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Abstract

One-third of patients with heart disease develop heart failure, which is diagnosed through imaging and detection of circulating
biomarkers. Imaging strategies reveal morphologic and functional changes but fall short of detecting molecular abnormalities that
can lead to heart failure, and circulating biomarkers are not cardiac specific. Thus, there is critical need for biomarkers that are
endogenous to myocardial tissues. The cardiac growth hormone secretagogue receptor la (GHSR la), which binds the hormone
ghrelin, is a potential biomarker for heart failure. We have synthesized and characterized a novel ghrelin peptidomimetic tracer,
an '8F-labeled analogue of G-7039, for positron emission tomography (PET) imaging of cardiac GHSR la. In vitro analysis showed
enhanced serum stability compared to natural ghrelin and significantly increased cellular uptake in GHSR la-expressing OVCAR
cells. Biodistribution studies in mice showed that tissue uptake of the tracer was independent of circulating ghrelin levels, and
there was negligible cardiac uptake and high uptake in the liver, intestines, and kidneys. Specificity of tracer uptake was assessed
using ghsr ~'~ mice; both static and dynamic PET imaging revealed no difference in cardiac uptake, and there was no significant
correlation between cardiac standardized uptake values and GHSRa expression. Our study lays the groundwork for further
refinement of peptidomimetic PET tracers targeting cardiac GHSR la.
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Introduction

While there are established clinical protocols to diagnose,
monitor, and treat heart failure (HF), clinical imaging mod-
alities such as chest radiography, echocardiography, and com-
puted tomography (CT) largely report changes to anatomic
structure and pathologic function in the heart, which occur
after HF has developed. Circulating biomarkers, such as
natriuretic peptide type B (BNP) and its N-terminal fragment,
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NT-proBNP, indicate myocardial injury and can be useful in
predicting outcomes and guiding HF management with a sim-
ple blood test.! However, there may be discordance between
tissue and circulating levels of these biomarkers. Molecular
imaging of biomarkers expressed in the myocardium will
enable insight into the metabolic and molecular changes that
characterize the development and progression of cardiomyo-
pathies prior to gross structural and physiologic abnormalities
that characterize HF.?
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In the pursuit of discovering biomarkers for the detection
and diagnosis HF, there is growing interest in the hormone
ghrelin and its receptor, the growth hormone secretagogue
receptor (GHSR1a). While GHSR1a is expressed in other
organs such as the brain, anterior pituitary, pancreatic islets,
the intestine, thyroid, and adipose tissue, it is now well estab-
lished there is a ghrelin/GHSR1a system in the heart, which
functions in cardiomyocyte survival, contractility, and metabo-
lism.>* In patients with heart failure, high plasma ghrelin con-
centrations can be linked to favorable outcomes in patients with
HF,’ and myocardial GHSR 1a expression is dramatically ele-
vated.® As such, cardiac GHS-R1a has the potential to be a
powerful cardiac-localized biomarker for diagnosis and moni-
toring in patients with HF.

Our group has developed novel fluorescent imaging tools
for the detection of GHSR 1a in situ with microscopy by incor-
porating fluorescent dyes into the structure of a truncated ana-
log of ghrelin containing an unnatural octanoyl linkage to
improve its serum stability (Dpr’(octanoyl), Lys'®(Cy5sul-
fo)]ghrelin(1-19) amide). We have used these tools to detect
changes in GHSR 1a during cardiomyocyte differentiation’ and
the development of diabetic cardiomyopathy in mice.® Previ-
ous work from our group has shown that the structure of ghrelin
can also be highly modified to accommodate radionuclide ima-
ging agents for single-photon emission computerized tomogra-
phy (SPECT) or PET with high affinity to GHSR1a.”'" We
have now developed third-generation ghrelin analogs from the
structure of growth hormone secretagogues (GHS), a class of
low-molecular-weight peptidomimetics with vastly improved
in vivo stability that bind to the GHSR1a with high affinity.
These highly stable small molecules can also be modified to
contain '®F and represent an alternate class of reagents for PET,
compared to other small molecules designed to be labeled with
8 Ga'? or ''C"? or with the '®F-labeled peptide, ghrelin(1-8)."°
Our lead candidate, [1-Nal®, Lys’(4-['®F]-FB)]G-7039, was
determined to have an half-maximal inhibitory concentration
(ICs0) of 69 nmol/L and an half-maximal effective concentra-
tion (ECso) of 1.1 nmol/L,"* indicating a high receptor binding
affinity and agonist activity. In this study, we characterized its
specificity and sensitivity for imaging myocardial GHSR1a.

Materials and Methods
Radiosynthesis of [I-Nal*, Lys®(4-['®F]-FB)]G-7039

All the reagents and solvents used for radiosynthesis were pur-
chased from Sigma-Aldrich (St Louis, Missouri) unless other-
wise stated. Synthesis of [1-Nal®, Lys>(4-['*F]-FB)]G-7039
was performed as described previously.'* '®F-fluoride was pro-
duced via the '"*0(p, n) '®F reaction in a GE PETtrace 880
cyclotron at the Lawson Health Research Institute. A Waters
high-performance liquid chromatography (HPLC, Waters Co.
Milford MA, USA) with 2 detectors (Waters 2487 Dual A
absorbance detector set at 254 nm and a radioactive flow count
detector) was used for product analysis and purification using a
Waters 1525 binary pump system, Waters Co, Milford MA,

USA (acetonitrile as solvent A and H,O as solvent B). Analy-
tical column (Agilent Eclipse XDB-C18, 4.6 x 150 mm, 5 pm,
Agilent Technologies Inc, Santa Clara CA, USA) was used for
the calculation of radiochemical purity and specific activity of
[1-Nal*, Lys’(4-["®F]-FB)]G-7039 using solvent A/B contain-
ing 0.1% TFA as mobile phase with a gradient of 45%/55% to
55%/45%(v/v) at 0 to 10 minutes at a flow rate of 1.5 mL/min.
The semipreparative column (Agilent Zorbax SB-C18, 9.4 x
150 mm, 5 pm, Agilent Technologies Inc, Santa Clara CA,
USA) was used for purification of ['®*F]SFB and [1-Nal®,
Lys’(4-["®F]-FB)]G-7039. The HPLC conditions were as fol-
lows: (1) for ['*F]SFB purification, using solvent A/B of 36%/
64%(v/v) as mobile phase at a flow rate of 4 mL/min; (2) for
the purification of [1-Nal*, Lys>(4-['®F]-FB)]G-7039, using
solvent A/B containing 0.1% TFA as mobile phase with gra-
dient of 40%/60% to 50%/50%(v/v), at 0 to 15 minutes; 50%/
50%(v/v) at 15 to 20 minutes at a flow rate of 4 mL/min.

As described in Figure 1, ['*FJFBA was prepared on the GE
tracer lab FXN. Aqueous ['*F]fluoride solution was trapped on
the Sep-Pak Accell plus carbonated QMA light cartridge,
Waters Co. Milford MA, USA. One mL of acetonitrile/H,O
(80%/20%; v/v) solution containing potassium carbonate (1
mg) and kryptofix 2.2.2 (7 mg) was used to elute ['*F]fluoride
into the reaction vial (Figure 1Ai). The solvent was removed
azeotropically in vacuum under a helium flow at 75°C.
['®F]fluoride was dried twice by adding 1 mL of anhydrous
acetonitrile, respectively, under the abovementioned condi-
tions. Five hundred pL of anhydrous dimethyl sulfoxide
(DMSO) containing 5 mg of 4-(tert-butoxycarbonyl)-N, N, N-
trimethylbenzenammonium triflate salt was added into dried
["®F]F under helium atmosphere (Figure 1Aii). The reaction
vial was sealed and heated at 120°C for 8 minutes.
The reaction mixture was cooled down to 40°C, and 1 mL of
5 mol/L HCI was added to reaction vial. The reaction mixture
was heated for 3 minutes at 100°C for hydrolysis of esters and
then cooled down to 40°C. The reaction mixture was diluted
with 2.5 mL of H,O, and the product was trapped on a Sep-Pak
C18 light cartridge (Waters) and washed with 0.5 mL of H,O.
The product was then eluted with 2.5 mL anhydrous acetoni-
trile and passed through a drying cartridge filled with anhy-
drous Na,SOy to provide ['*F]FBA.

The solution of ['*F]FBA in 1 mL of acetonitrile was added
into a vial containing 20 mg NHS (N-hydroxysuccinimide) and
50 mg 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
(EDC). The reaction was performed at room temperature for
8 minutes, and then an additional 50 mg of EDC was added.
The solvent was removed in a V-10 evaporator (Biotage Inc,
Uppsala, Sweden) after additional 7 minutes. One mL of 36%
acetonitrile/H,O mixture was added into the reaction vial. The
raw product was purified on semipreparative HPLC column.
The solvent was removed on a V-10 evaporator to provide
dried ['®F]SFB (radiochemical purity >99%).

A solution of 1 mg of [1-Nal*]G-7039 in 500 uL acetonitrile
and 100 pL H,O was added into the abovementioned ['*F]SFB
vial, followed by the addition of 5 pL. DIPEA (&, N-diisopro-
pylethylamine; Figure 1c). The reaction mixture was heated at
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Figure . Radiosynthesis of [1-Nal*, Lys®(4-['®F]-FB)]G-7039. Reagents and conditions: (A) (i) '8F, K,CO3, Krypofix 222, DMSO, 120°C,
8 minutes, (i) HCI (5 mol/L), 100°C, 3 minutes; (B) NHS, EDC, acetonitrile, RT, |5 minutes; (C) DIPEA, acetonitrile/h,O, 85°C, 15 minutes.

85°C for 15 minutes, and 500 pLL H,O was added into reaction
vial after cooling down to room temperature. The reaction
mixture was purified by directly injecting onto a C18 semipre-
parative column (with guard column attached) to get [1-Nal®,
Lys’(4-['®F]-FB)]G-7039 with a decay-corrected radiochemi-
cal yield of 39%, radiochemical purity > 99%, and a molar
activity of > 4.7 GBq/pmol after 81 minutes.

Serum Stability

[1-Nal*, Lys’(4-['"®F]-FB)]G-7039 (1 mmol/L final concentra-
tion) was incubated in a mixture of 25% human serum
(Sigma-Aldrich; Male type AB cat# H4522) in phosphate buf-
fered solution (PBS; pH 7.4, 450 pL final volume, DMSO final
concentration 0.5%) at 37°C. This concentration of human
serum was chosen based on standard protocols observed in the
literature and ease of peptide extraction.!> At 20, 60, 240, 420,
and 1440 minutes after incubation, aliquots of peptide solution
were removed and mixed with either acidic solution
(4% phosphoric acid, pH 1-2) or basic solution (4% ammonium
hydroxide, pH 11-13) to dissociate peptide interactions with
components of human serum. Peptide was isolated from human
serum by column separation on Oasis sorbent 96-well Elution
plates, Waters Co, Milford MA, USA (HLB- amphiphilic resin
and MCX-cation exchange resin) and manifold. The extracted
peptide was quantified on an Acquity UHPLC-MS system,
Waters Co, Milford MA, USA. Peptide was quantified by mea-
suring the peak area of a peptide-specific M™™ ion peak and
averaged over 3 replicates. Percentage of abundance of peptide
peak area relative to abundance at T, was plotted as a function
of time. Peptide half-life was calculated by optimized curve
fitting (linear, 2-parameter, or 3-parameter exponential decay
curve) on SigmaPlot v.12 and solving for time at 50% peptide
peak abundance.

Cell Uptake

Both wild-type (wt) OVCARS cells (courtesy of Dr Trevor
Shepherd, Western University, London, Canada) and OVCARS
cells stably transfected with GHSR1a (OVCARS8/GHSRI1a)
were grown in RPMI containing 10% fetal bovine serum. Prior
to uptake experiments, cells were plated in 6-well plates at a cell
density of 5 x 10° cells/well. The cells were incubated for 48
hours, after which media were removed and cells were rinsed 3
times with warm PBS. Cells were then incubated in PBS con-
taining 0.1 to 0.5 MBq [1-Nal*, Lys’(4-['*F]-FB)]G-7039 in
100% ethanol (final ethanol concentration of < 1%). After 20-
and 60-minute incubation periods, media were removed, and the
cells were washed 3 times with warm PBS and detached from
the plate with 0.5 mol/L EDTA (pH 8). Activities in both media
and cells were counted in a high-purity Ge gamma counter as
described previously.'® The radioactivity was calculated in bec-
querels (Bq) and decay corrected to the time of incubation with
the probe. Probe uptake was calculated as a percentage relative
to incubated dose (%ID).

Mice

All mice were treated in accordance with ethical guidelines set
by the Canadian Council on Animal Care (CCAC). Animal
protocol #2015-041 was approved by the Animal Use Subcom-
mittee at Western University (Western University) for the
experiments described herein.

For biodistribution studies, female C57BL/6 mice were
obtained from Charles River Laboratories (Wilmington, Mas-
sachusetts) at 7 to 9 weeks of age and euthanized between 8 to
18 weeks. For imaging studies, we used both male and female
ghsr™'~ mice (a kind gift from Dr. Alfonso Abizaid, Carleton
University, Ottawa, Ontario, Canada)'” and wt littermates at 16
to 23 weeks of age. All mice were fed a diet of standard rodent
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chow and water and group housed in a temperature-controlled
room (23°C) with a 12-hour light—dark cycle with lights on at
07:00 hours for the study’s duration.

Biodistribution

Female C57BL/6 mice were randomly assigned to fasted or fed
groups and assessed at 1, 2, or 4 hours postinjection time points
(n > 6 for each time point in each group). The fasted group had
no access to food 4 hours prior to injection and throughout the
biodistribution studies. Fed mice had access to food ad libitum
throughout experiments. Both the groups had access to water.

Mice were anaesthetized under 3% isoflurane and ventilated
under 1.5% to 2% isoflurane and injected via tail vein with 5.23
to 26.4 MBq of [1-Nal®, Lys(4-['®*F]-FB)]G-7039. Mice were
allowed to recover and then were euthanized at the indicated
time points. The heart and other organs of interest were resected
whole with the exception of bone, sampled from the right tibia,
and muscle taken from the left quadriceps. Organs were
weighed, and their radioactivity was counted in a high-purity
Ge gamma counter. All excised hearts were fixed in 4% paraf-
ormaldehyde (in PBS) prior to counting. The radioactivity (Bq)
in sampled tissues was decay corrected to the time of injection,
and probe uptake was calculated as percentage of injected dose
per gram of tissue (%ID/g) as described previously.'®'®

Positron Emission Tomography/CT Imaging

Mice were anesthetized as described earlier and placed onto the
bed of an Inveon preclinical PET scanner (Siemens Medical
Solutions, Erlangen, Germany). After insertion of a tail vein
catheter, 90-minute dynamic emission scans were initiated
30 seconds before wt (n = 6) and ghsr*/ ~ (n = 6) mice were
injected with 5.6 to 15.9 MBq of the tracer. Images were
acquired using scanner software. Once the PET imaging ses-
sion concluded, the mouse and bed were removed together and
transported to the CT scanner, taking care to maintain the
mouse’s position on the bed and the same anesthetic conditions
during the transfer. The CT acquisitions were performed on a
clinical Revolution CT scanner (General Electric, Schenectady,
New York) with settings of 4.0 cm field of view (FOV), 120
kV, 300 mA, and 192 slices of 0.625 mm thickness. Total scan
time was 1.0 seconds after which the mice were euthanized.
Dynamic PET imaging data were binned into 13 imaging
frames of 12 frames x 5 minutes and 1 frame x 30 minutes
(2.5x zoom and Nyquist filter applied). Data were decay cor-
rected to the time of injection, and images were corrected for
dead time, random, and scatter coincidences prior to reconstruc-
tion using an ordered subset expectation maximization algorithm
(OSEM3D; 2 iterations of 16 subsets) followed by maximum a
priori reconstruction (MAP; 18 iterations) with vendor-supplied
software and analysis in 3D Slicer (v. 4.6.2). Standardized
uptake values (SUVs) were calculated using Equation 1 from
volumes of interest (VOIs) drawn around volumes correspond-
ing to the heart, lungs, and abdomen on PET images overlaid
with CT images. Heart uptake was corrected for spillover

Table I. Primary Antibodies Used for Immunofluorescence
Microscopy.

Antigen Catalog # Dilution Host RRID# Source Company

Ghrelin sc-10368 1:100 Goat AB_2232479 Santa Cruz

Biotechnology

Serca2A ab3625 1:300 Rabbit AB_303961 Abcam
CD36 nb400-144 1:200 Rabbit AB_10003498 Novus Biologicals
GLUT4 sc-1608 1:100 Goat AB_445037 Santa Cruz

Biotechnology

Abbreviation: RRID, Research Resource Identification.

activity from the lungs using Equation 2, where RC is the recov-
ery coefficient (which we have set to 0.93 for the mouse heart,
based on values for a phantom of similar size'?).

Equation 1: SUV calculation

SUV = activity concentration in VOI [Bq/cc]
mouse body weight |g]

X .
total activity injected|Bq]
Equation 2: Heart SUV correction

SUVHeart — (1 — RC) X SUVLung
RC '

N UV Heart Corrected =

Termination of Plasma Hormone Levels

During biodistribution and after imaging studies, whole blood
was collected into heparinized syringes by cardiac puncture.
Aliquots of 75 pL were dispensed into tubes containing Com-
plete Mini protease inhibitors (Sigma-Aldrich) in PBS, gently
mixed, and stored on ice. Tubes were centrifuged at 3000 rpm
for 10 minutes at 4°C, and 50-pL aliquots of plasma were
collected and stored at —80°C until assayed. Levels of ghrelin,
glucagon, glucagon-like peptide-1 (GLP-1), and insulin were
determined by enzyme-linked immunosorbent assay (ELISA;
LUMINEX 200 multiplex assay, Luminex Corporation, Aus-
tin, Texas), and concentrations were calculated as pg/mL.

Fluorescence Microscopy

The excised hearts from fasted and fed mice killed at 1 hour
postinjection and wt and ghsr—~ mice were frozen and embedded
in OCT and cryosectioned at 7 pm for microscopy as described
previously.® Four sections per mouse were used for microscopy
analysis. To visualize ghrelin, SERCA2a, CD36, and GLUT4,
primary and secondary antibodies were used as shown in Table
1. To detect GHSR1a, SulfoCy5-ghrelin(1-19) was used as
described previously.”® Coverslips were then mounted with Pro-
Long Gold liquid mountant containing DAPI nuclear stain (Ther-
moFisher Scientific, Waltham, Massachusetts).

Five random FOVs per section were acquired at 20x mag-
nification (Nikon NIS Elements v. BR 4.50.00; Shinagawa,
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Tokyo, Japan). Images were imported for analysis into FIJI
v. 1.49v, a distribution of ImageJ (National Institutes of Health,
Bethesda, Maryland). Fluorescence was quantified using a cus-
tom FIJI script that measures fluorescence intensity, which
represents protein levels, across an image and returns the raw
integrated density as done previously.”%20!

Statistical Analyses

Statistical analyses were conducted, and graphs were plotted
using GraphPad Prism v. 7.00 (GraphPad Software, Inc, San
Diego, California). Differences in cell uptake were analyzed
using 2-way repeated measures analysis of variance (ANOVA)
and Bonferroni post hoc test. For biodistributions, within-group
differences between organs sampled and between time points
in fasted, fed, wt, and ghsr_/ ~ mice were determined using
2-way ANOVA followed by Tukey multiple comparisons test.
Between-group differences in fasted and fed mice in matching
organs at the same time point were analyzed by 2-way ANOVA
and Bonferronis multiple comparisons test. Two-way ANOVA
was also used to assess differences in plasma proteins evaluated
by ELISA. Data from dynamic PET SUVs were evaluated
using 2-way repeated measures ANOVA followed by Bonfer-
roni multiple comparison test for between-group differences
and Tukey multiple comparison test for within-group differ-
ences. Static PET SUVs and between-group comparisons of
plasma protein levels from ELISA measurements were evalu-
ated using unpaired 2-tailed Student ¢ test. For immunofluor-
escence microscopy images, differences in mean fluorescence
between fasted and fed mice and between wt and ghsr™'~
mice were determined by 2-way ANOVA and Bonferroni
multiple comparisons test. Grubb test was used to address
outliers in plasma protein and fluorescence data. Outliers
were removed from the final analysis. For correlations, linear
regression analysis was used. Significance was set at P < .05
for all statistical tests.

Results

Physicochemical Characteristics of [I-Nal*, Lys> (4-['°F]-
FB)]G-7039

The chemical structure of [1-Nal*, Lys®(4-['*F]-FB)]G-7039 is
shown in Figure 2. The binding affinity, as evaluated by ICs, is
69 nmol/L, and receptor activation, as determined by ECsy,
is 1.1 nm compared to human ghrelin (ICsy = 7.63 nmol/L and
ECso = 1.6 nmol/L).'* The partition coefficient (logP) was
calculated using ACD/LogP software to assess [1-Nal*,
Lys’(4-['®F]-FB)]G-7039 lipophilicity and was found to be
8.76 + 0.88. We calculated stability in 25% human serum to
be 730.8 minutes (12.2 hours).

Cellular Uptake of [I-Nal*, Lys® (4-['®F]-FB)]G-7039

Uptake of [1-Nal?, Lyss(4—[18F]-FB)]G—7039 was determined
in wt OVCARS cells and OVCAR/GHSR1a cells (Figure 3).
Two-way repeated measures ANOVA determined that there

0
@ o
O 18119F
0 0
- NH,

Figure 2. Chemical Structure of [I-Nal*, Lys>(4-['®F]-FB)]G-7039.
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Figure 3. Cell Uptake of [I-Nal*, Lys®(4-['®F]-FB)]G-7039. Both wild-
type (wt) OVCAR and OVCAR/GHSR Ia cells were incubated at the
indicated time points with 0.1 to 0.5 MBq of [I-Nal*, Lys>(4-'®FB)]G-
7039. Values are means + standard error of the mean (SEM; n = 6).
*(P < .05; P = .0357) between transfected and wt for 20 minutes
uptake and *¥(p<0.01; p = 0.0061) between transfected and wt for
60 minutes uptake.

were differences with respect to time point (P < .01) and cell
type (P <.05). Uptake in cells expressing GHSR 1a was signif-
icantly higher at both the 20- and 60-minute time points,
indicating that uptake of the tracer was specific and receptor-
dependent (Figure 3).

Ex Vivo Biodistribution in Fasted and Fed Mice

To determine the pharmacokinetics of [1-Nal®, Lys’(4-['*F]-
FB)]G-7039, biodistribution was assessed at 1, 2, and 4 hours
postinjection in both fed and fasted female C57BL/6 mice. The
uptake profiles in fasted and fed mice were similar (Figure 4).
Negligible heart uptake was observed in both the groups. The
probe was distributed primarily to the lung, spleen, liver, and
urine. Differences between fed and fasted mice at the same
time point were not significant except in urine at 2 hours
(P < .05). Within groups, the differences in uptake were
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Figure 4. Biodistribution profile of [1-Nal4, Lys5(4-[18F]-FB)]G-
7039. Fasted (A) and fed (B) female C57BL/6 mice were injected with
5.23-26.4 MBq [1-Nal*, Lys>(4-['®F]-FB)]G-7039 and killed I, 2, and 4
hours postinjection. Insets show values from organs with low uptake
on a more appropriate y axis. All values are means + standard error
of the mean (SEM). A, *P < .05 in liver at 2 hours versus all tissues
(except spleen), ¥**P < 0001 in urine at 2 hours versus all other
tissues. (B) *P < .05 in liver at | hour versus all tissues (except spleen,
tail, and urine) and in urine at | hour versus all tissues (except liver),
*#P < .0l in Urine at 2 hours versus all tissues.

observed between time points in the same organ and between
organs at the same time point.

Plasma Concentrations of Ghrelin, Glucagon, GLP-1,
and Insulin in Fasted and Fed Mice

To establish whether the response of circulating ghrelin to nutri-
tional status may interfere with uptake of the probe, plasma
levels of ghrelin, along with other hormones known to change
with nutritional status (glucagon, glucagon-like peptide-1 [GLP-
1], and insulin) in fasted and fed mice were assessed by ELISA
(Figure 5). Plasma ghrelin levels were independent of time point
or nutritional state as evaluated by ANOVA. No differences
between fasted and fed mice were observed in other time
point-matched plasma protein concentrations.

Growth Hormone Secretagogue Receptor |a, Ghrelin,
and Markers of Cardiac Metabolism
in Fed and Fasted Mice

Tissue sections of hearts excised from fasted (n = 8) and fed
(n = 6) mice killed 1 hour postinjection were imaged using
fluorescence microscopy to evaluate expression of cardiac
GHSRI1a, ghrelin, and markers of cardiac contractility (SER-
CA2a), and glucose and fatty acid metabolism (GLUT4 and
CD36, respectively). As shown in Figure 6, levels of ghrelin
(P <.05) and GLUT4 (P < .01) were significantly higher in fed
mice compared to fasted mice. Levels of SERCA2a and CD36
did not change.

In Vivo WPET-CT Imaging: Static Acquisition

To determine the specificity of [1-Nal*, Lys’(4-['*F]-FB)]G-
7039 for GHSR1a in vivo, wt C57BL/6 J and global receptor
knockout (ghsr'~) mice were imaged in list-mode for 60 min-
utes followed by a 30-minute static scan. The PET images
indicated that the regions with greatest signal intensity corre-
sponded to the lungs and abdomen (Figure 7, top panel), but
images revealed no appreciable signal in the heart, aside from
the 5-minute frame. Upon calculation of the SUVs for VOIs in
the heart, lungs and abdomen in the static scan, and correcting
the heart SUVs for lung spillover, there were no significant
differences in SUVs between wt and ghsr~' mice for heart,
lung, or abdomen (Figure 7, bottom panel).

In Vivo WPET-CT Imaging: Dynamic Acquisition

During the 60-minute acquisition time, images were acquired
every 5 minutes, and time—activity curves were generated for
the heart, the heart minus lung spillover, the lungs and abdo-
men for both wt and ghsr—'~ mice (Figure 8). After correcting
for lung spillover, the curves for both wt and ghsr—'~ mice
showed a washout pattern in the heart. However, there
appeared to be a slower washout in the wt mice when compared
with ghsr~"mice in the first 15 minutes (Figure 8A). There
was a much more gradual washout pattern in the lungs for both
the groups (Figure 8B), and an accumulation of the tracer over
time in the abdominal area (Figure 8C). While there were dif-
ferences in SUVs over time within each group, there were no
overall differences in SUVs between the groups.

Sensitivity of [I-Nal*, Lys®(4-['8F]-FB)]G-7039 for
GHSR I a Detection

Corrected static SUVs from the heart were plotted as a function
of cardiac GHSR1a expression and plasma ghrelin levels to
assess the probe sensitivity for GHSR1a expression as well
as for circulating levels of ghrelin (Figure 9). No significant
correlations were observed between heart SUV and GHSR1a
expression (Figure 9A) or plasma ghrelin (Figure 9B).
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Figure 5. Plasma concentration of ghrelin, GLP-1, glucagon, and insulin in fasted and fed mice. Blood plasma concentrations of (A) ghrelin, (B)
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Discussion

Our study provides insight into development of a PET tracer for
imaging myocardial GHSR1a. The tracer that we synthesized,
[1-Nal*, Lys>(4-['®F]-FB)]G-7039, demonstrated in vitro sta-
bility and high affinity for the ghrelin receptor.? In this study,
we characterized its ex vivo biodistribution in mice under fed
and fasting states and showed that uptake into all organs

studied was independent of circulating ghrelin concentrations
as well as levels of myocardial ghrelin. In vivo static and
dynamic PET image analysis of tracer specificity using wt and
ghsr™' mice determined that tracer uptake in the heart, lungs,
and abdominal area was independent of GHSR1a expression.
There was negligible uptake in the heart and high uptake in the
liver and lungs. Finally, uptake of the tracer did not correlate
significantly with either myocardial GHSR1a expression or
with plasma ghrelin levels. Our results indicate that the pepti-
domimetic ghrelin tracer, [1-Nal*, Lys>(4-['®*F]-FB)]G-7039,
may not be a suitably specific or sensitive probe for the PET
imaging of myocardial GHSR1a in normal mouse heart.

The biological half-life of [1-Nal*, Lys®(4-FB)]G-7039 was
tested in human serum to assess its stability and help in estab-
lishing a time frame for imaging. Imaging experiments and
biodistributions at 1 and 2 hours were well within 1 half-life,
and 4-hour biodistributions were within 2 half-lives. Native
ghrelin has been reported to have an in vitro half-life of 4 hours
in human serum and 30 minutes in rat serum.”> The greater
biological half-life observed for [1-Nal*, Lys’(4-FB)]G-7039
compared to ghrelin may be explained by the presence of unna-
tural p-amino acids that protect it from degradation by pepti-
dases in vivo. Moreover, some ghrelin analog tracers exhibit
biological half-lives of less than 5 minutes,'? while others are
stable at 120 minutes.”* Thus, [1-Nal*, Lys>(4-FB)]G-7039 is a
relatively stable compound. Notably, in vitro serum stability
was tested, whereas in vivo, other metabolites may be produced
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Figure 7. Positron emission tomography computed tomography (PET-CT) imaging in wild-type (wt) and ghsr — Mice. Top Panel: Uptake of
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anterior. The arrows indicated regions where volumes of interest (VOlIs) were drawn. Bottom Panel: standardized uptake values (SUVs) Calculated
from VOls of spillover corrected heart (A), lung (B), and abdomen (C) 60 minutes postinjection and over a 30-minute time frame. Each point
represents the average SUV calculated from an individual mouse VOI. No differences between wt and ghsr '~ mice were observed in any VOls.
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= 6 for ghsr ™). All significant differences were only within groups. (A) *P < .05 and #P < .05 at 5 and 10 minutes versus all time points (except 15
minutes). (B) *P < .05 and ##P < .01 at 5 minutes versus all time points. (C) **P < .01 and P < 0001 at 5 minutes versus all time points.
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Figure 9. Correlations of heart SUV and plasma ghrelin with cardiac
GHSR 1a expression. (A) Static standardized uptake values (SUVs)
from volumes of interest (VOIs) assigned to heart in wild-type (wt; n
= 5) and ghsr'™ (n = 6) mice plotted as a function of GHSR la
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and ghsr~'~ (n = 6) mice plotted as a function of plasma ghrelin
concentrations. Each point represents a value from an individual
mouse.

due to metabolism in the liver and other tissues. Also, since we
tested stability in human serum and not mouse serum, we can-
not rule out the possibility that [1-Nal*, Lys®(4-['*F]-FB)]G-
7039 may have degraded in vivo to other metabolites in the
mouse circulation and thus prevented its binding to GHSR1a in
the heart in sufficient quantities for imaging.

Ghrelin has a higher binding affinity for GHSR1a than [1-
Nal?, Lys>(4-['®F]-FB)]G-7039,'* and its circulating levels are
high in fasting state. There is therefore a possibility that the
fasting state may interfere with the binding of [1-Nal*, Lys>(4-
['®F]-FB)]G-7039 to GHS-R1a. After a 4-hour fast, there were
no differences in plasma concentrations of ghrelin, GLP-1,
glucagon, and insulin, which were selected because their cir-
culating concentrations are dependent on nutritional state. Such
a brief fast may not have been long enough to induce measur-
able metabolic changes. Others have found that fasting for
24 hours resulted in elevated plasma ghrelin levels in
C57BL/6 mice,?® so this may be a more appropriate fasting
time period. A decrease in the tissue levels of the insulin-
dependent glucose transporter, GLUT4, in the fasted state is

expected, but the unaltered expression of SERCA2a, a marker
of excitation—contraction coupling that is modulated by ghre-
1in,?® and CD36, a fatty acid transporter to which growth hor-
mone secretagogues may bind,?’ indicates that neither
contractile function nor fatty acid uptake interfered with Nal®,
LysS(4-[18F]-FB)]G—7039 uptake. Interestingly, we found that
ghrelin levels in heart tissue were decreased after a 4-hour fast,
suggesting a discordance between circulating and cardiac tis-
sue levels of ghrelin that may be important when testing and
validating future radioligands that target cardiac GHS-R1a.

While cell uptake studies indicated specific, receptor-
dependent uptake of [1-Nal*, Lys’(4-['*F]-FB)]G-7039, there
were no significant differences in probe uptake in the heart,
lung, or abdominal area in mice lacking ghsr. Despite our
findings of high GHSR1a levels in the heart when compared
to other tissues in mice®® and good receptor binding affinity
and receptor-dependent cell uptake of [1-Nal?, Lyss(4—[18F]-
FB)]G-7039, we could not demonstrate specificity of binding
to myocardial tissue in vivo. It is unlikely that the tracer binds
with a different affinity to the mouse GHSR1a, since human
and mouse GHSR1a align with a 95% identity in their amino
acid sequences. These results could be due to the unfavorable
logP value of the compound that reflect its lipophilic proper-
ties. Favorable values for drugs and imaging agents are in the
range of 1 to 3, and higher logP values can impact absorption,
distribution, metabolism, excretion, and toxicity of a com-
pound.?® However, calculated logP values alone are not neces-
sarily a predictor of in vivo behavior, as other physiochemical
properties also impact the pharmacokinetics of any given PET
tracer.’® Therefore, it is important to characterize and validate
promising lead compounds in vivo in addition to calculating its
lipophilic and receptor-binding parameters.

The lipophilic nature of ghrelin-derived analogs may deter-
mine its binding to GHSR 1a and therefore must be preserved in
the design and synthesis of radioligands. Our group has devel-
oped ghrelin analogs'® and small molecules'' that bind to
GHS-R1a with an affinity that is comparable to, or even
exceeds, that of natural ghrelin. Computational modeling has
shown that the binding of these putative imaging agents to
GHSRI1a is dependent on interaction with hydrophobic binding
pockets.?* Other groups have also developed similar types of
tracers that can be labeled with '*F or ''C for PET'**'°2 or
9mT¢ for SPECT.?* Similar to the results from the present
study, blocking experiments either did not show much displa-
cement'? or showed very little displacement,’" illustrating the
difficulty in determining in vivo specificity of tracers that
target GHSR 1a.

Despite these difficulties, there is a need to develop imaging
agents to detect changes in GHSR1a in the heart. Early studies
showed GHSR 1a binding sites increased in density in coronary
artery disease,”” indicating changes in GHSR1a may reflect
heart disease progression in humans. There are also changes
in myocardial GHSR1a levels and messenger RNA in conges-
tive heart failure in humans.® We ® and others®* have shown
that myocardial GHSR1a decreases during the progression of
diabetic cardiomyopathy, with a negative correlation between
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GHSR1a and development of impaired glucose tolerance.®

Therefore, GHSR 1a may be a biomarker for cardiomyopathies
or heart failure, and developing radioligand-based imaging
agents that target GHSR1a may complement existing imaging
modalities in the detection of changes in heart function that
may indicate onset of heart disease or heart failure.

Acknowledgments

The authors wish to thank Ms Jennifer Hadway, Ms Lise Desjardins
and Ms Laura Morrison for their assistance in mouse handling and
PET-CT imaging.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article:This work
was supported by an Ontario Graduate Scholarship and a Canadian
Institutes of Health Research CGS-M studentship to AA, and by oper-
ating grants from the Canadian Institutes of Health Research and the
Natural Sciences and Engineering Research Council to LL and SD.

ORCID iD

Ahmed Abbas  http://orcid.org/0000-0001-5107-5924
Savita Dhanvantari, PhD (2 http://orcid.org/0000-0001-6453-1386

References

1. Gaggin HK, Januzzi JL. Biomarkers and diagnostics in heart
failure. Biochim Biophys Acta - Mol Basis Dis. 2013;1832(12):
2442-2450.

2. Shirani J, Dilsizian V. Molecular imaging in heart failure. Curr
Opin Biotechnol. 2007;18(1):65-72.

3. Baldanzi G, Filigheddu N, Cutrupi S, et al. Ghrelin and des-acyl
ghrelin inhibit cell death in cardiomyocytes and endothelial cells
through ERK1/2 and PI 3-kinase/AKT. J Cell Biol. 2002;159(6):
1029-1037.

4. Iglesias MJ, Pifieiro R, Blanco M, et al. Growth hormone releas-
ing peptide (ghrelin) is synthesized and secreted by cardiomyo-
cytes. Cardiovasc Res. 2004;62(3):481-488.

5. Chen Y, Ji X, Zhang A, Lv JC, Zhang JG, Zhao CH. Prognostic
value of plasma ghrelin in predicting the outcome of patients with
chronic heart failure. Arch Med Res 2014;45(3):263-269.

6. Beiras-Fernandez A, Kreth S, Weis F, et al. Altered myocardial
expression of ghrelin and its receptor (GHSR-1a) in patients with
severe heart failure. Peptides. 2010;31(12):2222-2228.

7. Douglas GAF, McGirr R, Charlton CL, et al. Characterization of a
far-red analog of ghrelin for imaging GHS-R in P19-derived car-
diomyocytes. Peptides. 2014;54:81-88.

8. Sullivan R, McGirr R, Hu S, et al. Changes in the cardiac
GHSR1a-ghrelin system correlate with myocardial dysfunction
in diabetic cardiomyopathy in mice. J Endocr Soc. 2017;2(2):
178-189.

9. Rosita D, Dewit MA, Luyt LG. Fluorine and rhenium substituted
ghrelin analogues as potential imaging probes for the growth

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

hormone secretagogue receptor. J Med Chem. 2009;52(8):
2196-2203.

Charron CL, Hou J, McFarland MS, Dhanvantari S, Kovacs M,
Luyt LG. Structure-activity study of ghrelin(1-8) resulting in high
affinity fluorine-bearing ligands for the ghrelin receptor. J Med
Chem. 2017;60(17):7256-7266.

Hou J, Kovacs MS, Dhanvantari S, Luyt LG. Development of
candidates for Positron Emission Tomography (PET) imaging
of ghrelin receptor in disease: design, synthesis, and evaluation
of fluorine-bearing quinazolinone derivatives. J Med Chem. 2018;
61(3):1261-1275.

Chollet C, Bergmann R, Pietzsch J, Beck-Sickinger AG.
Design, evaluation, and comparison of ghrelin receptor ago-
nists and inverse agonists as suitable radiotracers for PET
imaging. Bioconjug Chem. 2012;23(4):771-784. doi: 10.
1021/bc2005889.

Potter R, Horti AG, Ravert HT, et al. Synthesis and in vivo eva-
luation of (S)-6-(4-fluorophenoxy)-3-((1-[11C]methylpiperidin-
3-yl)methyl)-2-o-tolylquinazolin-4(3 H)-one, a potential PET
tracer for growth hormone secretagogue receptor (GHSR). Bioorg
Med Chem. 2011;19(7):2368-2372.

. Fowkes MM, Lalonde T, Yu L, Dhanvantari S, Kovacs MS, Luyt

LG. Peptidomimetic growth hormone secretagogue derivatives
for positron emission tomography imaging of the ghrelin receptor.
Eur J Med Chem. 2018;157:1500-1511. doi: 10.1016/j.ejmech.
2018.08.062.

Powell MF, Stewart T, Otvos L, et al. Peptide stability in drug
development. II. Effect of single amino acid substitution and
glycosylation on peptide reactivity in human serum. Pharm Res.
1993;10(9):1296-1273.

McGirr R, Hu S, Yee SP, Kovacs MS, Lee TY, Dhanvantari S.
Towards PET imaging of intact pancreatic beta cell mass: a trans-
genic strategy. J Nucl Med. 2011;13(5):962-972.

Patterson ZR, Ducharme R, Anisman H, Abizaid A. Altered meta-
bolic and neurochemical responses to chronic unpredictable stres-
sors in ghrelin receptor-deficient mice. Eur J Neurosci. 2010;
32(4):632-639.

Abbas A, Beamish C, McGirr R, et al. Characterization of 5-(2-
18F-fluoroethoxy)-L-tryptophan for PET imaging of the pancreas
[version 2; revised]. F1000Research. 2016;5:1851.

Goertzen AL, Bao Q, Bergeron M, et al. NEMA NU 4-2008
comparison of preclinical PET imaging systems. J Nucl Med.
2012;53(8):1300-1309.

McGirr R, Guizzetti L, Dhanvantari S. The sorting of proglu-
cagon to secretory granules is mediated by carboxypeptidase E
and intrinsic sorting signals. J Endocrinol. 2013;217(2):
229-240.

Guizzetti L, McGirr R, Dhanvantari S. Two dipolar o-helices
within hormone-encoding regions of proglucagon are sorting sig-
nals to the regulated secretory pathway. J Biol Chem. 2014;
289(21):14968-14980.

Hou J, Charron CL, Fowkes MM, Luyt LG. Bridging computa-
tional modeling with amino acid replacements to investigate
GHS-R1a-peptidomimetic recognition. Eur J Med Chem. 2016;
123:822-833.


http://orcid.org/0000-0001-5107-5924
http://orcid.org/0000-0001-5107-5924
http://orcid.org/0000-0001-5107-5924
http://orcid.org/0000-0001-6453-1386
http://orcid.org/0000-0001-6453-1386
http://orcid.org/0000-0001-6453-1386

Abbas et al

23.

24.

25.

26.

27.

28.

De Vriese C, Gregoire F, Lema-Kisoka R, Waelbroeck M,
Robberecht P, Delporte C. Ghrelin degradation by serum and
tissue homogenates: identification of the cleavage sites. Endocri-
nology. 2004;145(11):4997-5005.

Kozminski P, Gniazdowska E. Synthesis and in vitro-in vivo
evaluation of novel mono- and trivalent technetium-99 m labeled
ghrelin peptide complexes as potential diagnostic radiopharma-
ceuticals.pdf. Nucl Med Biol. 2014;42(1):28-37.

Zhao TJ, Sakata I, Li RL, et al. Ghrelin secretion stimulated by
{beta}1-adrenergic receptors in cultured ghrelinoma cells and
in fasted mice. Proc Natl Acad Sci U S A. 2010;107(36):
15868-15873.

Ma Y, Zhang L, Edwards JN, Launikonis BS, Chen C. Growth
hormone secretagogues protect mouse cardiomyocytes from in
vitro ischemia/reperfusion injury through regulation of intracel-
lular calcium. PLoS One. 2012;7(4):e35265.

Demers A, McNicoll N, Febbraio M, et al. Identification of the
growth hormone-releasing peptide binding site in CD36: a photo-
affinity cross-linking study. Biochem J. 2004;382(Pt 2):417-424.
McGirr R, McFarland MS, McTavish J, Luyt LG, Dhanvantari S.
Design and characterization of a fluorescent ghrelin analog for

29.

30.

31.

32.

33.

34.

imaging the growth hormone secretagogue receptor la. Regul
Pept. 2011;172(1-3):69-76.

Arnott JA, Planey SL. The influence of lipophilicity in drug dis-
covery and design. Expert Opin Drug Discov. 2012;7(10):
863-875.

Thompson SJ, Hattotuwagama CK, Holliday JD, Flower DR. On
the hydrophobicity of peptides: comparing empirical predictions
of peptide log P values. Bioinformation. 2006;1(7):237-241.
Kawamura K, Fujinaga M, Shimoda Y, et al. Developing new
PET tracers to image the growth hormone secretagogue receptor
la (GHS-R1a). Nucl Med Biol. 2017;52:49-56.

Moldovan RP, Els-Heindl S, Worm D, et al. Development of
fluorinated non-peptidic ghrelin receptor ligands for potential use
in molecular imaging. Int J Mol Sci. 2017;18(4):768.
Katugampola SD, Pallikaros Z, Davenport AP. [125]-His 9] -
ghrelin, a novel radioligand for localizing GHS orphan receptors
in human and rat tissue up-regulation of receptors with athero-
sclerosis. Br J Pharmacol. 2001;134(1):143—149.

Zhang X, Qu L, Chen L, Chen C. Improvement of cardiomyocyte
function by in vivo hexarelin treatment in streptozotocin-induced
diabetic rats. Physiol Rep. 2018;6(4):1-11.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


