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Abstract Transport of glucose into neuronal cells is
predominantly mediated by the glucose transporters
GLUTI1 and GLUT3. In addition, GLUTS is expressed in
some regions of the brain. By in situ hybridization we
detected GLUT8-mRNA in hippocampus, thalamus, and
cortex. However, its cellular and physiological function is
still unknown. Thus, GLUT8 knockout (Slc2a8~'") mice
were used for a screening approach in the modified hole
board (mHB) behavioral test to analyze the role of GLUT8
in the central nervous system. Slc2a8™'~ mice showed
increased mean velocity, total distance traveled and per-
formed more turns in the mHB test. This hyperactivity of
Slc2a8™'~ mice was confirmed by monitoring locomotor
activity in the home cage and voluntary activity in a run-
ning wheel. In addition, Slc2a8 '~ mice showed increased
arousal as indicated by elevated defecation, reduced
latency to the first defecation and a tendency to altered
grooming. Furthermore, the mHB test gave evidence that
Slc2a8~'~ mice exhibit a reduced risk assessment because
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they performed less rearings in an unprotected area and
showed significantly reduced latency to stretched body
posture. Our data suggest that behavioral alterations of
Slc2a8™'~ mice are due to dysfunctions in neuronal pro-
cesses presumably as a consequence of defects in the
glucose metabolism.

Keywords Glucose transport - Modified hole board test -
Behavioral screen - Knockout mice

Introduction

Glucose is the major source of energy for the mammalian
brain. Reduced glucose levels lead to decreased memory
processing, whereas increased glucose levels can be used
as a positive mediator of memory (Convit et al. 2003). In
addition, a number of studies implicated that a reduced
glucose metabolism in the entorhinal cortex (Killiany et al.
2000), hippocampus (Jack et al. 1999; Ouchi et al. 1998),
temporal neocortex (Convit et al. 2000) and posterior
cingulate gyrus (Johnson et al. 1998) is associated with
Alzheimer’s disease. In addition, Alzheimer’s disease is
linked to decreased expression of glucose transporters of
the GLUT family, such as the neuronal glucose transporter
GLUT3 in hippocampal dentate gyrus (Harr et al. 1995)
and cerebral cortex (Simpson et al. 1994).

Glucose transporters of the GLUT family catalyze the
transport of hexoses across membranes of mammalian cells
by facilitative diffusion. The family consists of 14 mem-
bers that differ in their tissue distribution, substrate
specificity, and Kkinetics of transport. According to
sequence similarities it can be divided into three classes
(Joost and Thorens 2001). GLUTS8 belongs to the class III
transporters which are described to be located in
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intracellular compartments. So far, a stimulus leading to
plasma membrane translocation of GLUT8 has not been
found (Lisinski et al. 2001; Widmer et al. 2005). GLUTS8
transports glucose with high affinity (K,, = 2 mM) (Ibb-
erson et al. 2000) and is mainly expressed in testis and
brain but also in muscle, adipose tissue, liver, and most
other tissues to a lesser extent. We have recently shown
that deletion of GLUTS results in decreased sperm motility
as a consequence of reduced ATP levels and a reduced
mitochondrial membrane potential of sperm cells indicat-
ing that GLUTS is involved in energy metabolism of sperm
(Gawlik et al. 2008).

In the central nervous system of rats, first GLUTS
mRNA was detected in hippocampal pyramidal neurons
and granule neurons of the dentate gyrus as well as in
nonprincipal neurons (Reagan et al. 2001). Later, GLUT8
protein was found in hippocampal and dentate gyrus neu-
rons as well as in amygdala and primary olfactory cortex,
cerebellum and hypothalamus of rats by immunohisto-
chemistry (Ibberson et al. 2002). Several of these regions
are implicated in learning and memory (Bliss and Col-
lingridge 1993; Nakazawa et al. 2002), fear and anxiety
(Deacon et al. 2002), hyperactivity (Bannerman et al.
2001) and exploration (Honey et al. 2007).

In order to evaluate the role of GLUT8 in the mouse
brain specifically for locomotor activity and anxiety-related
behavior we first analyzed its distribution by in situ
hybridization and obtained initial behavioral phenotyping
from naive control mice and knockout mice lacking the
GLUTS encoding gene (Slc2a8) with the modified hole
board test. With this approach we aimed to detect differ-
ences in the attitude of wild-type and Slc2a8 '~ mice
which were then verified by an additional analysis. While
our study was in progress, it was described that Slc2a8 ™'~
mice exhibited an increased proliferation of hippocampal
cells (Membrez et al. 2006). However, no differences in
memory acquisition and retention were observed (Mem-
brez et al. 2006). Here we describe that deletion of Slc2a8
in mice induces hyperactivity and give evidence of
increased emotional reactivity to a novel environment.

Materials and methods
Mice

Generation of Slc2a8~'~ mice was described previously
(Gawlik et al. 2008). Briefly, the Cre loxP system was used
for generation of R1 ES cells (129S3/SvImJ background)
lacking exons 5-7 of Slc2a8 in order to generate Slc2a8 ™'~
mice. As described (Gawlik et al. 2008), a targeting vector
in which exons 5 and 7 of Sic2a8 were flanked with two
loxP sites, and a PGKneo/HSVtk cassette (Neo/tk) with a

third loxP site which was introduced downstream of the
flanked exon seven was cloned and transfected into ES
cells. Homologously recombined ES cell clones carrying
the targeted allele were transfected with pCre in order to
express the Cre recombinase transiently. ES cells with a
recombination between the 1 and the 3. loxP site carrying
the deleted allele were used for a morula aggregation.
Blastocysts were then transferred into a pseudopregnant
(day 2.5) female mouse and male chimeric mice were
mated with C57BL/6 females. Mice carrying the transgene
were backcrossed with C57BL/6 mice for 3 times and
subsequently intercrossed. Genotyping of mice was
performed by PCR (forward primer: 5'-CATCTTCTGTG
CAGTCCATC-3/, reverse primer: 5-GGTACCAAAGGC
ACTCATACTG-3') (Fig. 1b). In order to minimize phe-
notypical differences as a result of heterogenous genetic
background of C57BL/6 and 129S3/SvimJ we analyzed
Slc2a8*"* and Slc2a8~'~ littermates of 5-7 litters at the
same time for each set of experiments. Mice had free
access to water and standard mice chow and were group
housed in air conditioned rooms (temperature 20 + 2°C,
relative moisture 50-60%) under a 12h/12h light/dark
cycle. They were kept in accordance with the NIH guide-
lines for the care and use of laboratory animals, and all
experiments were approved by the ethics committee of the
Ministry of Agriculture, Nutrition, and Forestry (State of
Brandenburg, Germany).

In situ hybridization

About 20 um sections of frozen mouse brains were cut and
thaw mounted onto positively charged glass slides. Before
hybridization, the sections were fixated with 4% parafor-
maldehyde in PBS, permeabilized with 0.2 M hydrochloric
acid for 10 min and 1% Triton X-100 in PBS for 2 min,
and acetylated by treatment with 0.1 M triethanolamine
0.25% acetic anhydride, pH 8.0. Prehybridization was
performed at 50°C for 5 h, followed by hybridization
overnight at 50°C. Riboprobes were generated as follows: a
PCR-fragment of the Slc2a8 gene (forward primer: GTC
CTA GAG TGG CGC TGG:; reverse primer: CTG TCC
ATG ATG AGG GCC) was generated with a Pfu poly-
merase and cloned into the TOPO vector (Clontech Inc.,
Carlsbad, USA). Plasmids were linearized and riboprobes
generated with the T7 polymerase and the DIG RNA
labeling kit (Roche Diagnostics, Indianapolis, USA).
Probes were used for hybridization at a final concentration
of 500 ng/ml. After hybridization, the slides were washed
several times at low stringency, followed by RNAase
treatment and high-stringency washes with 0.4 x SSC
buffer at 50°C. Hybridized riboprobes were detected with
an anti-digoxigenin antibody and colorimetry.
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Fig. 1 Analyses of GLUT8 expression in mouse brains by in situ
hybridization. (a) 20 pm cross-sections of mouse brains were
hybridized with GLUTS-specific digoxigenin-labeled riboprobes and
stained by standard colorimetry as described in Material and methods.
Signals were obtained with the antisense probes (left panel), whereas
sections of Slc2a8~'~ brains did not show signals (right panel). As an
additional control, brain sections from wild-type mice were incubated
with probes corresponding to the sense strands of GLUT8 (middle
panels). AA, amygdala; CO, cortex; HP, hippocampus; TH, thalamus;
HT, hypothalamus. (b) Genotyping of mice was performed by PCR as

RNA preparation and first strand cDNA synthesis

RNA was extracted from different brain areas and cDNA
synthesis was performed as previously described (Buch-
mann et al. 2007). Quality of cDNA was controlled
performing a PCR with murine GAPDH primers (forward:
5-ACC ACA GTC CAT GCC ATC AC-3; reverse,
5'-TCC CAC CAC CCT GTT GCT GTA-3').

Quantitative real-time PCR

gRT-PCR analysis was performed with the Applied Bio-
systems 7300 RT-PCR System as described previously
(Buchmann et al. 2007). The TagMan gene expression
assay (MmO00444635_g1) was used to detect the GLUTS-
mRNA expression. The assay amplifies the region between
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described in Material and methods. (¢) Sic2a8 mRNA levels of
Slc2a8""" and Slc2a8™'~ littermates in hippocampus, amygdala, and
hypothalamus were assayed by quantitative real time-PCR (qRT-
PCR) as described in Material and methods. (d) Immunohistochem-
ical detection of GLUTS in the hippocampus, cortex, and thalamus.
Sections of the brain from Slc2a8™" and Slc2a8~'~ mice were fixed
with paraformaldehyde and incubated with the anti-GLUTS8 antise-
rum. The immunostaining was performed with peroxidase-conjugated
secondary antibody as described in Material and methods

exons 5 and 6, which is deleted in Sic2a8~'~ mice. Data
were normalized referring to Livak and Schmittgen (2001),
whereas a ff-actin expression assay (MmO00607939_si;
Applied Biosystems) was used as endogenous control.

Immunohistochemical detection of GLUTS

Paraffin sections of brains from Slc2a8™" and Slc2a8™'~
males were stained for GLUTS8 as described previously
(Gawlik et al. 2008). Briefly, sections were incubated with
an affinity purified polyclonal anti-GLUTS8 antibody in a
concentration of 1 pg/ml and specific antibody binding was
visualized by biotin-conjugated donkey anti-rabbit IgG
(1:800; Dianova, Hamburg, Germany), for 30 min at 37°C,
followed by incubation with a streptavidin—biotin—horse-
radish peroxidase complex (StreptAB-complex/POD) for
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30 min, and diaminobenzidine as substrate according to the
manufacturer’s specifications. Microscopic investigation
and photo documentation were done with the combined
light and fluorescence microscope ECLIPSE E-100 (Nikon,
Diisseldorf, Germany) in combination with the video
camera CCD-1300CB (Vosskiihler, Osnabriick, Germany)
and the Analysis System LUCIA G (Nikon, Diisseldorf,
Germany).

Modified hole board (mHB) test

The mHB test was performed with 8-weeks old naive mice
which were kept in the test room of the German mouse
clinic for 1 week under standard laboratory conditions
before the experiment. The mHB comprises the charac-
teristics of a hole board to investigate exploration in
rodents (File and Wardill 1975; Lister 1990), and an open
field, a test that is frequently used to evaluate locomotor
activity (Kelley 1993). The mHB test was conducted as
previously reported (Kallnik et al. 2007), in a modified
version of the procedure developed by Ohl and coworkers
(1998; 1999; 2001). The board consisted of opaque gray
PVC (60 x 20 x 2 cm) with 23 holes (1.5 x 0.5 cm)
staggered in three lines. All holes on the board were cov-
ered by motile lids. The board was placed in the middle of
a PVC box (100 x 50 x 50 cm), thus representing the
central area of an open field. The outer area was divided
into 12 similarly sized quadrants by white lines. Both box
and board were made of dark grey PVC. All lids were
closed before the start of a trial. For each trial, a familiar
object (metal cube) and an unfamiliar object (a blue plastic
tube lid, similar in size to the metal cube) were placed into
the test arena with a distance of 2 cm between them. A
copy of the familiar object had been placed in the animals’
home cages for 3 days and removed 1 day before testing. A
hole or object was counted as explored if the nose of the
animal poked over it. The illumination levels were set at
approximately 150 lux in the corners and 200 lux in the
middle of the test arena.

For testing, each animal was placed individually into the
test arena and allowed to explore it freely for 5 min. The
animals were always placed into the test arena in the same
corner, facing the board diagonally. The two objects were
placed in the corner quadrant diametrical to the starting
point. During the 5 min trial, the animal’s behavior was
recorded by a trained observer with a hand-held computer
in a blinded study. After each trial, the test arena was
cleaned carefully with a disinfectant.

The mHB test was performed in the morning between
9.00 a.m. and 12.00 noon, the behavioral parameters, such
as line crossings, rearings, board entries, hole exploration,
object exploration, grooming, defecation, and immobility
were scored. Data were analyzed by using the Observer 4.1

Software (Noldus, Wageningen). Additionally, a camera
was mounted 1.20 m above the center of the test arena, and
the animal’s track was videotaped and its locomotor path
analyzed with a video-tracking system (Ethovision 2.3,
Noldus). The parameters total distance traveled, mean and
maximum velocity, turns, turn angles, angular velocity,
meander, maximum duration on board and distance to wall
were calculated from the videotrack data.

Locomotor and running wheel activity

After weaning, before detection of locomotor activity mice
were group housed and had free access to water and
standard mice chow as described above. Locomotor
activity was monitored with an infrared detector (TSE In-
fraMot-Activity System, TSE, Bad Homburg, Germany)
with single housed mice as described previously (Jurgens
et al. 2006). The voluntary activity was recorded with an
automated running wheel system (TSE) as described pre-
viously (Jurgens et al. 2006). Slc2a8™* and Slc2a8~'~
mice at the age of 6 weeks were adapted for 2 days to the
type III Macrolon cages or to the running wheels, data were
then collected for 24 h. The animals had free access to the
running wheels as well as to food and water. The system
recorded each quarter-revolution of the wheel, and data
were expressed as total number of revolutions per 10 min.

Statistics

Data were statistically analyzed by unpaired t-tests using
SPSS software (SPSS Inc, Chicago, USA). The chosen
level of significance was P < 0.05.

Results
GLUTS mRNA is present in different brain areas.

In order to analyze the expression of GLUT8 within the
brain of mice, we performed in situ hybridization of frozen
brain sections from Slc2a8"" and Sic2a8'~ mice with
GLUTS-specific riboprobes. As shown in Fig. 1, mRNA
expression of GLUT8 was detected within the hippocam-
pus, cortex, thalamus, and hypothalamus of Slc2a8"™"
mice while no signals were detected in brain sections of
Slc2a8~'~ mice. The specificity of the signals obtained
with the antisense probe was also demonstrated with the
sense probe incubated on adjacent sections which did not
detect GLUT8 mRNA (Fig. 1). A complete deletion of
GLUTS in the brain of Sic2a8'~ mice was already
described previously (Gawlik et al. 2008). In order to
evaluate the deletion of GLUTS in the different areas of
the brain qRT-PCR was performed on the mRNA of
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Fig. 2 Hyperactivity of
Slc2a8~'~ mice detected in the
modified hole board (mHB) test.
Slc2a8*" and Slc2a8™'~ mice
at the age of 8 weeks were
monitored in the mHB test for
5 min. (a) Mean velocity, (b)
total distance traveled, (c¢) line
crossings, and (d) turns of
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hippocampus, hypothalamus, and amygdala of Slc2a8™*'™,

and Slc2a8~'~ mice. No full-length mRNA of Slc2a8 was
detected in samples of Slc2a8~'~ mice (Fig. 1c) confirming
results obtained from total brain and other tissues of
Slc2a8™'~ mice (Gawlik et al. 2008). In addition, immu-
nohistochemical analysis of brain sections performed with
an affinity purified anti-GLUTS antibody demonstrate that
within the hippocampus GLUTS is located in intracellular
compartments of wild-type mice but absent in the corre-
sponding region of Slc2a8™'~ mice (Fig. 1d).

Hyperactivity in Slc2a8 '~ mice

To analyze the unconditioned behavior of Slc2a8~'~ mice
in comparison to their wild-type littermates the mHB test
was used. This test is described to determine a variety of
behavioral dimensions in only one test. In the mHB test,
8 weeks old Slc2a8'~ males were hyperactive in com-
parison to their wild-type littermates. Slc2a8~'~ mice
showed significantly (P < 0.01) increased mean velocity
(Fig. 2a), and total distance traveled (P < 0.01; Fig. 2b). In
addition, Slc2a8'~ mice displayed increased number of
line crossings (P < 0.001; Fig. 2¢) and performed more
turns (P < 0.05; Table 1). To further address the role of
neuronal GLUTS for activity we monitored the locomotor
activity in the home cage after a 48 h adaptation period of
another set of animals. As shown in Fig. 3a, 6 weeks old
Slc2a8'~ males exhibited significantly (P < 0.01)
increased locomotor activity during the dark phase and in
the total 24 h period (P < 0.01). Likewise, voluntary
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activity in the running wheel was significantly higher in
Slc2a8'~ mice than in Slc2a8""" controls both in the dark
phase (P < 0.001) and in the total 24 h period (P < 0.001
Fig. 3b). During the light phase, neither general locomotor
or running wheel activity was different between the
genotypes.

Exploratory motivation of Slc2a8~'~ mice

To address the question if the hyperactivity of Slc2a8™'~
animals is associated with altered exploratory motivation
we analyzed the exploration of holes (Fig. 4a) as well as
unfamiliar (blue plastic tube lid Fig. 4b) and familiar
objects (metal cube Fig. 4b). However, holes and objects
were explored in the same frequency by Slc2a8™* and
Slc2a8™'~ males. Accordingly, the latencies to hole and
object exploration were not altered in SIc2a8'~ males
(Table 1).

Evidence for increased arousal and reduced risk
assessment behavior of the Slc2a8 '~ mouse

In addition to the assessment of the described parameter on
locomotor activity, the mHB test allows the investigation
of additional behavioral parameters. As described by Ohl
et al. (2003) the latency to the first board entry and the
numbers of entries on the board reflect the anxiety of the
animals. As shown in Fig. 5 both, the entries (Fig. 5a) and
the time on board (Fig. 5b) show only the tendency to be
reduced without reaching significant values.
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Table 1 Comparison of
additional behavioral
parameters of Slc2a8~'~ mice

and wild-type littermates
displayed in the mHB. (n = 15)

Parameter Male Significance
Slc2a8™"* Slc2a8™'~

Turns (frequency) 1519.13 + 58.1 1687 + 48.76 P < 0.05
Hole exploration (frequency) 58.47 £ 5.54 53.4 + 3.87 n.s.
Latency to hole exploration (s) 30.03 £ 8.37 24.57 £ 4.84 n.s.
Unfamiliar object exploration (frequency) 6.27 £ 0.65 7.47 £ 0.62 n.s.
Latency to unfamiliar object exploration (s) 54.25 £ 6.67 45.04 £+ 7.59 n.s.
Familiar object exploration (frequency) 6.27 £ 0.5 7.2 +£0.99 n.s.
Latency to familiar object exploration (s) 53.73 £ 124 46.69 £+ 5.79 n.s.

Risk assessment (frequency) 0+£0.0 0.4 £ 0.21 n.s.
Grooming (latency) 163.53 £+ 21.82 138.49 £ 20.76 n.s.
Grooming (total duration %) 1.7 £ 0.32 2.17 £ 041 n.s.

The latency to the first grooming and the number of
feces was described as indicators for arousal (Ohl et al.
2003). The grooming latency was slightly but not signifi-
cantly reduced, and the grooming number (Fig. 5¢), and
grooming duration were slightly enhanced in mice lacking
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Fig. 3 Hyperactivity of Slc2a8~'~ mice detected in the home cage.
(a) Monitoring locomotor activity and (b) voluntary physical activity
of 6 weeks old Slc2a8*'* and Slc2a8~'~ males. Cages were equipped
with an infrared detector and voluntary running wheels, and activities
of mice were monitored after an adaptation period of 2 days. Means
of activities during the indicated time spans were calculated for each
individual animal for the dark and light phase over a period of 24 h.
Data are presented as mean + S.EM. of 9 Sic2a8™" and 12
Slc2a87'~ mice. **P < 0.01; ***P < 0.001

GLUTS (Table 1). Furthermore, the latency to defection
was  significantly (P < 0.01) reduced (control:
244.26 + 29.87 vs. Slc2a8~'~ mice: 113.13 & 30.18 s)
and Slc2a8™'~ mice produce more feces during the testing
(P < 0.001; Fig. 5d) indicating that arousal of the knock-
out mice appears to be slightly increased.

In addition, Slc2a8~'~ mice displayed decreased rear-
ings on board (P < 0.001, Fig. 6a) but increased rearings
on box (P < 0.05, Fig. 6b). Consistent to this, Sic2a8~'~
mice started rearing on box earlier than control mice,
indicated by decreased latency to rearing on box (Table 1).
The stretched attends are like reduced rearings on board
monitored in the mHB test as an indicator for risk assess-
ment behavior (Ohl et al. 2003). As shown in Fig. 6c we
detected a significantly reduced latency to stretched body
posture in Slc2a8~'~ mice in comparison to wild-type lit-
termates. Out of 15 Slc2a8'~ males four animals
displayed risk assessment behavior indicated by a stretched
body posture, whereas none of the control males showed
this behavior during the entire 300 s of the mHB test.

Discussion

This study demonstrates that GLUT8 is mainly expressed
in the hippocampus and that disruption of GLUTS results
in hyperactivity, both in a novel environment and during
the active (dark) phase in the home cage. Our findings
suggest that GLUTS is required for glucose metabolism in
the hippocampus in order to enable appropriate neuronal
processes.

By in situ hybridization, GLUT8 was shown to be
strongly expressed in hippocampus, cortex and to a lesser
content in the thalamus and hypothalamus (Fig. 1). Thus,
we confirmed the previous results obtained in rat brain.
Within the rat hippocampus GLUT8 was localized in the
granule cells of the dentate gyrus and in the pyramidal cells
of the CA1-CA4. In addition, GLUTS was also detected in
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Fig. 4 Exploration activity of
Slc2a8~'~ mice. Slc2a8™" and
Slc2a8™'~ mice at the age of

8 weeks were monitored in the
mHB test for 5 min with the
focus on exploration of holes (a)
and objects (B)

Fig. 5 Behavior of Slc2a8~'~
mice on the board. Sle2a8™'*
and Slc2a8~'~ mice at the age
of 8 weeks were monitored in
the mHB for 5 min. (a) board
entries, (b) percentage of time
spent on the board, (c)
grooming, and (d) defecation of
Slc2a87'~ males (n = 15) were
compared to Slc2a8** males
(n = 15). Data are presented as
mean + S.EM. **P < 0.01

the amygdala (Ibberson et al. 2002; Reagan et al. 2001;
Sankar et al. 2002). Since the hippocampus, cortex, and
amygdala are known to play an important role in learning
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and memory (Bliss and Collingridge 1993; Nakazawa et al.
2002), exploration (Honey et al. 2007), fear and anxiety
(Bannerman et al. 2003; Bardgett et al. 2003; Deacon et al.
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Fig. 6 Exploratory strategy of A B
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2002) and hyperactivity (Bannerman et al. 2001) we per-
formed a differential screen for behavior of naive mice
lacking GLUTS (SIc2a8 '~ mice). With a modified hole
board test, a wide range of characteristics, including anx-
iety-related behavior and risk assessment, locomotor
activity, exploration, and memory acquisition were asses-
sed (Ohl and Fuchs 1999). Comparing results of
spontaneous behavior of Slc2a8™" and Sic2a8™'~ mice
obtained in the mHB tests lead to the conclusion that
deletion of GLUTS resulted in hyperactivity. This finding
was confirmed in the home cage by monitoring locomotor
and voluntary wheel running activity. Slc2a8 '~ mice were
significantly more active in both measures.

In contrast, no differences in exploratory behavior like
exploration of holes, familiar, and unfamiliar objects were
observed indicating that the exploratory motivation was not
altered in the absence of GLUTS. It was surprising that no
differences between the duration of exploration between
the familiar (plastic tube lid) and the novel object (metal
cube) were observed. A reason for this could be that both
objects are not attractive for mice and that differences
would rather be expected if the objects would have been
flavored.

Increased defecation and reduced latency of the first
defecation of Slc2a8™'~ mice as detected by the mHB test
appear to be consequences of the increased arousal (Ohl
et al. 2003). Since GLUTS is not expressed in the intestine
(Scheepers et al. 2001) it can be ruled out that a glucose

malabsorption causes the increased defecation of
Slc2a8~"~ mice. In addition, the body weight (Gawlik et al.
2008) and other metabolic parameter, such as energy
uptake, food consumption, and food assimilation did not
differ between control and knockout mice at the age of
18 weeks. The finding that 18-weeks old wild-type and
knockout mice produce the same amount of feces (control:
0.8 £+ <0.1 vs. knockout: 0.8 & <0.1 g per day) indicates
that deletion of GLUTS8 does not affect the energy
metabolism. Since we only observed increased defecation
of naive mice in an unknown novel environment we con-
clude that this is a result of an altered emotional reactivity.
In addition, the latency to the first grooming another
indictor for arousal (Ohl et al. 2003) was slightly reduced
supporting the assumption of an increased arousal in the
absence of GLUTS.

The altered rearing pattern and stretched body posture
indicated that Slc2a8™'~ mice exhibit a decreased risk
assessment. That only four out of 15 Slc2a8'~ males
displayed risk assessment behavior indicates that it is only
a moderate effect. It may also partly be due to the short
duration of the measurement (300 s).

Finally, knockout mice showed trends towards
decreased entries on board, and reduced time spent on
board and, parameters reflecting anxiety-related behavior
(Onl et al. 2003). However, since these effects were not
significant it will be necessary to perform additional tests
which specifically determine the level of anxiety, such as
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the open field, elevated plus maze or the light—dark
avoidance test.

Several of our observations performed in the mHB test
show only a tendency towards behavioral alterations. Since
our screen was performed with mice which were back-
crossed three times onto a CS57BL/6 background it is
possible that on the one hand the Sic2a8 knockout on a
pure background would reduce the inter-individual vari-
ability, leading to more significant results. On the other
hand, moderate effects shown with the N3 generation could
be due to heterogeneous background and not be verified in
congenic mice. As reported by Yang et al. (2005) the
phenotype of knockout mice is significantly influenced by
the genetic background. However, in order to minimize
differences due to genetic background we compared wild-
type and knockout littermates of 5-7 litters because they
should exhibit a comparable background.

The hippocampus has been shown to play a crucial role
in behavior in rodents (Goddyn et al. 2006). Hippocampus-
lesioned rodents were described to be dramatically more
active than controls (Bardgett et al. 2003; Deacon et al.
2002; Torremans et al. 2005). Furthermore, the size of the
hippocampal lesion correlated with the degree of hyper-
activity (Goddyn et al. 2006). The hippocampus is also
involved in the regulation of anxiety-related behaviors
(Deacon et al. 2002). Both anxiogenic as well as anxiolytic
effects of hippocampal lesions have been described in
rodents (Goddyn et al. 2006). Respectively, similar results
have been reported for electrical stimulation of the amyg-
dala. Dependent on the site of stimulation anxiogenic or
anxiolytic effects have been reported (Adamec and Morgan
1994; Witkin et al. 1988). Consistent with the site of
stimulation or lesion, the latency to explore the center of
the open field was altered reciprocally. Due to the finding
that GLUTS is expressed in several regions of the brain
(Fig. 1) we cannot specifically define which area is
responsible for the behavioral alterations of Slc2a8~'~
mice.

Recently, it has been reported that deletion of GLUTS in
mice led to increased cell proliferation in the dentate gyrus
(Membrez et al. 2006). Although the hippocampus was
described to play an important role in memory acquisition
and some studies have even linked this with increased
proliferation of neurons in the dentate gyrus (Kempermann
and Gage 2002; van Praag et al. 1999), no differences
between Slc2a8 '~ and wild-type mice was observed with
the Morris water maze or the homing board task (Membrez
et al. 2006). Since Slc2a8™'~ mice explored unfamiliar and
familiar objects in the same frequency as Slc2a8"" males
our data support the result of Membrez et al. (2006). This
is in line with a previous report of increased hippocampal
neurogenesis without spatial learning improvement in mice
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bred for increased voluntary wheel running (Rhodes et al.
2003).

Due to the fact that the hippocampus is more susceptible
to damage by hypoglycaemia and hypoxia than other brain
regions (McEwen et al. 1997; Chalmers et al. 1991; Ng
et al. 1989) and the high expression of GLUTS in hippo-
campus, we consequently suggest that altered glucose
metabolism in hippocampal cells in the absence of GLUT8
results in hyperactivity, increased arousal, and reduced risk
assessment without affecting memory acquisition. How-
ever, we cannot rule out that other brain regions than
hippocampus are involved in this phenotype. Since most
studies demonstrated that GLUTS is located in intracellular
compartments (Lisinski et al. 2001; Piroli et al. 2002;
Augustin et al. 2005) it is not clear how GLUTS might
influence glucose homeostasis.

In summary, our study showed that in mice GLUTS is
mainly expressed in the hippocampus and that mice lacking
GLUTS show hyperactivity, increased arousal and reduced
risk assessment. Up to now it is not clear how the behav-
ioral phenotype can be explained by the function of
GLUTS. According to the observation of Slc2a8™'~ sper-
matozoa which show reduced motility due to reduced
mitochondrial membrane potential and ATP levels (Gawlik
et al. 2008) we can only speculate that according to sperm
cells GLUTS8 plays a role in the energy metabolism of
hippocampus.
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