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Abstract
Glutamate transporters regulate normal synaptic network interactions and prevent neurotoxicity by
rapidly clearing extracellular glutamate. GLT-1, the dominant glutamate transporter in the cerebral
cortex and hippocampus, is significantly reduced in Alzheimer's disease (AD). However, the role
GLT-1 loss plays in the cognitive dysfunction and pathology of AD is unknown. To determine the
significance of GLT-1 dysfunction on AD-related pathological processes, mice lacking one allele
for GLT-1(+/−) were crossed with transgenic mice expressing mutations of the amyloid-β protein
precursor and presenilin-1 (AβPPswe/PS1ΔE9) and investigated at 6 or 9 months of age. Partial
loss of GLT-1 unmasked spatial memory deficits in 6-month-old mice expressing AβPPswe/
PS1ΔE9, with these mice also exhibiting an increase in the ratio of detergent-insoluble Aβ42/Aβ40.
At 9 months both behavioral performance and insoluble Aβ42/Aβ40 ratios among GLT-1(+/+)/
AβPPswe/PS1 E9 and GLT-1(+/−)/AβPPswe/PS1ΔE9 mice were comparable. These results
suggest that deficits in glutamate transporter function compound the effects of familial AD AβPP/
PS1 mutant transgenes in younger animals and thus may contribute to early occurring pathogenic
processes associated with AD.
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INTRODUCTION
A family of five glutamate transporters called GLAST, GLT-1, EAAC1, EAAT4, and
EAAT5 (also known as EAAT1-5) are responsible for maintaining extracellular glutamate
concentrations within a range that permits normal excitatory neurotransmission [1]. Of these
transporters, GLT-1 clears most of the glutamate released in the cortex and hippocampus.
For example, approximately 80% of the glutamate transporters expressed in hippocampus
are GLT-1 [2]. Although expressed primarily by astrocytes, GLT-1 is also expressed on
neuronal axon terminals [3]. In addition to playing a critical role in preventing glutamate-
mediated excitotoxicity [4], GLT-1 modulates normal synaptic interactions and neural
plasticity [5, 6].

Alzheimer's disease (AD) is thought to reflect synaptic dysfunction [7]. Aberrant glutamate
stimulation can cause synaptic dysfunction, which has been proposed as one of several
mechanisms by which synapses are damaged in AD [8, 9]. Memantine, a drug thought to
temper the excitatory properties of glutamate on NMDA receptors, has efficacy in treating
AD [10], thus lending clinically based support to the hypothesis that aberrant glutamatergic
activity may underlie pathogenic aspects of the disease process [11].

A number of studies have found that GLT-1 is significantly reduced or damaged in AD [12–
17]. Considering the critical neuroprotective functions carried out by GLT-1, such findings
raise the possibility that reduced GLT-1 levels may play a significant role in AD
pathogenesis. Consequently, it is not yet clear whether GLT-1 dysfunction plays a
pathogenic or bystander role in AD. In this regard progress has been limited by the lack of
an appropriate animal model. Accordingly we generated a novel mouse model with partial
loss of GLT-1 that also harbors two familial AD mutations (AβPPswe/PS1ΔE9) to test the
hypothesis that reduced GLT-1 expression increases susceptibility to the cognitive and
biochemical consequences of mutations associated with familial AD (FAD).

MATERIALS AND METHODS
Animals

AβPPswe/PS1ΔE9 hemizygous mice (line 85) maintained on a B6C3F1/J background [18]
and GLT-1(+/–) mice maintained on a C57BL/6 background [4] were mated in order to
generate F1 offspring littermates with the genotypes, GLT-1(+/+)/ non-transgenic,
GLT-1(+/– )/non-transgenic, GLT-1 (+/+)/AβPPswe/PS1ΔE9, and GLT-1 (+/– )/AβPPswe /
PS1ΔE9. All experiments were performed in accordance with procedures approved by the
VAPSHCS Institutional Animal Care and Use Committee (IACUC).

Behavioral studies
Spatial reference memory was tested using a Morris water maze as previously described
with minor modifications [19, 20]. Male mice at 6 or 9 months of age were trained for three
consecutive days (4 trials per day, 90 s maximum trial duration; Training Trials), rested one
day, and then followed by five testing trial days (4 trials per day, 90 s maximum trial
duration; Testing Trials). On testing days 2 and 5 the hidden platform (a 10 cm × 10 cm
square) was removed for the first trial of the day (Probe Trials). All mice were tested in
genotype-blinded sets of 15–25 mice during the light phase starting at one of four
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randomized locations. An ANYmaze® imaging/data acquisition system (Stoelting, Wood
Dale, IL) recorded swim duration, distance and speed during Training and Testing Trials.
For Probe Trials, the number of crosses over the 14 cm diameter circular platform area was
also recorded. Analysis of the Probe Trials data also included evaluation of the recorded
parameters according to the quadrants.

Brain tissue processing ELISAs, and immunoblotting
Frozen cortical brain tissue was homogenized in TBS buffer (50 mM Tris, pH 7.4, 150 mM
NaCl, 1 mM EDTA) supplemented with protease inhibitor cocktail (Sigma, St. Louis, MO),
sonicated, and differential ultracentrifugation was used to isolate distinct fractions with the
resulting pellet further resuspended in 70% formic acid, ultracentrifuged and neutralized
with 1 M Tris Base. The fractions were stored at –80°C. Triton-X 100-soluble and -insoluble
Aβ levels were analyzed by ELISA as previously described [21, 22]. Western blots
evaluated secreted and membrane-associated amyloid-β protein precursor (AβPP) levels,
using the following AβPP/Aβ antibodies: 22C11 (Roche Molecular Biochemicals,
Indianapolis, IN); 6E10 (Signet Laboratories, Dedham, MA); anti-AβPP C-terminus (Zymed
Laboratories, Inc., San Francisco, CA). Additional antibodies used: actin (Sigma, St. Louis,
MO), AB12 (GLT-1 polyclonal antibody provided by David Pow, Brisbaine, Australia),
EAAC1, and GLAST (Alpha Diagnostics, San Antonio, TX). Densitometry analyses were
performed using ImageJ 1.39u (NIH, Bethesda, MD). To visualize amyloid plaques, 20 μM
frozen brain sections (n = 4 per genotype) were stained with 1% Thioflavin-S (Sigma, St.
Louis, MO), evaluated using a Nikon, Eclipse TE300 fluorescent microscope with IPLAB-
Scientific Image processing software (Scanlytics, Fairfax, VA) and analyzed using Image J
software (NIH, Bethesda, MD). Samples were unblinded (age and genotype) after analysis.

Statistic
Data are reported as the mean ± standard error of the mean (SEM). For behavioral and
biochemical studies analyses of variance (ANOVA) were used with training or test days as a
within-subjects factor and genotype and/or age as between-subjects factors. Standard single
factor contrasts accompanying ANOVA [23, 24] tested the following groups: (i)
GLT-1(+/–)/AβPPswe/PS1ΔE9 versus other genotypes; (ii) GLT-1(+/+)/non-transgenic
versus other genotypes; (iii) GLT-1(+/–)/non-transgenic and GLT-1(+/+)/non-transgenic
versus GLT-1(+/–)/AβPP/PS1 and GLT-1(+/+)/AβPP/PS1. ELISAs and thioflavin-S
staining data was assessed by one-way ANOVA with genotype as a between subjects factor.
Values were considered significant when p ≤ 0.05. SPSS software (SPSS, Chicago, IL) was
used for statistical analyses.

RESULTS
Spatial memory

Four experimental groups were studied: GLT-1 (+/+)/non-transgenic, GLT-1(+/–)/non-
transgenic, GLT-1(+/+)/AβPPswe/PS1ΔE9, and GLT-1(+/–)/AβPPswe/PS1ΔE9
(abbreviated as GLTwt/nTg,GLThet/nTg, GLTwt/AβPP/PS1, and GLThet/AβPP/ PS1,
respectively). All subjects were F1 littermate-matched males derived from the cross of
AβPPswe/ PS1ΔE9 and GLT-1(+/–) mice. Among these geno-types the F1 offspring
appeared indistinguishable with no statistically significant differences in body weight at 6 or
9 months of age (F[3,36] = 0.924, n.s. and F[3,38] = 0.751, n.s., respectively).

During the Training Trials the mice were required to locate a submerged platform in the
center of the maze that was flagged above the waterline. Figure 1A shows that for 6-month-
old mice performance differences among the four groups during training were not
statistically significant (F[3,36] = 1.469, n.s.). There was a statistically significant reduction
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in the time required to find the platform during Training Trials (Training Trials factor,
F[2,72] = 18.912, p < 0.0001). Unless otherwise indicated statistically non-significant
interaction terms are not reported. In addition, there were no statistically significant
genotype differences in swim speed (F[3,36] = 0.788, n.s.). These data indicate that mice in
all groups learned comparably to locate the marked platform, thus arguing that geno-type
differences did not alter visual abilities or motor performance.

In the Testing Trials the mice were required to find the hidden platform that was moved to a
new location, which remained constant during Test Trials. In contrast to the training results,
analysis of the time required to find the hidden platform during testing revealed a
statistically significant difference among genotypes (F[3,36] = 5.610, p < 0.003) (Fig. 1B).
The within-subjects test days factor and the genotype by test days interaction were also
statistically significant (F[4,144] = 6.639, p < 0.001 and F[12, 144] = 1.978, p < 0.030,
respectively). Inspection of Fig. 1B shows that the GLThet/AβPP/PS1 group performed
markedly worse than the other groups, while the GLTwt/AβPP/PS1, GLThet/nTg, and
GLTwt/nTg mice appeared to perform similarly. This outcome was most pronounced by the
final day of testing, which is re-plotted in Fig. 1C. An ANOVA confirmed that performance
differences among genotypes on the final Testing Trial were statistically significant (F[3,36]
= 5.004, p < 0.005). A contrast analysis confirmed the a priori hypothesis that GLThet/
AβPP/PS1 mice performed worse than the other three groups (p < 0.001) (Fig. 1C).

These findings suggest that GLT-1 augments the pathogenic effects of expressing mutant
AβPP/PS1. There are at least two ways to view such results. One possibility is that GLT-1
loss amplifies mutant AβPP/PS1-related pathology. Under such circumstances one could
expect that differences between GLThet/AβPP/PS1 and GLTwt/AβPP/PS1 mice would be
maintained or possibly increase with age. Another interesting possibility is that GLT-1 loss
is a vulnerability factor that shifts the onset of cognitive deficits to an age earlier in the
pathogenic process before high rates of Aβ accumulation reach possibly saturating levels.
Under such circumstances one could expect that differences between GLThet/AβPP/PS1 and
GLTwt/AβPP/PS1 mice might be less pronounced in mice older than 6 months. Support for
this latter possibility comes from analyses of a separate cohort of 9-month-old mice that
were trained and tested at the same time and under identical conditions as the 6-month-old
cohort.

As with the 6-month-old mice, training differences among genotypes in the 9-month-old
cohort were not significant (F[3,35] = 0.970, n.s.) and there was a significant decrease in the
time required to find the flagged platform across trials (F[2,70] = 9.335, p < 0.0003) (Fig.
1D). There were no genotype differences in swim speed (F[3,35] = 1.509, n.s.). These
results indicate that visual and motor abilities in the 9-month-old mice were comparable
among genotypes.

Figure 1E shows that during Testing Trials the 9-month-old cohort demonstrated a different
behavioral profile from the 6-month-old mice. The performance of the 9-month-old mice did
not differ significantly among genotypes (F[3,35] = 1.162, n.s.), but they did exhibit
improved performance during Training Trials (F[4,140] = 11.89, p < 0.0001). Nine-month-
old GLThet/AβPP/PS1, GLTwt/AβPP/PS1, and GLThet/nTg mice performed similarly, while
the 9-month-old GLTwt/nTg mice appeared to perform better than the others, particularly on
test day 5 (Fig. 1F). Although overall differences among geno-types on test day 5 were not
statistically significant (F[3,35] = 1.1.901, n.s.), a contrast analyzing the difference between
the GLTwt/nTg mice versus the other groups was significant (p < 0.05).

The results in Fig. 1F suggest that by 9 months GLT-1 loss and AβPPswe/PS1ΔE9
expression may independently mediate modest effects on Testing Trials performance that
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were similar to the performance of GLThet/AβPP/PS1 mice. In this regard the outcome was
different in the 6-month-old cohort where GLT-1 loss and AβPPswe/PS1ΔE9 expression
alone had no effect, but when combined significantly impaired Testing Trials performance
(Fig. 1 C). Nonetheless, even at 9 months of age the GLThet/AβPP/PS1 mice still performed
somewhat worse than the other mice. These observations are consistent with the results of an
overall ANOVA including both the 6- and 9-month-old mice (Genotype by Age by Test-
Days) that confirmed differences among geno-types were statistically significant (F[3,71] =
5.185, p < 0.003). Performance differences between ages was not significant (F[1,71] =
0.426, n.s.), while the test days factor and the genotype by test days interaction were
statistically significant (F[4,284] = 18.107, p < 0.0001 and F[12,284] = 1.815, p < 0.045,
respectively). In this ANOVA a contrast performed on the genotype factor, which tested the
prediction that the GLThet/AβPP/PS1 mice performed worse than the other mice, was also
statistically significant (p < 0.001).

Probe Trials carried out on testing days 2 and 5 further confirmed performance distinctions
between the 6- and 9-month-old mice (Fig. 2). Figure 2A shows that the 6 month old
GLThet/AβPP/PS1 mice crossed the expected platform area fewer times than mice of other
genotypes. With the exception of the GLThet/AβPP/PS1 mice, all mice showed an increase
in the number of platform area crossings on day 5 compared to day 2, indicating improved
retention of the platform location across days of testing. Analysis of these data revealed a
statistically significant difference among genotypes (F[3,36] = 4.515, p < 0.01). The within-
subjects Probe Trials factor was also statistically significant (F[1,36] = 4.296, p < 0.045). A
contrast analysis of the genotype factor included in this ANOVA testing the prediction that
the GLThet/AβPP/PS1 mice would perform more poorly than the other mice was statistically
significant (p < 0.001). In the 9-month-old cohort, differences in Probe Trial performance
among genotypes were not significant (F[3,35] = 0.502, n.s.) (Fig. 2C). Among the 9-month-
old mice, all increased in the number of platform crosses from day 2 to day 5, a finding
consistent with a statistically significant difference in the within-subjects probe trials factor
(F[1,35] = 11.678, p < 0.002).

Probe Trials performance was also examined by measuring percent time spent in the target
quadrant (Fig. 2B and 2D). This analysis revealed similar results as the platform crossing
data, further confirming the impaired performance of the GLThet/AβPP/PS1 mice. The effect
of genotype in 6-month-old mice was statistically significant (F[3,36] = 4.908, p < 0.006).
The percent of time 6-month-old GLThet/AβPP/PS1 mice were in the target quadrant (Fig.
2B) was significantly less compared to the other mice during Probe Trial 5 (p < 0.001).
Nine-month-old mice exhibited no statistically significant difference among geno-types in
the percent time spent in the target quadrant (F[3,35] = 0.494, n.s.).

Aβ and AβPP biochemistry
Triton-X-100 soluble and Triton-X-100-insoluble (70% formic acid soluble) Aβx–40 and
Aβx–42 were measured in cortex samples from 6- and 9-month- old GLTwt/AβPP/PS1 and
GLThet/AβPP/PS1 mice. As shown in Fig. 3A, at 6 months of age partial GLT-1 loss
produced a statistically significant increase in the ratio of insoluble Aβx–42/Aβx–40 (F[1,19]
= 4.697, p < 0.043), while at 9 months of age the ratio of insoluble Aβx–42/Aβx–40 in GLTwt/
AβPP/PS1 and GLThet/AβPP/PS1 mice was not significantly different (F[1,14] = 3.699,
n.s.). At both ages the ratio of detergent-soluble Aβx–42/Aβx–40 was comparable (F[1,19] =
0.055, n.s., F[1,14] = 0.120, n.s., 6- and 9-month-old mice respectively) (Figure 3B).
Additionally, Thioflavin-S staining of GLThet/AβPP/PS1 and GLTwt/AβPP/PS1 mice cortex
revealed that plaque number was not distinguishable by genotype either at 6 months (F[1,6]
= 0.916, n.s.) or 9 months (F[1,6] = 2.59, n.s.) (data not shown). Similarly, differences in
plaque area among these groups was not significantly different at 6 months (F[1,6] = 0.03,
n.s.) or at 9 months (F[1,6] = 0.12, n.s.) (data not shown).
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To address the question of whether partial GLT-1 loss changed overall AβPP expression
levels or altered AβPP processing, the levels of full-length membrane-bound AβPP were
measured by Western blot using antibodies that recognize the AβPP N-terminal ectodomain
(22C11), human-specific Aβ domain (6E10), and the intracellular AβPP C-terminus (C-
term). Figure 4A and 4B show that at both 6 and 9 months of age total membrane-associated
full-length AβPP levels were not significantly altered by GLT-1 heterozygousity as
measured by 22C11 (6-month-old mice: F[1,12] = 0.517, n.s.; 9-month-old mice: F[1,12] =
0.898, n.s.), 6E10 (6-month-old mice : F[1,6] = 1.168, n.s.; 9-month-old mice: F[1,6] =
0.011, n.s.), and AβPPCT antisera (6-month-old mice : F[1,12] = 0.044, n.s.; 9-month-old
mice: F[1–12] = 0.148, n.s.). Secreted AβPPα measured using 6E10 was unaffected by
GLT-1 genotype (F[1,6] = 0.989, n.s.). Comparison of the sAβPPα in 9-month-old GLThet/
AβPP/PS1 mice to GLTwt/AβPP/PS1 mice (mean relative intensities 128.1 and 104.7,
respectively) showed GLThet/AβPP/PS1 mice levels to be 22% elevated (F[1,6] = 11.057, p
< 0.016). Overall, while the sAβPPα was modestly elevated in the GLThet/AβPP/PS1 mice,
the pattern of AβPP expression/processing was comparable on the basis of GLT-1 genotype.
Similarly, at both 6 and 9 months of age AβPP β- and α- secretase carboxyl terminus
fragments (AβPP-CTFs) expression (Figure 4A, B) appeared unaffected by partial GLT-1
loss (6-month-old mice β-CTF: F[1,12] = 1.085, n.s.; 6-month-old mice α-CTF: F[1,12] =
0.130, n.s.; 9-month-old mice β-CTF: F[1,12] = 1.281, n.s.; 9-month-old mice α-CTF:
F[1,12] = 0.554, n.s.). In close accordance with previous findings [4, 25], Western blot
analysis indicated that GLT-1 expression in heterozygous mice was roughly half that of
wild-type mice (6-month-old mice: F[1,12] = 22.616, p < 0.0005; 9-month-old mice: F[1,12]
= 9.697, p < 0.009). Additionally, the other primary glutamate transporters, EAAC1 (6-
month-old mice: F[1,12] = 2.515, n.s.; 9-month-old mice: F[1,12] = 3.597, n.s.) and GLAST
(6-month-old mice: F[1,12] = 0.018, n.s.; 9-month-old mice: F[1,12] = 1.984, n.s.) were not
altered by GLT-1 loss (Western blots not shown).

Taken together these data argue that the cognitive deficits and the corresponding increased
insoluble Aβx–42/Aβx–40 ratio in the 6-month-old GLThet/AβPP/PS1 mice were not related
to overt changes in overall AβPP expression or AβPP processing, and were not associated
with altered expression of either neuron-specific EAAC1 or the other major astrocytic
glutamate transporter, GLAST.

DISCUSSION
It has been estimated that as much as 80% of the metabolic energy consumed by the brain
under basal conditions is devoted to glutamate cycling [26]. Thus, even at rest the brain
functions via highly dynamic processes that regulate the excitatory properties of glutamate.
This sustained metabolic burden may render the CNS vulnerable to the progressive impact
of AD pathology on systems associated with neurotransmitter cycling. Consistent with this
idea are data showing that seizure activity is increased in AD patients [27–29] and reports
that mice harboring FAD-related AβPP mutations also display aberrant neuronal network
excitability [30, 31]. Additionally, recent findings show that proximity to amyloid deposits
is associated with neuron hyperactivity [32], which suggests that aberrant neuronal
excitability, a process likely preceding overt synaptic loss, may be an important feature of
AD pathogenesis.

GLT-1 plays a dominant role in maintaining extra-cellular glutamate in the low nanomolar
range [33]. GLT-1 also regulates normal synaptic cooperativity by regulating the spread of
synaptically released glutamate to neighboring synapses [5]. This idea is supported by data
showing that GLT-1 regulates stimulus-specific synaptic plasticity [6]. Considering the
importance of these processes in maintaining normal cognitive activity, it is potentially
significant that GLT-1 is reduced in AD [12]. More recent studies further confirm that both
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GLT-1 mRNA and protein levels are reduced in AD [14–17]. In addition, GLT-1 is
oxidatively damaged in AD patients and in Aβ-treated synaptosomes [13]. Such findings
suggest that partial GLT-1 loss is associated with AD pathology. However, whether GLT-1
loss influences the cognitive manifestations of AD or amyloid-related pathology has not
been addressed previously.

This report shows that impaired performance on a spatial reference memory task and a
corresponding increase in the ratio of insoluble Aβ42/Aβ40 was associated with partial
GLT-1 loss in 6-month-old AβPPswe/PS1ΔE9 mice, with no difference in total Aβ levels.
These findings are similar to previous work showing that early-onset behavioral
impairments in Tg2576 (AβPP695 Swe) mice are more closely associated with an increase in
the Aβ42/Aβ40 ratio than with total Aβ levels [34]. This is further supported by studies
showing that human cerebral spinal fluid (CSF) Aβ42/Aβ40 ratios increase early, but not
later, in the course of the disease [35].

Previous data indicate that the AβPPswe/PS1ΔE9 transgene does not affect water maze
performance significantly in 6-month-old mice [36]. In addition, the process of Aβ
deposition in AβPPswe/PS1ΔE9 mice is comparatively modest at 6 months, with mice
developing significant amyloid burden by 9 months [18]. If GLT-1 normally functions to
protect the brain from the deleterious consequences of aberrant amyloid accumulation,
partial loss of GLT-1 might be expected to unmask latent pathogenic processes capable of
disrupting memory. Deficits in water maze performance and the increased Aβ42/Aβ40 ratio
in the 6-month-old GLThet/AβPP/PS1 mice support this. Nine-month-old GLTwt/AβPP/PS1
and GLThet/AβPP/PS1 mice performed comparably, with correspondingly similar Aβ42/
Aβ40 ratios. Altogether this suggests that the neuroprotective properties of GLT-1 may be
restricted to earlier stages of the amyloid-related pathogenic process, rather than to more
advanced stages where the deposition process has become more substantial.

In summary, these findings are consistent with the idea that partial loss of GLT-1 increases
the vulnerability of the brain to cognitive insults associated with expressing mutant forms of
AβPP/PS1. These findings also offer new evidence suggesting that glial dysfunction may be
an important feature of AD pathology. Supporting this idea, a recent report shows that
astrocyte networks may convey the impact of Aβ deposits well beyond anatomical regions
immediately surrounding amyloid plaques [37]. It is possible that therapeutic strategies
designed to enhance the natural neuroprotective properties of astrocytes may present novel
opportunities to reduce or forestall the symptoms of AD.
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Fig. 1.
Partial loss of GLT-1 increases spatial memory deficits in a Morris water maze task. A) The
performance of 6-month-old mice to find the platform (Training Trials). All groups
performed comparably. B) The performance of 6-month-old mice to find the hidden
platform (Testing Trials). GLThet/AβPP/PS1 mice took longer to find the hidden platform
than the other groups. C) Day 5 Testing Trial results for 6-month-old mice. The GLThet/
AβPP/PS1 group performed significantly worse than the other groups (p < 0.001). D) The
performance of 9-month-old mice to find the platform (Training Trials). All groups
performed comparably. E) The performance of 9-month-old mice to find the hidden
platform (Testing Trials). The GLTwt/nTg mice appeared better at finding the hidden
platform in comparison to the other groups. F) Day 5 Testing Trial results for 9-month-old
mice. The GLTwt/nTg mice were significantly better at locating the hidden platform than the
other groups (p < 0.05). The data are presented as mean ± standard error of the mean (SEM),
n = 8–14 mice per group.
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Fig. 2.
Partial GLT-1 loss increases spatial memory deficits during Probe Trials. A) Number of
times 6-month-old mice crossed the platform area during Probe Trials on testing days 2 and
5. Six-month-old GLThet/AβPP/PS1 mice crossed the platform area significantly fewer
times than the other groups (p < 0.001). B) Percent time 6-month-old mice were in the target
quadrant. Compared to the other groups, 6-month-old GLThet/AβPP/PS1 mice were in the
target quadrant significantly less (p < 0.001). C) Number of times 9-month-old mice crossed
the platform area during Probe Trials on testing days 2 and 5. D) Percent time 9-month-old
mice were in the target quadrant. The data are presented as mean ± SEM, n = 8–14 mice per
group.
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Fig. 3.
Partial loss of GLT-1 increases insoluble Aβ42/40 ratio. A) Ratios of insoluble Aβx–42 to
Aβx–40 in cortex of 6- or 9-month-old mice. Six-month-old GLThet/AβPP/PS1 mice have
significantly highly ratios of insoluble Aβx–42/Aβx–40 compared to 6-month-old GLTwt/
AβPP/PS1 mice (p < 0.043). B)Ratios of soluble Aβx–42/Aβx–40 in cortex of 6- or 9-month-
old mice. The data are presented as mean ± SEM, n = 13 mice per group.
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Fig. 4.
AβPP expression was not affected by GLT-1 heterozygousity. Western blot analysis of
protein from the cortex of 4 mice of each genotype at 6 months (A) or 9 months (B). The
upper panels represent levels of membrane-associated AβPP. Full-length AβPP was detected
using 22C11, 6E10, and anti-AβPP C-terminus (AβPP-CT) antibodies. AβPP-CT also
detected AβPP C-terminal fragments (α and β AβPP-CTFs). C) Levels of secreted sAβPPα
in 6- or 9-month-old mice were detected using the 6E10 antibody. Western blots were
stripped and re-probed with an antibody recognizing actin.
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