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Abstract: Episodic memory impairment is a frequently reported symptom in schizophrenia. It has
been shown to be associated with reduced neural activity of the hippocampus and prefrontal cortex.
Given the high heritability of schizophrenia the question arises if alterations in brain activity are
modulated by susceptibility genes and might be detectable in healthy risk allele carriers. The present
study investigated the effect of the single nucleotide polymorphism (SNP) rs1018381 (P1578) of the
dystrobrevin-binding protein 1 (DTNBPI) on brain activity in 84 healthy subjects assessed by func-
tional magnetic resonance imaging (fMRI) while they performed an episodic memory task comprising
encoding and retrieval of faces. During encoding, the group of risk allele carriers (n = 29) showed
enhanced neural activity in the left middle frontal gyrus (BA 11) and bilaterally in the cuneus (BA 17,
7) when compared with the nonrisk carrier group (n = 55). During retrieval, the risk group (compared
to the non risk group) showed increased right hemispheric neural activity comprising the medial fron-
tal gyrus (BA 9), inferior frontal gyrus (BA 9), and inferior parietal lobule (BA 40). Since there were no
behavioral performance differences, increased neural activity of the risk group might be interpreted as
a correlate of higher effort or differing cognitive strategies in order to compensate for a genetically
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determined slight cognitive deficit. Interestingly, the laterality of increased prefrontal activity is in
accordance with the well known hemispheric encoding/retrieval asymmetry (HERA) model of epi-

sodic memory. Hum Brain Mapp 31:203-209, 2010.

© 2009 Wiley-Liss, Inc.
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INTRODUCTION

Memory impairments belong to the predominant and
well-documented cognitive deficits in patients with schizo-
phrenia. Several domains of memory have been shown to
be typically affected in schizophrenia patients, including
encoding and retrieval of episodic events (for a review see
Aleman et al. [1999]. In an attenuated degree, deficits in
episodic memory can be found as well in nonpsychotic rel-
atives of schizophrenia patients. Accordingly, episodic
memory impairment might index genetic liability and be
regarded as a candidate endophenotype for schizophrenia
[Gallinat et al., 2008; Sitskoorn et al., 2004; Snitz et al.,
2006]. In this context it is of high interest to investigate the
neural correlates of episodic memory in schizophrenia
patients and groups at increased genetic risk compared to
healthy subjects, to elucidate the mediating factor in the
causal chain from genes to the manifestation of a cognitive
deficit.

In healthy subjects, episodic memory encoding and re-
trieval has been consistently associated with neural activity
of prefrontal and medial-temporal regions. Encoding has
often been shown to be lateralized to the left prefrontal
cortex, while prefrontal activations during retrieval show a
clear tendency for right lateralization [Cabeza and Nyberg,
2000]. This lateralization has been described by Tulving
et al. [1994 ab] as the hemispheric encoding/retrieval
asymmetry (HERA) model of prefrontal activation.

Compared with healthy subjects, episodic memory
impairment in schizophrenia has been shown to be consis-
tently associated with a robust pattern of reduced neural
activity in the prefrontal cortex and in the medial temporal
lobe/hippocampus [Achim and Lepage, 2005; Weiss and
Heckers, 2001]. A meta-analysis of numerous studies
showed that within the frontal lobe, the left inferior pre-
frontal cortex was the most consistent area of reduced
neural activity in schizophrenia patients during both
encoding and retrieval. These differential activations were
interpreted as their inability to use efficient strategies for
encoding and retrieval. Furthermore, reduced activity was
found in the right middle and medial frontal gyrus during
encoding, and in the left middle and medial frontal gyrus
during retrieval [Achim and Lepage, 2005].

Besides the group of healthy subjects and schizophrenia
patients, there is a group of individuals with a genetic risk
for schizophrenia who might suffer from slight cognitive
deficits. These can be relatives of schizophrenia patients
and/or carriers of risk alleles in susceptibility genes which

are known to enhance the risk for schizophrenia. Several
fMRI studies have investigated the neural correlates of
various cognitive domains in relatives of schizophrenia
patients (for a review see [Macdonald et al., in press]) but
only three of those investigated episodic memory. In a
study by Whyte et al. [2006], a high-risk group showed
increased neural activity in the right inferior frontal gyrus
during encoding and in the right cerebellum during re-
trieval of verbal material when compared with a control
group. Similarly, in a study by Bonner-Jackson et al. [2007]
inferior frontal regions were activated greater in the risk
group, however, in this study bilaterally. Finally, Therme-
nos et al. [2007] found bilaterally enhanced neural activity
of the anterior parahippocampus in the risk group. In
summary, performing episodic memory tasks was accom-
panied by hypoactivations in schizophrenia patients but
hyperactivations in relatives of patients in several areas
when compared with healthy subjects.

The mentioned studies have shown that genetic liability
in general affects neural correlates of cognitive functions.
However, schizophrenia has a polygenetic pattern of hered-
ity and genetic effects on brain functions have scarcely been
demonstrated on a single gene level by functional imaging
studies [Kircher et al., 2009; Krug et al., 2008]. In the last
years several susceptibility genes for schizophrenia have
been detected including dysbindin 1 (DTNBP1), neuregulin
1 (NRGI), -catechol-O-methyltransferase (COMT), dis-
rupted-in-schizophrenia 1 (DISCI) regulator of G-protein
signalling 4 (RGS4), G72, proline dehydrogenase (PRODH),
and Dp-amino acid oxidase (DAAO) [Harrison and
Weinberger, 2005; O'Tuathaigh et al., 2007; Owen et al,,
2004b]. Among these, DTNBP1 has been regarded as one of
the best-supported susceptibility genes [Owen et al., 2004a;
Williams et al., 2005]. It has been shown to have an effect
on schizotypy and attention capacity [Stefanis et al., 2007],
executive function [Luciano et al., 2009], intelligence
[Burdick et al., 2006, 2007; Luciano et al., 2009; Zinkstok
et al., 2007], and memory [Donohoe et al., 2007; Luciano
et al., 2009] in both healthy subjects and patients with schiz-
ophrenia. The effect of DTNBP1 on cognitive functions has
been supposed to be mediated by the glutamate neurotrans-
mitter system, acting via the prefrontal cortex [Fallgatter
et al., 2006]. Several single-nucleotide polymorphisms of
DTNBP1 have been detected and discussed to be risk fac-
tors for schizophrenia [Straub et al., 2002]. The most signifi-
cant association with schizophrenia has been shown for the
SNP rs1018381 (P1578) [Funke et al., 2004] and this was the
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only SNP that showed a significant effect on general cogni-
tive ability in a study by Burdick et al. [2006].

The aim of the present study was to investigate the
effects of SNP rs1018381 of the DTNBP1 gene on neural
correlates of episodic memory in healthy subjects. Based
on the above mentioned studies, we hypothesized that the
risk variant (A allele) leads to an enhancement of neural
activity, mainly in the prefrontal cortex, during encoding
and retrieval of an episodic memory task.

MATERIALS AND METHODS
Subjects

Eighty-four right-handed participants (as tested with the
Edinburgh Laterality Scale [Oldfield, 1971]) were recruited
from the RWTH Aachen university. Inclusion criteria were
age (18-55 years) and no psychiatric disorder according to
ICD-10. The study protocol was approved by the local
ethics committee and written informed consent was
obtained from each subject.

Genetic Analysis

DNA was isolated from peripheral lymphocytes by a
simple salting out procedure. The SNP rs1018381 [Straub
et al., 2002] was genotyped using Applied Biosystems
7900HT Fast Real-Time PCR System and TagMan-probes
designed by Applied Biosystems (Foster City, CA). The
following primers and VIC/FAM-probe sequences for
rs101838 detection were used: Forward-5'-GAGTTACAAG-
TAAATGAAACGTCATGCA-3;  Reverse-5-GCTGAGAT
CTGCCGGTGATTC-3; 5-VIC-ACAGCGTGCGGAAC-3;
5-FAM-AACAGCATGCGGAAC. Note, that the common
C allele reported in previous studies is equivalent to our G
allele and analogous the risk T allele [Burdick et al., 2006;
Funke et al., 2004; Straub et al., 2002] is equivalent to our
A allele. Actual and expected frequencies of the SNP
rs1018381 did not show a statistical significant difference,
assessed by Hardy-Weinberg equilibrium (HWE) using
Haldane’s exact test [Elston and Forthofer, 1977].

fMRI Task
Task and stimuli

The fMRI task was designed with “Presentation” soft-
ware (Neurobehavioral Systems Inc., San Francisco, CA)
and comprised an encoding and a retrieval episode in a
block design as described in a previous experiment by
Leube et al. [2001]. During encoding, subjects were
required to memorize consecutively presented standar-
dized pictures of male or female faces that were presented
on a black background for 4,000 ms in a pseudorandom-
ized order, followed by a blank screen of 1,000 ms. In
order to ensure their attention, subjects were instructed to
press a button (LUMItouch™ Lightwave Technologies,
Richmond, B.C., Canada) with their left and right index

finger to indicate if the presented face was male or female.
In a second condition, subjects had to press the button
whenever the symbol “#” was presented (low-level base-
line). Face encoding and baseline were presented in 10
alternating blocks of 30 seconds (five blocks of each condi-
tion), requiring six responses in each block, resulting in 30
faces to be encoded and 30 button presses as baseline. The
second part of the fMRI task consisted in the retrieval of
the memorized faces. For this purpose, two pictures of
faces were presented simultaneously side by side, each
trial comprising a previously presented face and a new
face, randomly positioned at the left or right side. Subjects
were requested to select the previously presented face and
forced to make a choice by pressing the corresponding
button with the left or right index finger. Background
image, low level baseline, timing, and block design were
exactly the same as in the encoding episode of the
experiment.

Data acquisition

FMRI was performed on a 3T Trio MR scanner (Sie-
mens, Erlangen, Germany) in the Institute of Neuroscience
and Biophysics—Medicine, Research Centre Jiilich, using a
T,*-weighted echo planar imaging (EPI) sequence (time
repetition = 2,250 ms, time echo = 30 ms, flip angle =
90°). Slices covered the whole brain and were positioned
transaxially parallel to the anterior-posterior commissural
line (AC-PC). A total of 137 functional images were
acquired, each consisting of 36 slices (3 mm thickness, 20
x 20 cm field of view, 64 x 64 image matrix). The initial
three images were excluded from further analysis in order
to remove the influence of T1 stabilization effects.

fMRI data analysis

Analysis of fMRI data was done by SPM5 (www fil.
ion.uc.ac.uk/spm). Functional images were realigned, nor-
malized (to a voxel size of 2 x 2 x 2 mm), smoothed (6
mm isotropic Gaussian filter) and high-pass filtered (cut-
off period 120 s). At the first level, the BOLD responses
were modeled by a boxcar function convolved with the ca-
nonical hemodynamic response function. For each subject,
neural activity related to episodic encoding and retrieval
was contrasted with activity at the low-level baseline. At
the second level, the individual B-contrasts of the first
level analyses were used to calculate two sample t-tests to
investigate for genotype effects (G/A vs. G/G). In order to
correct for multiple comparisons within a search volume
we applied a cluster extent threshold determined by
Monte Carlo simulations [Slotnick et al., 2003]. For spatial
properties as present in this study, 10.000 simulations
resulted in an extent threshold of 26 or 33 resampled vox-
els for a threshold at the voxel level of P = 0.001 or P =
0.005, respectively. This procedure prevented a false posi-
tive rate above 5% due to multiple testing. Brain activa-
tions were displayed on the anatomical SPM template.
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TABLE I. Sociodemographic variables of the sample

Risk Nonrisk
Sample group group
(n = 84) (n =29) (n =55)  Statistics P
Sex ratio (men/women) 22/7 35/20 =13 NS
Age (yr) 226 (23) 23.7(32) F=268 NS
Education (yr) 154 (2.2) 159 (27) F=084 NS

Estimated IQ 1138 (11.3) 1115(11.9) F =074 NS

Means, standard deviations (SD) in parentheses.
1Q was estimated using the MWT-B [Lehrl, 2005].
NS = nonsignificant (P > 0.05).

RESULTS
Subjects

Genetic analysis of SNP rs1018381 revealed 29 subjects
with the risk allele variant A/G and 55 subjects with the
non risk variant G/G. Risk group and non risk group did
not differ concerning sex ratio, age, education and esti-
mated IQ (see Table I)

Behavioral Data

The mean of the correctly recognized faces was 23.4 (SD
2.8) in the A/G risk genotype group and 24.4 (SD 3.1) in
the G/G genotype group. Differences were statistically not
significant (F = 1.93, P = 0.17).

fMRI Data

Group differences were calculated separately for encod-
ing and retrieval. During encoding, the risk group showed
increased neural activity of the left middle frontal gyrus
and bilaterally of the cuneus when compared to the non
risk group (see Table II and Fig. 1). During retrieval, the
risk group showed increased right hemisphere neural ac-
tivity of the medial and inferior frontal gyrus and of the
inferior parietal lobule (see Table III and Fig. 1). The
reverse contrasts (nonrisk > risk group) did not show any
significant differences.

DISCUSSION

In the present study, the effect of the single nucleotide
polymorphism (SNP) rs1018381 of the dystrobrevin-bind-
ing protein 1 (DTNBPI) on episodic memory performance
and its neural correlates was investigated in healthy sub-
jects. Retrieval performance did not differ significantly
between the A/G risk allele group and the G/G nonrisk
group. On the functional imaging level, the risk group
showed enhanced neural activity both during encoding
and retrieval. In general, this result is in accordance with
previous episodic memory studies that showed increased

neural activity in relatives of schizophrenia patients when
compared with control subjects with no family history of
schizophrenia [Bonner-Jackson et al., 2007, Thermenos
et al., 2007; Whyte et al., 2006]. These studies were based
on the assumption that relatives of patients should have a
general genetic liability and therefore might show different
patterns of neural activity when performing cognitive
tasks [for a review see Macdonald et al., in press].

In our study now we disclosed the impact of dysbindin
1 on neural correlates of encoding and retrieval of nonver-
bal material. Increased neural activity was found in the
prefrontal lobe both during encoding and retrieval. This is
in accordance with functional imaging and neurocognition
studies that have consistently shown abnormalities of pre-
frontal information processing in patients with schizophre-
nia and in unaffected individuals who are genetically at
risk for schizophrenia [Weinberger et al., 2001]. It has been
supposed that risk alleles may directly affect the develop-
ment, maturation, and adult function of the dorsolateral
prefrontal cortex [Weinberger et al, 2001]. Likewise,
Donohoe et al. [2007] suggested that the increased risk for
schizophrenia associated with dysbindin may be partly
mediated by its influence on prefrontal function. Numa-
kawa et al. [2004] showed that dysbindin is involved in
the presynaptic protein expression and release of gluta-
mate, a key neurotransmitter related to cognitive dysfunc-
tion in schizophrenia. Patients with schizophrenia showed
reduced dysbindin mRNA levels especially in the dorsolat-
eral prefrontal cortex [Weickert et al., 2004]. In summary,
the effect of DTNBP1 on cognitive functions has been sup-
posed to be mediated by the glutamate neurotransmitter
system, acting via the prefrontal cortex [Fallgatter et al.,
2006].

Since episodic memory is known to rely on neural net-
works including the prefrontal cortex [Blumenfeld and
Ranganath, 2007; Cabeza and Nyberg, 2000; Fernandez
and Tendolkar, 2001], a dysfunction of this region caused
by DTNBPI is likely to interfere with episodic memory.
Increased prefrontal neural activity in the risk group of
our study can be interpreted as a neural correlate for
encoding and retrieval strategies in order to maintain or

TABLE Il. Neural activity during encoding

Risk group > nonrisk group

C
x v z Region BA Side RS z-value
—26 37 —4 Middle frontal gyrus 11 L 58  3.30
-8 95 7 Cuneus 17 L 49 3.28
24 —83 10 Cuneus 17 R 66 3.19
2 —72 33 Cuneus 7 R 36 2.98

TC, Talairach coordinates; BA, Brodmann area; RS, region size
(number of voxels), threshold >33 determined by Monte Carlo
simulations, P < 0.005 uncorrected).
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Encoding

Figure I.
Increased neural activity during encoding and retrieval: risk group > nonrisk group. Mean effects
(B) and standard errors of each region as bar charts.

improve task performance and compensate for a geneti-
cally determined deficit. Such an involvement of prefrontal
activity in association with the attempt to improve epi-
sodic memory performance has been demonstrated in pre-
vious studies in both healthy subjects and schizophrenia
patients. Miotto et al. [2006] showed the engagement of
bilateral prefrontal regions when healthy subjects applied
effortful encoding strategies. Bonner-Jackson et al. [2005]
demonstrated that during deep encoding schizophrenia
patients activated several prefrontal regions that were not
activated during shallow encoding. In a recent study, inci-
dental versus intentional encoding was compared in a
group of schizophrenia patients [Bonner-Jackson et al.,
2008]. Better retrieval performance after incidental encod-
ing was correlated with increased neural activity in an
extended neural network including several prefrontal
regions. However, in general, schizophrenia patients show
hypoactivity of the prefrontal cortex [Achim and Lepage,
2005]. Thus it can be assumed that subjects at genetic risk
for schizophrenia are still able to compensate for their def-
icit, reflected by increased neural activity of the prefrontal
cortex [Bonner-Jackson et al., 2007a; Whyte et al., 2006]
while the onset of the disorder goes along with a collapse
of these compensating mechanisms reflected in a decrease
of prefrontal neural activity [Achim and Lepage, 2005].
The lateralization of the increased prefrontal activity
was in accordance with the hemispheric encoding/re-

trieval asymmetry (HERA) model of episodic memory
[Tulving et al., 1994a,b]. This model asserts that encoding
and retrieval of episodic information are specifically asso-
ciated with enhanced neural activity of left and right pre-
frontal cortical regions, respectively.

Apart from frontal regions, increased neural activity in
the risk group was found in the cuneus (bilaterally) during
encoding. Neural activity in this region has previously
shown to be common during nonverbal retrieval [Cabeza
and Nyberg, 2000]. In our study it might indicate the effort
to improve encoding performance by imagery operations.
Risk allele carriers might (unconsciously) try to compen-
sate their disadvantage in “spontaneous” encoding by

TABLE Ill. Neural activity during retrieval

Risk group > nonrisk group

TC
x y b4 Region BA Side RS z-value
14 29 32 Medial frontal gyrus 9 R 35  4.08
59 5 22 Inferior frontal gyrus 9 R 62 375
50 —43 39 Inferior parietal lobule 40 R 101 3.92

TC, Talairach coordinates; BA, Brodmann area; RS, region size
(number of voxels), threshold >26 determined by Monte Carlo
simulations, P < 0.001 uncorrected).
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means of intensified visual associations in order to link
new information to previously encoded information, later
on resulting in a better retrieval performance.

Finally, increased neural activity in the risk group was
found at the right inferior parietal lobe during retrieval.
This region has been previously described to be involved
in the recall of episodic information [Cabeza et al., 1997;
Tulving et al., 1994 ab] though more for the retrieval of
information about spatial location than for object identity
[Moscovitch et al., 1995]. However, the literature concern-
ing genetic liability to schizophrenia is widely divergent
and in general the right parietal cortex (along with the
right ventral prefrontal cortex) has been found to be the
most consistent region of increased neural activity regard-
less of the cognitive domain [Macdonald et al., in press].

Since the effects of single SNPs on neural activity and
cognitive abilities in general are rather small, further stud-
ies would be desirable to investigate the additive and
interactive effects of several SNPs or risk genes. A direct
comparison of a young and unimpaired risk group (as we
investigated) with an older risk group that is more likely
to show memory deficits [Luciano et al.,, 2009] and with
schizophrenia patients would also be a promising
approach.

In summary, our results demonstrate that the risk allele
variant A/G of the SNP rs1018381 leads to enhanced neu-
ral activity in networks associated with encoding and re-
trieval of episodic information. This can be interpreted as
a neural correlate of higher effort or differing cognitive
strategies in order to compensate for a genetically deter-
mined episodic memory alteration.
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