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Abstract

Objective: Transgenic mouse models are central to the study of Alzheimer’s disease and aid in elucidating the
underlying pathophysiology. Mouse models also provide a system in which to test potential therapeutic strategies.
PET imaging plays a central clinical role in diagnosing human cases of Alzheimer’s disease but has had variable
performance in mouse models. We investigated the potential role of the K16ApoE carrier peptide to enhance delivery
of a radiolabeled PET imaging tracer, ""C-PiB and assess whether this corresponds to improved sensitivity of the
PET modality in APP/PS1 transgenic mice.

Methods: Brain-delivery of ""C-PiB was accomplished by sequential bolus injections of K16ApoE and ''C-PiB
via femoral vein injections. Distribution of ''C-PiB to the brain and heart was quantified via dynamic PET/CT imaging
and digital autoradiography.

Results: K16ApoE carrier peptide increased the brain uptake of "C-PiB in both wild-type and APP/PS1 mice.
Administration of K16ApoE increased the PET standard uptake value of "C-PiB at 5 minutes in WT mice from 1.132
t0 2.963 (p=0.006) and in APP/PS1 mice from 0.842 to 3.268 (p=0.016). Enhancement peaked at 5 minutes. Binding
was reversible as demonstrable by Logan plots with similarly increased kinetics in both WT and APP/PS1 mice. The
absolute values were higher in APP/PS1 mice suggesting increased retention. The increased retention in APP/PS1
mice was consistent with specific binding to AB plaques as unlabeled PiB showed competitive reduction of ""C-PiB
signal retention.

Conclusion: K16ApoE-mediates enhancement of "C-PiB signal in APP/PS1 mice brains with increase in the
PET sensitivity. There is increased uptake kinetics in both WT and APP/PS1 mice with specific retention due to AR
plaque binding in the latter. This improved sensitivity of PET scanning in the APP/PS1 transgenic mouse model.
Such enhanced delivery of this PET tracer has implications for development and testing of new hypotheses and the
efficacy of novel therapeutic paradigms.
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Carrier peptide; Digital autoradiography; DVR; RRT; Mouse model delivery of radiotracer to the brain and the extent of plaque binding are
. amenable to methodological intervention. Enhanced brain delivery of a
Introduction radiotracer, such as ''C-PiB, could enable the detection of plaque-load in

AD brain with greater sensitivity with potential implications for earlier
diagnosis of AD. As AD has a long prodromal phase, earlier diagnosis
may lead to more effective use of disease-modifying agents.

Alzheimer’s disease (AD) is a neurodegenerative disease
histopathologically ~characterized by the presence of neuritic
plaques and neurofibrillary tangles in the brain of afflicted patients.
Pathophysiologically, these changes are associated with the deposition Mouse models play a central role in elucidating the pathophysiology
of amyloid-B (AP), hyperphosphorylation of tau proteins, and of AD and have been heavily used to evaluate candidate therapeutic
neuroinflammation and glial activation. The neurocognitive decline  strategies. The latter requires longitudinal evaluation of individual mice
parallels the degree of histopathological changes [1]. Given the pre- and post-treatment. Small animal PET scanners facilitate non-
hypothesized role in the pathophysiology of AD and the correlation  invasive longitudinal imaging when used with appropriately selected
with disease progression, AP plaques are important targets for the early
diagnosis and treatment of AD [2-4]. Definitive diagnosis of AD requires
autopsy but the recent development of Positron Emission Tomography *Corresponding author: Brown DA, MD, PhD, Department of Neurosurgery,
(PET) radiotracers with affinity for AP allow for detection of several key  Mayo Clinic, 200 First Street, SW, Rochester, MN 55905, USA, Tel: 507-255-
pathological indicators of AD in living human subjects [5,6]. 5831; E-mail: brown.desmond@mayo.edu
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PET tracers and is a potentially powerful tool for discovery and
therapy monitoring [12]. However, uptake of radiotracers have been
inconsistent and often inadequate [13-15]. The sensitivity of detection
"C-PiB in particular, is a function of the specific mouse model which in
turn affects the underlying structure of the Ap plaque [16].

We synthesized a novel carrier peptide, KI6ApoE (a polymer of 16
lysine residues bound to the low-density lipoprotein receptor-binding
sequence of apolipoprotein E), and demonstrated its ability to transport
both large molecules (such as enzymes and immunoglobulins) and
small molecules (such as Evans Blue and cisplatin) across the Blood-
Brain Barrier (BBB) in the absence of a covalent linkage [17-20]. We
hypothesized that K16 ApoE could similarly enhance delivery of ''C-PiB
across the BBB, leading to enhanced AP plaque-associated signal in an
APP/PS] transgenic mouse model.

Materials and Methods
Animal strains and use

"'C-PiB PET imaging was conducted in BALB/c Wild-Type (WT)
and APP/PSI (AD) female mice. The double-transgenic AD mice were
cross-bred in-house. Hemizygous transgenic mice (mouse strain:
C57B6/SJL; ID no. Tg2576) expressing mutant APP 695 containing a
double mutation (K670N,M671L) [21] were mated with homozygous
transgenic mice (mouse strain: Swiss Webster/B6D2; ID no.M14616.2)
expressing mutant human PS1 with an M146L point mutation [22]. All
mice were housed in a dedicated mouse facility. Animals were under
the care of a licensed veterinarian and were inspected on a daily basis.
There was ad libitum access to soy-free chow and water. The study
was approved by the Mayo Clinic Institutional Animal Care and Use
Committee (IACUC) and all applicable institutional and national
guidelines for the care and use of laboratory animals were followed.

Synthesis of 'C-PiB and ''C-Choline

""C-PiB and "C-Choline were synthesized on site at the Mayo
Clinic Cyclotron Facility as previously described [17,19]. Average
specific activity of ""C-PiB was 7.72 + 6.42 Ci/pumol. "'C-Choline was
synthesized by labeling dimethylethanolamine with "'C-methyliodine
and formulated for injection in saline.

K16ApoE-mediated administration of 'C-PiB and PET imaging

K16ApoE was injected into the femoral vein followed by the injection
of "C-PiB (621+/-45uCi) after a 10 minute interval as our group previously
described [20]. Given the short half-life (20 min) of "'C-PiB, the tracer was
also injected immediately following injection of the polypeptide carrier in
order to capture the time-period when the radioactive signal may be at its
peak. "C-PiB-PET scans were performed with an Inveon multimodality
PET/CT scanner (Siemens Medical Solutions, USA, Knoxville, TN) with
animals under isofluorane anesthesia for the duration of scanning. Initial
CT images were acquired at 180 projections with 300 psec per projection
(bin 4, 60 keV, 500pA). Animals were then transitioned to the PET scanner
and injections were performed within 90 seconds after initiation of the scan
which was acquired over 40 min.

A subset of mice was imaged twice: once after administering
"1C-PiB alone and then following co-injection of K16 ApoE and ''C-PiB.
The first scan was completed as stated above by injecting ''C-PiB
alone. After 120 min (~5 half-lives of ''C) following the initial "'C-PiB
injection and scanning, a combination of 'C-PIB and K16ApoE was
injected and the second scan was repeated with the same parameters.
Upon completion of scanning, the mice were deeply anesthetized then
sacrificed via cardiac puncture.

K16ApoE-mediated administration of ''C- Choline and PET
imaging

PET imaging with ""C-choline was performed to assess perfusion-
related increase in brain uptake that could potentially confound
increased binding of ""C-PiB. The "C-choline show very little binding
to the normal brain tissue and mostly exhibit perfusion limited brain
delivery. Hence, "'C-choline will help verify if K16ApoE enhances
the brain uptake of small molecular tracers by increasing the brain
perfusion. Mice were injected with 300 pg of K16ApoE followed by
"C-Choline (571.63+23.99 pCi in 200 pL).

Analysis of PET imaging data

The 40-minute PET acquisition list mode data was reconstructed
into 5-minute frames. The first 10 minutes of the acquisition was also
reconstructed into 1-minute frames. The PET/CT data was analyzed
using PMOD Biomedical Image Quantification and Kinetic Modeling
Software (PMOD Technologies, Switzerland). A volume of interest
was drawn over the brain using the CT scan to delineate the bony
anatomy. A uniform size background region was drawn in the left
shoulder muscle. The activity concentration of the background region
was subtracted from the activity concentration of the brain to correct
for the background. Standard Uptake Values (SUV) was normalized to
body weight.

Determination of distribution volume ratio (DVR) and
relative residence time (RRT) of !'C-PiB delivered to the brain

To assess the kinetics of "'C-PiB uptake in the brain with and without
K16ApoE, DVR and RRT were calculated from the PET data. PET data
was first quantified by multiple-time graphical analysis. A Time-Activity
Curve (TAC) of the injected radiolabeled tracer revealed that much of the
tracer is rapidly washed out of the brain (data not shown), consequently,
a Logan plot was generated to determine the kinetics of brain uptake of
1C-PiB [23]. The Logan plot was created by plotting:

_.‘ROI,W“,(f)dr JROI,,W(T)dr
0 0

Vs
ROL, (1) RO, (1)

Where, ROI, . describes the radioactivity of "'C-PiB captured by
PET imager in the brain at time 7. The ROI,  is the radioactivity of
C-PiB in the reference tissue (heart) at time 7, whereas t is the time
elapsed between the tracer administration and a given time-frame of
analysis.

A linear plot was obtained, which is described by the following
equation:

J.ROI,W, (r)dr

- DVR® +int
RO, (1)

I ROl (7)dr
0

ROL,, (1)

The slope of this plot indicates DVR [23]. It is the ratio of
distribution volume of the tracer in the brain to the distribution volume
of the tracer in the reference tissue (heart). The intercept (int) of the
plot indicates the RRT of "'C-PiB in brain compared with the chosen
reference tissue (heart).

Digital autoradiography and quantification of AP deposits
from digital autoradiograms

Brains were flash frozen in dry ice-chilled isopentane and
sectioned. Slices were imaged on a BAS-TR2025 machine and scanned
with a BAS-5000 scanner. Ten brain sections per mouse were analyzed
via digital autoradiography via creation of digital autoradiograms of all
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mice brains with signal measured in digital light units (DLU). DLU/
mm? values (Table 1, Column 2) represent an average of 180 DLU
values obtained from 3 mice brains that received ''C-PiB only (3 brains
x 10 slices/brain x 6 spots/slice), and an average of 360 DLU values
from brains in mice given "'C-PiB with K16 ApoE (6 brains x 10 slices/
brain x 6 spots/slice). Fold change (Table 1, Column 3) was obtained
by dividing the mean DLU/mm? value obtained with K16ApoE by the
mean DLU/mm? value obtained "'C-PiB only.

K16ApoE-mediated "'C-PiB competitive assay

K16ApoE was injected as per above followed by injection of unlabeled
PiB. After a 5-minute delay, "C-PiB (621+/-45Ci) was administered and
the animal underwent PET imaging as per above. As a control, K16ApoE
was injected followed by injection of 'C-PiB (621+/-45uCi).

Immunohistochemical and thioflavin S staining of amyloid
plaques

Immunohistochemical staining of the AP plaques in the mouse

brain was performed with thioflavin S and 4G8 anti-APP mouse
monoclonal antibody (Covance Research Products, Berkeley, CA) as
previously described [12,20].

Data and statistics

Results are presented as mean + standard deviation unless
otherwise stated. Absolute SUVs were compared using the two-tailed
student’s t-test.

Results

K16ApoE enhances brain delivery of ''C-PiB in both WT and
APP/PS1 mice

Administration of K16ApoE increased the SUV of "C-PiB at 5
minutes in WT mice from 1.132 to 2.963 (p=0.006) and in AD mice from
0.842 to 3.268 (p=0.016) as depicted in Figure 1. Brain uptake peaked at
5 min with subsequent decline over the 40-minute monitoring period.
Injection of 'C-PiB immediately following K16 ApoE administration

Group DLU/mm?(mean * SD)

Fold change (p value)

Global DLU (mean * SD) Fold change (p value)

Without K16ApoE
With K16ApoE

670.14 + 128.24
9460.37 + 1417.91

14.12 (1.21E-13)

30202.78 £ 5110.24
326300.47 £42151.25

12.01 (9.14E-14)

Mean global DLU values (Column 4) represent an average of 30 DLU values obtained from 3 mice brains receiving 11C-PiB without K16ApoE (3 brains x 10 slices/brain x one
whole brain area/slice), and 60 DLU values corresponding to six mice brains receiving 11C-PiB with K16ApoE (6 brains x 10 slices/brain x one whole brain area/slice). Fold change

(Column 5) was obtained by dividing the mean 11C-PiB global DLU value obtained with K16ApoE by the mean 11C-PiB global DLU value obtained without K16ApoE.
Table 1: Quantification of brain uptake of "C-PiB in AD mice with and without carrier (K16ApoE) using DLU values obtained from digital autoradiograms.
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Figure 1: K16ApoE enhances delivery of ""C-PiB in WT (A) and AD (B) mice brains by PET imaging. "'C-PiB was delivered without the carrier peptide, K16ApoE (blue bars);
10 min after injection of K16ApoE (red bars); and 0 min after injection of K16ApoE (green bars). Insets show two representative images of mice heads without (top) and with
(bottom) K16ApoE (no delay). Six mice were evaluated in each group. Bars represent mean standard uptake values and error bars are standard deviation.
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produced greater brain-uptake compared to that seen after a 10 min
delay. As summarized in Table 2, K16ApoE enhanced brain uptake
of "C-PiB in both WT and AD mice but the enhancement was more
pronounced in AD compared to WT mice.

These investigations were also conducted employing a crossover
study design using 3 WT and 4 AD mice, where each animal was used
as ‘control’ ("'C-PiB alone) and ‘test’ (*'C-PiB plus K16ApoE) after a
washout period of 120 minutes. K16ApoE enhanced brain delivery
of "C-PiB ~2.5-fold compared to '"C-PiB alone (Figure 2). Levels of
"C-PiB were not significantly different between the groups after 15
minutes suggesting that K16ApoE may increase the kinetics of early
uptake but not the retention of brain ''C-PiB levels.

"'C-PiB brain-uptake kinetics in WT and AD mice

Time-Activity Curves (TAC) generated from multiple-time
graphical analyses of the ""C-PiB indicated that the tracer (unbound
and/or reversibly bound) is rapidly washed out from the brain (data
not shown). Thus, Logan plots of the tracer in AD (Figure 3A) and WT
(Figure 3D) mice were generated to quantify the Distribution Volume
Ratio (DVR) and Relative Residence Time (RRT) of the tracer. The
slopes of the Logan plots represent the DVR for AD (Figure 3B) and
WT mice (Figure 3E), while the intercepts indicate the RRT for AD
(Figure 3C) and WT (Figure 3F) mice. There was a significant increase
in the DVR of ""C-PiB administered immediately after the K16ApoE
carrier peptide. Mean DVR was 1.116+0.056 and 0.823+0.075 for AD

Time WT (Average SUV) AD (Average SUV)

. . "C-PiB 0 min after | "'C-PiB 10 min after . C-PiB 0 min after | "C-PiB 10 min after
1e. 1C.

(min) C-PiB Only K16ApoE K16ApoE C-PiB Only K16ApOE K16ApOE
5 1.13 2.8 1.39 1.09 3.26 1.23
10 0.42 1.79 1.43 0.63 2.16 1.33
15 0.17 0.87 0.88 0.34 1.28 0.88
20 0.09 0.51 0.58 0.21 0.91 0.64
25 0.04 0.33 0.4 0.15 0.7 0.5
30 0.03 0.22 0.28 0.1 0.57 0.43
35 0.02 0.18 0.23 0.09 0.48 0.38
40 0.01 0.15 0.18 0.08 0.42 0.34

Table 2: Time course of brain standard uptake values of "'C-PiB in WT and AD mice with and without pre-infusion of the K16ApoE peptide carrier
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Figure 2: K16ApoE-mediated enhanced delivery of ''C-PiB remains robust by PET imaging in crossover design. WT (A) and AD (B) mice received "'C-PiB alone (hashed
bars). After a 120-minute washout period, mice received K16ApoE and ""C-PiB without delay between administrations (solid bars). Insets show two representative
images each of WT and AD mice heads without (top) and with (bottom) K16ApoE. Three wildtype (P28, P29 and P30) and four AD (P31, P32, P37 and P38) mice were
evaluated. Bars represent mean standard uptake values and error bars are standard deviation.
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Figure 3: K16ApoE enhances '"C-PiB uptake kinetics in WT and AD mice. (A, D) Logan plots representing brain uptake of '"C-PiB with (closed squares/circles)
and without (open squares/circles) K16ApoE in AD mice (A) and WT (D) mice. Distribution volume ratio (DVR) of ""C-PiB in AD (B) and WT (E) are increased in the
presence of K16ApoE. Similarly, the relative residence time (RRT) for "'C-PiB in AD (C) and WT (F) mice are increased. *represent p-values < 0.001 as calculated by
a two-tailed student’s t-test.

and WT mice, respectively. In the presence of K16 ApoE, DVR increased
to 2.386+0.277 and 1.92+0.231 for AD and WT mice, respectively and
represents a respective increase of 113.8% and 133.4%. DVR did not
increase in either WT or AD mice when "C-PiB administration was
delayed by 10 min after K16ApoE was given (data not shown).

There was also a significant increase in the RRT of "C-PiB in
WT and AD mice when "C-PiB was administered immediately after
injecting the carrier peptide, K16 ApoE. In AD mice, the RRT increased
from 0.748 + 0.217 min to 3.088 + 0.559 min (312.8%) when the carrier
peptide was given prior to ""C-PiB and 0.269 + 0.069 min to 2.528 +
0.356 min (839.8%) in WT animals.

Digital quantification of plaque-associated ''C-PiB in the
brain

Digital autoradiograms of brain slices from WT and AD brains
confirm enhanced delivery of ""C-PiB in the presence of K16ApoE
with a more robust signal increase in AD versus WT mice (Figure
4). Quantification of the digital autoradiogram signal was performed
on an entire slice (global DLU) or from six visually-intense areas to
generate DLU/mm? (Supplementary Figure 1). Global DLU and DLU/
mm? showed greater increase in signal intensity in the AD brain when
"C-PiB was delivered with K16ApoE. A comprehensive analysis of
the DLU/mm? data show >14-fold (p=1.211E-13) and analysis of
‘global DLU’ data show >12-fold (p=9.137E-14) greater retention of
"C-PiB in AD mice brains when administered with K16 ApoE (Table

WT mouse
PiB Only

WT mouse
PiB + K16ApoE

AD mouse
PiB Only

AD mouse
PiB + K16ApoE

Figure 4. K16ApoE increases "C-PiB signal by digital autoradiography ex
vivo. Panel shows three representative digital chromatograms of mice brain
slices per group. There is increased signal in AD mice following K16ApoE co-
administration.

1). AP plaques were found in the AD mouse brains as ascertained by
Thioflavin S staining and by immunohistochemistry and correlated
with areas of increased K16ApoE-mediated increased ''C-PiB signal
(Figure 5).
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Digital
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Figure 5: K16ApoE-mediated increase in ""C-PiB uptake overlaps with AB
plaques in AD mice. AB plaques in WT (left panel) and AD (right panel) mice
were assessed by autoradiography for "C-PiB in the absence (A, B) and
presence (C, D) of K16ApoE carrier peptide. Global and regional DLU values
are shown beneath each panel for objective comparison. There is dramatic
increase in DLU signal in AD mice when K16ApoE is co-administered.
Thioflavin S staining (E, F) and 4G8 anti-APP mouse monoclonal antibody
immunohistochemistry (G, H) in WT (E, G) and AD (F, H) mice in the absence
of K16ApoE carrier peptide show increased AB-plaques in AD versus WT mice
and corresponds to areas of '"C-PiB autoradiography signal.

Determination of specificity of PiB delivery and plaque
binding in AD mice

To determine whether the enhanced binding of "'C-PiB facilitated
by K16ApoE was due to site-specific interactions, unlabeled PiB was
administered to AD mice in the presence of K16ApoE followed by
the administration of 'C-PiB and the signal uptake was examined by
PET PET-imaging as described above. There was a ~3-fold decrease in
SUV when "C-PiB was injected following unlabeled PiB (Figure 6A)
suggesting that the interaction was saturable. This reduction was not
seen in WT mice (data not shown).

To determine if the presence of amyloid plaques is the reason
underlying the increased retention of 'C-PiB in AD mouse brains,
which is evident from the increased signal on autoradiograms, we
reasoned that an agent such as choline, which is not known to bind to
amyloid plaques, would maintain similar signal intensities in AD and
WT mouse brains. To evaluate this premise, we delivered "C-Choline to
WT as well as AD mice with and without K16 ApoE. Autoradiography
confirmed similar "C-Choline distribution in WT and AD mouse
brains (Figure 6B).

Discussion

"'C-PiB has been remarkably effective in assessing amyloid plaque
burden in human brains but its ability to detect amyloid plaques in AD
transgenic mouse models remains tenuous [9,16]. The inconsistent
performance of "'C-PiB in detecting amyloid deposits in transgenic
mouse models has been attributed to low specific binding of the tracer
to amyloid plaques generated in mouse models secondary to a paucity
of high-affinity binding sites [9,24] as well as presumed differences
in amyloid plaque morphology across transgenic models [25,26].
While these factors alter the extent of 'C-PiB binding to amyloid
plaques and engender variations in PET signal, the contribution of
brain uptake of ''C-PiB across the BBB in humans versus transgenic
mice is also a significant factor; physiological differences between
humans and mice lead to variations in the brain uptake kinetics of
various compounds including "'C-PiB. These kinetic processes could
be differentially impacted in AD and may exacerbate differences in
PiB distribution in APP/PSI transgenic mice [27-29]. Therefore, we
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Figure 6: K16ApoE-mediated brain uptake of "C-PiB is a specific process likely dependent on AB plaques binding. (A) Unlabeled PiB reduces K16ApoE-mediated
brain uptake of '"C-PiB in AD mice. Brain-uptake of '"C-PiB was evaluated via PET-mediated quantification in the presence (blue bars) or absence (red bars) of
unlabeled PiB. Inset shows representative brain slices in the presence (top) or absence (bottom) of unlabeled PiB. (B) KBApoE does not increase "C-Choline levels
by autoradiography. K16ApoE-mediated delivery of ""C-Choline in WT (top) and AD (middle) mice are shown. For comparison, K16ApoE significantly enhances uptake
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hypothesized that the variability in "C-PiB signal reported in AD
transgenic mouse brain could also be improved by enhanced BBB
permeability by K16ApoE.

K16ApokE is a novel carrier peptide that was shown to transiently
increase the permeability of a diverse array of large and small molecules
to the brain [20,30-33]. Our studies demonstrate a robust K16ApoE-
mediated increase in ''C-PiB in both WT and AD mice. As anticipated,
the signal was greater in the APP/PSI transgenic mice compared to WT
mice as anticipated given a higher burden of AP in the former. We also
noted that the brain uptake of "'C-PiB is greater when it is delivered
immediately following the administration of K16ApoE, rather than
administering following a 10 min delay. This observation suggests that
K16ApoE may act transiently to increase the BBB permeability, and
enhance CNS delivery of 'C-PiB.

Brain-uptake kinetics of PET imaging ligands is routinely quantified
by multiple-time graphical analysis. In this study, the PET data obtained
from animals administered with 'C-PiB alone or in conjunction with
K16ApoE was best fitted by Logan graphical analysis indicating that the
tracer binding is reversible. The DVR parameter measures changes in
binding to a physiological target, while the RRT parameter measures the
residence time of ""C-PiB in brain compared to the heart vis-d-vis, the
reference tissue. As K16ApoE administration increased both the DVR
and RRT of "'C-PiB in both WT and AD mice, we infer that the carrier
peptide increased binding of "'C-PiB to the brain tissue in both WT and
AD mice. The binding of ""C-PiB in WT mouse brain is not surprising
due to the reported propensity of ''C-PiB to bind nonspecifically to the
white matter nonspecifically [34]. Since K16ApoE-mediated relative
increases of DVR and RRT of "'C-PiB in both WT and AD mice are
similar but with larger absolute "'C-PiB DVR and RRT values in AD
versus WT mice, K16ApoE likely enables greater retention of 'C-PiB in
AD brains in a process dependent on A specific binding. This occurs
without impact on delivery kinetics in WT and AD mice, per se.

Specificity of the binding in AD mice was investigated by pre-
binding of unlabeled PiB. This reduced the uptake of 'C-PiB in AD
but not WT mice suggesting that the increased uptake can be reduced
by competitive binding and suggests specific, saturable interactions
of "C-PiB with AB. When '"C-choline, a compound with no known
binding to AP was administered in the presence of carrier, there was
no appreciable increase in uptake or retention in AD compared to WT
mice. Taken together, these results suggest that the K16 ApoE-mediated
increased uptake of "'C-PiB in AD compared to WT mice is a specific
process and likely mediated by Ap.

It is notable that when quantified via digital autoradiograms,
"'C-PiB show >10-fold brain-retention of "C-PiB in AD mice brains
when delivered with K16ApoE than without. The increase in ''C-PiB
retention assessed by autoradiography is much more than that observed
with PET-imaging (~3-fold). This difference is probably due to the
inability of PET imaging to differentiate ''C-PiB specifically bound
to the plaques from that bound nonspecifically to white matter. The
processing steps employed in autoradiography, could remove most of
the nonspecifically bound label in the brain, so that the label specifically
bound to amyloid plaques could be captured. Thus, autoradiography
indicates that K16 ApoE increases the "'C-PiB signal in AD brains, most
likely by enhancing the amount of ''C-PiB specifically bound to amyloid
plaques in the brain. This could be substantiated by the observation that
unlabeled PiB was able to reduce the binding of ''C-PiB to the plaques,
and that an irrelevant PET probe "C-Choline that does not bind to
amyloid plaques, did not shown any enhancement in the signal.

Conclusion

In summary, we show that a 36-amino acid synthetic peptide,
previously shown to enhance the transport of various molecules to
the brain, can greatly enhance the brain uptake of 'C-PiB in AD mice
brains facilitating amyloid plaque detection. These results could have
important implication for earlier detection of amyloid plaque burden
in the transgenic mouse models by PET which is a current limitation of
the utility of AD mouse models [12]. This may assist with monitoring
the efficacy of novel therapeutic compounds and significantly expedite
AD drug discovery and development. This strategy may also enhance
brain delivery of therapeutic agents such as anti-amyloid antibodies
that have shown some efficacy in the clinical trials. Indeed, our group
has demonstrated efficacy of the K16ApoE peptide in nanoparticle
targeting of AP plaques [31] as well as enhanced delivery of a number of
chemotherapeutic agents [20]. This suggests that the role of K16ApoE
in enhancing delivery of substances across the BBB has far-reaching
implications for a wide array of neurologic diseases.
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