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Abstract Tumors such as prostate, small cell lung cancer,
breast, gastric and colon cancer are known to overexpress
receptors to bombesin (BBN). In this study, a new bom-
besin analogue was labeled with **™Tc via HYNIC and
tricine/EDDA as coligands and investigated further. HY-
NIC-GABA-Bombesin (7-14) NH, was synthesized using
a standard Fmoc strategy. Labeling with **™Tc was per-
formed at 100 °C for 10 min and radiochemical analysis
involved ITLC and HPLC methods. The stability of
radiopeptide was checked in the presence of humane serum
at 37 °C up to 24 h. The receptor bound internalization and
externalization rates were studied in GRP receptor
expressing PC-3 cells. Biodistribution of radiopeptide was
studied in nude mice bearing PC-3 tumor. Labeling yield of
>98% was obtained corresponding to a specific activity of
~?2.6 MBg/nmol. Peptide conjugate showed good stability
in the presence of human serum. The radioligand showed
high and specific internalization into PC-3 cells (14.63 £
0.41% at 4 h). In biodistribution studies, a receptor-specific
uptake was observed in GRP-receptor-positive organs so
that after 4 h the uptakes in mouse tumor and pancreas
were 1.31 £ 0.18 and 1.2 £ 0.13% ID/g, respectively.

S. P. Shirmardi - M. Gandomkar (D<) - M. Mazidi -

M. Shafiei - M. Ghannadi Maragheh

Nuclear Science Research School, Nuclear Science

and Technology Research Institute (NSTRI), Atomic Energy
Organization of Iran, Tehran, Iran

e-mail: msgandomkar@yahoo.com

S. P. Shirmardi
Faculty of Nuclear Engineering and Physics, Amirkabir
University of Technology, Tehran, Iran

Keywords Radiolabeling - Bombesin - *™Tc -
HYNIC - Tumor - PC-3 cells

Introduction

A lot of malignant human cancer cells overexpress differ-
ent receptors on their cell surfaces. These receptors have
become important and useful as targets for molecular
imaging and therapy of tumors [1, 2]. Several receptors
such as somatostatin, neurotensin and bombesin receptors
have attracted considerable interest in recent years [3].
Bombesin is a 14-aminoacid peptide isolated from frog
skin [4]. The mammalian counterparts of the frog peptide
are neuromedin B (NMB) and gastrin-releasing peptide
(GRP). Over-expression of receptors for both NMB and
GRP have been reported to be found on the cell surfaces of
several malignant tissues, particularly in the cancers like
prostate [5, 6], breast [7, 8], colon [9], and small cell lung
cancer [10]. Therefore the presence of GRP receptor may
form a molecular basis for diagnosis and treatment of rel-
evant tumors by GRP receptor targeted imaging.

Since this time, several exciting new approaches toward
design of specific diagnostic or therapeutic radiopharma-
ceuticals that target the GRP receptor have occurred.
Bombesin analogs have been radiolabeled with different
radionuclides including '''In [11-13], ®®Ga [14, 15], ®*Cu
[16-19], '®F [14, 15, 201, '*I [21-23], """Lu [12, 24-26],
%Y [12] and '"®Re [27-29] and **™Tc [30, 31]. *™Tc
based conjugates of bombesin and other peptide derivatives
continue to be attractive due to the availability of low cost
2Mo/”™T¢ generator, favorable physical characteristics of
9MTe (t1, of 6 h, y 140 keV 89% abundance) and high
specific activity of radionuclide. Recently, several new
BBN conjugates radiolabeled with “*™Tc have been
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reported [32]. Radiolabeling has been performed either
directly or indirectly via a ligand including NS [33], N,S,
[34-36], N4 [37, 38], Hydrazino nicotinic acid (HYNIC)
and carbonyl [39—43]. Lin et al. [36] reported a conjugate
contains of the DTPA as a pharmacokinetic modifier on the
N-terminus of the BBN conjugate and a diaminodithiol
ligand for metal coordination. This new °°™Tc-based
bombesin conjugate demonstrated high affinity for GRP
receptor on PC-3 cells and was excreted primarily via the
renal/urinary pathway. Also Alves et al. [43] reported a
hydrophilic **™Tc-BBN conjugate that utilizes a tridentate
pyrazolyl ligand to stabilize the *™Tc metal center after
labeling with [**™Tc(CO);(H,0);]" by heating. This new
conjugate cleared efficiently from the bloodstream via the
renal and was specify for GRP receptors. Recently Kunstler
et al. [44] reported *™Tc-BBN (7-14) conjugates labeled
using the novel ‘4 + 1’ mixed ligand system, which Tc is
coordinated by a monodentate isocyanide linker bearing
the peptide and the tetradentate chelator NSj. Biodistri-
bution studies showed rapid hepatobiliary excretion of the
conjugates and the low uptake in target specific pancreatic
tissue. We should consider various limitations are associ-
ated with some of the above labeling procedure, such as
low radiochemical yield, extended reaction time, high
temperature, high pH values, and high lipophilicity of the
radiometal chelate.

In recent years one of the bifunctional chelating ligand
that has received considerable interest is HYNIC. The use
of the *™Tc-HYNIC core was first reported for the label-
ing of IgG and since then, has been conjugated to various
biomolecules including antibodies and peptides [45]. Since
HYNIC could only occupy one or two coordination posi-
tion on the radionuclide, coligands are necessary to com-
plete the coordination sphere of the technetium core [45].
Usually a co-ligand, such as tricine or ethylenediamine
diacetic acid (EDDA), is included in the *™Tc labeling of
HYNIC conjugates. The co-ligand can sometimes play an
important role in the stability, lipophilicity, clearance
property and protein binding potency of the radiolabels.
For example, while providing higher labeling efficiency,
the tricine coligand also provides higher non-specific pro-
tein binding potential over the EDDA complexes. In
labeling process coligands tricine and EDDA can be used
separately or together via exchange labeling method. Yurt
Lambrecht et al. [46] recently described optimization
of radiolabeling condition for a bombesin like peptide
(Q-Litorin) based on HYNIC using EDDA or tricine as a
separate coligand. They demonstrated that it is possible to
produce Litorin based radiolabeling agents **™Tc-tricine-
HYNIC-Q-Litorin and **™Tc-EDDA-HYNIC-Q-Litorin at
high yields. Faintuch and co-workers [45] have investi-
gated the effect of coligand and spacer length on design
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and development of new **™Tc-HYNIC-BBN derivatives.
The conjugates prepared by tricine/EDDA exchange
labeling showed relatively high specific activity and dem-
onstrated excellent radiochemical stability even out to 24 h
post incubation. As we know in development of new BBN
analogs **™Tc-chelator complex could coupled directly or
via a spacer group to the N-terminus of the peptide. It has
been shown the best results achieved by conjugates which
mTe complex placed at a certain distance from the
N-terminus of peptide [45].

We also recently reported the evaluation of a new
somatostatin analogues labeled via bifunctional chelating
agents HYNIC and EDDA/tricine as coligands [47]. In
continuation of our efforts to create a new **™Tc-labelled
peptide for tumor targeting, lately we prepared a bombesin
peptide with HYNIC conjugation and labeled it to a **™Tc
solution with a high specific activity using tricine as coli-
gand [48, 49]. The radiolabeled bombesin internalized
rapidly into GRP receptor positive PC3-tumor cells. To
extend our previous study and to increase the stability and
hydrophilicity, and in order to improve the tumor uptake of
the labeled peptide in tumor bearing mice we prepared a
EDDA /tricine complex of 99mTe_HYNIC-Bombesin (7—14)
peptide which gamma amino butyric acid (GABA) as a
three carbon chain spacer was between HYNIC and
N-terminus of the peptide.

Here we present data on the synthesis of HYNIC-
GABA-Bombesin (7-14) NH, and describe optimum
condition for radiolabeling of conjugate with **™Tc using
tricine/EDDA as coligands. In addition we studied stability
in human serum, receptor bound internalization, efflux in
PC-3 cells and in vivo tumor uptake and tissue biodistri-
bution of radiolabeled compound.

Experimental
Materials and methods

Rink amide MBHA (4-methylbenzhydrylamine) resin and
all of the Fmoc-protected amino acids were commercially
available from NovaBiochem (Laufelfingen, Switzerland).
The prochelator HYNIC-Boc was synthesized according to
Abrams et al. [50]. Other reagents were purchased from
Fluka, and used without further purification.

The reactive side chains of the amino acids were masked
with one of the following groups: Trp, t-butoxycarbonyl
(Boc); His and Gln, Triphenylmethyl (Trt). The cell culture
medium was Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS), amino acids, vitamins and penicillin/streptomycin
from Gibco. Sodium pertechnetate (Na”™TcO,) obtained
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from commercial *’Mo/**™Tc generator (Radioisotope
Division, Atomic Energy Organization of Iran). Analytical
reverse phase high performance liquid chromatography
(RP-HPLC) was performed on a JASCO 880-PU intelligent
pump HPLC system equipped with a multiwavelength
detector and a flow-through Raytest-Gabi y-detector. CC
250/4.6 Nucleosil 120-5 C18 column from Teknokroma
was used for analytical HPLC, and a VP 250/10 Nucleosil
100-5 C18 column was used for semipreparative HPLC.
The gradient systems consisted of 0.1% trifluoroacetic
acid/water (Solvent A) and acetonitrile (Solvent B). For
analytical HPLC, Gradient I was used: 0 min 95% A (5%
B), 5 min 95% A (5% B), 25 min 0% A (100% B), 27 min
0% A (100% B), 30 min 95% A (5% B), flow = 1 mL/
min, y = 280 nm; for semipreparative HPLC Gradient II:
0 min 80% A (20% B), 2 min 80% A (20% B), 17 min
50% A (50% B), 19 min 0% A (100% B), 21 min 0% A
(100% B), 25 min 80% A (20% B), flow = 2 mL/min,
y = 280 nm. Mass spectrum was recorded on an Agilent
1100/Bruker Daltonic (Ion trap) VL instrument (LC/MS).
Quantitative gamma counting was performed on an
EG&G/ORTEC (Ametek; Advanced Measurement Tech-
nology Division) Model 4001M Mini Bin & Power Supply
counter.

Synthesis

The peptide was synthesized by standard Fmoc solid
phase synthesis on Rink Amide MBHA resin with sub-
stitution, 0.69 mmol/g. Coupling of each amino acid was
performed in the presence of 3 mol excess of Fmoc-
amino acid, 3 mol excess of N-hydroxybenzotriazole
(HOBt), 3 mol excess of diisopropylcarbodiimide (DIC)
and 5 mol excess of diisopropylamine (DIPEA) in
dimethylformamide (DMF). Completeness of coupling
reactions was monitored by the Kaiser test and the Fmoc
groups were removed by adding 20% piperidine in DMF.
Coupling of HYNIC to peptide was performed in the
presence of 1.2 mol excess of HYNIC-Boc 2.5 mol
excess of (2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-tetram-
ethyluronium hexafluorophosphate) (HATU), 5 mol
excess of diisopropyletylamine (DIPEA) in dimethyl-
formamide (DMF). The peptide HYNIC conjugate was
removed from the resin and amino acid side chains were
also deprotected by treatment with a cocktail of trifluo-
roaceticacid  (TFA), triisopropylsilane and  water
(95:2.5:2.5). After removing the organic solvents in vac-
uum, the crude product was precipitated with cold
petroleum ether and diisopropyl ether (50:50). The crude
peptide HYNIC conjugate was dissolved in water/metha-
nol and purified by semi-preparative RP-HPLC; then the
purified product was characterized by LC/MS and ana-
lytical HPLC.

Labeling of HYNIC-GABA-Bombesin (7-14) NH,
with **™Tc

A stock solution of HYNIC-GABA-Bombesin (7-14) NH,
(concentration 1 mmol/L) was prepared by dissolving the
peptide in distilled water. Radiolabeling of peptide was
performed by adding 17.24 uL of the stock solution (20 pg
of peptide), 15 mg of tricine and 5 mg of EDDA co-ligands
in 0.5 mL of water. To this solution was added 40 pg
SnCl, (20 pL of 2 mg/mL SnCl,, 2H,O0 in nitrogen-purged
0.1 M HCI). Finally, 370-1,480 MBq of °™TcO,” in
0.5 mL saline was added to the solution and incubated for
10 min at 100 °C. After cooling down to room temperature
the preparation was checked for bound and free **™Tc.

Radiochemical analysis of *™Tc-labeled
HYNIC-GABA-Bombesin (7-14) NH,

9mT¢ labeled HYNIC-GABA-Bombesin (7-14) NH, was
characterized by analytical RP-HPLC (gradient I) and
ITLC on silica gel 60 (Merck) using different mobile
phases: 2-butanone for free Pmre0,” Rf=1), 0.1 M
sodium citrate (pH = 5) to determine the non-peptide
bound *™Tc coligand and **™TcO,~ (Rf = 1) and meth-
anol/l M ammonium acetate 1/1 for °*™Tc colloid
(Rf = 0). The radioactivity was quantified by cutting the
strip (1.5 x 10 cm?) into 1 cm pieces and counting in a
well type gamma counter.

Serum stability

To 1 mL of freshly prepared human serum, we added
86 MBq **™Tc-HYNIC-GABA-Bombesin (7—14) NH, and
mixture was incubated in 37 °C environment. At different
time points, 100 pL aliquots was removed and treated with
100 pL of alcohol. Sample was centrifuged for 15 min at
3,000 rpm to precipitate serum proteins. Supernatant was
removed and activity in the supernatant compared with the
activity in sediment to give the percentage of radiopeptide
or radiometal bound or transferred to the serum proteins.
Supernatant was analyzed with HPLC Gradient I to
determine the stability of labeled compound.

Cell culture

The PC-3 cells were cultured in DMEM supplemented with
10% FBS, 2 mM glutamine and penicillin—streptomycin.
Cells were maintained in a humidified 5% CO,/air atmo-
sphere at 37 °C. For all cell experiments, the cells were
seeded at a density of 1 million cells per well in six-well
plates and incubated over night with internalization med-
ium (DMEM with 1% FBS).
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Internalization and nonspecific membrane binding

Medium was removed from the six-well plates contain PC-
3 cells with density of 1 million cells per well and cells
were washed once with 2 mL of internalization medium
(DMEM with 1% FBS). Furthermore, 1.5 mL internaliza-
tion medium was added to each well, and the plates were
incubated at 37 °C for about 1 h. Afterwards, about
150 kBq (2.5 pmol total peptide mass per well) was added
to the medium, and the cells were incubated at 37 °C for
various time periods. To determine nonspecific membrane
binding and internalization, we incubated cells with the
radioligand in the presence of 150 pL, 1 pmol/L bombesin.
The cellular uptake was stopped at appropriate time periods
(30 min, 1, 2 and 4 h) by removing medium from the cells
and washing twice with 1 mL of ice-cold phosphate-buf-
fered saline (PBS). An acid wash for 10 min with a glycine
buffer (pH = 2.8) on ice was also performed twice. This
step was to distinguish between membrane-bound (acid
releasable) and internalized (acid resistant) radioligand.
Finally, the cells were treated with 1 N NaOH. The culture
medium and the receptor-bound and internalized fractions
for both with and without cold peptide were measured
radiometrically in a gamma counter.

Externalization

For externalization studies, the PC-3 cells (106lwell) were
incubated with radioligand. After 2 h internalization at
37 °C and 5% CO,, the medium was removed and the cells
were washed twice with 1 mL ice cold PBS. Acid wash for
a period of 5 min twice with a glycine buffer of pH 2.8 was
done to remove the receptor bound ligand. Cells were then
incubated again at 37 °C with fresh internalization med-
ium. After different time points (15, 30 min, 1, 2 and 4 h),
the external mediums were removed for quantification of
radioactivity in a gamma counter. The cells were solubi-
lized in 1 N NaOH and removed, and the internalized
radioactivity was quantified in a gamma counter. The
externalized fraction was expressed as percentage of the
total internalized amount per 1 million cells.

Biodistribution

Animal experiments were performed in compliance with
the regulations of our institution and with generally
accepted guidelines governing such work. A suspension of
human PC-3 cells (1 x 107) in PBS buffer was subcuta-
neously injected in the right flank of each nude mouse.
Seven to 10 days after inoculation, the tumors were
inducted and then, an activity of 20 MBq (0.35 nmol) of
99mTc-HYNIC-GABA-Bombesin (7-14) NH, was injected
via the femoral vein. In order to determine the non-specific
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uptake of the radiopeptides, in receptor-positive organs, a
group of three animals were injected with 100 pg cold
peptide in 50 pL saline as a co-injection with the radio-
peptides (blocked animals). After 1, 4 and 24 h, the mice in
groups of three animals were killed, organs of interest were
collected, weighed and radioactivity was measured in a
gamma-counter. The percentage of the injected dose per
gram (% ID/g) was calculated for each tissue.

Statistical methods

The calculations of means and standard deviations for
internalization and biodistribution were performed on
Microsoft Excel. Student’s f test was used to determine
statistical significance. Differences at the 95% confidence
level (p < 0.05) were considered significant [48].

Results
Synthesis

HYNIC-GABA-Bombesin (7-14) NH, was synthesized by
Fmoc strategy supplying an overall yield of 45% based on
the removal of the first Fmoc group after cleavage, puri-
fication and lyophilization (Fig. 1). The composition and
structural identity of purified HYNIC-peptide was verified
by analytical HPLC and LC-MS (Table 1). The purity was
97.3% as confirmed by HPLC method.

Radiolabeling

Radiochemical purity of *™Tc-HYNIC-GABA-Bombesin
(7-14) NH, conjugate was evaluated by RP-HPLC using
the gradient systems consisted of 0.1% trifluoroacetic acid/
water (Solvent A) and acetonitrile (Solvent B). The label-
ing yield of **™Tc-HYNIC-GABA-Bombesin (7-14) NH,
was >98%, acquired via HPLC and also ITLC at a specific
activity of 80 GBg/umol. The HPLC elution times (Gra-
dient I) were 4.27 min for **™TcO,~ and 15.05 min for
99mre-peptide (Fig. 2).

In vitro internalization and stability

Figure 3 shows the result in respect of the time-dependent
and specific internalization of the radioligand into PC-3
cells. During 60 min, the radioligand showed
4.99 + 0.95% specific cell uptake, which increased to
14.63 + 0.41% up to 4 h. In all experiments, the inter-
nalization was strongly reduced in the presence of excess
cold. In fact, nonspecific internalization was 0.87 £ 0.22%
after 4 h, and the surface-bound peptide (acid removable)
was 1.3 £ 0.43% of the added activity after 4 h.
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Fig. 1 Structure of **™Tc/
Tricine/EDDA/HYNIC-GABA-
Bombesin (7-14) NH,

COOH
( }NHZ O 'NH
NH2
HN N/)\ SHC\S/\/Y
N
\ \ pd COOH (o)
[\N=Tc (]
COOH™N N\>:°
Table 1 Analytical data of HYNIC-GABA-Bombesin (7-14) NH,
Compound Mass spectrum RP-HPLC
Calculated mass Observed mass Retention time Purity
(g/mol) (g/mol) (min) (%)
HYNIC-GABA-peptide 1159.57 600.3 [M + K]** 16.12 97.3
Fig. 2 RP-HPLC profile of the v *1000 in 190
%M Tc/Tricine/EDDA/HYNIC- 4
GABA-Bombesin (7-14) NH, 8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00 -
O N 00 r T : T ! T T \‘ T T T T T T T T T T T T T T
0.00 5.00 10.00 15.00 20.00 25.00 30.00 min

In stability study the protein fraction obtained in sedi-
mentation form contained 8.9 £ 1.4% of radioactivity. Up
to 24 h incubation in human serum the radiochemical
purity remained >90%.

Externalization
The externalization in PC-3 cells was evaluated after 2 h of

internalization of the radioligand (Fig. 4). After 15 min,
15.67 & 1.32% of radioactivity was externalized, which

increased to 50.31 + 1.65% at 4 h. With more time, the
percentage of externalization reaches a plateau.

Animal biodistribution

Results from biodistribution studies using the °°™Tc-
labeled peptide are presented in Table 2 as the percentage
of injected dose per gram of tissue (% ID/g). **™Tc-HY-
NIC-GABA-Bombesin (7-14) NH, displayed rapid blood
clearance with 0.11 + 0.02% ID/g at 4 h. Fast clearance
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Fig. 3 Internalization rate of **™Tc/Tricine/EDDA/HYNIC-GABA-
Bombesin (7-14) NH, into PC-3 cells. Data are from three
independent experiments with triplicates in each experiment and are
expressed as specific internalization
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Fig. 4 Externalization over time for *™Tc¢/Tricine/EDDA/HYNIC-
GABA-Bombesin (7-14) NH, in PC-3 cells. Data result from two
independent experiments with triplicates in each experiment and are
expressed as percentage of total internalized amount

from the GRP receptor-negative tissues except the kidneys
was found as well. Labeled peptide shows high uptake
values in the PC-3 tumor and in the GRP receptor-positive
organs. By blocking the receptor through prior injection of
cold peptide, the uptake in tumor and pancreas is dimin-
ished and this confirms the specificity of radioconjugate.
Reduction uptake were 77% (1.31 vs. 0.29% ID/g at 4 h)
and 89% (1.2 vs. 0.13% ID/g at 4 h), respectively (Fig. 5).
On the other hand, the uptake reduction in non-targeted
tissues due to blocking dose was not significant.

Discussion
GRP receptors were overexpressed on a variety of human

tumors. Based on this fact, and the experience with other
peptides like somatostatin [47] we conclude that targeting
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Table 2 Biodistribution in mice (% injected dose per gram
organ £ SD, n = 3)

Organ 1h 4 h 4 h block 24 h
Blood 0.21 £0.09 0.11 £0.02 0.14 £0.03 0.05 £ 0.02
Bone 034 £0.11 024 £0.05 0.23 £0.05 0.06 £ 0.01
Kidneys 3.78 £0.49 222 +£0.38 2.11 £0.22 0.75 £0.12
Adrenals 0.89 £ 0.13 1.15+£ 024 034 £0.11 0.87 £0.13
Pancreas 1.51 £0.15 120 £0.12 0.13 £ 0.02 0.36 &+ 0.04
Spleen 0.57 £021 049 £0.12 045+0.13 0.11 £ 0.03
Stomach 0.16 £ 0.02 0.14 £ 0.02 0.09 £ 0.02 0.12 £ 0.02
Intestine  0.44 = 0.07 035 £ 0.05 0.13 £0.04 0.07 £ 0.01
Liver 0.32 £ 0.06 0.28 +0.05 031 +£0.04 0.10 £ 0.03
Lung 031 £0.05 0.12+0.05 0.14 £0.06 0.06 £ 0.03
Heart 023 £0.03 0.12+0.04 0.13+£0.02 0.05+£0.02
Muscle 023 £0.04 0.08 £0.02 0.094+0.02 0.03 £0.01
Tumor 1.58 £025 131 +0.18 029 +0.06 0.6 £0.04
3.0 §
2.5 o
[ 4h block
% 2.0 1
o
D 15
a
R 10+
0.5 1
0.0 -
m ® § ¢ ¢ a £ § -4 4 T 35 3
€ 3 s ? 2 E =
S £

Fig. 5 Biodistribution of 99mTc/Tricine/EDDA/HYNIC-GABA-
Bombesin (7-14) NH, in PC-3 tumor-bearing rats 4 h after injection.
Nonblocked (4 h) and blacked (4 h b)

the GRP receptor with optimized analogue of bombesin is
very important for imaging of prostate and breast tumors.
As we previously reported Bombesin analog [**™Tc-HY-
NIC®, D-Tyr®, D-Trp®] Bombesin (6-14) NH, is capable of
visualizing GRP receptor positive tumors in vivo [48, 49].
In the present study, we investigated a new HYNIC cou-
pled bombesin analog with sequences bombesin (7-14)
without any replacement. In order to improve binding
affinity, we attached HYNIC chelator via a GABA spacer
to the N-terminus of bombesin (7-14) peptide.

A variety of chelators have been used as bifunctional
chelating agent (BFCA) in labeling proteins, peptides and
other biologically active molecule with °*™Tc. These
include N3S triamidethiols [51], N,S, diamidedithiols [52],
N,S, diaminedithiols [53], PnAo propyleneamine oxime
[54], tetramines [55] BATOs [56] and HYNIC [57].
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Among these, HYNIC is the best candidate because we can
achieve labeling in high specific activity followed by using
various coligands, which permit control of the hydrophi-
licity and pharmacokinetics of the labeled peptide [12, 24,
50, 58-65]. In the group of different coligands, tricine
gives the best radiolabeling efficiency. However, it have
been reported that with tricine as a coligand *°™Tc-com-
plex was not stable, particularly in dilute solutions, due to
different bonding modalities of the hydrazine moiety of the
HYNIC and the tricine coligand [48-50, 59]. The coligand
EDDA is also of particular interest because it is a poten-
tially tetradentate ligand and is expected to form a more
symmetrical and stable complex with technetium when
compared to tricine [48-50, 59]. It has been shown that
using both coligands together to produce **™Tc-HYNIC-
peptide via a trans-metallation type of reaction, produces
very good results [61]. In this study we used 20 pg of
HYNIC-peptide with tricine and EDDA together as a col-
igand in amounts of 15 and 5 mg in final volume of labeled
solution, respectively. We obtained high radiochemical
yield >98% with very low amount of *™Tc-pertechnetate
(<0.2) ?’™Tc-radiocolloid (<0.5) and ’™Tc-coligands
(<1.0). In RP-HPLC analysis we observed a single major
peak without any impurities due to isomeric forms of the
new *’™Tc-HYNIC conjugate. In comparison to those
report regarding **™Tc/tricine-HYNIC complex instability
[64], our new labeled peptide conjugate was stable up to a
24 h post labeling period in the room temperature. These
high labeling yield and stability may be due to optimization
of formulation in amount of materials and also in our
exchange labeling method.

High rate of internalization was observed in this con-
jugate (14.63 £ 0.41% up to 4 h) which was not unex-
pected since Bombesin (7-14) NH, sequence offers
agonistic property to compound. Besides efflux curve of
99mTe_HYNIC-GABA-Bombesin (7-14) NH, in PC-3
cells after 2 h of internalization showed an acceptable
intercellular trapping. Pervious studies of '''In-DOTA-8-
Aoc-BBN (7-14) NH, [39] and ['!'In]-DTPA or ['''In]-
DOTA-GABA-[D, Tyr®, f-Alall, Thil3, Nlel4] BN
(6-14) [BZH1 and BZH2] [12] also demonstrate internal-
ization and receptor mediated trapping of labeled com-
pounds. Compare with our pervious compound [*™Tc/
tricine/HYNIC?, D-Tyr®, D-Trp®] BN (6-14) NH, [48, 49]
this new analog showed higher rate of internalization after
4 hin PC-3 cells (14.63 £ 0.41 vs. 10.7 & 1.2%). It could
be due to replacement of a three carbon chain spacer
(GABA) instead of D-Tyr®. It also could be explained that
by placing a bifunctional chelating agent farther from the
receptor binding region of peptide, the negative effect of
chelator on the receptor binding is reduced. It has been
shown that positive charge in sequence of peptide tends to
interact faster and in an effective way with proteins,

besides that is not targeted to a specific receptor [64].
Considering a fast and receptor specific internalization
which was demonstrated with uptake results in GRPr
blocked cell experiments is an indication of balance of
charges for the complex.

Our BBN analog showed metabolic stability in human
serum up to 24 h after labeling and incubation. Results
from Hanwen et al. [12] show relatively low metabolic
stability for [1“In]—BZH1 and [1“In]—BZH2. They found
two degradation sites in their peptides sequences, one
between f-Ala'' and His'? and another between Gln’ and
Trp®. Also the study by M. de Visser et al. [65] shows that
changes in the bombesin amino acid sequence can have a
marked effect on the peptides stability. They also found
that the substitution of native amino acids in bombesin
sequences can enhance receptor affinity but not the serum
stability. The stability of our compound could be attributed
to the use of intact sequence of bombesin (7-14) NH, and
directly connected GABA spacer to Gln’ in the sequences.

In biodistribution studies, clearance from the blood cir-
culation was fast with <0.14% ID/g remaining in the blood at
4 h and the whole body clearance proceeded via the urinary
system. Clearance from GRP receptor negative tissues was
also rapid except from the kidneys. Accumulation of radio-
peptide in bombesin receptor positive tissues like the pan-
creas, the stomach, the intestines and the xenografted tumor
was observed. Compared with our pervious study [48, 49],
the uptake of radioactivity in pancreas increased as the
lipophilicity of the conjugate increased with the replacement
of a three carbon chain spacer instead of D-Tyr®
(1.51 &£ 0.15 vs. 1.04 &= 0.11% ID/g at 1 h). The uptake in
tumor, pancreas and intestine was specific and receptor
mediated, as shown by the co-injection of cold peptide,
indicating that these organs are also GRP receptor positive.

The tumor and pancreas accumulation of this radio-
conjugate and its good pharmacokinetic behavior such as
low tendency to accumulate in liver and intestine and its
high kidney excretion due to moderate lipophilicity are the
major advantages of this compound.

Conclusion

In this study, we have shown synthesis and radiolabeling of
HYNIC-GABA-Bombesin (7-14) NH, The labeling was
completed within a very short time in high specific activity
(~80.9 GBg/umol). Furthermore, this conjugates prepared
by labeling of peptide, GABA, HYNIC and tricine/EDDA
as a coligands demonstrated an excellent radiochemical
stability even up to 24 h post labeling. Our new labeled
conjugate had a specific cell binding and internalization
followed by a good stability in human serum at 37 °C for at
least 24 h and no significant impurities were detected by
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HPLC. The prepared conjugate showed high accumulation
in tumor and pancreas as a positive GRP receptors targeted
tissues followed by excretion via the kidney. These
promising characteristics make our new designed labeled
peptide conjugate as a very suitable candidate for diag-
nostic of malignant tumors.

Acknowledgments The authors wish to thank Mr. Mirfallah and
Mr. Talebi of the radioisotope department (AEOI) for providing
sodium pertechnetate and assistance in quality control tests.

References

—

. Okarvi SM (2004) Med Res Rev 24(3):357
. Hoffman TJ, Quinn TP, Volkert WA (2001) Nucl Med Biol
28(5):527
. Reubi JC (2003) Endocr Rev 24:389
. Anastasi A, Erspamer V, Bucci M (1971) Experientia 27(2):166
. Markwalder R, Reubi JC (1999) Cancer Res 59:1152
. Sun B, Halmos G, Schally AV, Wang X, Martinez M (2000)
Prostate 42:295
. Gugger M, Reubi JC (1999) Am J Pathol 155:2067
. Halmos G, Wittliff JL, Schally AV (1995) Cancer Res 55:280
9. Preston SR, Woodhouse LF, Jones-Blackett Miller GV, Primrose
JN (1995) Br J Cancer 71:1097
10. Toi-Scott M, Jones CL, Kane MA (1996) Lung Cancer 15:341
11. Hoffman TJ, Gali H, Smith CJ, Sieckman GL, Hayes DL, Owen
NK, Volkert WA (2003) J Nucl Med 44:823
12. Zhang H, Chen J, Waldherr C, Hinni K, Waser B, Reubi JC,
Maecke HR (2004) Cancer Res 64:6707
13. Maina T, Nock BA, Zhang H, Nikolopoulou A, Waser B, Reubi
JC, Maecke HR (2005) J Nucl Med 46:823
14. Meyer GJ, Maecke HR, Schuhmacher J, Knapp WH, Hofmann M
(2004) Eur J Nucl Med 31:1097
15. Schuhmacher J, Zhang H, Doll J, Maecke HR, Matys R, Hauser
H, Henze M, Haberkorn U, Eisenhut M (2005) J Nucl Med
46:691
16. Rogers BE, Bigott HM, McCarthy DW, Manna DD, Kim J, Sharp
TL, Welch MJ (2003) Bioconjug Chem 14:756
17. Chen X, Park R, Hou Y, Tohme M, Shahinian AH, Bading JR,
Conti PS (2004) J Nucl Med 45:1390
18. Parry JJ, Andrews R, Rogers BE (2007) Breast Cancer Res Treat
101:175
19. Yang Y, Zhang X, Xiong Z, Chen X (2006) Nucl Med Biol
33:371
20. Zhang X, Cai W, Cao F, Schreibmann E, Wu Y, Wu JC, Xing L,
Chen X (2006) J Nucl Med 47:492
21. Rogers BE, Rosenfeld ME, Khazaeli MB, Mikheeva G, Stack-
house MA, Liu T, Curiel DT, Buchsbaum DJ (1997) J Nucl Med
38:1221
22. Rogers BE, Curiel DT, Mayo MS, Laffoon KK, Bright SJ,
Buchsbaum DJ (1997) Cancer 89:2419
23. Reubi JC, Wenger S, Schmuckli-Maurer J, Schaer JC, Gugger M
(2002) Clin Cancer Res 8:1139
24. Smith CJ, Gali H, Sieckman GL, Hayes DL, Owen NK, Mazuru
DG, Volkert WA, Hoffman TJ (2003) Nucl Med Biol 30:101
25. Waser B, Eltschinger V, Linder K, Nunn A, Reubi JC (2007) Eur
J Nucl Med 34:95
26. Lantry LE, Cappelletti E, Maddalena ME, Fox JS, Feng W, Chen
J, Thomas R, Eaton SM, Bogdan NJ, Arunachalam T, Reubi JC,
Raju N, Metcalfe EC, Luttuada L, Linder KE, Swenson RE,
Tweedle MF, Nunn AD (2006) J Nucl Med 47:1144

[©) N, I SR OS) [\

[ceBRN]

@ Springer

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Safavy A, Khazaeli MB, Qin H, Buchsbaum DJ (1997) Cancer
89(12 Suppl):2354

Smith CJ, Sieckman GL, Owen NK, Hayes D, Mazuru DG,
Volkert WA, Hoffman TJ (2003) Anticancer Res 23:63
Moustapha ME, Ehrhardt GJ, Smith CJ, Szajek LP, Eckelman
WC, Jurisson SS (2006) Nucl Med Biol 33:81

Karra SR, Schibli R, Gali H, Katti KV, Hoffman TJ, Higginbo-
tham C, Sieckman GL, Volkert WA (1999) Bioconjug Chem
10:254

Van de Wiele C, Dumont F, Dierckx RA, Peers SH, Thornback
JR, Slegers G, Thierens H (2001) J Nucl Med 42:1722
Scopinaro F, Vincentis GD, Varvarigou AD (2005) J Clin Oncol
23(13):3170

Block D, Feitsma HIJ, Kooy YMC, Welling MM, Ossendorp F,
Vermeij P, Drijthout JW (2004) Nucl Med Biol 31:815

Baidoo KE, Lin K, Zhan Y, Finley P, Scheffel U, Wagner HN
(1998) Bioconjug Chem 9:218

Lin K, Luu A, Baidoo KE, Hashemzadeh-Gargari H, Chen MK,
Pili R, Pomper M, Carducci M, Wagner HN (2004) Bioconjug
Chem 15:1416

Lin K, Luu A, Baidoo KE, Hashemzadeh-Gargari H, Chen MK,
Brenneman K, Pili R, Pomper M, Carducci MA, Wagner HN
(2005) Bioconjug Chem 16:43

Nock B, Nikolopoulou A, Chiotellis E, Loudos G, Maintas D,
Reubi JC, Maina T (2003) Eur J Nucl Med 30:247

Nock B, Nikolopoulou A, Galanis A, Cordopatis P, Waser B,
Reubi JC, Maina T (2005) J Med Chem 48:100

La Bella R, Garcia-Garayoa E, Bahler M, Blauenstein P, Schibli
R, Conrath P, Tourwe D, Schubiger PA (2002) Bioconjug Chem
13:599

La Bella R, Garcia-Garayoa E, Langer M, Blauenstein P, Beck-
Sickinger AG, Schubiger PA (2002) Nucl Med Biol 29:553
Smith CJ, Sieckman GL, Owen NK, Hayes DL, Mazuru DG,
Kannan R, Volkert WA, Hoffman TJ (2003) Cancer Res 63:4082
Blauenstein P, Garcia-Garayoa EG, Ruegg D, Blanc A, Tourwe
D, Beck-Sickinger A, Schubiger PA (2004) Cancer Biother
Radiopharm 19:181

Alves S, Paulo A, Correia JDG, Gano L, Smith CJ, Hoffman TJ,
Santos I (2005) Bioconjug Chem 16:438

Kunstler JU, Veerendra B, Figueroa SD, Sieckman GL, Rold TL,
Hoffman TJ, Smith CJ, Pietzsch HJ (2007) Bioconjug Chem
18(5):1651

Faintuch BL, Santos RLSR, Souza ALFM, Hoffman TJ, Greeley
M, Smith CJ (2005) Chemistry 35:43

Lambrecht FY, Durkan K, Bayrak E (2010) J Radioanal Nucl
Chem 284:539

Gandomkar M, Najafi R, Shafiei M, Mazidi M, Ebrahimi SES
(2007) Nucl Med Biol 34:651

Sadeghzadeh N, Gandomkar M, Najafi R, Shafiei M, Sadat
Ebrahimi SE, Shafiee A, Larijani B (2010) J Radioanal Nucl
Chem 283:181

Sadeghzadeh N, Gandomkar M, Shafiee M, Mazidi M, Goudarzi
M, Mirfallah SM, Sadat Ebrahimi SE (2009) Iran J Nucl Med
17(1):18

Abrams MJ, Juweid M, tenKate CI, Schwartz DA, Hauser MM,
Gaul FE, Fuccello AJ, Rubin RH, Strauss W, Fischman AJ (1990)
J Nucl Med 31:2022

Liu S, Edwards DS, Looby RJ, Poirier MJ, Rajopadhye M,
Bourque JP, Carroll TR (1996) Bioconjug Chem 7(2):196
Fritzberg AR, Abrams PG, Beaumier PL, Kasina S, Morgan AC,
Rao TN, Reno JM, Sanderson JA, Srinivasan A, Wilbur DS,
Vanderheyden JL (1988) Proc Natl Acad Sci USA 85:4025
Kasina S, Rao T, Srinivasan A, Sanderson JA, Fitzner JN, Reno
JM, Beaumier PL, Fritzberg AR (1991) J Nucl Med 32:1445
Maina T, Stolz B, Albert R, Bruns C, Koch P, Maecke HR (1994)
Eur J Nucl Med 21(5):437



Synthesis and evaluation of a new bombesin

335

55.

56.

57.

58.

59.

60.

Maina T, Stolz B, Albert R, Bruns C, Koch P, Maecke H R
(1995) In: Nicolini M, Badoli G, Mazzi U (eds) Technetium and
rhenium in chemistry and nuclear medicine. SGE Editoriali,
Padova, p 395

Linder KE, Wen MD, Nowotnik DP, Malley MF, Gougoutas JZ,
Nunn AD, Eckelman WC (1991) Bioconjug Chem 2(3):160
Babich JW, Solomon H, Pike MC, Kroon D, Graham W, Abrams
MJ, Tompkins RG (1993) J Nucl Med 34:1964

Scopinaro F, De Vincentis G, Varvarigou AD, Laurenti C, Iori F,
Remediani S (2003) Eur J Nucl Med Mol Imaging 30:1378

Liu S, Edwards DS, Looby RJ, Harris AR, Poirier MJ, Barrett JA,
Heminway SJ, Carrol TR (1996) Bioconjug Chem 7:63

Liu S, Edwards DS, Barrett JA (1997) Bioconjug Chem 8:621

61.

62.

63.

64.
65.

Gabriel M, Froehlich F, Decristoforo C, Ensinger C, Donnemiller
E, von Guggenberg E, Heute D, Moncayo R (2004) Eur J Nucl
Med Mol Imaging 31:330

Plachcinska A, Mikolajczak R, Maecke HR, Miodkowska E,
Kunert-Radek J, Michalski A, Rzeszutek K, Kozak J, Kusmierek
J (2003) Eur J Nucl Med 30:1402

von Guggenberg E, Behe M, Behr T, Saurer M, Seppi T,
Decristoforo C (2004) Bioconjug Chem 15:864

Babich JW, Fischman AJ (1995) Nucl Med Biol 22(1):25

de Visser M, Bernard HF, Erion JL, Schmidt MA, Srinivasan A,
Waser B, Reubi JC, Krenning EP, de Jong M (2007) Eur J Nucl
Med Mol Imaging 34(8):1228

@ Springer



	Synthesis and evaluation of a new bombesin analog labeled with 99mTc as a GRP receptor imaging agent
	Abstract
	Introduction
	Experimental
	Materials and methods
	Synthesis
	Labeling of HYNIC-GABA-Bombesin (7--14) NH2 with 99mTc
	Radiochemical analysis of 99mTc-labeled HYNIC-GABA-Bombesin (7--14) NH2
	Serum stability
	Cell culture
	Internalization and nonspecific membrane binding
	Externalization
	Biodistribution
	Statistical methods

	Results
	Synthesis
	Radiolabeling
	In vitro internalization and stability
	Externalization
	Animal biodistribution

	Discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


