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Abstract
Aims/hypothesis Islet amyloid deposits contribute to beta cell dysfunction and death in most individuals with type 2 diabetes but
non-invasive methods to determine the presence of these pathological protein aggregates are currently not available. Therefore,
we examined whether florbetapir, a radiopharmaceutical agent used for detection of amyloid-β deposits in the brain, also allows
identification of islet amyloid in the pancreas.
Methods Saturation binding assays were used to determine the affinity of florbetapir for human islet amyloid polypeptide
(hIAPP) aggregates in vitro. Islet amyloid-prone transgenic mice that express hIAPP in their beta cells and amyloid-free non-
transgenic control mice were used to examine the ability of florbetapir to detect islet amyloid deposits in vitro, in vivo and ex
vivo. Mice or mouse pancreases were subjected to autoradiographic, histochemical and/or positron emission tomography (PET)
analyses to assess the utility of florbetapir in identifying islet amyloid.
Results In vitro, florbetapir bound synthetic hIAPP fibrils with a dissociation constant of 7.9 nmol/l. Additionally, florbetapir
bound preferentially to amyloid-containing hIAPP transgenic vs amyloid-free non-transgenicmouse pancreas sections in vitro, as
determined by autoradiography (16,475 ± 5581 vs 5762 ± 575 density/unit area, p < 0.05). In hIAPP transgenic and non-
transgenic mice fed a high-fat diet for 1 year, intravenous administration of florbetapir followed by PET scanning showed that
the florbetapir signal was significantly higher in amyloid-laden hIAPP transgenic vs amyloid-free non-transgenic pancreases in
vivo during the first 5 min of the scan (36.83 ± 2.22 vs 29.34 ± 2.03 standardised uptake value × min, p < 0.05). Following PET,
pancreases were excised and florbetapir uptake was determined ex vivo by γ counting. Pancreatic uptake of florbetapir was
significantly correlated with the degree of islet amyloid deposition, the latter assessed by histochemistry (r = 0.74, p < 0.001).
Conclusions/interpretation Florbetapir binds to islet amyloid deposits in a specific and quantitative manner. In the future,
florbetapir may be useful as a non-invasive tool to identify islet amyloid deposits in humans.
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Abbreviations
CT Computed tomography
GLP-1 Glucagon-like peptide-1
HFD High-fat diet
hIAPP Human islet amyloid polypeptide
PET Positron emission tomography
SUV Standardised uptake value

Introduction

Islet amyloid deposits are present in most individuals with
type 2 diabetes and play a pathological role in beta cell loss
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[1–4]. Post mortem examination of human tissue sections has
shown that islet amyloid deposition is associated with
increased rates of beta cell apoptosis and decreased beta cell
area [1, 2]. Amyloid has also been linked to beta cell failure in
transplanted human islets [5, 6]. Human islet amyloid poly-
peptide (hIAPP), the unique peptide component of islet amy-
loid [7, 8], is a peptide hormone synthesised by the beta cell
and is co-secreted with insulin [9]. In vitro and in vivo models
of islet amyloidosis have demonstrated that hIAPP aggrega-
tion results in oxidative and inflammatory stress leading to
beta cell death [10–12] and various lines of research are now
aimed at preventing islet amyloid formation and the resulting
cytotoxicity [13–16]. However, no diagnostic test is available
to identify and/or quantify islet amyloid in individuals with
type 2 diabetes.

Positron emission tomography (PET) probes have been
proposed as tools to facilitate in vivo assessment of islet mor-
phology and to evaluate changes in islet structure over time
[17–19]. Many of these probes are directed at beta cell bio-
markers, such as the glucagon-like peptide-1 (GLP-1) receptor
and glucokinase, with the intent to quantify beta cell mass [17,
20]. Ex vivo studies have determined that pancreatic uptake of
radiolabelled exendin-4, a GLP-1 receptor agonist, is reduced
upon destruction of beta cells in rats [20]. Although in vivo
quantification of beta cell mass using PET has been more
difficult to achieve [17, 18, 20], this approach has been used
to demonstrate decreased beta cell mass in individuals with

type 1 diabetes [21]. A complementary approach that has not
been fully explored is to determine the degree of islet amyloid
present in vivo. Amyloid imaging probes have been designed
for PET detection of amyloid-β deposits in the brain [22–24]
and, since brain and islet amyloid deposits share structural
similarities [25], these probes have been proposed as tools to
detect islet amyloid as well. Limited studies have found that
some amyloid-β amyloid imaging probes bind synthetic
hIAPP in vitro and ex vivo [26, 27]. To our knowledge, no
studies to date have tested whether these probes can identify
and quantify endogenous islet amyloid in vivo.

Recently, the 18F-labelled radiopharmaceutical florbetapir
was approved for detection of amyloid-β-derived amyloid
deposits in the brain for diagnosis of Alzheimer’s disease
[28, 29]. We sought to determine whether florbetapir may also
be used to detect islet amyloid in vivo. We used an hIAPP
transgenic mouse model of islet amyloidosis in which trans-
genic expression of hIAPP in beta cells leads to islet amyloid
deposition, reduced beta cell mass and hyperglycaemia over
1 year of high-fat diet (HFD) feeding compared with non-
amyloid-prone, non-transgenic littermate control mice that
were also fed HFD and gained the same amount of weight
[10, 30, 31]. This model was used to examine whether
florbetapir could detect endogenous islet amyloid in vitro, in
vivo and ex vivo and thus may prove to be a useful tool to
identify islet amyloid in humans. This strategy could allow
detection of islet amyloid in individuals with type 2 diabetes
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and aid in determining the most effective treatments for indi-
viduals afflicted with this disease.

Methods

In vitro saturation binding assay and dissociation constant
determination To prepare fibrillar hIAPP for binding studies,
30 μmol/l hIAPP (no. 60804; Anaspec, Fremont, CA, USA)
was dissolved in 10 mmol/l phosphate buffer and 5 mmol/l
NaCl and incubated overnight at room temperature with agi-
tation. For saturation binding assays, concentrations of syn-
thetic hIAPP fibrils and radiolabelled florbetapir were deter-
mined empirically, starting with concentration ranges based
on the literature and the authors’ experience with amyloid-β
peptide [32]. Concentration-dependent binding assays were
carried out using 0.5, 0.25, 0.125, 0.0625, 0.03125 or
0.015 μg of synthetic hIAPP fibrils and 0.15 nmol/l
[18F]florbetapir in 250 μl PBS, eliciting binding of between
0 and 20% of the radioligand. Reaction mixtures contained
IAPP fibrils (0.2 μg; probe sonicated) and [18F]florbetapir
(0.9 nmol/l) in 250 μl PBS. Non-specific binding was defined
as the binding of the radioligand in the presence of 10 μmol/l
2-(4′-methylaminophenyl)benzothiazole (BTA-1) [33]. After
incubation for 1.5 h at 37°C, bound radioactivity was harves-
ted by vacuum filtration onto Millipore MultiScreenHTS 96-
well glass fibre FB filter plates using a Millipore
MultiScreenHTS Vacuum Manifold (Millipore, Billerica,
MA, USA). Filters containing bound [18F]florbetapir were
assayed for radioactivity in a γ counter.

Animals hIAPP transgenic mice on a C57BL/6J background
were bred with DBA/2J mice obtained from Jackson
Laboratories (Bar Harbor, ME, USA), and hemizygous
hIAPP transgenic mice on an F1 C57BL/6J × DBA/2J back-
ground were studied with non-transgenic littermates as a con-
trol group [34]. Male mice, 8–10 weeks old, from both geno-
types were housed in a specific-pathogen-free vivarium and
received a diet containing 60% kJ energy from fat (HFD;
Research Diets, New Brunswick, NJ, USA) for 12 months.
This study was approved by and conducted in accordance
with the Institutional Animal Care and Use Committee at the
Veterans Affairs Puget Sound Health Care System.

In vitro binding of florbetapir to pancreas sections and auto-
radiographyArchived paraffin-embedded pancreas tissue sec-
tions from hIAPP transgenic and non-transgenic mice were
selected for in vitro florbetapir binding assays. Blinded expe-
rimenters added [3H]florbetapir (370 kBq/section) with or
without cold florbetapir, to pancreas sections for 1 h at room
temperature and sections were then washed. Tissue sections
were placed in a phosphor imager cassette in which a phos-
phor screen was exposed overnight to the tissue. The

phosphor screen was then scanned with a GE Typhoon
FLA7000 Bio-Imaging System (GE, Fairfield, CT, USA).
Densitometry was performed on autoradiographic images
using Image J (NIH, Bethesda, MD, USA) to quantify the
degree of florbetapir binding.

In vivo florbetapir administration and PET Non-transgenic
and hIAPP transgenic mice were anesthetised with isoflurane
and a carotid catheter was placed. ExiTron Nano 12000 con-
trast agent (Miltenyi, Bergisch Gladbach, Germany) was ad-
ministered via the carotid catheter. An Inveon MultiModality
PET/computed tomography (CT) scanner (Siemens, Cary,
NC, USA) conducted dynamic scans every 30 s throughout
the experimental procedure. A CT scan was obtained for co-
registration and scatter correction purposes before injection of
the isotope. Florbetapir dose volume was calculated and
184.0 ± 6.9 kBq/g body weight was injected via the carotid
catheter. PET image reconstruction was done by ordered sub-
set expectation maximisation/3D map protocol and the co-
registered PET/CT images were evaluated by selecting re-
gions of interest in pancreas, colon (positive control) and sem-
inal vesicle (negative control). Pancreas was identified on CT
images, left of midline, above the spleen and even with the
stomach. Within this area, a conservative 3 mm3 region of
interest was defined for each mouse (by T. Wolden-Hanson,
blinded tomouse genotype) to ensure that only pancreas tissue
was included. Blinded intra- and inter-observer repeated mea-
surements of the PET pancreas region of interest were highly
correlated (Spearman rank correlations: r = 0.987, p < 0.0001,
slope, 0.95 and r = 0.966, p < 0.0001, slope 0.86, respective-
ly). Given that clearance/metabolism of florbetapir in vivo is
rapid by design [32, 35], the primary analysis of standardised
uptake values (SUVs) were done over the first 5 and 10 min,
and scanning then continued up to 90 min. The PET signal
was quantified for each mouse by calculating AUC (SUV ×
min) at the indicated time points. Two mice (one hIAPP
transgenic and one non-transgenic) died early during the
PET scan and did not complete the procedure. Although we
collected pancreases from these mice, for consistency, data
were reported only from mice that completed all portions of
the in vivo analyses (PET scan, ex vivo radioquantification,
histological measurement).

Ex vivo florbetapir radioquantification Mice were euthanised
immediately following PET scanning. Pancreases were rapid-
ly excised, placed into 10% (vol./vol.) neutral buffered forma-
lin, and weighed. 18F radiolabel uptake was determined for
1 min in a γ counter. Pancreases were then processed for
histology as described below.

Histological measurements Whole pancreases were fixed
overnight in formalin, paraffin-embedded, then 4 μm sections
were cut longitudinally. Sections were stained with thioflavin
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S (Sigma-Aldrich, St Louis, MO, USA) to visualise amyloid
deposits and then incubated with mouse monoclonal anti-
insulin antibody (no. I2018; Sigma-Aldrich, 1:500) followed
by goat anti-mouse Cy3 (no. 115-165-146; Jackson
ImmunoResearch, West Grove, PA, USA, 1:500) to visualise
beta cell area and Hoechst 33258 to visualise nuclei.
Morphometric analyses were then performed by individuals
blinded to sample genotypes on an average of 118 ± 11 islets
per mouse using an E800 Eclipse epifluorescence microscope
and NIS Elements Software (NikonUSA,Melville, NY, USA)
[36]. For whole pancreas section imaging, sections were
stained with thioflavin S to visualise amyloid deposits or la-
belled with guinea pig polyclonal anti-insulin antibody (no.
A0564; Dako, Santa Clara, CA, USA, 1:100) followed by
rabbit anti-guinea pig IgG linker and Leica BOND detection
reagents (no. DS9800; Leica, Wetzlar, Germany, no dilution)
to visualise beta cell area [37]. Large area scans were acquired
using DeltaVision Elite Imaging System (GE Life Sciences,
Issaquah, WA, USA).

Statistical analysis Data are presented as mean ± SEM with
each data point represented in a dot plot to depict the distribu-
tion of data within each group. Non-parametric statistical tests
were used throughout to analyse data that were not normally
distributed. Statistical differences between groups were deter-
mined using unpaired, two-tailed Mann–Whitney U tests, and
Spearman rank correlation tests were used to determine the
correlation between measurements. Values of p ≤ 0.05 were
considered significant.

Results

Florbetapir binds synthetic hIAPP fibrils in vitro To determine
whether the radiopharmaceutical florbetapir (Fig. 1a) may be

useful as an islet amyloid imaging probe, we first asked
whether florbetapir binds fibrillar hIAPP in vitro. Saturation
binding assays determined that florbetapir binds synthetic
hIAPP fibrils in vitro with a dissociation constant (Kd) of
7.9 nmol/l (Fig. 1b), similar to the Kd of 7 nmol/l that we
observed for florbetapir’s interaction with amyloid-β 42 fi-
brils (data not shown).

Florbetapir binds endogenous islet amyloid deposits in vitro
To examine whether florbetapir binds endogenous islet amy-
loid deposits in vitro, pancreas sections from hIAPP transge-
nic and non-transgenic control mice were incubated with
[3H]florbetapir (Fig. 2a). For comparison, serial pancreas sec-
tions were labelled histochemically for the presence of amy-
loid (thioflavin S) and insulin (Fig. 2a; insets show amyloid-
free and amyloid-laden islets). Quantification of autoradio-
graph signal from hIAPP transgenic mouse and control mouse
pancreas sections showed that florbetapir bound amyloid-
laden pancreatic tissue to a significantly greater extent than
amyloid-free control tissue (16,475 ± 5581 vs 5762 ± 575
density/unit area, p < 0.05, Fig. 2b). Within these pancreas
sections, the florbetapir autoradiograph signal was correlated
to the degree of islet amyloid deposition assessed by histology
(Fig. 2c). Furthermore, the binding of florbetapir to islet am-
yloid in hIAPP transgenic mouse pancreas sections was re-
duced by incubation with excess non-radiolabelled (cold)
florbetapir to a level similar to that noted in control tissue
(Fig. 2d). Together, these data suggest that florbetapir speci-
fically binds islet amyloid in vitro.

hIAPP transgenic mice form islet amyloid deposits in vivo
following HFD feeding We next used our in vivo model of
islet amyloid deposition [10, 30, 31, 36] to test whether
florbetapir allows in vivo detection of islet amyloid using
PET scanning. After 1 year of HFD feeding, body weight
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Fig. 1 The amyloid imaging probe [18F]florbetapir binds synthetic hIAPP
fibrils in vitro. (a) The chemical structure of [18F]florbetapir. (b) Saturation
binding assay of florbetapir and probe-sonicated synthetic hIAPP fibrils
was carried out following empirical determination of optimal radiolabel
and hIAPP fibril concentrations (described in Methods). [18F]florbetapir

and hIAPP fibrils were incubated, then bound radioactivity was quantified
by γ counting to determine total binding (black circles). [18F]florbetapir
and 2-(4′-methylaminophenyl)benzothiazole were used to quantify non-
specific binding (white circles), and specific binding (grey circles) was
calculated; Bmax = total radioligand binding; n = 2 samples
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and pancreas mass were not different between hIAPP trans-
genic and control genotypes (Table 1). In line with previous
studies, hIAPP transgenic mice developed significant islet
amyloid deposition (electronic supplementary material
[ESM] Fig. 1a) and displayed decreased islet beta cell area
(ESM Fig. 1b) compared with non-transgenic control mice.

Furthermore, islet amyloid area was inversely correlated to
beta cell area (ESM Fig. 1c), showing the expected relation-
ship between islet amyloid deposition and beta cell loss, and
demonstrating the potential utility of in vivo islet amyloid
detection as a means to identify pathological changes in islet
protein aggregation.

Fig. 2 [3H]Florbetapir binds endogenous islet amyloid deposits in vitro.
(a) Serial pancreas sections from non-transgenic control mice and hIAPP
transgenic mice were subjected to autoradiography with [3H]florbetapir to
assess radioligand binding, histochemical staining with thioflavin S to
quantify islet amyloid deposition or immunohistochemistry to visualise
insulin. Insets show amyloid-free non-transgenic or amyloid-laden hIAPP
transgenic islets. No contrast adjustment was made to any of the panels.
Scale bars, 2500 μm. (b) Densitometry was performed on autoradio-
graphs from non-transgenic and hIAPP transgenic pancreas sections to
quantify [3H]florbetapir binding; n = 4 for non-transgenic mouse islets
and n = 5 for hIAPP transgenic mouse islets, *p < 0.05, Mann–Whitney

U test, values presented as mean ± SEM. (c) Pancreas section
[3H]florbetapir autoradiograph density is correlated with amyloid severity
(amyloid area/islet area, %) as assessed by quantitative microscopy in
these samples; n = 4 for non-transgenic mouse pancreas sections and
n = 5 for hIAPP transgenic mouse pancreas sections, p < 0.01, r = 0.88,
Spearman rank correlation test. (d) Binding of [3H]florbetapir in pancreas
sections from hIAPP transgenic mice was blocked by non-radiolabelled
florbetapir to a level similar to that noted in non-transgenic pancreas
sections; magnification ×10. No contrast adjustment was made to any
of the panels. Thio S, thioflavin S
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Florbetapir enables PET detection of islet amyloid in vivo in
hIAPP transgenic mice To investigate whether [18F]florbetapir
enables PET detection of islet amyloid in vivo, we adminis-
tered an equivalent dose of this radioligand (target dose
185 kBq/g body weight) to both hIAPP transgenic and non-
transgenic mice (Table 1). Concurrent with florbetapir admi-
nistration, PET scanning was conducted to determine the
presence of florbetapir in the pancreas (Fig. 3a, b), colon
(Fig. 3c; positive control) and seminal vesicle (Fig. 3d;
negative control). The regions of interest for PET analysis
are illustrated in Fig. 3e. The florbetapir signal was greater
in hIAPP transgenic mouse pancreases than in control mouse
pancreases during the first 5 min of the PETscan (36.83 ± 2.22
vs 29.34 ± 2.03 standardised uptake value × min, p < 0.05,
Fig. 3a, b). After 10 min, the pancreatic PET signal was no
longer significantly different between groups (p = 0.06) and
from 20 min on the signal did not differ between hIAPP trans-
genic and non-transgenic mice. Conversely, the florbetapir
signal in control tissues, namely colon (Fig. 3c) and seminal
vesicle (Fig. 3d), did not differ between hIAPP transgenic and
non-transgenic mice during the first 5 min, nor did they differ
over 10 or 20 min intervals.

Florbetapir administered in vivo accumulates preferentially in
islet amyloid-laden hIAPP transgenic mouse pancreases
Finally, we sought to determine whether in vivo-
administered florbetapir accumulated preferentially in
amyloid-containing pancreases of these same mice by ex vivo
γ counting of excised pancreas following the PET scan.
The amyloid-containing hIAPP transgenic mouse pancreases
exhibited significantly greater radiolabel uptake compared
with amyloid-free non-transgenic control tissue (Fig. 4a).
We next quantified the degree of islet amyloid deposition in
each pancreas using our established histochemical method.
We found that the degree of radioactivity present in the
pancreases was strongly correlated to the amount of islet am-
yloid present for both hIAPP transgenic and non-transgenic
mice (r = 0.74, p < 0.001; Fig. 4b), and also when data from
hIAPP transgenic mice were analysed alone (r = 0.81, p <
0.005). In Fig. 4c, three representative pancreas images are

shown to illustrate this relationship between islet amyloid de-
position and florbetapir uptake.

Discussion

Type 2 diabetes develops over a period of years, during which
time pancreatic islet beta cells undergo morphological and
functional changes leading to beta cell loss and inadequate
insulin secretion [38, 39]. Islet amyloid deposition is a signi-
ficant contributor to beta cell loss and alpha cell proliferation
in humans [1–3] as well as in non-human primates [40] and
has also been linked with delta cell death in the latter [40, 41].
Due to the prolonged time course of changes to islet cell abun-
dance and function, techniques to detect pathological changes
in the islet in vivo could aid in the treatment of type 2 diabetes.
However, no such methods are currently being employed
clinically.

Previous studies have provided histological and autoradio-
graphic evidence for in vitro binding of amyloid-β imaging
probes to synthetic hIAPP aggregates [26] and, when admi-
nistered intravenously, these agents accumulated in implanted
hIAPP aggregates inmice [27]. However, these studies did not
determine whether amyloid imaging probes bind to endoge-
nous islet amyloid or whether they allow identification of islet
amyloid deposits in vivo using PET. Our study is the first to
examine whether administration of a radiopharmaceutical
agent allows PET detection of endogenous islet amyloid in
vivo.

In this study, we took advantage of the available 18F-la-
belled radiopharmaceutical florbetapir, which was developed
for PET imaging of amyloid-β deposits in the brain, and now
provide evidence that this compound binds islet amyloid in
vitro, in vivo and ex vivo. In vitro, we observed that
florbetapir binds synthetic hIAPP fibrils with a Kd of
7.9 nmol/l, similar to that seen for amyloid-β 42 fibrils.
When administered to pancreas sections in vitro, florbetapir
bound pancreases with islet amyloid deposits to a greater ex-
tent than those lacking these deposits and this binding was
blocked by unlabelled florbetapir. Intravenous administration
of florbetapir in mice resulted in a transient increase in pan-
creatic PET signal in amyloid-laden pancreases in vivo, and
florbetapir retention in excised pancreases from these mice
following PET was significantly correlated with the degree
of islet amyloid deposition assessed by histology. Although
further studies are required to demonstrate that in vivo-
administered florbetapir binds specifically to islet amyloid,
our in vitro and ex vivo studies suggest that this is the case.
Together, these results strongly imply that florbetapir binds
specifically and quantitatively to islet amyloid deposits.

The relationship between pancreatic florbetapir binding
and islet amyloid deposition both in vitro and ex vivo indi-
cates that we can distinguish pancreatic tissue with an amyloid

Table 1 After 1 year of HFD feeding, body weight, pancreas mass and
florbetapir dose were equivalent in hIAPP transgenic and non-transgenic
mice

Genotype Non-transgenic mice hIAPP transgenic mice

n 8 10

Body weight (g) 64.2 ± 2.1 67.6 ± 4.1

Pancreas mass (g) 0.52 ± 0.04 0.51 ± 0.04

Florbetapir dose
(kBq/g body weight)

191 ± 9 178 ± 11

Data are means ± SEM
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burden of >10% of islet area from amyloid-free tissue. Thus,
florbetapir may not be capable of detecting small amounts of
islet amyloid but it has potential to identify islet amyloid and
concurrent beta cell loss in a considerable proportion of the
population. Specifically, the average degree of islet amyloid
deposition in individuals with type 2 diabetes is near 10% of
islet area and ranges from 0 to ~50% [2]. Analysis of data
from Jurgens et al [2] indicates that 45% of individuals with
type 2 diabetes possess amyloid deposition >10% of islet area;
36% of amyloid-prone mice in our in vivo study met this
criteria. Therefore, the approach used in this study could allow
identification of pathological islet protein aggregation in near-
ly half of all individuals with type 2 diabetes.

The findings in this study may also have clinical relevance
for the treatment of human type 2 diabetes. It is well
recognised that the disease is associated with a progressive
loss of beta cell function and that this process is more rapid
when patients are treated with a sulfonylurea vs either

metformin or a thiazolidinedione [42, 43]. In vivo mouse
studies have shown that both metformin and rosiglitazone
reduce islet amyloid deposition when administered to
amyloid-prone hIAPP transgenic mice [36, 44] and this de-
crease in islet amyloid was associated with reduced beta cell
loss [36]. Thus, should it be possible to image islet amyloid in
humans, this technique could be used to determine the effect
of glucose-lowing interventions on amyloid formation over
time in people.

Certain aspects of this in vivo islet amyloid imaging ap-
proach warrant further consideration. Specifically, the magni-
tude of increase in florbetapir signal we observed in amyloid-
laden pancreases in vivo using PET was smaller than that
observed ex vivo by γ counting. This discrepancy likely
reflects the modest resolution of mouse islets achievable using
PET and may result in part from the significant intra-
abdominal and intrapancreatic fat deposits that were evident
in all mice in this study. Since florbetapir is lipophilic [32, 45],

Fig. 3 Florbetapir enables PET
detection of islet amyloid in vivo
in hIAPP transgenic mice. PET
scanning was used to determine
the presence of [18F]florbetapir
(SUV) in non-transgenic (white
circles) and hIAPP transgenic
(black squares) mice from 0 to
85 min after administration of the
radio-agent. (a) Time course of
[18F]florbetapir uptake in the
pancreases of non-transgenic
(white circles) and hIAPP
transgenic (black squares) mice,
values presented as mean ± SEM.
(b) Quantification of
[18F]florbetapir uptake by the
pancreas expressed as AUC
(SUV × min) for the first 5 and
10 min of the scan; n = 8 for non-
transgenic mouse pancreas and
n = 10 for hIAPP transgenic
mouse pancreas, *p < 0.05,
Mann–Whitney U test, values
presented as mean ± SEM. (c, d)
[18F]Florbetapir uptake was also
quantified in the colon (c) and
seminal vesicle (d); n = 8 for non-
transgenic mice and n = 10 for
hIAPP transgenic mice, values
presented as mean ± SEM.
Vertical lines indicate 5 min and
10 min PET intervals. (e) Images
illustrating PET/CT regions of
interest for pancreas (red), colon
(green) and seminal vesicle (blue)
as assigned by a blinded observer
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non-specific signal was likely emitted from fat-containing or-
gans physically close to the pancreas, such as the liver and
intestine [35]. These limitations may have contributed to a
high background PET signal and hampered our efforts to
quantify islet amyloid deposits in vivo. However, our study
represents a realistic assessment of florbetapir’s utility for in-
dividuals with type 2 diabetes, where high levels of non-
specific abdominal signal may present a challenge to captu-
ring PET signal specifically from islet amyloid.

Further, issues with resolving islet amyloid in vivo using
PET are likely compounded by the small size and diffuse
nature of pancreatic islets, which comprise 1–4% of pancreas
mass [46]. This is a challenge that has also been noted in
studies attempting to image islet beta cells using PET [17,
20]. Because amyloid accounts for only a fraction of islet
volume and can be present in fewer than 50% of islets, reliable
in vivo imaging of islet amyloid may be even more difficult to
achieve.

Metabolism of florbetapir in the peripheral circulation is
rapid, by design, with 95% being cleared from the blood in
the first 20 min after injection [32, 35]. This property of

florbetapir may limit its ability to optimally bind islet amyloid
and emit a stable radiologic signal from it. In the future, ex-
amination of pancreas autoradiography ex vivo following in-
travenous administration of florbetapir could shed more light
on the dynamics of florbetapir and islet amyloid interaction in
vivo. New amyloid-binding radiopharmaceuticals designed
specifically to image islet amyloid may provide more robust
or prolonged PET detection in vivo.

Despite the challenges discussed, we were successful in
detecting increased [18F]florbetapir signal in amyloid-laden
vs amyloid-free pancreases for the first 5 min of the PET scan.
One benefit of imaging islet amyloid vs beta cells is reduced
variability among populations of interest. Previous studies
using PET to quantify beta cell mass found highly variable
beta cell radioligand uptake in healthy individuals [17, 21].
Some of this variability may stem from technical difficulties
or a lack of ligand specificity but it is also partially attributable
to the wide variation of and overlap in beta cell mass present in
healthy control individuals and those with diabetes [4, 47].
Although islet amyloid is also variable in those with type 2
diabetes [3], we previously found only one out of 39 healthy

Fig. 4 [18F]Florbetapir administered in vivo accumulates in islet amy-
loid-laden hIAPP transgenic mouse pancreas. (a) [18F]florbetapir uptake
was determined ex vivo by γ counting in non-transgenic control and
hIAPP transgenic pancreases 90 min after administration of the
radioligand for PET scanning; n = 8 for non-transgenic and n = 10 for
hIAPP transgenic mouse pancreases, **p < 0.01, Mann–Whitney U test,
values presented as mean ± SEM. (b) Islet amyloid severity (amyloid

area/islet area, %) is positively correlated with [18F]florbetapir uptake in
non-transgenic (white circles) and hIAPP transgenic (black squares)
mouse pancreases; n = 8 for non-transgenic mice and n = 10 for hIAPP
transgenic mice, p < 0.001, r = 0.74, Spearman rank correlation test. (c)
Representative images of islet amyloid deposition with [18F]florbetapir
uptake values in three mice that underwent PET scanning. Scale bars,
2500 μm. Thio S, thioflavin S
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individuals to have islet amyloid deposition exceeding 10%
[2], a finding in concordance with earlier studies [48, 49].
Therefore, imaging of islet amyloid would allow detection
of pathological islet protein aggregates in the setting of type
2 diabetes.

In conclusion, we found that the amyloid imaging probe
florbetapir binds islet amyloid in vitro in a specific and quanti-
tative manner and observed increased florbetapir uptake in
amyloid-laden pancreases in vivo using PET. Furthermore, the
amount of florbetapir uptake in the pancreas was highly corre-
lated to the degree of islet amyloid deposition ex vivo. Although
advances in PET scanning methodologies or islet amyloid
radioligand properties may be needed to make in vivo imaging
of islet amyloid a clinical reality, our studies suggest that this is a
possibility. If successful, in vivo detection of islet amyloid
would provide a valuable tool for identification of these deposits
in individuals with type 2 diabetes and the development and use
of therapies aimed at decreasing their impact.
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