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ABSTRACT: The metabolic instability and high kidney retention of minigastrin
(MG) analogues hamper their suitability for use in peptide—receptor radionuclide
therapy of CCK2/gastrin receptor-expressing tumors. High kidney retention has
been related to N-terminal glutamic acids and can be substantially reduced by
coinjection of polyglutamic acids or gelofusine. The aim of the present study was
to investigate the influence of the stereochemistry of the N-terminal amino acid
spacer on the enzymatic stability and pharmacokinetics of '"'In—DOTA—(p-
Glu)-Ala-Tyr-Gly-Trp-Met-Asp-Phe-NH, (*'In—PP11-D) and ""'In-DOTA-
(1-Glu)-Ala-Tyr-Gly-Trp-Met-Asp-Phe-NH, ('''In—PP11-L). Using circular
dichroism measurements, we demonstrate the important role of secondary
structure on the pharmacokinetics of the two MG analogues. The higher in vitro
serum stability together with the improved tumor-to-kidney ratio of the (p-Glu)g
congener indicates that this MG analogue might be a good candidate for further
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clinical study.

B INTRODUCTION

Cholecystokinin-2 receptors (CCK2R) are (over)expressed in
several tumor types, including medullary thyroid cancer
(MTC), small cell lung cancer, astrocytomas, stromal ovarian
cancer, gastroenteropancreatic tumors, and breast, endometrial,
and ovarian adenocarcinomas.”* Thus, CCK2R can be used as
a target for corresponding radiolabeled peptide—minigastrin
(MG, LEEEEEAYGWMDF-NH,) analogues. These tumors
can be visualized by imaging techniques, such as positron
emission tomography (PET) and single photon emission
computed tomography (SPECT), or treated with peptide—
receptor radionuclide therapy (PRRT)), if the peptide is labeled
with a particle emitter. In recent years, clinical studies have
emphasized the important role of gastrin receptor scintigraphy
(GRS) for tumor detection in patients with metastatic MTC or
neuroendocrine tumors when somatostatin receptor scintig-
raphy had failed>* It was recently demonstrated that
cholecystokinin and MG analogues also bind to the CCK2R
splice variant, CCK2i4sv, which is frequently expressed on
gastrointestinal stromal tumors, insulinomas, and small cell lung
cancer and not in normal tissue.>® This opens additional
possibilities for GRS and PRRT with MG analogues.
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Although there are MG analogues suitable for GRS, the
best candidate for PRRT still needs to be found. Most
radiolabeled MG analogues show good tumor uptake but at the
same time very high kidney retention, which limits the maximal
activity that can be administered without induction of radiation
nephrotoxicity.'* On the other hand, MG analogues with a
reduced number of glutamic acid residues (reduced negative
charge) show improved tumor-to-kidney ratios.'> The draw-
back of truncated MG analogues is their low enzymatic stability
in human serum,® which makes them poor candidates for
clinical translation.”'® These findings indicate the important
role of spacer length and chemical composition (charge) not
only on kidney uptake but also on enzymatic stability.

High kidney retention of MG analogues has been related to
N-terminal ionic glutamic acids residues and can be
substantially reduced by coinjection of polyglutamic acids,"’
the gelatin-based plasma expander gelofusine,"” or albumin and
designated albumin fragments.'® Our group recently showed
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Table 1. Analytical Data of the Two Studied Minigastrin Analogues

HRMS HPLC

code amino acid sequence caled MW obsvd MW tx (min)*®
PP11-D DOTA—(p-Glu)4-Ala-Tyr-Gly-Trp-Met-Asp-Phe-NH, 2047.80 2048.8080 [M + HJ* 15.65
PP11-L DOTA—(1-Glu)4-Ala-Tyr-Gly-Trp-Met-Asp-Phe-NH, 2047.80 2048.8033 [M + H]* 15.50
"*In-PP11-D "In—DOTA—(p-Glu)s-Ala-Tyr-Gly-Trp-Met-Asp-Phe-NH, 2160.80 2160.6857 [M + H]* 16.32
"ty pp11-L "]~ DOTA—(L-Glu)-Ala-Tyr-Gly-Trp-Met-Asp-Phe-NH, 2160.80 2160.6899 [M + H* 1635

“Using an HPLC gradient system as described in the Experimental Section of the Supporting Information; t, = retention time. “Purity was >95% in

all cases.

that kidney retention can be highly reduced by exchanging ionic
L-Glu in the MG sequence by the nonionic D-GIn isostere,
which results in an increased tumor-to-kidney ratio and
potentially a wider therapeutic window. At the same time,
introduction of p-amino acid spacers resulted in a remarkable
improvement in metabolic stability.'” On the basis of circular
dichroism (CD) measurements, it was hypothesized that the
relatively stable secondary structure of the p-amino acid spacer
analogue was most likely responsible for the high metabolic
stability, together with its difficulty in adopting a conformation
that easily fit into the active site of the corresponding enzymes,
metallopeptidases.'~**

The difference in the secondary structure of the p-amino acid
analogue prompted us to evaluate, in a comparative study, two
minigastrin analogues that differ only in the stereochemistry of
the spacer, namely, DOTA—(L-Glu)s-Ala-Tyr-Gly-Trp-Met-
Asp-Phe-NH, (PP11-L) and DOTA—(p-Glu)sAla-Tyr-Gly-
Trp-Met-Asp-Phe-NH, (PP11-D). The latter compound was
found to be one of the most promising MG analogues for the
detection of MTC in a multicenter study by the European
COST action BM0607. In this study, we aim to Dbetter
understand the relationship between the secondary structures
of these peptides with the pharmacokinetics of the correspond-
ing radiopharmaceuticals.

B RESULTS

Synthesis and Radiolabeling. Peptides PP11-D and
PP11—L were synthesized on solid phase using standard Fmoc
chemistry. Purity was over 95%, as confirmed by RP-HPLC.
Both the peptides and their metalated forms were characterized
by HRMS and RP-HPLC (Table 1).

"In labeling yields > 95% at specific activities > 37 GBq
umol™" were achieved for both conjugates.

Binding Affinity Studies on CCK- and Gastrin
Receptor-Expressing Tissues. The receptor binding affin-
ities of the minigastrin analogues to cholecystokinin and gastrin
receptor-positive tumor cells were determined and are
expressed as ICg, values, which describes the concentration of
the tested substance needed to inhibit the binding of '**I-CCK
by 50%. Corresponding ICs, values are listed in Table 2. Both
metalated and nonmetalated compounds show comparable
binding affinities; the IC, values of PP11—D and "*In—PP11—
D are 2.5- and 1.6-fold higher than the corresponding ICs
values of PP11-L and "*In—PP11—L.

Enzymatic Stability in Human Serum. Calculated half-
lives of the radiolabeled minigastrin analogues in human blood
serum were 175 + 71 h for "'In—PP11-D and 75 + 23 h for
n—PP11-L. Introduction of 6 p-Glutamic acids in the MG
analogue improved the serum stability more than 2-fold.

Circular Dichroism Spectroscopy. The CD spectra of
"*In—PP11-L show two principal bands: one positive band
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Table 2. Binding Affinities toward CCKR and Calcium
Mobilization Assay Results

ICs, (nmol L71)¢

code CCKIR CCK2R ECy, (nmol L7
PP11-D >1000 1.8 + 1.2 (3) 0.44
PP11-L >1000 0.7 + 02 (3) 0.32
"t —PP11-D 2.5+ 14 (2)
natpn—PP11-L 1.5 + 04 (2)

“Binding affinities are expressed as ICg, values. The number of
independent studies is listed in parentheses. Calcium mobilization
assay results are expressed as ECy, values, indicating the concentration
at which 50% of the final effect is achieved.

around 225—230 nm and one negative band at 195 nm (Figure
1). This spectrum is characteristic of a random coil
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Figure 1. CD spectra of "“In—PP11-D and " In—PP11-L.

conformation, and the addition of TFE induced changes in
the conformational preferences of the peptide, enhancing its
propensity to assume an a-helical conformation. In contrast,
the CD spectrum of " In—PP11—D shows two positive bands
at 195 and 225 nm and a weak negative band at 215 nm (Figure
1). We assigned this to a type II reverse turn conformation,
based on model spectra for peptide secondary structure
estimation reported by Reed et al.”®> The addition of 2,2,2-
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trifluoroethanol (TFE) (80%) did not induce any changes in
the secondary structure of the peptide.

Internalization Study. The fraction internalized by the
AR4-2J cell line was evaluated and is expressed as the percent of
added activity per 10° cells over a 4 h period (Figure 2). The
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Figure 2. Internalization of '"'In—PP11—D and "'In—PP11—L by the
AR4-2J cell line (at 37 °C, 5% CO,).

values at the designated time points significantly decreased to
less than 0.5% after addition of excess unlabeled peptide (p <
0.01). The surface-bound radioligand did not exceed 1.5% of
the added radioactivity after 4 h of incubation. The 4 h values of
"In—PP11-L are 1.6-fold higher than the internalized fraction
of ""In—PP11-D (144 + 0.8 vs 8.9 + 1.3%).

Calcium Mobilization Assay. PP11-D and PP11—L were
evaluated for their effect on signaling using a Ca*" flux assay
with AR4-2] cells. In the same assay, the antagonist proglumide
was tested as a negative control (Figure 3). A sigmoidal dose—
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Figure 3. Intracellular calcium mobilization induced in AR4-2] cells by
the two MG analogues (RFU, relative fluorescence units). Cells were
loaded with Ca-dye and different concentrations of agonists starting
from 1 uM. ECs values were calculated using a four-parameter fitting
equation (y = bottom + (top — bottom)/(1 + 10'08ECsomaxHill Slopeyy
with GraphPad Prism S sofware (La Jolla, CA).

response curve was obtained, indicating that the calcium
response was dependent on peptide concentration. The ECy,
value (Table 2) for PP11-D is slightly higher than the one
calculated for PP11—L (0.44 and 0.32 nM, respectively). These
values were calculated using a four-parameter fitting equation
(Figure 3). As expected, no response was registered for the
gastrin receptor antagonist proglumide.

Biodistribution Studies in AR4-2) Tumor-Bearing
Lewis Rats. Biodistribution data of selected organs for both
radiopeptides are summarized in Table 3. The full pharmaco-
kinetic profile is reported in more detail in the Supporting
Information (Table S1). Rapid clearance from all gastrin
receptor-negative tissues and blood was observed. Uptake in
gastrin receptor-rich tissues (stomach) as well as in the tumor

1115

was significantly reduced in animals preinjected with an excess
of unlabeled peptides, indicating a specific receptor-mediated
uptake. At 4 h postinjection (p.i.), '''In—PP11—D shows tumor
uptake 1.8-fold lower than that of ""'In—PP11—L. The washout
from the tumor is faster for ""'In—PP11—L compared to that of
"In—PP11-D. The kidneys are the main excretory pathway of
these radiopeptides. '''In—PP11-D shows a 23-fold lower
kidney uptake compared to that of ''In—PP11-L. In
summary, at 4 h p.i, the tumor-to-kidney ratio for '"'In—
PP11-D is improved 12-fold. The tumor-to-kidney ratio for
"In—PP11-D remains 14-fold higher after 24 h p.i.

Preinjection of gelofusine to selected groups of animals
further reduced the kidney retention of both radiopeptides. In
the case of !'In—PP11-D, a 2-fold reduction was observed,
whereas in the case of ''In—PP11-L, preinjection of
gelofusine resulted in 95% kidney reduction.

Imaging Study. PET images of ®Ga—PP11-D and ®*Ga—
PP11—-L were obtained on A431-CCK2R tumor-bearing nude
mice at 1 h p.d. This particular animal/tumor model is often
used in the literature to study gastrin receptor-binding peptides.
Even though a different animal model and cell line, from that
used in the biodistribution study, were used for the imaging
study, the images mirror what was described for the '''In study:
comparable tumor uptake and much more pronounced kidney
retention of the ®*Ga—PP11—L analogue (Figure 4).

B DISCUSSION

There is currently no effective therapy available for patients
with distant metastases of MTC. Radiopharmaceuticals suitable
for PRRT should demonstrate high tumor uptake, tumor
retention, and a favorable tumor-to-kidney ratio. The main
problem facing most radiolabeled MG analogues is their high
kidney retention, which has been related to the N-terminal
glutamic acid sequence.'®">"” Chemical modification of MG
analogues by eliminating charged glutamic acid residues
demonstrated a positive correlation between low kidney uptake
and retention and a decreasing number of negative charges.'®
Unfortunately, this change also distinctly decreased the
enzymatic stability of the series of reported radiopeptides,'
which makes them poor candidates for clinical use.” More
recent approaches of exchanging the ionic -(1-Glu)s- spacer
with the nonionic -(p-Gln)- isostere resulted in highly reduced
kidney retention and, at the same time, a remarkable
improvement in enzymatic stability.'”” On the basis of CD
measurements, it was hypothesized that the relatively stable
secondary structure of the -(p-Gln)y- isostere could be the
reason for its high enzymatic stability as well as its difficulty in
adopting a conformation that easily fits into the active site of
the corresponding enzymes, such as zinc metallopeptidases
ACE (angiotensin I-converting enzyme, EC 3.4.15.1.), which
cleaves the penultimate peptide bond of short gastrins and
releases the dipeptide Asp-Phe-NH,, or the neutral peptidase
(EC 3.4.24.11) with its major cleavage point between Asp and
Phe.'”~>* This was a turning point for the present study. We
decided to investigate a new minigastrin analogue in which the
charge of the spacer is maintained (1-Glug) but the stereo-
chemistry is changed (D-Glug). In fact, as presented herein, a
CD study (Figure 1) shows that this change resulted in the
same pattern as described above, with "*In—PP11—D having a
relatively stable type II reverse turn conformation, which
translates into higher enzymatic stability in human serum.

DOI: 10.1021/acs.bioconjchem.5b00187
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Table 3. Biodistribution Data of '''In—PP11—D and '"'In—PP11-L along with Kidney Retention Blocking Using Gelofusine”

Wn—PP11-D

Wn—PP11-L

organ time (h) nonblocked
tumor 4 124 + 043
24 0.63 + 0.08

4 + gelofusine®
kidney 4 1.10 £ 0.23
24 0.87 + 0.06
4 + gelofusine® 0.52 + 0.09
blood 4 0.01 + 0.00
24 0.00 + 0.00
4 + gelofusine® 0.01 =+ 0.00
liver 4 0.02 + 0.01
24 0.01 + 0.00
4 + gelofusine® 0.02 + 0.00
stomach 4 0.20 + 0.10
24 0.17 + 0.02
4 + gelofusine® 0.16 + 0.13
muscle 4 0.01 + 0.01
24 0.01 + 0.00
4 + gelofusine® 0.01 + 0.00
bone 4 0.28 + 0.08
24 0.13 + 0.03
4 + gelofusine® 0.25 + 0.02

tumor-to-tissue ratio

tumor/kidney 1.12/0.72
tumor/blood 205/625
tumor/stomach 6.2/3.8
tumor/liver 59/62
tumor/muscle 137/125
kidney/kidney gelofusine 2.1

"In—-PP11-D (4 h/24 h p.i.)

blocked?
0.58 + 0.35

blocked?
0.22 + 0.01

nonblocked

225+ 023
0.91 + 041
2.12 + 0.65 25.51 + 2.58
19.35 + 5.58
1.35 + 0.63
0.01 =+ 0.00
0.01 + 0.00
0.01 + 0.00
0.05 + 0.01
0.04 + 0.01
0.02 =+ 0.00
0.50 + 0.03
0.27 + 0.10
0.06 + 0.04
0.08 + 0.02
0.09 =+ 0.02
0.01 + 0.00
0.25 + 0.01
0.27 + 0.06
0.13 + 0.03
"In—-PP11-L (4 h/24 h p.i)
0.09/0.08
171/159
4.5/3.4
49.4/21.9
28/10
19

24.86 + 5.79
0.01 + 0.00 0.01 + 0.00
0.0§ + 0.02 0.04 + 0.01
0.03 + 0.01 0.12 + 0.07
0.02 + 0.00

0.07 £+ 0.04

0.24 + 0.09 0.21 + 0.09

“Uptake is given as the percentage of injected activity per gram of tissue (% IA g™'), expressed as the mean value + SD; 4 rats/group were used
except for 4 h p.i. with ''In—PP11-D, for which nine rats were used. “Blocked with 100 nmol of unlabeled (cold) peptide. “Preinjection of 20 mg of

gelofusine (40 mg mL™, 500 uL per rat).

Figure 4. MicroPET scans of mice with subcutaneous A431-CCK2R
tumors 1 h after injection of 5—7 MBq of ®Ga-labeled PP11-D (A)
and PP11—-L (B). Radiotracer uptake is visible in the CCK2R tumors.
A much more pronounced kidney retention of ®*Ga-labeled PP11—L
can be clearly seen in the image (scale, 0—13% IA g™').

As shown (Tables 3 and S1), biodistribution studies of
""In-PP11-D and ""In—PP11-L in AR4-2] tumor-bearing
Lewis rats revealed that the pharmacokinetics of the radio-
peptide changes by maintaining the overall charge of the
molecule and changing just the stereochemistry of the amino
acid spacer. The tumor uptake is nearly 2-fold higher in the case
of ""In—PP11-L, which reflects its higher binding affinity,
lower ECg,, and consequently higher internalization rate
compared to those of PP11-D (Table 2 and Figures 2 and
3). However, the most pronounced difference was observed in
the kidney uptake and retention of both radiopeptides, which is
in contrast to literature reports regarding the positive
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correlation between the charge of the molecule and its
retention in the kidneys.">'” Consequently, the tumor-to-
kidney ratio for ""'In—PP11-D 4 h p.i. is improved 12-fold and
also remains high after 24 h p.i.

It has been shown that the mechanism of (radio)peptides
accumulation in the kidneys is mediated by amino acid
transport systems.”*>> Gotthardt et al.'” investigated the
inhibition of renal accumulation of different classes of
radiopeptides, ie., octreotide, MG, glucagon-like peptide-1
(exendin), and bombesin, using Lys, gelofusine, or polyglutamic
acid. Inhibiting the renal accumulation of the tested radio-
peptides could be achieved by either Lys or PGA, suggesting
that there are two different uptake mechanisms. Interestingly,
gelofusine was shown to be the only compound that inhibited
the renal accumulation of all radiopeptides tested, indicating
the existence of another mechanism or its action on both
mechanisms mentioned above. Gelofusine is succinylated
gelatin, used as a plasma expander, which causes low-molecular
weight proteinuria. It was postulated that this effect is most
likely due to competitive inhibition of tubular protein
reabsorption.*

With this in mind, we explored the possibility of further
improving the tumor-to-kidney ratio of ""'In—PP11—-D using
gelofusine. As shown (Tables 3 and S1), by preinjecting
gelofusine to selected groups of animals, the extent of the
reduction in kidney uptake and retention of '"'In—PP11-D
and ""In—PP11-L unexpectedly differs by almost 10-fold. We

DOI: 10.1021/acs.bioconjchem.5b00187
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propose that the difference in kidney retention and in
gelofusine efficiency in kidney protection for both radio-
peptides may be related to differences in their secondary
structure and, hence, different uptake mechanisms for both
radiopeptides, as suggested already by the study of Gotthardt et
al.'” It is known from the literature that the scavenger receptor
megalin plays an important role in the renal reabsorption of
different radiopeptides.”” Since megalin contains four large
binding domains, gelofusine and Uh—PP11-L could have a
preference for binding to the same domain, whereas '''In—
PP11-D does not. We postulate that the large difference in the
extent of kidney blocking by gelofusine could be directly related
to the difference in enzymatic stability in the kidneys. In this
respect, the possibly higher blocking potency of gelofusine
toward shorter metabolites of '"'In—PP11—L (having a higher
negative charge density) could explain the difference of 95%
versus the 50%. Ongoing studies of kidney uptake using
metabolites may prove the adequacy of this hypothesis.

Even though the kidney retention of '''In—PP11-D is 20-
fold lower than that of ""'In—PP11—L, a direct comparison of
the kidney retention and uptake for these analogues with those
of the nonionic -(D-Gln)s- isostere studied in our previous
work' still shows the contribution of the charge to the
retention in the kidneys (1.10 + 0.23% IA g~' vs 0.33 + 0.05%
IA g7" at 4 h p.i;; the same animal and tumor model was used as
well as the same peptide quantity as that used herein). Since
preinjecting gelofusine results in a drop in kidney retention to
0.52 + 0.09% IA g~', we postulate that most of the contribution
of charge to uptake in the kidneys is blocked by gelofusine.
Thus, this remaining activity in the kidneys is most probably
due to another uptake mechanism, such as fluid-phase
endocytosis.

The comparable tumor uptake and large difference in kidney
retention of these analogues were also observed in a microPET
imaging study performed with either ®*Ga—PP11-D or **Ga—
PP11-L using a different animal model and cell line. In
contrast to the biodistribution experiments, the imaging studies
were performed in the same animal model and cell line used in
previous studies evaluating minigastrin analogues in vivo,”®
indicating that species differences are not responsible for the
observed effect.

In summary, we have presented two isomeric molecules, with
the same chemical composition and charge, that differ only in
the stereochemistry of the amino acids that form the spacer.
They present with similar binding affinity, internalization
profile, and value for Ca®* mobilization (ECgy; Table 2).
They show a difference in their enzymatic stability and a large
difference in their kidney uptake and retention. Additionally,
the nephroprotective agent gelofusine reduces their kidney
uptake and retention to differing extents. In the present study,
we demonstrated that high kidney retention and uptake are not
determined solely by the charge of the ligand but also by the
secondary structure of the peptide. This observation is in
striking contrast with the generally accepted hypothesis in the
literature that the charge of the ligand determines its retention
in the kidneys.">'” New, carefully controlled studies are
warranted to confirm our hypothesis of the influence of
secondary structure on the pharmacokinetics of the selected
radiopeptides. This could provide valuable new insight into the
mechanism of kidney uptake and retention of small radio-

peptides.
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B EXPERIMENTAL SECTION

Chemicals. The supplier information for all of the reagents,
radionuclides, and generator as well as details of the
instruments used is provided in the Supporting Information.

Cell Lines. AR4-2] rat pancreatic tumor cells were obtained
from ATCC (Virginia, USA) and cultured as described
previously."®

A431-CCK2R transfected cells were kindly provided by Dr.
Aloj (Fondazione ‘G. Pascale’, Naples, Italy) and cultured as
described previously.”

Synthesis. The peptide—chelator conjugates were synthe-
sized manually by a standard Fmoc strategy, using Rink amide
MBHA resin, as described in the Supporting Information. The
peptides were purified by semipreparative RP-HPLC, analyzed
by analytical RP-HPLC, and characterized by HRMS.

Peptides PP11-D and PP11-L were complexed with
"InCl; using the procedure described in the Supporting
Information. The pure product, obtained as white powder after
lyophilization, was analyzed by analytical HPLC and charac-
terized using HRMS.

Preparation of the Radiotracer. 'In— and ®Ga-
DOTA—peptide conjugates were prepared as described in
detail in the Supporting Information and elsewhere.>

Binding Affinity Studies on Cholecystokinin-1- or
Cholecystokinin-2-Expressing Tissues. Binding affinities
were evaluated as described'' in surgically resected human
tumor tissues selected from previous experiments to express
either CCK1 or gastrin receptor.’ Increasing amounts of
minigastrin derivatives were added to the '**I—p-Tyr-Gly-Asp-
Tyr(SO;H)-Nle-Gly-Trp-Nle-Asp-Phe-NH, (*I1-CCK) con-
taining incubation medium to generate competitive inhibition
curves. Tissue slides were exposed to Biomax MR films
(Kodak) for 7 days. Autoradiograms were quantified using
tissue standards for iodinated compounds (Amersham,
UK).31’32

Enzymatic Stability in Human Serum. Enzymatic
stability of '''In-labeled peptides was performed following the
protocol described in the Supporting Information and earlier."?

Circular Dichroisms Spectroscopy. The CD measure-
ments were performed at 25 °C using a Chirascan spectrometer
(Applied Photophysics Ltd., UK). The instrument was purged
with nitrogen gas at 20 L min~" for 20 min before and during
measurements. All spectra were recorded from 260 to 185 nm
using a spectral bandwidth of 1 nm at 25 °C with a time
constant of 3 s and a step resolution of 1 nm. CD data are given
as mean residual molar ellipticities (® in mdeg cm* dmol™"). A
Quartz cell with a path length of 1 cm was used. The peptides
were dissolved in H,O in order to obtain a concentrated
solution of 0.4 mM, which was then diluted to obtain the
concentration required for the CD experiment (40 uM).
Samples’ spectra were recorded after adding different
percentages of TFE and different solvents.

Internalization Studies with the AR4-2J Cell Line. AR4-
2] cells were seeded at a density of 0.5—1.0 X 10° cells per well
in 6-well plates and incubated overnight to obtain good cell
adherence. On the day of the experiment, cells were treated
exactly as described recently.*

Calcium Mobilization Assay. Intracellular calcium mobi-
lization was measured in AR4-2]J cells using the calcium 3 assay
kit (Molecular Probes, Inc.) following the protocol described in
the Supporting Information and earlier.'”>*

DOI: 10.1021/acs.bioconjchem.5b00187
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Biodistribution Experiments in AR4-2J Tumor-Bearing
Lewis Rats. All animal experiments were performed in
compliance with the Swiss regulation for animal treatment
(permit no. 789) and the guidelines of the German Law for the
Use of Living Animals in Scientific Studies. Lewis male rats
were implanted subcutaneously with 107 AR4-2J tumor cells,
which were freshly expanded, in sterilized phosphate-buffered
saline (PBS, pH 7.4) solution. Eleven to 16 days after
inoculation (tumor mass, 1.6—3.7 g), the rats’ tail veins were
injected with 0.1 nmol of '"'In-radiolabeled peptide (about 1.1
MBgq, dissolved in 200 uL of 0.9% NaCl solution). For the
determination of nonspecific uptake in tumor or receptor
positive organs, a group of animals was coinjected with 100
nmol of unlabeled peptide in 0.9% NaCl solution. To reduce
kidney uptake, gelofusine (40 mg/mL) was preinjected (S min)
into Lewis male rats (500 L per rat).

At 4 and 24h p., the rats were sacrificed, and organs of
interest were collected, rinsed of excess blood, blotted dry,
weighed, and counted in a y-counter. The total counts injected
per animal were determined by extrapolation from counts of an
aliquot taken from the injected solution as a standard. The
uptake in different organs was calculated as the percentage of
injected activity per gram tissue (% IA g™').

Imaging Study. Female nude mice were subcutaneously
implanted with 5 X 10° A431-CCK2R cells. The experiment
was performed 10 days after implantation (tumor weight, 0.2—
0.4 g). MicroPET scans were performed using a dedicated
small-animal PET scanner (Focus 120 microPET scanner;
Concorde Microsystems Inc.). About 150 pmol/100 uL of
%Ga—PP11-D and **Ga—PP11-L (5—7 MBq) was intra-
venously injected into the tail vein.

Animals were anesthetized with 1.5% isoflurane, and static
scans were acquired at 1 h p.i, for 30 min. PET images were
reconstructed with filtered back projection. No correction was
applied for attenuation. Images were generated using AMIDE
software (25). The color scale was set from 0—13% IA g™ to
allow for qualitative comparison among the images.

Statistical Methods. Data are expressed as mean =+
standard deviation, which were calculated using Microsoft
Excel. To compare differences between groups, Student’s ¢ test
was used. p values < 0.01 were considered to be statistically
significant. Origin 7.5 software (Microcal Software, Inc.) was
used to fit a first-order decay model for calculating serum half-
life values.
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