 <0.001

*: uncorrected
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Figure 2. Val carriers have more grey matter volume in left uncus, BA 36 (A) and right inferior parietal lobule, BA 40 and inferior temporal

cortex, BA 21 (B).

Figure 3: Whole brain rendering showing regions of increased grey
matter volume (right inferior frontal lobe and left temporal cortex)
of met-carriers volunteers comparing to val homozygotes.

The val carrier volunteers have more grey matter in
the left uncus, Brodmann Area (BA) 36; right inferior
parietal lobule, BA 40; inferior temporal cortex, BA 21
and left occipital lobe, BA 18 (not shown in the figure)
compared to those of met homozygote volunteers
(Table 3, Figure 2). On the other hand, met-carriers
have more grey matter in right inferior frontal gyrus,
BA 10 and left inferior temporal gyrus, BA 20 (Table 2,
Figure 3). No significant volume difference was
detected in hippocampus with and without mask
image.

DISCUSSION

The action of neurotrophic factors are varied and
complex since they have major regulatory roles from
early development up to adulthood. Indeed,
neurotrophic factors were initially known to be
involved in survival, outgrowth and differentiation of
neurons during development (reviewed in 19).
However, high neurotrophic factor concentrations
persist in various areas of adult brain, suggesting that
these molecules have physiological roles beyond fetal
life. Indeed, neurotrophic factors and their receptors
are expressed in brain areas exhibiting a high degree
of plasticity and, their expression regulated by
neuronal activity. Moreover, they regulate directly or
indirectly synaptic transmission. In the adult brain, the
coinciding activity in pre-synaptic inputs and post-
synaptic cell induces short and long term changes,
with further change in synaptic efficacy.

Among neurotrophic factors, BDNF is certainly one
the best studied molecule for its effect synaptic
plasticity. Non-human studies showed that BDNF is
involved in learning and memory. In addition, BDNF
gene expression is markedly enhanced by tetanic
stimulation that induced long-term potentiation
(20,21) and during spatial memory tests (22,23).
Inhibition of BDNF signaling in rodents by gene
knockout or infusion of BDNF antibody impairs spatial
learning and memory (24,25). Evidence that BDNF is
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induced as an immediate early gene after neuronal
stimulation and its secretion depends on neuronal
activity rather than tonic secretion is substantial (7,21).

One BDNF gene SNP which results an amino acid
substitution (val 0 met) is associated in altered
intracellular trafficking and regulated secretion of BDNF
protein in primary cortical neurons and neurosecretory
cells (7,8). This study further showed that BDNF met
carriers has differences in their brain morphometry
compared to those of BDNF val homozygotes. The
differences were mainly observed in the areas of
frontal and parietal cortices together with temporal
cortex. These areas are associated with episodic and
working memory in humans or primates (26,27). The
disadvantage of BDNF met carriers in episodic memory
has been demonstrated before, by both memory tests
and associated functional MRI studies (8,28). Met
carriers exhibit relatively diminished hippocampal
engagement in comparison with val homozygotes
during both encoding and retrieval process. These
findings were supported by later reports of lower
hippocampal volumes in met carriers (9,10).

In this report we could not find volumetric
difference in hippocampal formation which is known
to be very important in episodic memory, between
met carriers and val homozygotes. However, there are
number of reasons that, might explain this negative
finding. The first reason might be the small number of
volunteers in this study and due to that the difference
between the groups might not be reached to
statistical significant level. The methodological
differences between the studies might be the second
reason to explain the no difference because region of
interest analysis that was preferred previous studies
assumes that, hippocampus is one variable but voxel
based morphometry compares every voxel (1X1X1
mm in this study) in hippocampus. The third reason
might be the other genetic variables like serotonin
transporter gene s allele or Apolipoprotein E gene [
allele which are known to have impacts on
hippocampal volume had not been controlled in this
study (29,30). One other reason might be the lack of
met homozygotes in the met-carriers group. It was
previously showed that a significant linear reduction in
hippocampal NAA levels which shows viability of
neurons, with increasing number of met allele

observed, indicating possible allele dose effect (8).
Thus, a similar effect might be acceptable for
hippocampal volume. The first and the third reasons
should also be received as the limitations of this study.

The working memory which refers to a limited
capacity system that is responsible for the temporary
storage and processing of information while cognitive
tasks are performed (31). These procedures are mainly
processed in the neocortical regions, particularly
prefrontal cortex and parietal cortex (26). The
psychological tests showed that met carriers do not
have lower scores for working memory compared to
val homozygotes (8). However, in the same study
during N back test, a test for working memory, met
carriers showed abnormal limbic system activation
but no difference in the prefrontal cortex. In this study,
the finding of increased grey matter in the prefrontal
cortex of met-carriers might be a compensation for
decreased grey matter of parietal and temporal
regions of working memory network in the brain. This
kind of compensation might explain the normal results
of the psychological tests and abnormal functional
imaging data in previous studies. Thus, based on our
findings, we proposed that brains of met-carriers
might need greater frontal area to handle the working
memory procedures because it can not use the
network efficiently. These changes which were
independent from age and sex should be occurred
before adulthood. This time period might be from birth
to end of adolescence when there is abundance of
synaptic pruning and new organizations (which are
highly depending on neurotrophic factors) are going on
in the brain (32).

It is known that neurotrophic factors including
BDNF play an important role in visual system and
ocular dominance organization plasticity (33,34).
However, to our knowledge, no study has evaluated
BDNF val66met polymorphism in the visual system.
Nevertheless, our finding of increased grey matter in
BA 18 in val homozygotes gives us an idea that this
SNP might be important in changing grey matter
structures and related functions in the visual system.

As a conclusion, BDNF val6é6met polymorphism has
a significant impact on brain structures in healthy
people. These structures are mainly involved in the
working memory network which is known to be not
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working properly

in  psychiatric diseases like

schizophrenia. Thus, further structural and functional
imaging studies are needed to understand the effects
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