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The diabetes community has long desired an imaging agent to

quantify the number of insulin-secreting β-cells, beyond just func-
tional equivalents (insulin secretion), to help diagnose and monitor

early stages of both type 1 and type 2 diabetes mellitus. Loss in the

number of β-cells can be masked by a compensatory increase in
function of the remaining cells. Since β-cells form only about 1% of

the pancreas and decrease as the disease progresses, only a few

imaging agents, such as exendin, have demonstrated clinical po-

tential to detect a drop in the already scarce signal. However, clin-
ical translation of imaging with exendin has been hampered by

pancreatic uptake that is higher than expected in subjects with

long-term diabetes who lack β-cells. Exendin binds glucagonlike

peptide-1 receptor (GLP-1R), previously thought to be expressed
only on β-cells, but recent studies report low levels of GLP-1R on

exocrine cells, complicating β-cell mass quantification. Methods:
Here, we used a GLP-1R knockout mouse model to demonstrate that
exocrine binding of exendin is exclusively via GLP-1R (∼1,000/cell)
and not any other receptor. We then used lipophilic Cy-7 exendin to

selectively preblock exocrine GLP-1R in healthy and streptozotocin-

induced diabetic mice. Results: Sufficient receptors remain on β-
cells for subsequent labeling with a fluorescent- or 111In-exendin.

Conclusion: Selective GLP-1R blocking, which improves contrast

between healthy and diabetic pancreata and provides a potential

avenue for achieving the long-standing goal of imaging β-cell mass
in the clinic.
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Type 1 diabetes mellitus, hereafter referred to as diabetes, is
an autoimmune condition characterized by insulin-deficient hyper-
glycemia from immune-mediated destruction of b-cells. Given the

significant delay between b-cell loss and onset of hyperglycemia
(1) and the excess capacity of insulin-secreting cells, isolating the
impact of b-cell function from total b-cell mass (BCM) in the clinic
is challenging. Current approaches to BCM detection are indirect,
(e.g., measuring C-peptide) and cannot distinguish between a large
BCM with low secretion and a small BCM with high secretion (i.e., a
honeymoon phase (2)). Consequently, there is a critical need for di-
rect and noninvasive mapping of BCM changes for early disease
screening and progression monitoring. Molecular imaging of b-cells
is a promising approach for measuring BCM but presents several
unique challenges. b-cells constitute only a small fraction of the
pancreas (1%–2% cells) and are organized in islets of Langerhans
approximately 30–400 mm in diameter (3), which is below the res-
olution of clinical scanners. Combined with partial-volume effects,
the detectable signal from BCM is attenuated nearly 100-fold (3),
even in healthy subjects.
Despite these hurdles, several probes directed toward b-cell

markers, broadly classified as either functional or BCM probes,
have recently progressed to studies in larger animals and clinical
studies (4,5). Functional probes cannot distinguish healthy BCM
from a residual fraction of functionally overcompensating b-cells
in the early stages of diabetes, for which treatment intervention
may be most effective (1). Quantitative BCM probes can measure
total BCM rather than only functionally active b-cells, and exendin
probes directed against glucagonlike peptide-1 receptor (GLP-1R) (6)
have emerged as promising candidates, possessing ideal imaging agent
properties (7). Yet, advanced preclinical and clinical success for im-
aging has been surprisingly limited by off-target pancreatic uptake that
is higher than expected in subjects with long-term diabetes.
GLP-1R on non–b-cells could explain the lack of clinical dis-

tinction between healthy volunteers and subjects with long-term
diabetes using exendin-based probes (8). Although initially con-
troversial because of cross-reactive antibodies combined with low
absolute expression, several groups have verified measurable exo-
crine GLP-1R expression (8–20). Species-dependent variability in
exocrine-to-islet signal ratio (Table 1) (17,21) highlights addi-

tional challenges with evaluating exendin-based probes in animal
models. We previously found an approximately 50-fold lower (ac-
cessible) GLP-1R expression on mouse exocrine cells than on
b-cells (16), mediating significant non–b-cell uptake. Since poor
clinical contrast is a key barrier to successful BCM imaging, we
sought to address this issue using a quantitative approach. In this
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study, using a GLP-1R knockout mouse model, we demonstrate that
exocrine uptake of exendin is exclusively via GLP-1R. Furthermore,
using a diabetes mouse model, we demonstrate as a proof of concept
that selective blocking of exocrine GLP-1R using a slow-clearing
exendin variant enables 111In-exendin to bind exclusively to b-cells,
thereby providing higher specificity and accuracy for BCM quantifi-
cation. With optimization and clinical measurements of GLP-1R ex-
pression, this strategy could potentially be translated to the clinic for
quantifying subtle changes in BCM for presymptomatic diabetes de-
tection and pretreatment disease monitoring.

MATERIALS AND METHODS

Materials

All chemicals were purchased from Sigma Aldrich, unless otherwise
specified. Peptide and reaction details are provided in Supplemental

Figure 1 (supplemental materials are available at http://jnm.snmjournal-
s.org) (16,22). All animal experiments were conducted under the approval

of the Institutional Animal Care and Use Committee at the University of
Michigan and Memorial Sloan Kettering Cancer Center and followed the

National Institutes of Health guidelines for animal welfare. Healthy/wild-

type (WT) C57BL/6J and streptozotocin-induced diabetic C57BL/6J mice
(6–8 wk old) were purchased from Jackson Laboratory. Previously vali-

dated (23) GLP-1R knockout C57BL/6J mice (6–8 wk old) were used.
Exendin conjugates were dosed via tail vein catheters.

GLP-1R Knockout Experiments

To probe the specificity of interaction between GLP-1R and exendin,

healthy (WT) and GLP-1R knockout C57BL/6J mice were administered
1 nmol of 647-exendin either alone or preceded by a 15-fold excess

preblock dose of unlabeled exendin for 10 min (n 5 3 for each of the 4

conditions). After 20 min, the mice were euthanized, and the pancreas
was resected. Each pancreas was imaged macroscopically using a Licor

Odyssey CLx imager to confirm successful islet targeting or blocking.
Pancreata were then digested in a 1,000 U/mL concentration of collage-

nase IV for 15 min at 37�C with intermittent shaking. The digest solution
was passed through a 40-mm filter to generate a single-cell suspension and

washed twice with cell medium and phosphate-buffered saline. Lastly, the
cells were fixed in 4% paraformaldehyde, permeabilized, and stained for

insulin using a rabbit anti-insulin primary and a goat anti-rabbit fluores-
cein isothiocyanate secondary antibody. Data were quantified using the

Attune Acoustic Focusing Flow Cytometer (ThermoFisher) and analyzed
using FlowJo (Becton, Dickinson and Co.). Events were gated for whole

cells, followed by single cells, and finally for insulin-positive or -negative
cells to distinguish distinct exocrine and b-cell populations. Statistical

analysis using the Student t test was performed on GraphPad Prism.

Selective Blocking of Exocrine GLP-1R

Each experiment consisted of a set of 3 mice administered a label
dose, low-block dose, or high-block dose of the exendin conjugates

(n $ 3) in healthy and streptozotocin-induced diabetic C57BL/6J mice
(Table 2). The dosing schedule was optimized using modeling and

experimental studies, accounting for previously observed exendin
and receptor kinetics (7,16). For the low-block group, a final 15-nmol

WT-exendin dose (dose 3) was administered to quench any newly
synthesized or recycled GLP-1R and prevent unwanted uptake during

probe washout from the blood. At each endpoint, the mice were eu-
thanized and the pancreas resected. For mice administered 647-exen-

din, the pancreas was processed in a similar manner as the GLP-1R
knockout mice pancreas.

For mice administered 111In-exendin (Supplemental Table 1), the
pancreata were resected and immediately exposed to a digital phos-

phor autoradiography plate overnight using a GE Healthcare Typhoon
FLA 7000. Serial sections were used for immunohistochemistry to

confirm tissue identity and insulin levels. Ex vivo biodistribution of
111In-exendin in healthy and streptozotocin-induced diabetic mice was
performed. Briefly, blood and relevant organs were resected and weighed,

and the radioactivity from each organ was counted in a Wizard automatic
g-counter (PerkinElmer). The organ accumulation was expressed as per-

centage injected dose per gram.

Histology and Microscopy

Low-block pancreata were embedded in optimal-cutting-tempera-

ture compound and flash-frozen in 2-methylbutane chilled using dry
ice. Five-micrometer pancreas sections were fixed with 4% para-

formaldehyde for 10 min at room temperature and stained overnight at

TABLE 1
Expression of GLP-1R on Exocrine Pancreas in

Various Species

Species

Significant exocrine

GLP-1R expression References

Mouse Yes 14–16,21

Rat No 8,9,17,20,21

Pig Yes 18,21

Nonhuman primate Yes 13,21

Human Yes 9–13,19

TABLE 2
Dosing and Intervals for Selective Exocrine GLP-1R Blocking

Exendin type Dose 1 Interval (min) Dose 2 Interval (min) Dose 3 Interval (min)

Fluorescent

Label 1 nmol 647-exendin 15 Euthanize

High block 15 nmol WT-exendin 15 1 nmol 647-exendin 15 Euthanize

Low block 7.39 pmol/g Cy7-

exendin

10 1 nmol 647-exendin 5 15 nmol WT-exendin 10 Euthanize

Radiolabeled

Label 2.1 ng 111In-exendin 60 Euthanize

High block 15 nmol WT-exendin 15 2.1 ng 111In-exendin 60 Euthanize

Low block 7.39 pmol/g Cy7-

exendin

10 2.1 ng 111In-exendin 5 15 nmol WT-exendin 55 Euthanize
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4�C with a rabbit anti-insulin primary antibody (1:150 in phosphate-

buffered saline with 0.1% bovine serum albumin). Sections were then
incubated with goat antirabbit-AF555 secondary antibody (1:200 in

phosphate-buffered saline with 0.1% bovine serum albumin) for
30 min at room temperature. Stained slices were imaged using an

Olympus FV 1200 confocal microscope and analyzed on ImageJ.

RESULTS

Exendin Uptake in Exocrine Pancreas Occurs Exclusively

Via GLP-1R

Macroscopic pancreas scans (Fig. 1A) demonstrated the pres-
ence of bright, punctate spot formation in a WT group adminis-
tered 647-exendin only, consistent with strong targeting of b-cells
in islets of Langerhans. Preblocked WT and both knockout groups

did not form punctate spots, visually confirming the lack of in-
teraction between GLP-1R and 647-exendin, either due to com-
plete blocking or absence of GLP-1R. Quantitative single-cell
analysis of exendin uptake by flow cytometry (Fig. 1B) demon-
strated strong targeting of 647-exendin to endocrine (b) cells in
the labeled WT group, which diminished approximately 40-fold
both with a preblock dose and when administered to knockout
mice, consistent with the exclusive interaction between exendin
and GLP-1R on b-cells. Comparatively, single-cell exocrine pan-
creas in the labeled WT group showed low yet robust 647-exendin
targeting, which was also diminished with preblock exendin, in-
dicating significant receptor-mediated binding on exocrine pan-
creas cells. Conversely, exocrine signal from both knockout
groups was statistically nonsignificant from WT preblocked exo-
crine autofluorescence. The GLP-1R knockout model has fully
functional islets with abrogated expression of only GLP-1R,
whereas a nonfluorescent exendin dose blocks GLP-1R and any
other cross-reacting receptors. Therefore, if exendin binding was
not exclusive to GLP-1R, the exocrine signal from labeled GLP-
1R knockout cells would have been higher than WT and GLP-1R
preblocked cells. These results indicate that exendin binds exo-
crine pancreas exclusively via GLP-1R.

Single-Cell Resolution of Selective Exocrine

GLP-1R Blocking

Direct administration of labeled exendin leads to binding of
GLP-1R on both b-cells and exocrine cells. Although the differ-
ential in vivo expression between endocrine and exocrine cells is
significant (54,000 GLP-1R per b-cell in C57Bl6/J mice (16) vs.
1,400 GLP-1R per exocrine cell), the higher prevalence of exo-
crine cells can dramatically skew BCM quantification (16,21),
since the limited spatial resolution of current imaging modalities
cannot distinguish between b-cell signal and exocrine signal (Fig.
2A). Considering receptor expression levels, we hypothesized that

a calibrated preblock dose of a slow-clear-
ing Cy7-exendin could selectively occupy
the scarce GLP-1R on exocrine cells while
leaving sufficient GLP-1R on b-cells avail-
able for binding to the imaging probe and
therefore accurately monitor the BCM loss
(Fig. 2B).
Macroscopic scans of the 647-exendin

group (Supplemental Fig. 2) showed bright
punctate islets in healthy label pancreas
that were absent in healthy high-block and
streptozotocin-induced diabetic label, con-
sistent with blocked or absent islets. Scans
of healthy low-block pancreas still showed
punctate islets, a promising indicator that
preblocking with a low Cy7-exendin does
not block all GLP-1R on b-cells. Flow
cytometry analysis of the pancreata showed
strong 647-exendin targeting in the small
fraction of b-cells in healthy label pancreas,
whereas healthy low-block pancreas showed
a distinct (but decreased) b-cell signal com-
pared with complete blocking in the healthy
high-block pancreas (Fig. 3A). The tall exo-
crine peak for label is statistically higher (P,
0.05) than either low block or high block,
in both healthy and streptozotocin-induced

FIGURE 1. Knockout (KO) mouse model demonstrates exclusive exo-

crine binding of exendin to GLP-1R. (A) 647-exendin bound islets appear

as punctate spots in WT labeled mice, which are absent in WT blocked,

GLP-1R knockout labeled, and knockout blocked mice. (B) Quantitative

flow cytometry analysis of exocrine pancreas cells shows statistically

higher fluorescence in WT labeled mice than in WT blocked, knockout

labeled, and knockout blocked mice, suggesting binding of exendin to

exocrine cells exclusively via GLP-1R. MFU5median fluorescence unit.

FIGURE 2. Simplified schematic for β-cell imaging. (A) β-cell quantification resolution using only

imaging exendin probe (label). (B) Postulated improvement in β-cell quantification resolution using

preblocked Cy7-exendin followed by imaging exendin probe (low block).
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diabetic mice (Fig. 3B), demonstrating that direct labeling can
significantly confound b-cell detection. By selectively blocking
exocrine GLP-1R over b-cell GLP-1R, a low-block Cy7-exendin
dose provides the best resolution for quantifying differences in
BCM between healthy and diabetic pancreata (Fig. 3C).

Improved Resolution of BCM Quantification Using
111In-Exendin Through Selective Blocking

Since PET imaging of exendin in the pancreas is impractical in
mice, 111In was selected over PET probes such as 68Ga for its
longer half-life and ease of use for autoradiography, in addition
to low background binding and high sensitivity. Whole-pancreas
scans of 111In-exendin label streptozotocin-induced diabetic pan-
creata showed reduced radioactivity compared with healthy pan-
creata, consistent with the lack of b-cells, but still exhibited high
diffuse signal, indicating nontargeted exocrine uptake (Fig. 4A).
High-block pancreata exhibited low radioactivity in healthy and
streptozotocin-induced diabetic mice (except when contaminated
with fat tissue), reaffirming GLP-1R expression on exocrine cells.
Low-block healthy pancreata exhibited reduced but measurable
radioactivity, whereas the low-block streptozotocin-induced dia-
betic pancreata showed no radioactivity (similar to healthy Cy7
high block and streptozotocin-induced diabetic high block), high-
lighting the improved contrast between healthy and diabetic mice
from selective blocking using Cy7-exendin. Histology confirmed
the difference in number and size of insulin-positive islets between
healthy and streptozotocin-induced diabetic mice (Fig. 4B; Sup-
plemental Fig. 3). Quantitatively, 111In-exendin uptake in label

streptozotocin-induced diabetic pancreas
was only 1.7-fold lower than label healthy
pancreas, even though the former does not
contain any b-cells. However, the contrast
increased to 9.6-fold between low-block
healthy and streptozotocin-induced dia-
betic pancreata, providing enhanced res-
olution of b-cell detection (Fig. 5A). This
is in agreement with the sharp (;12-fold)
reduction in 111In-exendin uptake in low-
block and high-block streptozotocin-induced
diabetic pancreata (P , 0.005), highlighting
the potential for low Cy7-exendin to block all
exocrine GLP-1R. The healthy low-block
pancreas exhibits 111In-exendin uptake inter-
mediate to the label and high-block pancreata,
consistent with complete blocking of exo-
crine GLP-1R but only partial b-cell GLP-
1R blocking (Fig. 5B). For 111In-exendin
in healthy and streptozotocin-induced di-
abetic high-block groups, uptake was
slightly higher than expected (but not statis-
tically significant) in healthy high block
(Fig. 5B), as was likely due to rapid clear-
ance of WT-exendin before 111In-exendin.
Full organ biodistribution is included in
Supplemental Fig. 4 (24,25).
For this proof-of-concept study, the Cy7-

exendin dose was optimized to err on the
side of complete exocrine blocking, even at
the cost of blocking more b-cell GLP-1R.
Consequently, the difference in mean signal
between healthy low block and streptozoto-

cin-induced diabetic low block improved to 9.6-fold (Fig. 5A) but
was not statistically significant. Most healthy low-block pancreata
were higher than completely blocked signal—however, 2 of these
were very high (2.4 and 2.6 percentage injected dose per gram).
Though ideal, these 2 data points increased the SD for healthy
low-block mice and drove the lack of statistical significance. If
these 2 values are excluded, the resulting difference between low-
block healthy and streptozotocin-induced diabetic pancreata is still
better than no blocking dose (3.6-fold with low block vs. 1.7-fold
difference with label) and is statistically significant (P , 0.05)
(Supplemental Fig. 5). Additional fine tuning of the Cy7-exendin
dose in future studies may help alleviate this variability.

DISCUSSION

Quantifying BCM is an important goal in diabetes research, and
exendin-based probes have many optimal properties. However,
recent evidence shows low-level GLP-1R on exocrine cells, and
this confounding effect from nontarget cells is a primary hurdle
for clinical translation of exendin for BCM quantification. In this
study, we confirmed that GLP-1R alone is responsible for the
exocrine uptake. Additionally, our quantitative measurements
show in a diabetes mouse model that selective exocrine GLP-1R
blocking with a low cold-dose of lipophilic exendin can enhance
the resolution of b-cells to distinguish healthy from diabetic
pancreas.
Cold-dose blocking is routinely used in cancer imaging (26–28)

for preferential blocking of receptors in healthy tissue to improve

FIGURE 3. Selective exocrine GLP-1R blocking with single-cell resolution. (A) Fluorescent la-

beling of small fraction of β-cells observed in healthy label mice is retained in low-block mice

but is completely absent in healthy high-block and all streptozotocin-induced diabetic mice. (B)

Exocrine GLP-1R is completely blocked in both low-block and high-block pancreata in both

healthy and streptozotocin-induced diabetic mice. (C) Healthy vs. streptozotocin-induced dia-

betic mice highlights improved resolution for detecting β-cell loss. *P , 0.05. **P , 0.01. MFU 5
median fluorescence unit; ns 5 not statistically significant; STZ 5 streptozotocin.
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contrast, facilitated by efficient normal-tissue uptake relative to
poor tumor delivery. However, preferential blocking of exocrine
over b-cells is more challenging, as they are in the same well-
perfused pancreas. The blood vessel surface area–to–volume ratio
(i.e., delivery) is 3-fold higher in the islets than in exocrine tissue
(3,29); thus, a subsaturating cold-block dose would theoretically
block 3-fold more b-cell receptors than exocrine receptors. Eriksson
et al. found 4- and 5-fold higher exendin uptake in islets in mice
and nonhuman primates, respectively (21), indicating that addi-
tional factors such as diffusion from the surrounding exocrine
(similar to micrometastases (29)) could impact cold-dose blocking
of exocrine GLP-1R. Additionally, receptor recycling is a critical
consideration, and selective blocking of exocrine cells requires
blocking both extracellular and intracellular reserves of exocrine
GLP-1R with the preblock dose (Supplemental Fig. 6). To over-
come these challenges, we used a lipophilic Cy7-exendin for
blocking—first, to slow plasma clearance (16,22) and block both
extracellular and intracellular stores of exocrine GLP-1R (30) and,
second, to slow exendin diffusion compared with hydrophilic
exendin (Supplemental Fig. 7) (16,21,31), which limits its diffu-
sion into islets from the surrounding exocrine tissue (Supplemen-
tal Fig. 8). Indeed, the use of unlabeled (hydrophilic) WT-exendin
as the low preblock dose did not block exocrine GLP-1R as se-
lectively as lipophilic Cy7-exendin (data not shown). Finally, the

use of a lipophilic cyanine dye allowed tracking of the blocking
probe if needed, whereas the similarity to the Food and Drug
Administration–approved liraglutide (GLP-1 analog attached to a fatty
acid instead of lipophilic Cy7) provides a potential path for translation.
Though the doses used here are higher than therapeutic doses of
liraglutide, several reports indicate that extremely high doses pose no
safety issues or side effects besides nausea (resolved with antiemetics
(32,33)). The systemic clearance of Cy7-exendin is faster than that of
IgGs commonly used in cold-dose blocking, enabling repeat imag-
ing if necessary. For clinical translation, the difference in expression
between human exocrine- and b-cells needs to be sufficient to allow
for selective blocking. This dosing window will compensate for
variability in plasma clearance of the blocking dose by maintaining
complete exocrine blocking while retaining sufficient b-cell GLP-
1R to provide an excess of receptor for tracer probe binding.
In theory, a preblocking dose could reduce variability in human

pancreas signal by eliminating the variable exocrine uptake, but
differences in the pharmacokinetics of the preblocking dose have
the potential to increase signal variability as well. Therefore,
selection of an optimal blocking dose is critical. Too high a dose
will block all GLP-1R, whereas too low a dose will leave exocrine
GLP-1R unblocked. Here, we erred on the side of complete exocrine
blocking at the cost of more endocrine blocking and variability.
Further dose tuning could improve imaging resolution, but ultimately

FIGURE 4. Selective blocking of exocrine GLP-1R isolates islet-specific radioactivity. (A) Macroscopic autoradiography of 111In-exendin injected

mice shows that binding to exocrine GLP-1R can be abolished using Cy7-exendin low-block dose or high dose of WT-exendin. Tracer doses are

generally not sufficient to see individual islets in thick tissue. (B) Insulin staining of pancreas slices confirms that healthy mice show numerous large

islets (arrowheads) that are mostly absent in streptozotocin-induced diabetic mice. Scale bar 5 250 μm.
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clinical translation depends on relative islet-to-exocrine expression
and delivery in humans and potential consideration of islet archi-
tecture (34). The differences in architecture, however, are unlikely
to be significant given the extremely low penetration distance of
lipophilic exendin (10 mm) compared with hydrophilic exendin
(70 mm) (Supplemental Fig. 8). Promisingly, endocrine-to-exocrine
expression appears similar between mice and humans (ex vivo islet-
to-exocrine ratio of ;2–7 in humans (9,11,19), ;3 in mice (35),
;5 in monkeys (13), and .30 in rats (9)). However, histology
does not capture delivery limitations and receptor trafficking pre-
sent in vivo, requiring further assessment.
The use of radiolabeled PET/SPECT-based probes for BCM

quantification is a contentious field, with concerns that relatively poor
spatial resolution is a substantial limitation for accurate b-cell imag-
ing. Since exocrine pancreas also expresses GLP-1R, PET/SPECT
cannot distinguish whether the radioactivity is originating from
b-cells or exocrine cells, thereby skewing the accuracy of BCM
quantification (36,37). However, as Gotthardt et al. pointed out, the
key influencing factor for successful b-cell quantification using
PET is not spatial resolution but ensuring that the radioactive signal
observed is exclusively from b-cells (38). The use of lipophilic
Cy7-exendin in this study achieves this precise BCM specificity by
selectively blocking exocrine GLP-1R, thereby allowing 111In-exendin
to bind only to b-cell GLP-1R. Thus, this dosing approach eliminates
the confounding effects of exocrine uptake that have impeded the suc-
cessful clinical translation of exendin imaging agents and achieves
strong resolution of the BCM. Future developments of this method
should focus on incorporation of PET imaging to evaluate clinical fea-
sibility for b-cell imaging, which was not feasible in this proof-of-
principle study because of the small size of the organs and the proximity
of the kidneys relative to the diffusion distance of positrons in mice.

CONCLUSION

We present the novel approach of using exendin conjugates to
improve the specificity of imaging b-cells to quantify BCM, despite

the expression of GLP-1R on exocrine pancreas. Using a low pre-
block dose of slow-clearing lipophilic Cy7-exendin, we showed
specific targeting of a 647-exendin imaging probe to b-cells with
single-cell resolution and a nearly 6-fold improvement in b-cell
versus exocrine uptake of 111In-exendin between healthy and di-
abetic mouse pancreata compared with administration of the im-
aging agent alone. With additional fine tuning and scaling of the
selective blocking dose for expression, vascular density, and
plasma clearance in humans, this imaging approach might serve
as a foundation for clinical application that combines the sensitiv-
ity of PET with the strong b-cell resolution needed for accurate
quantification of BCM.
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KEY POINTS

QUESTION: How do we overcome off-target uptake of diabetes

imaging agents due to exocrine GLP-1R expression?

PERTINENT FINDINGS: We devised a novel dosing scheme that

selectively preblocks exocrine GLP-1R over β-cell GLP-1R using a

low dose of lipophilic Cy7-exendin. Proof-of-principle evaluation

of this dosing scheme in a mouse model of type 1 diabetes con-

firmed selective exocrine blocking with single-cell resolution using

a fluorescent exendin imaging agent and improved uptake con-

trast between healthy and diabetic mouse pancreata using
111In-exendin.

IMPLICATIONS FOR PATIENT CARE: The study was designed

with future translation to PET imaging in mind. Demonstration

of enhanced contrast between healthy and diabetic mouse

pancreata by selectively blocking exocrine GLP-1R paves the way

for a potential clinical molecular imaging technique capable of

BCM quantification for diabetes screening and progression

monitoring.
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