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The rapid development and translation of targeted molecular imag-
ing agents from bench to bedside is currently a slow process, with a
clear bottleneck between the discovery of new compounds and the
development of an appropriate molecular imaging agent. The ability
to identify promising new molecular imaging agents, as well as
failures, much earlier in the development process using high-through-
put screening techniques could save significant time and money. This
work combines the advantages of combinatorial chemistry, site-
specific solid-phase radiolabeling, and in vivo imaging for the rapid
screening of molecular imaging agents. A one-bead-one-compound
library was prepared and evaluated in vitro, leading to the identifi-
cation of 42 promising lead peptides. Over 11 consecutive days, these
peptides, along with a control peptide, were successfully radiolabeled
with 4-['8F]fluorobenzoic acid and evaluated in vivo using microPET.
Four peptides were radiolabeled per day, followed by simultaneous
injection of each individual peptide into 2 animals. As a result, 4
promising new molecular imaging agents were identified that oth-
erwise would not have been selected based solely on in vitro data.
This study is the first example of the practical application of a
high-throughput screening approach using microPET imaging of ['8F]-
labeled peptides for the rapid in vivo identification of potential new
molecular imaging agents.

high-throughput screening | in vivo imaging | microPET |
radiolabeled peptides | positron emission tomography

ombinatorial chemistry (1, 2) and phage display (3) techniques

have become essential tools for the production of large com-
pound libraries, which can be rapidly produced for the discovery of
new drugs. Designing and implementing high-throughput screening
(HTS) approaches to identify lead compounds that show affinity for
a biological target from these large libraries, wherein millions of
new compounds may exist, is often accomplished through in vitro
screening. In general, the 2 approaches by which this can be
accomplished are either solution-phase screening techniques (4-
11), generally used by drug discovery programs, or solid-phase
screening, which has garnered interest for the evaluation of libraries
prepared using combinatorial chemistry.

Though there are many reports outlining high-throughput ap-
proaches for in vitro screening, few exist where the sole purpose is
to develop high-throughput in vivo methodologies for the identifi-
cation of new molecular imaging agents. While the feasibility of
using magnetic resonance imaging (MRI) for high-throughput
applications has been explored with both the development of
scanner technology and the scanning of multiple animals in parallel
(12-20), positron emission tomography (PET) has received very
little attention for high-throughput applications. This is likely the
result of the unique set of problems that arise when considering
using the latter imaging modality. The half-lives of the radioactive
isotopes commonly used for PET are short, typically only minutes,
meaning that incorporation of the radioactive isotope into the
compound of interest, as well as the subsequent in vivo imaging,
must occur rapidly to obtain satisfactory results. In addition, the
chemistry required to furnish the desired radiolabeled compound
must be robust and provide the compound with a high specific
activity. Though these requirements have limited the use of PET for
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in vivo HTS, the feasibility of using PET, in combination with
computed tomography (CT), has been briefly explored as a poten-
tial method for this purpose (21). As described by Hofmann et al.
(21), a clinical high-resolution PET/CT scanner was fitted with an
18-slot small-animal holding device, and 10 anesthetized animals
that had been administered a single gallium-68 labeled peptide
(°®Ga-DOTATOC) were placed inside and PET/CT images ac-
quired. After 20 min using PET/CT fusion mode, significant
delineation of the organs was observed, leading to the conclusion
that if all 18 slots were used at once, 18 animals could be scanned
in ~20 min. Presumably, if each animal in the holding device was
injected with a different radiolabeled compound, 18 different
compounds could be evaluated in a high-throughput manner. In
summary, much of the focus on developing high-throughput in vivo
screening techniques has rested on advancing scanner and/or
animal handling technology, whereas very little has focused on the
development of high-throughput methodologies for the screening
of large numbers of potential new molecular imaging agents.

Our approach to identify potential new molecular imaging agents
in a high-throughput manner takes advantage of the one-bead-one-
compound (OBOC) library approach (a high-throughput method
for the production of peptide libraries), fast and efficient solid-
phase radiolabeling, and in vivo imaging using PET. The OBOC
approach (1, 2) has been successfully used for the identification of
new ligands for unique cell-surface receptors of prostate, ovarian,
and lung cancer, as well as T- and B-cell lymphoma (22). In
addition, highly focused libraries have been prepared using the
OBOC approach, resulting in the identification of a new peptido-
mimetic for imaging oyfB;-expressing lymphomas in vivo (23). The
OBOC approach uses combinatorial chemistry to produce a library
of compounds, most commonly peptides, on an insoluble bead.
Though only one compound or peptide sequence is present on each
individual bead, there are over 10" copies of that particular
compound on each bead (24). Using this approach, millions of
unique compounds can be produced in a high-throughput fashion.
In many cases, several lead compounds are identified following
stringent in vitro testing, but, in general, only the most promising
single compound based on in vitro screening is selected for further
in vivo evaluation. While in vitro screening may identify promising
lead compounds, it is widely accepted that in vitro success does not
always correspond to in vivo success; as a result, many compounds
with favorable in vivo characteristics may be overlooked. An in vivo
method to rapidly screen new compounds for specific biological
targeting is therefore useful in terms of deciding which compounds
may be candidates for further development, allowing not only
promising compounds, but also failures, to be identified much
earlier in the development process (i.e., providing a go or no-go
decision to be made sooner).
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In an effort to increase the number of compounds that can be
screened in vivo, we have developed a unique approach wherein 42
compounds identified from in vitro screening assays were labeled
with the radioactive isotope fluorine-18 (t» = 110 min) using
solid-phase radiolabeling techniques and evaluated in vivo using
microPET. Solid-phase radiolabeling has been shown to be an
efficient and reliable method for the incorporation of the fluorine-
18-bearing prosthetic group 4-['8F]fluorobenzoic acid (['*F]FBA)
into resin-bound peptides yielding the desired radiolabeled peptide
in quantities sufficient for in vivo imaging (25, 26). Although the
ayBe integrin was chosen as the model target for this HT'S study, this
approach can be applied to the identification of molecular imaging
agents that target any cell surface receptor. The o3¢ integrin is an
interesting target because although its expression is generally low or
undetectable in normal epithelium, upregulation of this integrin has
been linked with multiple types of cancer and was recently identi-
fied as a prognostic indicator for such diseases (26—30). Herein we
report the combination of OBOC chemistry and solid-phase ra-
diolabeling for the implementation of a high-throughput in vivo
methodology for the identification of previously uncharacterized
fluorine-18 radiolabeled molecular imaging agents for the oy
integrin.

Results

In Vitro Lead Peptide Identification. The OBOC technique was used
to prepare several peptide libraries based on the peptide sequence
X'X?DLX°XLX® (DLXXL is a motif that has been shown to
enhance binding of peptides to the o, ¢ integrin) (31). The libraries
were screened in vitro using a stringent double-positive cell-growth-
on-bead assay (32) wherein the peptidic beads were incubated with
cells expressing the o6 integrin. To ensure the stringency of the
assay, beads that were 90% covered in cells after incubation with the
oy Be-expressing cells in the positive screens or completely void in
the negative screens were chosen. Sequences were identified using
Edman degradation. In preparation of further in vitro analysis, the
identified sequences were resynthesized on the acid labile Rink
amide resin using standard fluorenylmethoxycarbonyl (Fmoc)
chemistry. A total of 55 sequences were N-terminally modified with
4-["F]fluorobenzoic acid (FBA) and evaluated using ELISA
against immobilized recombinant 36, the integrin of interest, as
well as o83, avBs, asPB1, and aypBs. Based on the ELISA results, the
FBA-modified sequences were ranked according to their binding
selectivity and/or affinity for the o3¢ integrin.

We have assigned good selectivity as FBA-modified peptides that
bind to the target oyB¢ integrin and have minimal binding (i.e.,
>100 uM) to the other related integrins evaluated (a3, avPs,
asPi, and anpPs). For example, one FBA-modified peptide iden-
tified from this study had an ICs, for the o, integrin of 36 nM;
however, this peptide had no binding to the other 4 integrins
evaluated, making this peptide selective for the «,f3s integrin. All
peptides classified as selective for the oy B¢ integrin had a minimum
of a 2-fold difference in binding to the o3¢ integrin over the o33
integrin (maximum: 18,000-fold difference; average difference
~3,100-fold) and no binding or binding at a peptide concentration
>100 uM to the other 3 integrins evaluated.

Correspondingly, we have assigned good affinity as FBA-
modified peptides which, although they may have had some degree
of binding to one or all of the other integrins, had significant binding
to the oy B¢ integrin. For example, a second FBA-modified peptide
also identified from this study had an ICsy of 5 nM for the o,
integrin, as well as some binding to the o33 integrin (500 nM) and
the anpBs integrin (1 wM). As a result, this peptide was classified
as having a high affinity for the o, 8¢ integrin. The peptides classified
as having a high affinity for the o, 8¢ integrin had ICs¢s ranging from
5nMto 15 uM.

Applying both the selectivity and affinity ranking criteria to all 55
of the prepared FBA-modified peptides, we identified 25 peptides
that displayed good selectivity and 43 peptides that displayed good
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Table 1. Top-ranked peptides identified from in vitro assays

Selectivity Affinity
Peptide sequence 1Cso Peptide sequence 1Cso
FBA-RDDLMYLR 36 FBA-RGDLIPLL 5
FBA-RLDLQPLI 130 FBA-RGDLIALL 5
FBA-PMDLAYLR 50 uM FBA-RGDLIPLL 5
FBA-RVDLMYLR 55 FBA-rGDLIPLL 5

The 4 top-ranked peptides in terms of selectivity and affinity are shown along
with their respective 1Csos (expressed in nM, unless otherwise noted) for the a,Bs
integrin. 1Csos were determined in vitro using competitive binding assays. A total
of 25 peptide sequences were identified as being highly selective for the a8
integrin, and 43 peptides were identified as having a high affinity for the «,86
integrin. Comparing the 2 data sets and eliminating any peptides that appeared
on both, we were able to identify 42 peptides that appeared to have favorable in
vitro characteristics and were of interest for in vivo evaluation.

affinity for the o3¢ integrin. Combining these 2 data sets and
eliminating duplicates we identified 42 unique sequences with high
affinity and/or selectivity. The complete list of peptides identified,
as well as their binding to the 5 integrins evaluated, is available in
the SI Text. The 4 best peptides in terms of selectivity and the 4 best
peptides in terms of affinity are summarized in Table 1. The top 4
peptides with good selectivity for the target integrin (FBA-
RDDLMYLR, FBA-RLDLQPLI, FBA-PMDLAYLR, and FBA-
RVDLMYLR) had ICss ranging from 36 nM to 50 uM. Though
the first 3 peptides displayed no binding to any of the 4 other
integrins evaluated, FBA-RVDLMYLR displayed some binding to
the aypB3 integrin at concentrations greater than 100 uM. Al-
though these peptides had somewhat mediocre I1Csgs, they were of
interest because of their selectivity for the o, integrin. The top 4
peptides with significant affinity for the B¢ integrin (FBA-
RGDLIPLL, FBA-RGDLIALL, FBA-RGDLIPLL, and FBA-
rGDLIPLL) were all derived from the parent sequence
RGDLIPLL via alanine walks or substitution with D-amino acids.
The sequence RGDLIPLL was the only RGD-containing sequence
identified from the library and, because of its high affinity for the
oy 36 integrin, was subjected to further investigation, leading to the
derivatives listed above. These top 4 high-affinity peptides all had
ICsgs for the o,SBs integrin of 5 nM; however, these peptides also
displayed notable binding to both the &85 and the a3 integrins
as expected because of the RGD motif.

Radiolabeling and in Vivo Imaging. The 42 peptides identified from
the libraries, as well as A20FMDV?2 (which served as the “gold
standard”), were radiolabeled with ['®F]FBA and evaluated in
vivo using microPET over the span of 11 consecutive days.
A20FMDV?2 is a peptide comprised of 20 aa and was chosen as
the gold standard because of its well-defined binding to the a, B
integrin in vivo in the same mouse model (26). A complete list
of peptides evaluated, as well as their ICsgs, is listed in Table S1.
Each day, 4 different peptides were N-terminally radiolabeled
with ['8F]FBA in parallel using previously published solid-phase
radiolabeling techniques (25) and purified using HPLC, yielding
peptides with an average radiochemical purity of 98.1% = 3.7%.
Representative HPLC traces of several radiolabeled peptides are
available in ST Text (Figs. S1-S6). The specific activity of the
purified peptides, as determined by HPLC, was found to be >1
Ci/umol. Each individual peptide was simultaneously injected
via tail-vein catheter into 2 animals bearing paired tumors (o 36
positive and oy negative) (26), and microPET images were
acquired. Scanning 4 pairs of mice a day at 5 timepoints yielded
40 scans per day (in 2 instances we were unable to obtain a final
scan at 180 min; on one day only 3 pairs of mice were scanned).
For the entirety of the 11-day study we obtained a total of 428
images. Throughout the study there were no failures, either
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Tracer uptake and selectivity
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Fig.2. Tracer properties. Scatter plot of tracer uptake (max SUV of tracer in
positive tumor) and selectivity (ratio of max SUV in positive to max SUV in
negative tumors) at 60 min and 180 min postinjection of ['8F]FBA-labeled
peptide. For uptake less than 0.07 (vertical gray line), estimates were unreli-
able, and selectivities below 150% (horizontal gray line) were considered
nonspecific.

radiochemical or mechanical, that resulted in any delays in the
high-throughput imaging study.

Evaluation of the in vivo characteristics of the '8F-radiolabeled
peptides was conducted after reconstruction of the 3D images. The
data obtained from each of the paired animal scans was recon-
structed at each timepoint. Subvolumes were extracted around each
animal, and the data were converted to a standard uptake value
(SUV) by decay correction and normalized for injected dose and
animal weight (33). These subvolumes were used for the subsequent
uptake and selectivity analysis. For display purposes, maximum
intensity projections (MIPs) were computed from the normalized
subvolumes as shown in Fig. 1.

An ideal tumor imaging agent would have significant uptake in
the positive, target-expressing tumor while having very little to no
uptake in the a,Bs-negative tumor or surrounding tissues. Plotting
selectivity (max SUV in the positive tumor/max SUV in the
negative tumor) versus uptake (max SUV in the positive tumor; Fig.
2) revealed that after 60 min, 3 potential peptides were observed as
having a high uptake in the desired target: peptide 1 (['®F]FBA-
RSDLTPLF), peptide 2 (['*F]JFBA-PGDLAVLA), and peptide 3
(['*F]FBA-RTDLKKLL). Consistent with the 60-min scan, these 3
peptides also had high uptake in the desired target at the 180-min
scan. These 3 peptides also displayed a good and increasing
selectivity for the target at the 180-min timepoint. In addition,
peptide 4 (['®F]JFBA-KLDLHTLE), which displayed mediocre
uptake and selectivity at 60 min, showed an increase in selectivity
at 180 min.

The images obtained for peptides 1-4 identified from the high-
throughput in vivo study are shown in Fig. 34. Significantly, these
4 peptides would not have been singled out as lead peptides solely
based on the in vitro studies. ['FJFBA-RSDLTPLF (peptide 1)
had an ICsy of 15 nM for the oS¢ integrin; this peptide also
displayed potential binding to the oqpB3 and asB; integrins at
concentrations greater than 100 uM and no binding to the o33 and
ay3s integrins. This peptide was ranked 18th in terms of selectivity
and 11th in terms of affinity. ['SFJFBA-PGDLAVLA (peptide 2)
had an ICs, of 1 uM for the o3¢ integrin; this peptide also displayed
potential binding to the a5, integrin at concentrations greater than
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100 uM and no binding to the aymB3, B3, and oy, Bs integrins. This
peptide was ranked 11th in terms of selectivity and 37th in terms of
affinity. ['F]JFBA-RTDLKKLL (peptide 3) had an ICsq of 5.5 nM
for the o3¢ integrin; this peptide also displayed potential binding
to the ayB3 and asPB; integrins at concentrations greater than 100
M and no binding to the o33 and o35 integrins. This peptide was
ranked 15th in terms of selectivity and 5th in terms of affinity.
['8F]JFBA-KLDLHTLE (peptide 4) had an ICsq of 15 uM for the
ayBe integrin, binding at concentrations greater than 100 uM to the
a3, ayBs, and asPB; integrins, and no binding to the o, B3 integrin.
Though this peptide did not meet the criteria for selectivity, it was
ranked 42nd in terms of affinity. These findings are summarized in
Table 2. These 4 peptides range from highly ranked, in terms of
selectivity and/or affinity, to poorly ranked, based on the in vitro
analysis, yet these are the peptides that performed well in vivo. In
addition, we found many examples where the injected peptide
displayed non-specific binding or did not bind to the target of
interest. One example of a peptide that displayed non-specific
binding (Fig. 3B) is ['*F]FBA-rGDLIPLL. This peptide had an ICs
for the o, B6 integrin of 5 nM and was ranked 4th in terms of affinity;
however, it did not meet the criteria for selectivity. One example of
a peptide that was non-binding (Fig. 3C) is ['*F][FBA-RWDLH-
SLR. This peptide had an ICsj of 33 nM for the a,f3¢ integrin and,
although it did not meet the criteria for selectivity, it was ranked
14th in terms of affinity. The obvious disconnect between the in
vitro and in vivo results provide further evidence for the necessity
of early in vivo screening.

Discussion

The aim of this work was to develop and implement a high-
throughput screening approach combining peptide identification,
radiolabeling with the radioactive isotope fluorine-18, and assess-
ment of the peptides for in vivo efficacy. This approach combines
the ability of OBOC chemistry to rapidly produce large peptide
libraries on the solid phase, a quick, reliable, and robust solid-phase
radiolabeling methodology, and in vivo evaluation using microPET
imaging. This approach could allow researchers to determine early
on in their investigations whether a compound is of interest before
investing significant time and resources. Though we have chosen to
focus on the cell-surface receptor integrin o3¢ as the molecular
target of interest, this approach is easily adaptable to any cell
surface receptor or biological target.

The most common approach to developing a molecular imaging
agent is through rational design, wherein the ligand/target interac-
tion has been characterized to some degree, providing a logical
starting point for the design and development of a molecular
imaging agent. This is the case for cyclic RGD-based imaging
agents, as well as A20FMDV?2. The interest in cyclic pentapeptide
RGD-based molecular imaging agents, such as RGDyK, for the
a3 integrin stemmed from early reports outlining RGD as the cell
adhesion site in a number of proteins, such as fibronectin (34).
Subsequent optimization over the past 2 decades led to the devel-
opment and use of ['®F]galacto-RGD as the first radiotracer to
successfully image o33 expression in humans in 2005 (35). Simi-
larly, the peptide that was used as our gold standard was also
developed based on known ligand/binding interactions. Here, the
20-aa peptide A20FMDV2 was derived from the known sequence
of the foot-and-mouth disease virus that had been shown to bind to
the oy s integrin (26). In vivo optimization of this peptide for use
in PET is ongoing, with the addition of ['*F]FBA and chelates for
imaging with copper-64 (36) as well as continued investigation into
the optimal chemical structure for in vivo imaging (37). In both
cases, initial identification of a lead sequence has led to the
development of a number of related compounds, all of which have
been evaluated in vivo over the course of years, to decades. By
developing a high-throughput approach for the in vivo analysis of
promising peptides, the potential to rapidly screen and identify the
best molecular imaging agent or agents from a large number of
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Fig. 3. MicroPET images obtained from screened peptides. The images obtained for the 4 most promising lead peptides identified from in vivo analysis are shown
in A (I: ['8F]FBA-RSDLTPLF, peptide 1; II: ['8F]FBA-PGDLAVLA, peptide 2; lll:['8F]FBA-RTDLKKLL, peptide 3; IV: ['8F]FBA-KLDLHTLE, peptide 4). Arrows indicate location
of positive and negative tumors. The animals are oriented supine and the a, Bs-positive tumor is on the right side of the mouse. All 4 of the selected animals had adequate
affinity and reasonable selectivity for the positive tumor in the 180-min scan. An example of a non-specifically bound peptide (['8F]FBA-rGDLIPLL) is shown in (B);
non-specifically bound peptides had persistent uptake in both tumors. An example of a non-binding peptide (['8FJFBA-RWDLHSLR) is shown in (C); non-binding peptides

showed no uptake in either tumor.

candidates is a reality. This approach negates the dependence on
lead compounds derived from known ligand/target interactions,
because a wide variety of compounds can be evaluated quickly
based on their in vivo binding characteristics. In addition, a family
of optimized compounds could be screened, significantly reducing
the time between initial discovery and clinical application.

This study presents a new approach for the identification of
promising lead compounds using a high-throughput strategy. As
such, we were able to screen 42 promising peptides that had been
identified from the in vitro screening of several peptide libraries
containing millions of compounds prepared using combinatorial

Table 2. Top peptide sequences identified from in vivo analysis

Selectivity ranking, Affinity ranking,

Peptide Sequence 1Cso out of 25 out of 43
1 FBA-RSDLTPLF 15 18 11
2 FBA-PGDLAVLA 1 uM 11 37
3 FBA-RTDLKKLL 5.5 15 5
4 FBA-KLDLHTLE 15 uM n/a 42

The top 4 peptides identified from the in vivo study are shown. These
peptides were chosen based on their favorable in vivo characteristics. Their
1Csps for the integrin ayBs (in NM, unless otherwise noted) are also shown along
with their rankings on the selectivity/affinity lists. A total of 25 peptides were
ranked with significant selectivity for the target, and 43 peptides were iden-
tified_has_having. significant affinity. Peptide 4 did_not meet the selection
criteria for highly selective peptides and, therefore, did not appear on that list.

17908 | www.pnas.org/cgi/doi/10.1073/pnas.0906925106

chemistry. In our case, the 4 most promising peptides identified
from the in vivo screen would not have been identified based solely
on in vitro analysis, clearly showing the need for early in vivo
analysis to identify those that may lead to viable imaging agents. The
4 peptides identified from the in vivo study had ICsps that ranged
from 5.5 nM (peptide 3) to 15 uM (peptide 4). Though all of the
peptides contained the built-in DLXX°L motif, there were no other
obvious motifs that link these 4 peptide sequences. A positively
charged amino acid was seen in position X7 in peptides 1, 3, and 4.
A non-polar amino acid appeared in positions X° and X* 5 of 8 times
(in peptides 1, 2, and 3). However, these similarities are not
predictive of in vivo behavior, since other peptides that were
identified from the library also contained these patterns and did not
perform well in vivo.

Clearly, the in vitro analysis of large compound libraries is
important and will undoubtedly remain an integral part in the
identification of new molecular imaging agents. Though these in
vitro screens significantly reduce the number of compounds of
interest, they do not necessarily identify the best compound in terms
of in vivo performance. We believe our approach has the potential
to minimize the need for extensive and time-consuming in vitro
analysis; by focusing our efforts on in vivo HTS using microPET, we
are able to more accurately and rapidly identify the best potential
targeted molecular imaging agents. Typical imaging studies inves-
tigate only one molecular imaging agent at a time; generally, only
one compound is radiolabeled per day and injected into a number
of animals for in vivo analysis. If that particular compound or
peptide were to fail in vivo, a separate imaging study would be

Gagnon et al.
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scheduled. With this study we have streamlined this process and
allowed for many compounds to undergo initial in vivo screening.
The in vivo study lasted a total of 11 days, and in that time we were
we able to obtain over 400 images of 43 different compounds.
Although thorough manual data/image analysis was required, ad-
vancements in computer technology may allow for the development
of an automated screening tool to identify potential images of
interest from large image arrays such as the one presented here. To
the best of our knowledge, this is the first report wherein a large
number of compounds have been imaged in such a short period.
The high-throughput platform could be developed in such a way
that allows for more than 2 animals to be evaluated per scan or
different compounds may be evaluated in multiple animals per
scan.

In conclusion, this report combines the benefits of OBOC
chemistry, reliable solid-phase radiolabeling, and in vivo imaging
using microPET to develop a high-throughput approach to identify
new molecular imaging agents. This work sets the stage for the
development of a high-throughput platform approach whereby a
decision regarding the potential of a compound can be made rapidly
using early in vivo screening. We propose to further streamline this
initial high-throughput investigation through development of plat-
form technologies for even more rapid radiolabeling, as well as
increasing the number of animals that can be scanned at each
timepoint. Results obtained from the in vivo HTS study will play an
important role in the design and preparation of a second-generation
molecular imaging library to target the o, integrin.

Materials and Methods

Library Synthesis. Peptide libraries were manually synthesized on insoluble
polystyrene beads (TentaGel S NHy; RAPP Polymere GmbH) extending from
the C-terminus to the N-terminus using the OBOC combinatorial chemistry
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method (1, 2) and standard fluorenylmethoxycarbonyl (Fmoc) chemistry. Com-
plete experimental details are described in S/ Text.

Lead Compound Identification. Cell lines DX3purofs and DX3puro were used
to identify positive beads from the prepared peptide libraries in cell-growth-
on-bead assays (32). Experimental details are described in the text and S/ Text.

Peptide Synthesis. Peptides were prepared manually on Rink amide resin
following standard Fmoc chemistry to give the C-terminal amides. Complete
experimental details are described in S/ Text.

Competitive Binding ELISA. ELISAs were performed in triplicate at 7 concen-
trations on peptides N-terminally modified with FBA. Complete experimental
details are described in S/ Text.

Radiosynthesis. The automated synthesis of no-carrier added (NCA) ['8F]FBA
was performed using a Siemens/CTl chemistry process control unit (CPCU;
Siemens Medical Solutions USA) (38) and subsequently used for N-terminal
solid-phase peptide radiolabeling (25). Complete experimental details are
described in S/ Text.

In Vivo Studies and MicroPET Imaging. Animal care and treatment followed
protocols approved by the Animal Care and Use Committee of the University
of California, Davis. All animals were imaged using a dedicated small-animal
PET scanner (Focus120; Siemens Medical Solutions USA). Approximately 100-
200 pCi (median: 162 uCi; range: 47-191 uCi) of the radiolabeled compound
of interest was simultaneously injected intravenously into 2 animals. The
dynamic scan commenced 10 min (median: 9.5 min; range: 6-27 min) after
injection with 4 dynamicimages acquired and binned in 15-min intervals, with
afinal 15 min-staticimage acquired at 180 min. Complete experimental details
are located in the text, figure legends, and S/ Text.
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