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Amyloid imaging by small-animal PET in models of Alzheimer
disease (AD) offers the possibility to track amyloidogenesis and
brain energy metabolism. Because microglial activation is thought
to contribute to AD pathology, we undertook a triple-tracer small-
animal PET study to assess microglial activation and glucose
metabolism in association with amyloid plaque load in a transgenic
AD mouse model. Methods: Groups of PS2APP and C57BL/6 wild-
type mice of various ages were examined by small-animal PET. We
acquired 90-min dynamic emission data with '8F-GE180 for imaging
activated microglia (18-kD translocator protein ligand [TSPQO]) and
static 30- to 60-min recordings with '8F-FDG for energy metabolism
and '8F-florbetaben for amyloidosis. Optimal fusion of PET data
was obtained through automatic nonlinear spatial normalization,
and SUVRs were calculated. For the novel TSPO tracer '8F-
GE180, we then calculated distribution volume ratios after estab-
lishing a suitable reference region. Immunohistochemical analyses
with TSPO antisera, methoxy-X04 staining for fibrillary 3-amyloid,
and ex vivo autoradiography served as terminal gold standard as-
sessments. Results: SUVR at 60-90 min after injection gave robust
quantitation of 8F-GE180, which correlated well with distribution
volume ratios calculated from the entire recording and using a
white matter reference region. Relative to age-matched wild-type,
18F-GE180 SUVR was slightly elevated in PS2APP mice at 5 mo
(+9%; P < 0.01) and distinctly increased at 16 mo (+25%; P <
0.001). Over this age range, there was a high positive correlation
between small-animal PET findings of microglial activation with am-
yloid load (R = 0.85; P < 0.001) and likewise with metabolism (R =
0.61; P < 0.005). Immunohistochemical and autoradiographic find-
ings confirmed the in vivo small-animal PET data. Conclusion:
In this first triple-tracer small-animal PET in a well-established AD
mouse model, we found evidence for age-dependent microglial ac-
tivation. This activation, correlating positively with the amyloid load,
implies a relationship between amyloidosis and inflammation in the
PS2APP AD mouse model.
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Alzheimer disease (AD) is the most common cause of demen-
tia, and with its exponentially increasing incidence as a function of
age among the elderly, it is imposing an ever more onerous burden
on health care (/). This state of affairs motivates a worldwide effort
to find new biomarkers predicting future cognitive decline in pa-
tients with suspected early AD and likewise for use as outcome
measures in clinical trials of innovative disease-modifying agents
(2). Immunologically mediated neuroinflammation is implicated in
the pathophysiologic processes of AD (3,4), which are classically
characterized by accumulation of extracellular B-amyloid plaques
and intracellular neurofibrillary tangles (5). Many aspects of the
classic B-amyloid pathology are emulated in various transgenic
rodent models for AD (6,7), and translational studies of these
processes are facilitated by small-animal PET using radioligands
for imaging of AD biomarkers in these rodent models (§). In
particular, small-animal PET imaging of (3-amyloid has been suc-
cessfully established in the past few years (9,10). However, in-
formation regarding neuroinflammation in these models remains
sparse and rather inconsistent (//—13).

Neuroinflammation can be assessed by molecular imaging with
several !'C-labeled radiotracers targeting the 18-kD translocator
protein (TSPO), which is highly expressed at the outer mitochon-
drial membrane of activated microglia (8,74); the brief physical
half-life of ''C presents logistic difficulties for its widespread use.
However, novel '8F-fluorinated second-generation TSPO radio-
tracers now offer a more practical means to undertake imaging also
at sites lacking a cyclotron/radiochemistry facility. Among the var-
ious such compounds, '8F-GE180 has emerged as a TSPO ligand
affording excellent signal-to-noise ratio and brain kinetics favorable
for the detection of microglial activation (/5,16). However, monitor-
ing of neuroinflammation in AD mice by this agent remains to be
established.

The aim of this study was to investigate the novel TSPO tracer
I8F.GE180 in PS2APP mice, a well-established transgenic AD
mouse model; we have previously characterized by '8F-florbetaben
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small-animal PET the progressive amyloid plaque formation with
aging in this strain (/7). Thus, we performed '8F-GE180 small-
animal PET examinations in groups of transgenic (TG) and wild-
type (WT) mice at various ages and also measured (3-amyloid using
18F-florbetaben and glucose metabolism using '8F-FDG. With this
multitracer approach we undertook to chart the interrelations of all 3
biomarkers in vivo during the life course of PS2APP mice to test
the hypothesis of a potential coherence between neuroinflammation
and amyloidosis. In particular, we anticipated that amyloidosis in
TG PS2APP mice should result in greater inflammation, bringing in
turn increased glucose metabolism. We confirmed the '8F-GE180
small-animal PET results relative to gold standard findings obtained
by immunohistochemistry and additionally by autoradiography ex
vivo in a subset of animals.

MATERIALS AND METHODS

Radiochemistry

18F_GEI180. Radiosynthesis of '8F-GE180 was performed as pre-
viously described (/6), with slight modifications as presented in the
supplemental materials (available at http://jnm.snmjournals.org). This
procedure yielded a radiochemical purity exceeding 98% and a spe-
cific activity of 1,400 = 500 GBg/p.mol at the end of synthesis.

18F_Florbetaben and '8F-FDG. Radiosynthesis of '8F-florbetaben
was performed as previously described (/0). This procedure yielded a
radiochemical purity exceeding 98% and a specific activity of 80 = 20
GBg/pmol at the end of synthesis. '®F-FDG was purchased commercially.

Animals

All experiments were performed in compliance with the National
Guidelines for Animal Protection, Germany, and the approval of the
regional animal care committee (Regierung Oberbayern), and were
overseen by a veterinarian. Animals were housed in a temperature-
and humidity-controlled environment with a 12-h light-dark cycle,
with free access to food (Ssniff) and water.

The transgenic B6.PS2APP (line B6.152H) is homozygous for the
human presenilin (PS) 2, N1411 mutation and also the human amyloid
precursor protein (APP) K670N, M671 L mutation. The APP and PS2
transgenes are driven by mouse Thy-1 and mouse prion promoters,

respectively. This line had been created by coinjection of both
transgenes into C57BL/6 zygotes (/8). Homozygous B6.PS2APP
(PS2APP) mice show first appearance of plaques in the cortex and
hippocampus at 5-6 mo of age (/9).

Study Overview

The study design consisted of a pilot study and the main study.

In the pilot study, autoradiography ex vivo and in vitro was performed
with '8F-GE180, followed by immunohistochemistry in small groups of
WT and TG mice at 10 and 22 mo of age.

In the main study, small-animal PET scans were obtained with the 3
radiopharmaceuticals described in groups of WT and TG mice aged 5,
8, 13, and 16 mo (*=0.5 mo). Within 1 wk after completion of the PET
session, mice were perfused with phosphate-buffered saline while
deeply anesthetized before immunohistochemical analyses. A detailed
overview for the main study of the different groups of mice is pro-
vided in Table 1. To investigate reproducibility of results with !8F-
GE180, we undertook test-retest PET scans in a subset of 11 TG
animals (age, 5-16 mo; n = 2-3 at each time point) at an interval
of 1 wk to allow recovery from anesthesia.

Small-Animal PET Data Acquisition, Reconstruction,
and Coregistration

Details of the acquisition protocol and reconstruction algorithms as well
as coregistration procedures are provided in the Supplemental Methods.

Small-Animal PET Data Analyses

Volumes of interest (VOIs) were defined on the MRI mouse atlas
(Fig. 1). A large forebrain target VOI (comprising 156 mm?), containing
most of the frontal and parietal cortex as well as the hippocampus and
the thalamus, was used for all tracers. For reference region analysis in
the case of '8F-GE180 small-animal PET, we tested several different
tissue compartments. The reference regions consisted of a whole-brain
VOI (comprising 525 mm?) and a whole cerebellar VOI (comprising
65 mm?) as described previously (20). We also tested oval-shaped white
matter VOIs mostly containing white matter tissue of the cerebellum
and the brain stem (comprising 29 mm?3), which emerged by voxelwise
mapping of the contrast between WT and TG and WT groups, as de-
scribed in detail in the Supplemental Methods and illustrated in Sup-
plemental Figure 1.

TABLE 1
Overview for Main Study
18F-GE180 18F-GE180 18F-florbetaben  '8F-florbetaben 18F-FDG 18F-FDG
Mouse Age  small-animal small-animal small-animal small-animal PET  small-animal small-animal
model (mo) PET (n) PET (SUVRegrwMm) PET (n) (SUVRegr/wWM) PET (n) PET (SUVRegr/caL)

PS2APP 5 6 0.69 + 0.03f 6 0.80 + 0.02 6 0.85 + 0.05%
8 5 0.72 + 0.02% 4 0.82 + 0.03 4 0.90 + 0.05%

13 8 0.81 + 0.03* 8 0.90 + 0.02+ 8 0.94 + 0.02%

16 8 0.83 + 0.04% 7 0.96 + 0.03* 7 0.91 £ 0.03*

C57BL/6 5 8 0.63 £ 0.01 8 0.79 £ 0.01 8 0.77 £ 0.03
8 8 0.65 + 0.03 8 0.79 + 0.01 8 0.80 + 0.03

13 8 0.66 + 0.02 8 0.78 £ 0.02 8 0.86 + 0.04*

16 8 0.67 + 0.02* 8 0.78 + 0.02 8 0.86 + 0.04*

Groups of PS2APP and C57BL/6 mice are provided together with forebrain small-animal PET SUVRs for the 3 radiotracers. Significant
differences in PS2APP mice versus age-matched C57BL/6 control or significant differences in C57BL/6 controls against their 5-mo-old
littermates are marked by *P < 0.05; TP < 0.01; *P < 0.001; 1-way ANOVA.
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FIGURE 1. Definitions of forebrain (yellow), whole brain (orange), cere-
bellar (red), and white matter (purple) volumes of interest projected on
mouse brain MRI atlas in coronal and sagittal slices.

On the basis of our previous experience, the entire cerebellum was
used for scaling of 'SF-FDG data. For '3F-florbetaben, a different white
matter reference region (67 mm?>; pons, midbrain, hindbrain parts of the
subcortical white matter) emerged superior to scaling by the cerebellum
(21), such that we switched the amyloid PET analysis to this reference
region. In animals receiving the full dynamic '®F-GE180 small-animal
PET scan, distribution volume ratio maps were calculated using a linear
graphic method (22), relative to a white matter VOI intended to serve as
a pathology-free reference tissue. We extracted and compared time—ac-
tivity curves of the several target and reference VOIs.

SUVs for target and reference VOIs were calculated by scaling to
the injected dose and multiplying the body weight for '8F-GE180.
Forebrain target-to-reference tissue SUVRs were used for calcula-
tion of SUVRgggr/rgr for the case of dynamic '8F-GE180 scans and
for the static frames for the cases of all of 8F-florbetaben and '8F-
FDG.

Ex Vivo and In Vitro Autoradiography

In the pilot study, autoradiography experiments were performed to
confirm the specificity of '8F-GE180 small-animal PET results to TSPO
distribution. Autoradiography ex vivo was performed in 2 TG mice aged
22 mo at 60 min after injection of 9.2 MBq of 3F-GE180 (+150 pL
saline). In vitro autoradiography with '8F-GE180 at a range of concen-
trations (with and without blocking by TSPO antibody) and '8F-florbe-
taben was performed in brain cryostat sections from the pilot study
subset of aged TG mice. Details of the autoradiography procedures
are provided in the Supplemental Methods.

Immunohistochemistry: Acquisition and Image Analysis
Plaque and microglial load were calculated as the summed area of all
labeled plaques and microglia and reported as percentage densities relative
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to the entire cerebral cortex areas. These analyses were performed by an
operator who was masked to the small-animal PET results. Methodologic
details can be found in the Supplemental Methods.

Statistics

Group comparisons of VOI-based small-animal PET results between WT
and TG mouse groups were assessed by 1-way ANOVA and Tukey post hoc
test for multiple comparisons using IBM SPSS Statistics (version 22.0;
SPSS). For correlation analyses, Pearson coefficients of correlation (R) were
calculated. A threshold of P less than 0.05 was considered to be significant
for rejection of the null hypothesis.

RESULTS

Validation of 8F-GE180 PET

VOI-based analyses were performed with the dynamic dataset
to establish the kinetics of '8F-GE180 in target tissues of WT
and TG animals and to define optimal time windows and refer-
ence tissue normalization for routine small-animal PET exami-
nations.

Time-activity curves for 'F-GE180 in several reference tissues,
calculated as SUV (mean = SD) in TG mice at different ages, are
shown in Figure 2A. Age dependence of the time—activity curves is
conspicuous with whole brain and whole cerebellar scaling,
whereas the white matter reference tissue yielded a distinctly higher
congruence between animal groups. Mean white matter reference
SUV in the interval 60—90 min after injection was similar in TG and
WT of all ages (range of SUV ean, 2.98-3.16; range of SUV SD,
0.44-0.58; no significant intergroup differences).

No relevant spill-in of extracerebral activity to the brain was
observed during the entire 90-min emission sequences. The reference
tissue ratio time—activity curves revealed an equilibrium binding in
brain occurring by 20 min for the aged TG groups (13 and 16 mo),
whereas younger TG groups (5 and 8 mo) indicated a slight but
constant decline in cerebral activity, with a trend toward apparent
equilibrium in the last 2 frames. Thus, as an alternative to kinetic
modeling for '8F-GE180 quantification, the use of SUVR in a static
frame recorded in the interval 60—90 min after injection provides a
convenient surrogate marker for specific binding (Fig. 2B).

In this regard, there was excellent linear relationship between
distribution volume ratio, calculated for the entire 90-min recording,
and the 60- to 90-min static frame SUVR (R = 0.99, P < 0.001) (Fig.
2C). Test-retest analyses confirmed as well the robustness of 60- to
90-min SUVRggrwwm for the forebrain target region in TG animals
(best fit: R = 0.98, linear, P < 0.001; test—retest variability: 1.9%).

Variance in the forebrain '3F-GE180 SUVR for the 60- to 90-min
static recording within groups of mice was distinctly lower in con-
junction with a white matter reference region (mean SD, 4.5% =+
1.0%; range, 3.0%-5.9%) than the plain SUV (mean SD, 15.7% =
4.7%; range, 8.8%-21.2%; Fig. 2D).

Triple-Tracer Small-Animal PET Analyses

All small-animal PET results are provided in Table 1. TG mice
already showed elevated SUVRggrwm '8F-GE180 uptake when
compared with age-matched WT mice as early as 5 mo (+9%;
P < 0.005), which increased substantially by 16 mo (+25%;
P < 0.001) (Fig. 3). '8F-florbetaben SUVRggrwm in TG mice
was near the WT level at 5 and 8 mo (+2%, +4%; P =not signif-
icant) and increased at 13 mo (+15%; P < 0.001) and 16 mo (+24%;
P < 0.001) to age-matched WT mice. '8F-FDG SUVRggr/cpL
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FIGURE 2. (A) Mean "8F-GE180 uptake reported as SUV for each of 3 reference regions as

function of time after tracer administration in groups of PS2APP mice. Least evidence of
pathology (i.e., stability between TG and WT) was detected for a white matter pseudo refer-
ence region. Error bars indicate SD for estimates in groups of 5-8 animals. (B) Target-to-
reference ratios as functions of time after 8F-GE180 administration in groups of PS2APP mice.
(C) Correlation of "8F-GE180 distribution volume ratio (DVR) calculated from 90-min dynamic small-
animal PET recordings with corresponding SUVR (forebrain/white-matter) results from 60- to 90-min
static frame. Dotted line represents a perfect line of identity (DVR = SUVR). (D) Stability of forebrain
18F-GE180 values after SUV calculation (blue) and pseudo reference tissue (orange) scaling as
expressed by mean %-SD (+ SD) in all 8 groups of TG and WT mice.

was significantly higher in PS2APP TG mice at all ages than in age-
matched WT groups, with the peak increase at 8 mo (+12%;
P < 0.001), which subsequently declined in the 16-mo group
(+5%; P < 0.05).
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FIGURE 3. (A) Coronal planes of '8F-GE180 mean SUVR maps at different ages of PS2APP animals

projected on an MRI mouse atlas (gray scale). (B) Mean (+SD) SUVR estimates for PS2APP animals at
different ages. Significant differences between subgroups are marked by **P < 0.001; 1-way ANOVA.
p.i. = after injection.
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There was an excellent positive correlation
(R = 0.85; P < 0.001) between '8F-GE180
SUVRggr/wm and '8F-florbetaben
SUVRggrwwm in the pooled PS2APP TG
mice. Lesser correlations were seen between
18F-FDG SUVRggg/cpr and '8F-GE180
SUVRgsrwM (R = 0.61; P < 0.005) as well
as between '8F-FDG SUVRggg/cpL. and '8F-
florbetaben SUVRggrwM (R = 048; P <
0.01) (Fig. 4). WT indicated a high positive
correlation between '8F-FDG SUVRggr/car
and '8F-GE180 SUVRgrwm (R = 0.55;
P < 0.005). No significant associations be-
tween '8F-FDG SUVRggg/cgr. or '*F-GE180
SUVRggrmwMm With 18F-florbetaben SUVRggg,
wwm were observed. The age dependence in the
uptake of the 3 tracers is presented in Figure 5.

Autoradiography and
Immunohistochemistry

IBA-1 antibody in vitro quantitation (oc-
cupancy [%]) in the whole group of PS2APP
mice showed a strong positive correlation
with the BF-GE180 uptake in vivo (R =
0.61; P < 0.005). '8F-florbetaben uptake
and percentage plaque load (%) as assessed
by methoxy-X04 histology had a high corre-
lation finding (R = 0.80; P < 0.001), as in
our previous 3-amyloid-PET studies (10,17).
Both immunohistochemical staining methods
indicated a progression of pathophysiology
with age in a manner congruent with the
PET data (Supplemental Fig. 2).

The pattern of '8F-GE180 binding seen by autoradiography ex
vivo resembled the binding observed in the small-animal PET
scan, and triple labeling in vitro showed colocalization of TSPO
activation with fibrillar B-amyloid deposits (Fig. 6). Qualitatively,

the '8F-GE180 autoradiography in vitro was
more diffuse than for '8F-florbetaben, which
showed a more focal pattern. Prior incuba-
tion of brain sections with TSPO antibody
completely blocked '8F-GE180 labeling in
the forebrain, thus indicating the specific
association of increased TSPO expression
and amyloid plaques (Supplemental Fig. 3).

DISCUSSION

We present the first, to our knowledge,
small-animal PET study with 3 different
18F_labeled radiotracers targeting distinct
aspects of the pathophysiology in a trans-
genic mouse model of AD—that is, micro-
glial activation, amyloid deposition, and
brain energy metabolism. The novel TSPO
ligand '8F-GE180 enabled a robust detec-
tion of activated microglia in the TG
mouse brain, yielding results concurring
closely with immunohistochemical findings

Brendel et al. 957
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FIGURE 4. (A) Coronal planes of mean SUVR maps for all 3 different radiotracers at different

ages of PS2APP animals, projected on an MRI mouse atlas (gray scale). (B) Correlations between

the different forebrain radiotracer SUVR for all PS2APP mice.

and autoradiography in vitro. The consensus of our results clearly
indicates coexistence of amyloidosis and neuroinflammation in
PS2APP TG mice, together increasing in parallel with increasing
age. These findings are seemingly accompanied by elevated glucose
consumption.

18F.GE180 Reference Region

One key issue in detecting microglial activation by PET is the lack
of an appropriate pathology-free reference tissue—that is, a region
devoid of TSPO expression in the mouse brain (23). In the absence
of a true reference region, a recent PET study of TSPO expression in
AD patients showed clear benefits for an SUVR analysis with the
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FIGURE 5. Life-course kinetics for PS2APP mice as expressed by
% -difference (+SD) versus C57BL/6 controls for the 3 different radiotracers.
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18F-GE180 Time Window

18F-GE180 small-animal PET showed
uptake throughout the mouse brain and
only minor uptake in extracerebral regions
such as cranium or Harderian glands relative to the brain. Ratio
analysis of the measured time—activity curves revealed attainment
of stable values in aged TG animals as early as 20 min after in-
jection, whereas ratio time—activity curves in younger TG animals
tended to have a more delayed stabilization in late-acquisition
frames after 50 min, favoring the use of a late static window in
routine acquisitions. The distribution volume ratio results using
the entire 90-min recordings had an excellent correlation with
the SUVR in the 60- to 90-min static frame, which further sup-
ports the use of this time window for economic small-animal
PET imaging in large study groups.

Neuroinflammation in TG Mouse Model of AD

Age-dependent increases in TSPO expression emerged as a clear
surrogate for neuroinflammation in PS2APP mice and clearly reveal
a temporal association with the amyloid cascade. Our findings of
25% elevated SUVRyyy for '8F-GE180 in aged TG mice compared
with WT mice indicates a satisfactory signal-to-noise ratio for
I8F-GE180, whereas in vivo findings matched closely with TSPO
immunohistochemistry in vitro. A recent study with the same radio-
tracer in another AD mouse model (APP/PS1dE9) found similar age-
dependent microglial activation in the cortex and hippocampus
matching with terminal immunohistochemistry findings (26). Present
findings are also in line with a recent report of elevated neuroinflam-
mation in the brains of aged APPswePS1-dE9 mice as examined by
IBE_DPA-714 small-animal PET (/3) as was also confirmed in au-
toradiographic and immunohistochemical analyses. Our results show
a close correlation between accumulation of amyloid load and TSPO
expression in PS2APP mice, about which the causal relationship is
still under debate (3), and we speculate about this issue in the
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FIGURE 6. (A) Immunohistochemical costaining shows IBA-1- (red)
and TSPO- (green) positive cells adjacent (white circle) to fibrillar amy-
loid plaques (blue) in the frontal cortex of a PS2APP mouse aged 22 mo.
Yellow circle indicates low IBA-1 and TSPO staining between amyloid
plaques. Scale bar represents 20 pm. (B) Sagittal plane for '8F-GE180
autoradiography ex vivo (60 min after injection) in a 22-mo-old PS2APP
mouse indicates extensive radiotracer uptake in neocortex (red arrows),
hippocampus, and thalamus, which is colocalized with fibrillar amyloid
as detected in corresponding methoxy-X04 staining in these brain re-
gions (C). No specific binding is observed in cerebellum.

Supplemental Discussion. Remarkably, our PS2APP mice do not
indicate a relevant neurodegeneration at 16 mo of age (/8), even
though they show severe neuroinflammation and amyloid pathol-
ogy. Furthermore, normalized '®F-FDG uptake, a small-animal PET
marker for glucose metabolism, was elevated in PS2APP mice,
especially in the young group and to a lesser extent still at 16 mo
of age, compared with findings in WT groups. This seems in line
with previous reports of elevated relative glucose metabolism in
amyloid models, such as APP/PS1 (27) and 5xFAD (28) mice, in
which glial activation was discussed as a probable factor. However,
this interpretation seems at odds with '8F-FDG findings in human
AD and in prodromal patients with amnesic mild cognitive impair-
ment (29). Nonetheless there is even evidence about metabolic
compensation in AD (30), in which the synaptic dysfunction might
mask inflammation-related hypermetabolism.

In Vivo Therapy Monitoring

In our hands, microglial activation and amyloid levels as assessed
by small-animal PET had high interanimal variability as has been
reported for other AD mouse models (7). Therefore, the sensitivity
of terminal assessments of treatment effects on neuroinflammation
or amyloidogenesis would likely be hampered by this variance. This
circumstance emphasizes the value of a reliable noninvasive treat-
ment monitoring, which offers the possibility to account for baseline
pathology levels at therapy initiation, and also allows the detection
of longitudinal changes in individual mice, as shown in our recent
antiamyloid treatment small-animal PET study (37). Neuroinflam-
mation constitutes an interesting therapy target in its own right, and
present results with '8F-GE180 small-animal PET show consider-
able promise for this application.

Limitations

This was a cross-sectional study in groups of mice from the same
breeding program; a true longitudinal setting would have entailed
serial small-animal PET examinations for each biomarker in each
mouse. This would have required 12 small-animal PET scans per
mouse, likely resulting in an increased incidence of dropouts and
without the possibility of performing immunohistochemical validation

NEUROINFLAMMATION AND AMYLOIDOSIS IN AD MICE

in each mouse for all ages. Additionally, we feel that this limitation is
balanced by the adequately powered sample sizes, which yielded
results sufficiently robust to detect significant differences even between
mouse groups at 5 mo of age.

CONCLUSION

In vivo imaging of neuroinflammation by small-animal PET with
the novel TSPO ligand '8F-GE180 is feasible, and results correlate
strongly with immunohistochemical gold standard assessment, with
further support by autoradiographic findings ex vivo. Single-frame
recordings at 60-90 min after injection yield robust and reproduc-
ible SUVRs that shall bring considerable economy to small-animal
PET studies with large group size. In PS2APP mice, age-dependent
amyloid accumulation, revealed by '8F-florbetaben, occurs in con-
junction with inflammation as assessed by '8F-GE180 small-animal
PET. Glucose metabolism as assessed by 3F-FDG small-animal
PET correlated positively with inflammation, but hypermetabolism
relative to WT mice was pronounced in young TG mice, illustrating
a concomitant inflammatory process in association with the amy-
loidosis in this transgenic AD mouse model.
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