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ABSTRACT: Positron emission tomography (PET) is a molecular

q q q q g q NI Zirconium-89 or Tritium Positron emission tomography
imaging modality that enables non-invasive visualization of tracer labeling

distribution and pharmacology. Recently, peptides with long half-lives

allowed once-a-week dosing of glucagon-like peptide-1 receptor § v

(GLP-1R) agonists with therapeutic applications in diabetes and {& /
obesity. PET imaging for such long-lived peptides is hindered by the

typically used short-lived radionuclides. Zirconium-89 (**Zr) emerged  \yich biodistribution method \'

as a promising PET radionuclide with a sufficiently long half-life to be to choose for protracted |~
applied for biodistribution studies of long-circulating biomolecules. A peptides? |
comparison between the biodistribution profiles obtained via *°Zr- Quantitative whole-body

PET and the current standard, quantitative whole-body auto- autoradiography

radiography (QWBA), will be valuable for the development of

novel peptide drugs. We determined the PET biodistribution of a ¥Zr-labeled acylated peptide agonist of GLP-1R and compared it
to the profile obtained by QWBA using analogous tritiated tracers for up to 1 week after administration. The plasma metabolic
profile was obtained and identification was done for the tritiated tracers. We found that, at early time points, the biodistribution
profiles agreed between PET and QWBA. At the latertime points, the **Zr tracer remained primarily trapped in the kidneys. The
introduction of desferrioxamine (DFO) chelator reduced the peptide stability, and UPLC-MS analysis identified a circulating
metabolite arising from DFO hydrolysis. Kidney accumulation of radiolabeled peptides and DFO metabolic instability may
compromise biodistribution studies using **Zr-PET to support the development of new biopharmaceuticals. PET and QWBA
biodistribution data correlated well during the absorption phase, but new and more stable **Zr chelators are needed for a more
accurate description of the elimination phase.

KEYWORDS: positron emission tomography, quantitative whole-body autoradiography, peptides, biodistribution, zirconium-89

T issue distribution evaluation constitutes an essential part sub-millimeter resolutions, introducing minimal chemical
of the absorption, distribution, metabolism, and excretion modifications to the tested molecule.”” In this method, a
(ADME) program of new drug candidates. Biodistribution drug labeled typically with *H, '*C, or "I is administered, and
studies guide development scientists and regulatory agencies whole-body tissue slides are opposed to phosphor plates to
about the extension of tissue exposure to the intended organs capture and image the emitted photons. In practice, the
and potential safety concerns from off-targeting. As such, these procedure for obtaining QWBA images is labor-intensive and

time-consuming, as each time point will require several tissue

studies could integrate both the efficacy and safety assessments
of a new drug application and are conducted during the non-
clinical or clinical development stages." Received: April 20, 2022 Phaimacaogy

&Translational
)

Pharmaceutical companies and regulatory agencies consider Published: June 30, 2022
quantitative whole-body autoradiography (QWBA) a preferred
tissue distribution method for non-clinical studies of small
molecules and biologics.”® That is because QWBA images
generate multi-organ quantitative tracer tissue distribution, at
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Figure 1. (A) Chemical structures of the peptides and radioactive tracers used in our study. Capital letters represent single-letter amino acid
abbreviations, except for N, H, O, Zr, and C, representing atoms. 4,H indicates the non-natural amino acid deamino-histidine and —OH the

peptide carboxyl terminus. (B) Plasma pharmacokinetic curves of peptides 1,

and 2 after intravenous, and subcutaneous administration in rats at 20

nmol/kg dose. Data is shown as mean + SD, n = 4 for 2, and 1, s.c.; n = 3 for 2, iv,, and n = 1 for 1, iv.

slices and analyses. Therefore, non-invasive tissue distribution
methods would be highly advantageous in drug development,
in particular, for accessing early human data.

Positron emission tomography (PET) has been traditionally
applied to cancer diagnostics, and recently it has also found
applications in drug development, in particular for biomole-
cules.” When selecting a radionuclide for PET imaging, a
critical parameter is the physical half-life of the radionuclide,
which should ldeally match the biological halflife of the
labeled molecule.” With increased focus on long-circulating
therapeutic modalities, such as antibodies and modified
peptides, zirconium-89 (*Zr) has emerged as a popular
radionuclide due to its 3.3 days long physical half-life.” As a
general principle, biodistribution data should derive from a
tracer that closely resembles the parent molecule. In PET, ¥Zr
labeling proceeds through the conjugation with a chelator
moiety. Even for large molecules, such as monoclonal
antibodies, the chelator position and chemistry can modify
the drug properties; therefore, a more thorough evaluation is
advocated.® The hydroxamate chelator desferrioxamine (DFO)
has been typically used for **Zr complexation, from early
applications of *Zr-PET to recent clinical trials.” Several
studies, however, suggested that DFO instability after days of
administration is a source of unspecific tracer uptake, in
particular in the bones.'”"" This has motivated the develop-
ment of other chelator strategies, but so far only a few
examples have been applied for tracers in clinical trials.'>"*

Peptide modifications through lipidation have been a
successful strategy to increase peptide stability and circulation
times.'* Semaglutide and liraglutide are potent glucagon-like
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peptide-1 receptor (GLP-1R) agonist peptides, which contain
a fatty acid group that binds to serum albumin, leadmg to a
protracted drug release and pharmacokinetics (PK)."> In our
previous work, we have developed and optimized the first **Zr
PET tracer of a protracted GLP-1R receptor agonist peptide
and demonstrated that it retains a high affinity to both GLP-1R
and albumin and also similar in vivo pharmacodynamic
properties after conjugation.16

Here, we use this model peptide to present the first tissue
distribution comparison of a long-circulating peptide PET
tracer with QWBA to validate PET as a non-invasive method
in drug development. We investigate the influence of the
chelator modification on PK, its metabolic stability, and how it
shifted the tracer distribution 7 days after tracer administration
via intravenous and subcutaneous routes.

B RESULTS

Pharmacokinetic Characterization of Non-radioactive
Peptides. Previously, the potent GLP-1R agonist peptide 1
(Figure 1) was modified to include a DFO chelator conjugated
to a small C-terminal extension, generatmg peptide 2 after
non-radioactive zirconium complexation.'® To ensure that the
tracer peptide remained stable in plasma for long-term PET
imaging, we assessed possible PK differences and measured the
concentration of 1 and 2 in rat plasma after subcutaneous (s.c.)
and intravenous (i.v.) administration.

The half-life of 2 was indeed shorter than that of 1, after
both s.c. and iv. administration (Figure 1B). Nevertheless, 2
retained the typically extended half-life of acylated peptides of
approximately 10 h in rats, similar to semaglutide (7—12 h)

https://doi.org/10.1021/acsptsci.2c00075
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Figure 2. Positron emission tomography (PET) images of peptide [*Zr]2 after 4, 8. 24, 72, and 162 h of injection in rats. (A) Intravenous
administration and (B) subcutaneous administration at doses of 17 MBq/kg (3 nmol/kg). Images are displayed as maximum intensity projections,
coronal plane, representative of n > 2 per time point. Data is expressed as the percentage of the injected dose per gram (% ID/g). Abbreviations: ht,
heart; kd, kidney; lv, liver; in, intestines; bd, bladder; sk, skeleton. (C, D) Ex vivo biodistribution in selected tissues after dosing with [¥Zr]2 (3
nmol/kg) at 4, 24, 72, and 168 h after intravenous (C) or subcutaneous (D) injection. Data is expressed as the percentage of the injected dose per
gram (% ID/g). Bar graphs data is shown as mean + SD, n = §, circles indicate the individual data points.

and much Ion%er than unmodified GLP-1 (5 min) after i.v.
administration. ™'’ Other pharmacokinetic parameters were
also not substantially altered (Tables S1—S4). Hence, although
we observed small PD and PK differences after modifying 1,
we considered that the 8.4 h elimination half-life of 2 is suitable
for our long-term PET investigation.

One-Week Biodistribution Study of a %°Zr-Labeled
GLP-1R agonist Peptide by PET after Subcutaneous,
and Intravenous Administration. PET images of [¥Zr]2
after iv. administration displayed high tracer uptake in the
kidney cortex, lungs, urinary bladder, liver, and intestine after 4
h of injection (Figure 2A). Uptake in the heart was also
observed, likely reflecting the albumin-binding tracer in blood.
At 8 h, [¥Zr]2 tissue distribution was similar to the 4 h time
point, but with decreased signal from the intestines and
increased signal from the kidney cortex. After 24 h, tracer
concentration was maximum in the kidney cortex and
predominated in the images after 72 and 168 h post injection.
At 168 h, image-derived kidney uptake was approximately 7%
injected dose per gram (ID/g). At the last two imaging time
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points, PET signal from the bones was observed (approx-
imately 0.1% ID/g), which may indicate **Zr release."’
Tracer administration via s.c. route led to a comparable
biodistribution pattern. Interestingly, PET images could clearly
follow the slow tracer absorption from the subcutis depot.
After 4 h, approximately 50% of the administered dose
remained at the injection site; after 168 h, still, 10% of the
initial dose was trapped in the subcutis (Figure 2B). Ex vivo
tissue counting confirmed the PET imaging values, and both
methods detected the same high uptake organs and similar
kinetics (Figure 2C,D and Tables SS and S6). For instance, the
difference in kidney uptake between i.v. and s.c. dosed animals
could be distinguished both in the in vivo PET image and after
ex vivo counting. Evaluating the distribution of peptides 1 and
2 using tritiated analogs will help us to better determine what
is the impact of the ¥Zr labeling in the distribution of 1.
Quantitative Whole-Body Biodistribution of Tritiated
Tracers after Subcutaneous and Intravenous Admin-
istration. Tritiated peptides [*H]1 and an analog of 2,
chelated to a non-radioactive zirconium isotope ([*H]2), were

https://doi.org/10.1021/acsptsci.2c00075
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produced for QWBA biodistribution assessment (Figure 1A).
The fatty acid moiety is regarded as the most stable part of a
protracted GLP-1 peptide; hence, the label in this position
allows for the longest possible tracking of the parent
compounds, and potential metabolites in circulation."®
Distribution of [*H]2 was at maximum level 4 h after iv.
administration for most tissues. The highest tracer concen-
trations occurred in the blood, cerebrospinal fluid (CSF), and
bile ducts and in highly perfused organs such as kidneys cortex,
tooth pulp, and lungs (Figure 3A, Table S7). In the CSF and

tng Bone Marrow
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Stomach
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Liver Smallintestine

Kidney Bone Marrow

g Bone Marrow
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Liver

Figure 3. Quantitative whole-body autoradiography images of rats
after administration of tritium-labeled tracers. (A) [*H]2, 4 h after
subcutaneous administration. (B) [*H]2, 24 h after subcutaneous
administration. (C) [*H]1, 4 h after intravenous administration.
Images display whole-body longitudinal sections distal (top) or
proximal (bottom) to the animal midline. Dose: 30 nmol/kg (32
MBgq/kg).

reproductive tissues, tracer concentration peaked at 8 h. CSF
levels of both tracers were particularly high and even surpassed
blood levels in the case of [°H]2. After 24 h, [*H]2 was mainly
distributed in the kidneys, and at 168 h, most of the tracer was
cleared from the body. The distribution pattern of [*H]2 after
s.c. administration resembled the i.v. However, the intensities
of [*H]2 uptake after s.c. were, in general, lower than the i.v. at
the first two time points and higher after 24 and 48 h after
administration (Figure 3B, Table S8). After 72 h of s.c.
administration, images displayed radioactivity predominately in
the kidneys and at the dose site. After 1 week, kidneys uptake
was below 0.1% ID/g, and radioactivity levels were below the
quantification limit for all other tissues, except blood. The
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QWBA biodistribution of [*H]1 and [®H]2 after s.c.
administration correlated well (Figure S1), and the highest
tracer concentrations were observed in the same tissues
(Tables S7—S9). [*H]2 concentrations were, in general, higher
than [*H]1 in most tissues perhaps reflecting that 2 is more
bioavailable than 1.

Correlation between QWBA and PET Tracer Uptake.
PET tracer uptake data of [*¥Zr]2 derived from gamma-
counting of dissected organs to avoid errors arising from
incorrect image segmentation and was compared to [3H]2
QWBA data for 10 major organs: blood, measured by liquid
scintillation, liver, spleen, muscle, lung, bone marrow, skin,
pancreas, and brain. We observed a good agreement between
the organ distribution of the two tracers 4 h after
administration, particularly after s.c. administration (Figure
4). Blood/plasma kinetics were also similar among the
different tracers (Figure S2). Importantly, both methods
indicated the kidneys, blood, and lungs as the organs with
maximum tissue uptake. After 24 h, it is evident that kidney
levels of [¥Zr]2 are much higher than [*H]2, and this
difference increases until 72 h. Indeed, it is in the kidneys
where the highest mismatch between PET and QWBA
distribution occurs after both administration routes. For
example, 72 h after iv. dosing, kidney uptake was 1.0 and
8.6% ID/g for [*H]2 and [*Zr]2, respectively. At the latest
time point (168 h), [¥Zr]2 uptake exceeds [*H]2 levels in all
tissues. In a few instances, [*H]2 uptake is higher than that of
[#Zr]2, markedly in lung and blood, 4 h after i.v. dosing.

Metabolite Profiling and Identification. Plasma analysis
revealed that the metabolism of [*H]1 and [*H]2 differed
markedly. The HPLC profile of [*H]1 showed no intense
circulating metabolites, except for [’H]H,O. In contrast, the
metabolism of [*H]2, originated several metabolites detected
already at early time points. After s.c. administration, 80% of
[*H]1 remained stable after 24 h, whereas [*H]2 rapidly
degraded, and only 37% remained stable at this time point
(Figure S and Figure S3). Both tracer peptides showed similar
kinetics of [*H]H,O formation, consistent with a similar
metabolism of the identical fatty acid side chains. In all cases,
after 72 h [*H]H,O is the predominant source of radioactivity
circulating in plasma.

Apart from [*H]H,O, [*H]2 metabolism generated at least
three other radioactive components: [*H]2-M(1—3) detected
after both s.c. and i.v. administration. [*’H]2-M3 was the most
abundant metabolite at 8 h post i.v. injection, accounting for
18% of the total peak area, and was more abundant in the s.c.
samples (Figure S). Mass spectrometry analysis of rat plasma,
previously fractionated by HPLC, could not suggest any
possible structures for [*H]2-M1 and [*H]2-M2. However, for
the most intense metabolite; ([*H]2-M3) a unique ion
envelope with most abundant ion of m/z 1221.87 was
observed, corresponding to a molecular weight of 4881.5 g/
mol. We propose the structure of this metabolite as formed
after an amide bond hydrolysis in the DFO chelator (spectra
and structure in Figure SD and Figures S5—S10). To control
for any possible degradation from the sample processing,
plasma from 24 h after s.c. administration was directly
analyzed, without prior HPLC fractionation, and we found
similar analytical data (Figures S8—S10), indicating that [*H]
2-M3 was formed in plasma.

https://doi.org/10.1021/acsptsci.2c00075
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Figure 4. Correlation between tracer uptake in different organs using quantitative whole-body autoradiography (QWBA, tracer [*H]2, 30 nmol/
kg) or ex-vivo biodistribution after dosing with [¥Zr]2 (3 nmol/kg) at 4, 24, 72, and 168 h after injection. The 45° line indicates the perfect
correlation. Data is presented as mean + SD, n = 1 for [*H]2 and n > 3 for [¥Zr]2.

B DISCUSSION AND CONCLUSION

In our work, we envisioned that PET imaging with 87r could
estimate the biodistribution of long-lived GLP-1R agonists, as
a translational methodology. *Zr labeling with a DFO
squaramide has been shown to increase tracer stability and
reduce bone accumulation and was defined as the labeling
method of choice.'”*® One requirement when developing
tracer molecules for biodistribution imaging is minimal
alteration of the parent molecule’s properties, such as PK
and receptor binding.21 Although [*Zr]2 showed GLP-1R
binding and in vivo pharmacology very similar to those of the
parent compound 1 and the kinetics parameters of the two
molecules were similar, a small but significant decrease in half-
life was observed for [*Zr]2. We attribute this difference to a
potential reduction in albumin binding of the fatty acid side
chain, induced by the DFO modification. Since the differences
were minimal, we, therefore, concluded that modification of an
albumin binding, long-circulating peptide, with Zr-DFO does
not alter the PK and binding of the parent molecule to such
extent that the tracer biodistribution would not be
representative of the unmodified molecule.

PET imaging of [*Zr]2 provided the first evaluation of a
$97Zr-labeled, long-circulating peptide up to 7 days after s.c. and
i.v. administration. At early time points, 4 and 24 h after
dosing, [%Zr]2 distributed to lungs, which are known to
express GLP-1R and clearance organs such liver and kidneys.*”
Signal in the pancreas, which expresses GLP1-R, was low, likely
reflecting the low molar activity of [**Zr]2. After 24 h, the PET
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signal localized mainly to the kidneys, a well-described process
proposed to proceed via megalin-mediated renal re-absorption
and subsequent entrapment in the lysosomes.”’ Interestingly,
[¥Zr]2 kidney uptake values are much lower than other GLP-
IR radiometal ligands. For example, exendin-4 labeled with
¥7r via a DFO chelator distributes to the kidney at values
exceeding 150% ID/g, 24 h postinjection.”* Such high values
were also described for several chelators and isotopes
combinations, indicating a general retention mechanism.”
We attribute the comparatively low renal uptake of [*Zr]2 to
its strong albumin binding, similarly to other protracted
peptides.”

To evaluate PET as a tool to determine the biodistribution
of investigational drugs, a comparison to the current standard
technique QWBA is necessary. In general, PET and QWBA
tissue uptake values agreed well at early time points, and both
techniques pinpointed similar tissues containing low and high
uptake levels. After 24 h the observed tissue uptake started to
differ between the two techniques, particularly in the kidneys.
The low kidney uptake of [°H]2 versus [**Zr]2 could indicate
that the metabolite retained in the kidney originates from a
cleavage after Lys 37 and contains the DFO chelator. Recently,
the distribution pattern of different DFO degradation products
was studied, and the complex [¥Zr]Zr(H,0)DFO was found
to accumulate in the kidneys, whereas other degradation
products either were completely cleared or accumulated in
bones.”” Several potential challenges arise when comparing
tracer distribution between QWBA and PET. QWBA outputs a
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Figure 5. Metabolic profiling of peptides [*H]2 and [*H]1. Fraction of parent [*H]1 (A) or [*H]2 (B, C) and metabolites remaining in rat plasma
determined by radio-HPLC analysis. (D) Proposed chemical structure of the metabolite [*H]2-M3 after mass spectrometry analysis. The proposed

cleavage site is indicated in red.

bidimensional image where tissue uptake data is found in
discrete organ regions. Tissue inhomogeneity may inflate or
reduce the total organ uptake, as in the heart, where blood is
present. In our study, we used ex vivo quantification of [**Zr]2
tissue uptake, and the image-derived data correlated with the
ex vivo counting. Further evaluation, using co-registration with
anatomical imaging (e.g, PET-CT or PET-MRI), may be
necessary for full organ delineation and longitudinal study
designs. Also, QWBA administered doses were 10-fold higher
than PET, and it was required to obtain adequate sensitivity in
the last time points. Apart from such challenges, the
distribution of peptides [*H]2 and [¥Zr]2 correlated well in
several organs 24 h after administration.

Potential tracer degradation could bias the biodistribution
conclusions and should be investigated. Typically, stability
studies of ¥Zr PET tracers focus on demetalation using
analytical methods such as radio-TLC without proposing the
metabolite identities. In plasma, we found at least three
different metabolites of [*H]2, whereas no metabolite was
detected for the parent peptide [*H]1. The major metabolite
[*H]2-M3 was identified as a hydrolysis product of the DFO
moiety, absent of zirconium, but with an intact peptide
backbone and fatty acid side chain. Even though DFO
instability is known and several alternatives and more stable
chelators have been proposed, to our knowledge, this is the
first time a DFO metabolite is assigned from in vivo samples
using high-resolution mass spectrometry.'”'® Notably, the
structure we have identified ([*H]2-M3) was recently
proposed as a potential metabolite of DFO.>” [*H]1 shares a
similar amino acid backbone sequence and fatty-acid
protractor to the approved GLP-1R agonist semaglutide.
Gladly, the low number and abundance of plasma metabolites
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of [*H]1 correlated well with semaglutide data in rats, where
metabolite exposures of 1—7% were observed."®

In conclusion, PET provides a promising technology for
evaluating the biodistribution of long-circulating biologics.
With optimal positioning of the chelator, properties such as PK
and receptor binding are only slightly altered by the DFO
modification. Physicochemical alterations from the parent
compound are more likely to be expected when labeling short
peptides. For early time points, up to 24 h PET gives nearly
identical biodistribution results as the current standard
technology QWBA. Moreover, PET enables a fast non-clinical
to clinical translation, which provides a great aid in modern
drug development focusing on human data. The main
limitations of PET, as identified in this study, are in vivo
stability or metabolism of the DFO chelator and kidney
accumulation of the radiometal, which results in a skewed
biodistribution at later time points. Therefore, novel and more
stable *Zr chelators are still needed for the long-term
assessment of biopharmaceuticals.

B MATERIALS AND METHODS

Detailed descriptions of the materials and methods can be
found in the Supporting Information.

Animals and Welfare. Animal studies were approved by
the UK Animals Act of 1986 (License: PPL P61F851DB), the
Radboud University local committee (Protocol 2017—0028)
and the Danish animal welfare inspectorate (2014—15—0201—
00388: C02). We used 69 Sprague—Dawley rats in total,
weighing 200—300 g, and this studied complied with the
ARRIVE guidelines.

Pharmacokinetic Analysis. Animals were dosed at 20
nmol/kg intravenously or subcutaneously. 200 uL blood
samples were taken at 2, 6, 10, 24, 30, and 48 h processed
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to plasma, extracted and analyzed by UPLC-MS. Quantifica-
tion was done using a calibration curve prepared from spiked
plasma samples. Pharmacokinetic parameters were calculated
using Phoenix WinNonlin version 8.1 (Certara L.P., USA),
considering a non-compartmental model.

Tritium Quantitative Whole-Body Autoradiography.
Peptides [*H]1, and [*H]2 were dosed as a bolus iv. or s.c.
administration at 30 nmol/kg (32 MBgq/kg). Animals were
euthanized at 4, 8, 24, 72, and 168 h and frozen under
isoflurane anesthesia (n = 1 per time point). Whole-animal
longitudinal sections (30 ym) were taken onto Filmolux 610
tape and exposed to imaging plates (BAS TR2040, Fuji) for 14
days and visualized via radioluminography. Autoradiograms
were analyzed and quantified by reference to calibration curves.

Metabolite Profiling and Identification. From animals
dosed with tritium-labeled peptides, terminal blood samples
were collected at 4, 8, 24, 72, and 168 h post dose, processed
to plasma, extracted (recoveries >85%, Table S10), and
analyzed by HPLC, coupled to a scintillation detector. For
metabolic identification, extracted samples were analyzed by
UPLC coupled to both a high-resolution mass spectrometer
and a radioactivity detector.

Biodistribution of ®Zr-Labeled Peptides and PET
Imaging. Radiosynthesis of [*Zr]2 was done as previously
described and formulated at 5 MBgq/nmol.'® Animals were
administered i.v or s.c at doses of 17 MBq/kg (3 nmol/kg).
For the ex vivo biodistribution, blood was sampled from the tail
vein at 15 min, 30 min, 1, 2, 4, 6, 8, 24, 72, and 168 h after
tracer administration. At 4, 24, 72, and 168 h after tracer
administration selected tissues were collected and radioactivity
was counted using a gamma counter (Wizard, PerkinElmer,
USA). Values are expressed as the percentage of injected dose
per gram tissue (% ID/g).

For PET, animals were imaged under general anesthesia (2—
3% isoflurane/O,) at 4, 8, 24, 72, and 168 h after injection
using an Inveon small-animal PET scanner (Siemens
Preclinical Solutions, Germany) using a 350—650 keV window
(for 15 min at 4 and 8 h, for 20 min at 24 h, 30 min at 72 h,
and 60 min at 168 h) followed by a 323 s transmission scan
using a Co-57 source for attenuation correction. Reconstruc-
tion of scans was performed using Inveon Acquisition
Workplace software with an iterative three-dimensional
ordered subset expectation maximization using maximum a
priori with shifted Poisson distribution algorithm with the
following parameters: matrix, 256 X 256 X 161; pixel size, 0.4
X 0.4 X 0.8 mm with a corresponding beta of 0.05 mm. At the
24 h time point, animals were transferred for computer-
tomography imaging (MiLabs pSPECT, The Netherlands).
Images were exported to DICOM format, decay-correct to the
time of injection and analyzed using the software Carimas (v.
2.10, Turku PET Center, Finland).

Data Analysis. Data analysis was performed using
GraphPad Prism Version 9 and plotted as mean =+ standard
deviation for all the graphics.
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B NOTE ADDED AFTER ASAP PUBLICATION

In the version published ASAP on June 30, 2022, it could be
interpreted that GLP1-R is extensively expressed in the liver,
which has not been confirmed experimentally. There is
controversy surrounding hepatic GLP-1R expression, with
some studies reporting expression in hepatocytes, while others
do not. The text in which this is discussed, in which ref 22 is
cited, has been updated, along with the cited reference. In the
updated ref 22, the liver showed a subtle reporter protein
expression limited to the endothelial cells of sinusoids and
central veins and intrahepatic branches of the portal vein. We
Do not believe that this GLP-1R expression is sufficient to
cause the observed PET signal in the liver in our study. The
original ref 22 did not investigate GLP-1R expression in
rodents, whereas the updated ref 22 does, and we believe this is
more relevant for our discussion, as we performed our
experiments in rodents. The updated version was published
July 18, 2022.
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