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Influence of brain-derived neurotrophic factor
and apolipoprotein E genetic variants
on hemispheric and lateral ventricular

volume of young healthy adults

Sidiropoulos C, Jafari-Khouzani K, Soltanian-Zadeh H, Mitsias P,
Alexopoulos P, Richter-Schmidinger T, Reichel M, Lewczuk P,
Doerfler A, Kornhuber J. Influence of brain-derived neurotrophic factor
and apolipoprotein E genetic variants on hemispheric and lateral
ventricular volume of young healthy adults.

Objective: Brain-derived neurotrophic factor (BDNF) and apolipoprotein
E (ApoE) are thought to be implicated in a variety of neuronal processes,
including cell growth, resilience to noxious stimuli and synaptic plasticity.
A Val to Met substitution at codon 66 in the BDNF protein has been
associated with a variety of neuropsychiatric conditions. The ApoE4 allele
is considered a risk factor for late-onset Alzheimer’s disease, but its
effects on young adults are less clear. We sought to investigate the effects
of those two polymorphisms on hemispheric and lateral ventricular
volumes of young healthy adults.

Methods: Hemispheric and lateral ventricular volumes of 144 healthy
individuals, aged 19-35 years, were measured using high resolution
magnetic resonance imaging and data were correlated with BDNF and
ApoE genotypes.

Results: There were no correlations between BDNF or ApoE genotype
and hemispheric or lateral ventricular volumes.

Conclusion: These findings indicate that it is unlikely that either the
BDNF Val66Met or ApoE polymorphisms exert any significant effect on
hemispheric or lateral ventricular volume. However, confounding epistatic
genetic effects as well as relative insensitivity of the volumetric methods
used cannot be ruled out. Further imaging analyses are warranted to better
define any genetic influence of the BDNF Val6Met and ApoE
polymorphism on brain structure of young healthy adults.
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Introduction

In the last 15 years, there has been an evolving inter-
est in the field of molecular and biological psychiatry.
There is a growing amount of evidence from basic
and clinical research to suggest that morphological
characteristics of the human nervous system are at
least to some degree influenced by genetic factors.
Brain-derived neurotrophic factor (BDNF) is a
trophic factor produced mainly in the central nervous
system. It is necessary for survival of several
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neuronal populations in the cortex, hippocampus,
striatum, olfactory bulb and cerebellum. It is widely
expressed in the mammalian brain with the hip-
pocampus (1) and the prefrontal cortex (2) having
the highest levels of expression. BDNF also affects
axonal and dendritic outgrowth as well as synaptic
plasticity (3) and prevents cellular death in the adult
brain (4). Its synthesis and release is controlled by
activation of glutamate receptors (5,6). A recently
described single nucleotide polymorphism (SNP) in
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the 5" prodomain region of the BDNF gene in which
valine is replaced by methionine, due to substitution
of guanine by adenine (G to A) at nucleotide 196, is
an example of a neurotrophin gene allelic variation
implicated in brain structure and function. This poly-
morphism seems to impair intracellular trafficking
and packaging of BDNF and its activation-dependent
release (7,8). It is relatively common in Caucasian
subjects with a frequency of 19-25% (9—13), while
its frequency is estimated to be somehow higher
in Asian populations (approximately 30%) (5). The
most widely investigated structural effect of this
polymorphism to date has been its association
to a reduced hippocampal volume (14—17) with-
out, though, absolute consensus (14,18). Nemoto
et al. (18) found a decreased volume in the dorsal lat-
eral prefrontal cortex, anterior cingulate and temporal
and parietal lobes in healthy, aged 20—72, subjects.
A negative effect of the Val66Met polymorphism on
hippocampal volume was demonstrated in another
trial that recruited healthy and depressed subjects,
irrespective of the presence of disease (17). There
may also be a more general rather than regional effect
of the BDNF Val66Met polymorphism. In an analy-
sis of 331 young adolescents, Toro et al. (19) found
an average decrease of 28.34 cm® in Met carriers
compared to Val homozygotes.

Apolipoprotein E (ApoE) is a 299 amino acid
polypeptide which plays a significant role in lipid
metabolism and circulation. Human ApoE has three
major isoforms, namely E2, E3 and E4 coded for by
respective alleles. Isoform E3 is the most common
one in most populations representing likely a muta-
tion of the phylogenetically older E4 isoform. E2 is
the least common of all alleles (20,21). In their study,
including a German sample, Corbo et al.(22) reported
frequencies of 7.7, 77.8 and 14.5% for E2, E3 and
E4, respectively, for the German sample. Signalling
through binding of ApoE to its receptors mediates
several processes such as synaptic plasticity, neu-
ronal survival and neurite outgrowth (23,24). There
is a plethora of data to suggest linkage of the Apo E4
allele with Alzheimer’s disease, although it is neither
a necessary nor a sufficient presupposition. The E2
isoform seems, however, to exert a protective effect.
The mechanisms through which the E4 isoform
increases the risk for Alzheimer’s disease remain to
be further clarified but proposed theories include dif-
ferential domain interaction with its receptors (25),
instability to protein unfolding (26) and impaired
clearance of the amyloid-beta polypeptide (27). Neu-
roimaging studies have demonstrated diminished
hippocampal volumes and increased hippocampal
atrophy rates in Alzheimer’s patients. There is, how-
ever, ongoing research in other, nondemented, popu-
lations to investigate whether this gene may have any
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effect at an earlier age and before any clinical symp-
toms, by conferring a neural substrate for susceptibil-
ity to neurodegeneration at a later age. Hippocampal
volume, rate of volume loss and cortical thickness
were lower, higher and decreased, respectively in
ApoE4 carriers in studies that recruited nondemented
middle and older age probands (28—30) Earlier stud-
ies had also found a decreased hippocampal vol-
ume asymmetry (31) and diminished right hippocam-
pal volume in elderly nondemented subjects (32).
Regionally, reduced grey matter (GM) density was
detected by Wishart et al. (33) in nondemented
adults, carriers of the ApoE4 gene. Reduced cortical
thickness in adults (34) and thickness of the entorhi-
nal cortex in children and young adolescents (35)
has also been linked to ApoE4 carrier status. Mon-
dadori et al. (36), however, in a sample of 34 young,
healthy subjects found no difference in whole brain
or hippocampal volumes among the three alleles.

Ventricular volume measurement may be an objec-
tive and easily reproducible and obtainable variable
to assess for neuropathological changes. On magnetic
resonance images (MRI) there is a robust contrast
between the ventricular spinal fluid and surrounding
tissue in volumetric T1-weighted images. It has been
a widely implemented tool in the field of neurodegen-
eration (37—41). Furthermore, hemispheric atrophy
rates as defined by ventricular enlargement correlate
significantly with cognitive changes and disease pro-
gression, at least in Alzheimer’s disease (39). This
may, to a certain degree, be explained by the fact that
parts of the lateral ventricles line specific medial tem-
poral lobe structures that are affected during the dis-
ease course (42,43). Although ventricular volumetry
has not been used in a young population, it has been
implemented in normal elderly controls. As BDNF
may exert trophic effects on multiple brain regions,
we sought to evaluate this easily quantifiable and sen-
sitive method in our population. We employed the
same method for the ApoE4 polymorphism to define
whether there are volumetric differences between E4
and noncarriers.

Materials and methods
Subjects

From February 2007 to August 2008, 144 young,
healthy individuals, aged 19-35 years, were recruited
and underwent a neuropsychological evaluation,
BDNF genotyping and volumetric brain MRI at the
University of Erlangen-Nuremberg as part of the
GENES study. This study was conducted in accor-
dance with the declaration of Helsinki and approved
by the local Ethics Committee. All probands pro-
vided written informed consent after deemed eli-
gible for the study. Exclusion criteria were the

133


https://doi.org/10.1111/j.1601-5215.2011.00546.x

Sidiropoulos et al.

following: age younger than 18 or older than
35 years, inability to provide appropriate consent,
concurrent or past medical, neurological or psychi-
atric conditions, history of head trauma with loss of
consciousness, substance abuse, positive family his-
tory of a neurological or psychiatric disease in first
degree relatives, birth complications, any contraindi-
cations for having MRI, history of heart or brain
surgery and pregnancy or lactation. There were 51
men (35.4%) and 93 women (64.6%) with a mean
age of 24.79 years (range 19-35) and a mean num-
ber of 17.03 years of education (range 12-23). All
subjects were genotyped for the BDNF gene which
yielded a percentage of 28.5% for the Val66Met poly-
morphism close to percentages previously reported.
We also genotyped all subjects for the ApoE4 allele
yielding a percentage of approximately 14%, similar
to previous studies.

Structural neuroimaging and image analysis

Brain MRIs were analysed for 144 subjects. Axial
FLAIR images with a slice thickness of 5 mm were
obtained to exclude any intracranial pathology and
reviewed by the neuroradiology department at the
University of Erlangen-Nuremberg. Volumetric sagit-
tal T1-weighted MPRAGE images were acquired
in a Siemens Sonata 1.5 T scanner (Siemens,
Erlangen, Germany) using the following parame-
ters: TR/TE = 2030/3.93 ms, field of view = 280 x
280 mm, slices = 176, slice thickness = 1.0 mm,
pixel size = 1 x1 mm? (voxel size=1x 1x1 mm?)
and matrix size = 256 x 256.

The T1-weighted images were first converted
from DICOM format to ANALYZE using a MAT-
LAB (MathWorks, Natick, MA, USA, Version 7.6)
code. We then applied hierarchical attribute matching
mechanism for elastic registration (HAMMER) (44)
to generate labels of different structures. HAMMER
is an elastic registration procedure to warp a tem-
plate brain image to an individual. With the pro-
vided brain template, HAMMER locates more than
90 brain regions including the ventricles and subcor-
tical structures.

To make HAMMER robust to different acquisi-
tion protocols, a distribution has been provided that
assumes images have been skull-stripped and seg-
mented into (GM), white matter (WM) and ven-
tricular cerebrospinal fluid (CSF) (Fig. 1). We used
skull strip (http://idealab.ucdavis.edu/index.php) fol-
lowed by brain extraction tool (BET) (45) for skull-
stripping and FSL FAST (46), a clustering algorithm,
for segmentation to GM, WM and CSF. For subjects
with poor skull-stripping outcome, manual skull-
stripping/correction was applied. We used the free
available software MRIcro (Chris Rorden, University
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Fig. 1. Segmentation of the brain using HAMMER in a
representative T1-weighted axial image. (a) Original image.
(b) Skull-removal outcome using skull strip (http://idealab.
ucdavis.edu/index.php) followed by BET. (c) Outcome of seg-
mentation into WM, GM and CSF using FSL FAST. (d) Colour-
coded anatomical segmentation generated by HAMMER.

of South Carolina, USA) (47) to check the quality of
skull-stripping results. The majority of images did
not need manual correction. At the end, we used a
MATLAB code to calculate the volumes of different
structures using the produced label image.

Genotyping

Peripheral blood was collected from the study sub-
jects and leucocyte DNA was isolated and used
for ApoE and BDNF genotyping at the Department
of Psychiatry and Psychotherapy of the University
Hospital of Erlangen, Germany. The methodology
is described in detail in the paper by Richter-
Schmidinger et al. (48)

Statistical analysis

We used the SPSS software (Statistical Package for
the Social Sciences, Chicago, IL, USA) for Windows,
Version 17.0. p Values of less than 0.05 were consid-
ered statistically significant. Normal distribution of
data was checked using the Kolmogorov—Smirnov
test. Differences regarding demographic variables
and volumetric parameters among the different geno-
typic groups were tested using z-test for independent
samples under consideration of the Levene test.

Results

To detect any statistically significant differences, we
divided our population into different groups accord-
ing to the presence of one or two A alleles compared
to the G allele in the BDNF gene. We performed the
same analysis dichotomising our groups in ApoE4
carriers and noncarriers.

When comparing A allele carriers versus noncar-
riers, there were 52 carriers and 92 noncarriers with
a mean age of 24.12 versus 25.17 years and standard
deviation (SD) 2.57 versus 3.71 years.

No statistical significance was attained for any of
the four volumetric measures using a p value of 0.05
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Table 1. Summary of demographic, genotypic and volumetric data of the study sample

Brain-derived neurotrophic factor/apolipoprotein E

BDNF Val homozygotes

BDNF Met carriers

ApoE E4 noncarriers ApoE E4 carriers (n = 20),

(n = 92), mean (SD) (n = 52), mean (SD) (n = 124), mean (SD) mean (SD)

Demographic characteristics

Age (years) 25.17(3.71) 2412 (2.57) 24.9(3.31) 24.1(3.74)
Volumetric parameters

RHV (cm?) 520.22 (55.92) 509 (50.62) 516.25 (54.63) 515.65 (52.5)

LHV (cm?) 527.92 (57.46) 517.4 (51.52) 524 (56.03) 523.95 (52.95)

RLWV (cm®) 10.06 (5.5) 10.1(4.48) 10(5.27) 10.57 (4.37)

LLWV (cm?) 8.67(5.62) 8.31(4.06) 8.55(5.3) 8.49(3.73)

RHV, right hemispheric volume; LHV, left hemispheric volume; RLVV, right lateral ventricular volume; LLVV, left lateral ventricular volume.

as a cut-off (Table 1). Comparing G allele homozy-
gotes with heterozygotes, there were 92 versus
41 probands with mean ages of 25.17 +3.71 and
24.17 4 2.65 years, respectively. Mean right hemi-
spheric, left hemispheric, right lateral ventricular and
left lateral ventricular volumes were 520.22 £ 55.92,
527.72 +57.46, 10.06 £ 5.5 and 8.67 & 5.62 cm? in
the former group versus 504.34 + 48.76, 512.81 +
49.4,9.95 4+ 4.56 and 8.3 + 4.34 cm’ in the latter.

We then studied G allele homozygotes versus A
allele homozygotes. There were 92 G allele homozy-
gotes versus 11 A allele homozygotes with mean
ages 25.17 £3.71 and 23.91 4 2.34 years, respec-
tively. Right hemispheric, left hemispheric, right
lateral ventricular and left lateral ventricular vol-
umes were 520.22 £ 55.92, 527.72 £ 57.46, 10.06 +
5.51 and 8.67£5.62 cm® in the former versus
526.42 4+ 55.94, 534.52 +58.02, 10.65 +4.33 and
8.354+2.92 cm® in the latter group, respectively,
without reaching statistical significance for any of
the volumetric measures. When studying heterozy-
gotes versus A allele homozygotes, there were 41
heterozygotes versus 41 A allele homozygotes with
mean ages 24.17 £2.65 and 23.91 4 2.34 years,
respectively. Right hemispheric, left hemispheric,
right lateral ventricular and left lateral ventricular
volumes in the two groups were 504.34 £ 48.76,
512.81 £49.4, 9.95 4 4.56 and 8.3 & 4.34 cm? ver-
sus 526.42 +55.94, 534.53 £58.02, 10.65 £ 4.33
and 8.3542.92 cm®. None of the differences was
statistically significant.

With regard to ApoE genotype, there were 124
non-E4 carriers versus 20 E4 carriers with mean
ages 24.9 +3.31 versus 24.1 4= 3.74 years. Again
no statistical significance was attained for any
volumetric parameter (Table 1).

Discussion

In our study, there was no association of the BDNF or
ApoE genotype with any of the volumetric parame-
ters that were evaluated, both hemispheric and lateral
ventricular volumes. It is of note that we used a
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comparatively large and homogeneous subject mate-
rial of young, healthy adults chosen based on strin-
gent exclusion criteria. Although we did not use any
specific neuropsychological test batteries to further
stratify our sample, we believe that based on the
questionnaire used, we could reasonably avoid any
major confounding factors in the recruitment pro-
cess. Thus, the variability in brain volumes can be
postulated to emanate from their genetic background
and much less likely from external factors such as
substance abuse or medical illness. There is evi-
dence that brain weight starts diminishing in the third
decade of life. The age range used, though some-
how arbitrary, achieved a satisfactory compromise
of rapid recruitment, due to the study environment
and avoidance of the possibility of any underlying
neurodegenerative process or simply ageing effect, as
stated above. Furthermore, all probands were scanned
using the same MR instrument avoiding any variabil-
ity in imaging protocols or device quality. Despite
those strengths we could not detect any volumetric
differences among the genotypes tested for. The lit-
erature concerning brain volumetric parameters com-
paring Met to Val carriers has yielded inconsistent
results so far, as discussed earlier. Although some
reports found a decreased volume of the hippocam-
pal formation in Met carriers (15), they used either
a small sample or a more wide spectrum of ages in
the subjects they recruited. It is thus possible that the
BDNF Val66Met polymorphism may exert differen-
tial effects on brain ageing and not during the phase
of neuronal growth and stabilisation. However, there
is some evidence that the Met allele may have nega-
tive effects on the volume of partial brain structures
such as the prefrontal cortex or the cingulate gyrus.
In our study, the volume of the lateral ventricles did
not differ significantly between any of the genotypic
combinations tested for, meaning that most likely
neither the hippocampal formation nor any of the
structures lining the lateral ventricles differ in their
size. Volumes of the two hemispheres were similar
among all genotypic groups tested, negating a global
trophic effect of BDNF alleles. However, the tools

135


https://doi.org/10.1111/j.1601-5215.2011.00546.x

Sidiropoulos et al.

used in the study were not designed to detect any
partial volumetric asymmetries and thus, any such,
may have been diluted in the overall sample. Further-
more, differences in the imaging study methodology
may also account for the variability in the results
published in the literature, including our study.

In regards to ApoE polymorphisms and its effects
on volumetric changes, it is known that the entorhi-
nal cortex as well as the medial temporal and
orbitofrontal lobe (49) are among the regions more
severely affected in Alzheimer’s disease, probably
in part due to their cytoarchitectural homology (50).
Furthermore, cognitive and MRI measure changes
are evident in ApoE4 carriers long before the onset
of dementia (51). Young healthy adults with the
E4 allele exhibit altered cerebral activation pattern
both at rest and during performance of cognitive
tasks (52). Children and adolescents carrying the
E4 allele were found in one study to have thin-
ner entorhinal cortex with E2 carriers having the
greatest thickness (35). In general, volumetric studies
involving the hippocampal formation have yielded
rather equivocal results with a trend towards lower
volumes in E4 carriers that did not reach always
statistical significance (32,36,53-55). Differences in
image analysis methods (56), sample size and homo-
geneity may account for some variability in results.
However, plain volumetry may not be a sufficiently
sensitive method to detect subtle regional changes
and localised volume loss may be washed out in more
generalised measurements. It is thus not surprising
that ventricular volumes, which are influenced by
medial lobe structures, among other periventricular
formations, did not differ statistically between E4 and
non carriers. Another explanation may be the homo-
geneity of our sample, which recruited a relatively
young population. The E4 status may result either
in an endophenotype even at young age, i.e. difficult
to detect with standard volumetric methods or may
confer a greater susceptibility to age-related volume
loss that may be evident at an older age than the one
tested in our study.

To our knowledge, this is the first study to inves-
tigate the effects of the Val66Met BDNF polymor-
phism and ApoE genotype on whole brain and lateral
ventricular volume in a large, homogeneous sample
of young and healthy adults. Especially, lateral ven-
tricular volumetry is employed for the first time in
a young and nondemented population. Our study did
not detect any differences among Met and non carri-
ers, as well as among E4 and non carriers, in any of
the volumetric parameters, despite the use of a large,
highly homogeneous sample. However, it should also
be viewed in light of its limitations. The lack of
association between the Val66Met polymorphism as
well as the E4 genotype speaks against any direct
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or significant global trophic effect. Similarly, lateral
ventricular volumes did not differ between the study
groups negating any significant difference in periven-
tricular structures, primarily medial temporal lobe
and hippocampus, contrary to some previous studies
that had detected a volumetric difference in the hip-
pocampal formation. However, no study has thus far
evaluated the lateral ventricular volumes in young
subjects and our results are difficult to generalise.
Furthermore, the study was not designed to measure
regional or lobar volumes. The lack of a standardised
volumetric methodology may confer some variabil-
ity as well. Moreover, interactions between genes,
such as the RE1 silencing transcription factor gene,
which decreases BDNF secretion (57), may modify
the final effect on hemispheric and lateral ventricular
volumes.

In conclusion, this study did not detect any trophic
influence of either the BDNF Val66Met polymor-
phism or the E4 allele on hemispheric or lateral
ventricular volumes, using a robust and highly accu-
rate method. To our knowledge, this is the first study
to evaluate the above structural parameters in young
adults, whereas only a few have focused on children
and adolescents and most on a wider age range. It is
also the first to study lateral ventricular volume in a
nondemented population. It should be noted that, due
to great variability in the inclusion criteria and volu-
metric parameters, there are significant controversies
in the current literature. The lack of an association
between genetic status and the volumes measured
in our study is not surprising. It is likely that mul-
tiple gene interplay, known and unknown, confers
an individual trophic effect that is not evident with
gross volumetry and may be more regional and even
restricted to specific cortical layers. Nevertheless, the
field of structural neuroimaging and molecular psy-
chiatry remains a fascinating and promising one in
our attempt to unravel the mysteries of brain devel-
opment and function.
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