J Radioanal Nucl Chem (2014) 299:461-469
DOI 10.1007/s10967-013-2795-1

Preparation and evaluation of a new neurotensin
analog labeled with **™Tc for targeted imaging of neurotensin

receptor positive tumors

Nakisa Zarrabi Ahrabi - Mostafa Erfani -
Kazem Parivar - Davood Beiki - Amir Reza Jalilian

Received: 1 July 2013 /Published online: 18 October 2013
© Akadémiai Kiadd, Budapest, Hungary 2013

Abstract Neurotensin receptors are overexpressed in
several human tumors and can be targets for tumors diag-
nosis and therapy. In this study, a new neurotensin ana-
logue was labeled with **™Tc via HYNIC and tricine/
EDDA as coligands and investigated further. [HYNIC®,
Gly’, Lys’, o-Tyr'']-Neurotensin (7—13) was synthesized
using a standard Fmoc strategy. Labeling with *™Tc was
performed at 100 °C for 10 min and radiochemical ana-
lysis 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 neurotensin receptor
expressing HT-29 cells. Biodistribution of radiopeptide
was studied in nude mice bearing HT-29 tumor. Labeling
yield of 98.6 £+ 0.54 % (n = 3) was obtained correspond-
ing to a specific activity of 81 MBg/nmol. Peptide conju-
gate showed good stability in the presence of human serum.
The radioligand showed specific internalization into HT-29
cells (12.43 £ 0.52 % at 4 h). In biodistribution studies, a
receptor-specific uptake was observed in neurotensin
receptor positive organs so that after 1 h the uptakes in
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mouse intestine and tumor were 0.87 = 0.16 and

0.63 £ 0.12 % ID/g respectively.
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Introduction

Peptides are potential vectors for tumor targeting as their
receptors can be overexpressed in different human tumors
[1]. These receptors have become important and useful as
targets for molecular imaging and therapy of tumors [2, 3].
Several receptors such as somatostatin, neurotensin and
bombesin receptors have attracted considerable interest in
recent years [4]. Neurotensin (NT) is a tridecapeptide
localized in central nervous system and in peripheral tis-
sues. Three different receptor subtypes for neurotensin
(NTR1, NTR2 and NTR3) have been described [5, 6]. NT
receptors, in particular the first one with high affinity
binding for NT, are expressed in several human tumors
such as small cell lung cancer and colon, pancreatic and
prostate carcinomas [7]. Due to the high incidence and
density of NT receptors in exocrine pancreatic carcinomas,
NT is considered the best possible candidate for peptide
based diagnosis or therapy of these tumors [8]. Over 75 %
of all ductal pancreatic carcinomas were reported to
overexpress NT receptors, whereas normal pancreas tissue,
pancreatitis and endocrine pancreas devoid of NT receptors
[9]. Since pancreas carcinoma is among the most frequent
causes of cancer deaths, the need to use new radiophar-
maceuticals which are able to diagnose cancer in the early
steps is evident.

In the use of NT, the main drawback is its extremely
short half life due to very rapid cleavage by different
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peptidases. The C-terminal hexapeptide fragment NT
(8-13) is slightly more stable while contains the amino
acids essential for binding NT receptors. However, this
peptide can be easily broken down and metabolized in
plasma by endogenous peptidases, thus reducing their
biological activity on physiologic surrounding [10]. To
change this situation, various NT analogues have been
synthesized, including linear peptides [10-12], cyclic
peptides [13], and nonpeptide molecules [14]. It is known
that two main cleavage bonds (Arg®~Arg® and Tyr''-Ile'?)
play an important role in the stability of NT (8-13) [15,
16]. Garcia-Garayoa et al. [17] designed a series of ana-
logues to enhance the biological properties of NT by
offering a double stabilization of the cleavage sites. Heyl
et al. [18] modified NT (8-13) through N-methylation of
Arg® and replacement of Arg® by Lys and Ile'? by Tle.

NT analogs have been radiolabeled with different radio-
nuclides including '''In [19], '®F [20], '“Rh [21], '*®Re
[22] and **™Tc [23]. **™Tc based conjugates of NT and
other peptide derivatives continue to be attractive due to the
availability of low cost *’Mo/*™Tc generator, favorable
physical characteristics of PMTe (ty, of 6h, 7 140 keV
89 % abundance) and high specific activity of radionuclide.
Recently, several new NT conjugates radiolabeled with
%MT¢ have been reported [23]. Radiolabeling has been
performed indirectly via a ligand including N3S [24], N,
[25], hydrazino nicotinic acid (HYNIC) [24] and carbonyl
[17]. We should consider various limitations are associated
with some of the above labeling procedure, such as low
radiochemical yield, extended reaction time, high tempera-
ture, high pH values, and high lipophilicity of the radiometal
chelate. For example in **™Tc-carbonyl approach, although
99mT¢_carbonyl commercial kits currently are readily avail-
able, consideration of the two steps preparation and the
further purification of the final product seem to be unsuitable
for its routine uses in the nuclear medicine centers.

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
labeling of IgG and since then, has been conjugated to
various biomolecules including antibodies and peptides
[26]. Since HYNIC could only occupy one or two coor-
dination position on the radionuclide, coligands are nec-
essary to complete the coordination sphere of the
technetium core [27]. 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 pro-
vides higher non-specific protein binding potential over the
EDDA complexes. In labeling process coligands tricine
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and EDDA can be used separately or together via exchange
labeling method. Teodoro et al. [24] recently evaluated the
radiochemical and biological behavior of NT (8-13) ana-
logue radiolabeled with *™Tc, using HYNIC and NHS—-S—
acetyl-MAGs3; as chelator agents. They demonstrated that
HYNIC seems to be a good choice since a very high sta-
bility as well as a predominantly renal excretion was
observed.

We also recently reported the evaluation of a new
somatostatin and bombesin analogues labeled via bifunc-
tional chelating agents HYNIC and EDDA/tricine as coli-
gands [28-30]. In continuation of our efforts to create a
new *™Tc-labelled peptide for tumor targeting we chosed
a NT (8-13) and a Gly’ as a spacer was between HYNIC
and N-terminus of the peptide. We also modified Lys’ and
p-Tyr!! instead of Arg” and Tyr'' respectively to decrease
enzymatic metabolism.

Here we present data on the synthesis of [HYNIC®,
Gly’, Lys’, p-Tyr'']-Neurotensin (7-13) and describe
optimum condition for radiolabeling of conjugate with
9™Tc using tricine/EDDA as coligands. In addition we
studied stability in human serum, receptor bound inter-
nalization and in vivo tumor uptake and tissue biodistri-
bution of radiolabeled compound.

Experimental
Materials and methods

2-Chlorotrityl chloride resin and all of the Fmoc-protected
amino acids were commercially available from NovaBio-
chem (Laufelfingen, Switzerland). The prochelator HY-
NIC-Boc was synthesized according to Abrams et al. [26].
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: Lys, fert-butoxycarbonyl
(Boc); Tyr, tert-butyl (tBu); Arg, 2,2,4,6,7-pentamethyl-
dihydrobenzofurane-5-sulfonyl (pbf). The cell culture
medium was Roswell Park Memorial Institute (RPMI-
1640) supplemented with 10 % fetal bovine serum (FBS),
amino acids, vitamins and penicillin/streptomycin from
Gibco. Sodium pertechnetate (Na®™TcQ,) obtained 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. The gradient systems con-
sisted of 0.1 % trifluoroacetic acid/water (Solvent A) and
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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, A = 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 Technology Division)
Model 4001M Mini Bin & Power Supply counter.

Synthesis

The peptide was synthesized by standard Fmoc solid phase
synthesis on 2-chlorotrityl chloride resin with substitution,
1.4 mmol/g [31]. Coupling of each amino acid was per-
formed in the presence of 3 mol excess of Fmoc-amino
acid, 3 mol excess of N-hydroxybenzotriazole (HOBLY),
3 mol excess of diisopropylcarbodiimide (DIC) and 5 mol
excess of diisopropylethylamine (DIPEA) in dimethyl-
formamide (DMF). Completeness of coupling reactions
was monitored by the Kaiser test and the Fmoc groups
were removed by adding 20 % piperidine in DMF. The
fully protected peptide was cleaved from the resin with
solution contain 20 % trifluoroethanol (TFE), 0.5 % tri-
fluoroacetic acid (TFA), 0.5 % H,O in dichloromethane
(DCM) and incubated at room temperature for 30 min.
1.2 mol HYNIC-Boc coupled with 1.2 molar of O-(7-
azabenzotriazol-1-yl)-1, 1,3,3,tetramethyluronium hexa-
fluorophosphate (HATU) and 3 mol excess of DIPEA in
DMF to the N-terminus of the peptide. The amino acid
side chains of the peptide HYNIC conjugate were also
deprotected by treatment with a cocktail of TFA, triiso-
propylsilane and water (95:2.5:2.5). After removing the
organic solvents in vacuum, the crude product was pre-
cipitated with cold petroleum ether and diisopropyl ether
(50:50).

Purification

The crude peptide HYNIC conjugate was dissolved in
water/methanol and purified by semi-preparative RP-
HPLC. A VP 250/10 Nucleosil 100-5 C18 column was
used for purification and the gradient system consisted of
0.1 % TFA/water (Solvent A) and acetonitrile (Solvent B)
with the following program: 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, A = 280 nm (Gradi-
ent II). After injection of crude peptide to HPLC and
running the program each peak was accumulated as a
separate fraction and the fraction regarding to our peptide
conjugate was characterized by LC/MS which was dried
and lyophilized.

Labeling with **™Tc

Labeling was performed based on our previous experience
in labeling of peptides with **™Tc using HYNIC chelator
[28-30]. Briefly a stock solution of HYNIC-peptide (con-
centration 1 mg/ml) was prepared by dissolving the peptide
in distilled water. Radiolabeling of peptide was performed
by adding 20 pl 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,0 in nitrogen-purged 0.1 M HCI).
Finally, 370-1,110 MBq of **™TcO,~ in 0.5 ml saline was
added to the solution and incubated for 10 min at 95 °C.
After cooling down to room temperature the preparation
was checked for bound and free **™Tc.

Radiochemical analysis

99mTc-labeled HYNIC-peptide was characterized by ana-
lytical RP-HPLC (Gradient I) and ITLC on silica gel 60
(Merck) using different mobile phases: 2-butanone for free
mre0,” (Ry=1), 0.1 M sodium citrate (pH 5) to
determine the non-peptide bound °°™Tc coligand and
99mTcO4_ (R = 1) and methanol/l M ammonium acetate
1/1 for *™Tc colloid (R; = 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.

Protein binding, serum stability, and log P values

In order to evaluate structural conformational changes and
transchelation between coligands and proteins, which bound to
serum proteins the precipitation method was used. Toa 1 ml of
freshly prepared human serum, we added 86 MBq **™Tc—
HYNIC-peptide and mixture was incubated in 37 °C envi-
ronment. At different time points, 100 pl aliquots was removed
and treated with 100 pl of alcohol. Sample was centrifuged for
5 min at 3,000 rpm to precipitate serum proteins. Supernatant
was removed and activity in the supernatant was compared
with the activity in sediment to give the percentage of radio-
peptide or radiometal which is bound or transferred to the
serum proteins. Supernatant was analyzed with HPLC Gradient
I to determine the stability of labeled compound.

For partition coefficient, 0.5 ml of the *™Tc labeled
peptide in PBS was mixed with 0.5 ml of octanol in a 2 ml
micro tube. The tube was vigorously vortexed over a period
of 10 min and centrifuged at 4,000xg for 5 min. Three
aliquots of 100 pl were sampled from each layer and
counted in the y counter. The averaged activities from the
aqueous and the octanol layers were used to calculate the log
P values. The octanol-to-water partition coefficient (P,,,) of
the radiolabeled peptide was calculated by dividing the
counts of the octanol phase by that of the aqueous phase.
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Cell culture

The HT-29 cells were cultured in RPMI-1640 supple-
mented with 10 % FBS, 2 mM glutamine and penicillin—
streptomycin. Cells were maintained in a humidified 5 %
COy/air atmosphere 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 internaliza-
tion medium (RPMI with 1 % FBS).

Competition binding assay

The binding affinity of HYNIC-peptide was tested in a com-
petition assay against '*I-NT as a radioligand. HT-29 cell
membranes were used as a source for NT receptor. Membrane
preparation was performed according to a published method
[32]. In a multiscreen well plate, 50 pl competitor solution of
increasing concentration (0.001-1,000 nM), 50 pl of radioli-
gand solution (50,000 cpm) and 100 pl of membrane solution
(50 pg protein/tube) were incubated in triplicate for 2 h at
room temperature. Incubation was interrupted by filtration of
the medium and rapid rinsing with 200 pl ice-cold washing
buffer, followed by 50 pl 15 mM Tris—HCl buffer, pH 7.4 and
filters were counted in a gamma counter. ICs, values were
calculated following non-linear regression with Origin soft-
ware (Microcal Origin 6.0).

Internalization/efflux

Medium was removed from the six-well plates contain HT-
29 cells with density of 1 million cells per well and cells
were washed once with 2 ml of internalization medium
(RPMI with 1 % FBS). Furthermore, 1.5 ml internalization
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 NT. 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 taken 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.

In connection to the release of the activity after maximal
internalization and determination of the radioactivity which
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has remained in tumour cells the externalization of the
maximal internalized activity was also measured. The HT-
29 cells (10%well) 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 medium. 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 solubilized 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 HT-29 cells (107) in PBS buffer was subcutane-
ously injected in the right flank of each nude mouse. Seven
to ten days after inoculation, the tumors were inducted and
then, an activity of 20 MBq (0.35 nmol) of **™Tc-HYNIC-
peptide was injected via the femoral vein. In order to
determine the non-specific uptake of the radiopeptides, in
receptor-positive organs, a group of three animals were
injected with 100 pg NT in 50 pl saline as a co-injection
with the radiopeptides (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 t test was used to determine
statistical significance. Differences at the 95 % confidence
level (P < 0.05) were considered significant.

Results
Synthesis and purification
[HYNIC®, Gly’, Lys’, p-Tyr'']-Neurotensin (7-13) was

synthesized by Fmoc strategy supplying an overall yield of
40 % based on the removal of the first Fmoc group after
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cleavage, purification and lyophilization (Fig. 1). The
composition and structural identity of purified HYNIC-
peptide was verified by analytical HPLC and LC-MS
(Fig. 2; Table 1). The purity was >98 % as confirmed by
HPLC method.

Radiolabeling

Radiochemical purity of **™Tc—HYNIC-peptide conjugate
was evaluated by RP-HPLC using the gradient systems
consisted of 0.1 % TFA/water (Solvent A) and acetonitrile
(Solvent B). The labeling yield was 98.6 &+ 0.54 %
(n = 3), acquired via HPLC and also ITLC at a specific
activity of 81 MBg/nmol. The HPLC elution times (Gra-
dient I) were 4.28 min for free pertechnetate and 14.75 min
for labeled peptide (Fig. 3).

Stability and lipophilicity

In serum protein binding studies, 22.2 + 1.56 % of the
activity was associated with the precipitate obtained after
ethanol addition, indicating the low binding of complex
with serum proteins due to transchelation. The complex
was found to be stable in aqueous solution even after a 24 h

Table 1 Analytical data of [HYNIC®, Gly’, Lys’, p-Tyr'']-Neuro-
tensin (7-13)

Compound Mass spectrum RP-HPLC
Calculated Observed Retention Purity
mass (g/mol) mass (g/mol)  time (min) (%)

HYNIC- 980.56 981.4 14.16 98

peptide [M-+H]*

period. The ethanol fraction was characterized by HPLC
where a single peak was observed at the same time
(>95 %) as that of the complex, indicating no decompo-
sition of the complex was occurred. The partition coeffi-
cient for labeled compound was calculated (log P =
—3.55 £ 0.23 %) which is good indicator of its high
hydrophilicity.

Receptor binding and internalization

The in vitro competitive cell membrane binding assays
demonstrated a high specificity and affinity for this ana-
logue. The specific binding of '*’I-NT was inhibited by
increasing concentrations of HYNIC-peptide so that ICs,
value of 1.86 £ 0.43 nmol/L was obtained. The result with

Fig. 1 Structure of [HYNIC®, NH,
Gly’, Lys’, p-Tyr!'!]- _/
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Fig. 3 RP-HPLC profile of the **™Tc/Tricine/EDDA/HYNIC?, Gly’,
Lys’, p-Tyr''-Neurotensin (7-13)

respect to the time-dependent and specific internalization
of the radioligand into HT-29 cells was shown in Fig. 4.
The specific cell uptake after 1 h was 3.28 £ 0.45 %,
which increased to 12.43 £ 0.52 % up to 4 h. In all
experiments, the internalization was strongly reduced in the
presence of excess cold. In fact, nonspecific internalization
was 0.74 £ 0.18 % after 4 h, and the surface-bound pep-
tide (acid removable) was 1.2 & 0.33 % of the added
activity after 4 h.

The externalization in HT-29 cells was evaluated after
2 h of the radioligand internalization (Fig.5). After
15 min, 14.56 & 1.21 % of radioactivity was external-
ized, and this amount increased to 45.52 4+ 2.21 % up to
4 h which was the maximum and after that the percentage
of externalization reaches a plateau. In other words
approximately 55 % of the internalized activity remained

1557 v unblocked
¢ blocked
[a]
= 124
3 Y
Q
N
g o
I
]
£ 3
o
[
)
2 3 1
Y
. . — *
0 4 T T T T T T T T T 1
0 50 100 150 200 250
time (min)

Fig. 4 Internalization rate of 99mTc/Tricine/EDDA/HYNICU, Gly7,
Lys®, p-Tyr''-Neurotensin (7-13) into HT-29 cells. Data are from
three independent experiments with triplicates in each experiment and
are expressed as specific internalization
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Fig. 5 Externalization over time for 99m T /Tricine/EDDA/HYNICY,
Gly’, Lys®, p-Tyr'!-Neurotensin (7-13) into HT-29 cells. Data result
from two independent experiments with triplicates in each experiment
and are expressed as percentage of total internalized amount

inside the cells after 4 h. In comparison, a less stable
compound shows a significant decrease of internalized
activity at the very first hours. It can be due to a rapid
degradation of the compound in the tumour cells. So, the
more stable the compound, the higher the radioactivity
retention.

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-peptide displayed rapid blood clearance with
0.42 £ 0.11 % ID/g at 1 h. Fast clearance from the NT
receptor-negative tissues except the kidneys was found as
well. Labeled peptide shows high uptake values in the HT-
29 tumor and in the NT peptide receptor-positive organs.
By blocking the receptor through prior injection of cold
peptide, the uptake in intestine and tumor is diminished and
this confirms the specificity of radioconjugate. Reduction
uptake were 56 % (0.87 % ID/g vs. 0.38 % ID/g at 1 h)
and 79 % (0.63 % ID/g vs. 0.13 % ID/g at 1 h) respectively
(Fig. 6). On the other hand, the uptake reduction in non-
targeted tissues due to blocking dose was not significant.

Discussion

Peptide receptors are overexpressed on various cancer cells
and illustrate interesting targets for tumour imaging and
therapy. NT receptors were overexpressed in a variety of
human tumors such as breast, pancreatic, prostate, lung and
colon. Based on this fact and the experience with other
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Table 2 Biodistribution in mice (% injected dose/g organ £ SD, n = 3)

Organ l1h 1 h Block 2h 4h 24 h
Blood 042 + 0.11 0.46 £+ 0.12 0.19 £+ 0.03 0.11 £ 0.02 0.02 + 0.01
Bone 0.27 + 0.08 0.25 £+ 0.06 0.06 £+ 0.05 0.07 + 0.01 0.03 + 0.02
Kidneys 8.12 £ 0.79 7.39 + 0.58 3.67 £ 0.21 2.51 +£0.19 0.47 + 0.02
Thyroid 0.42 + 0.10 0.43 + 0.21 0.32 £ 0.11 0.24 £+ 0.05 0.15 + 0.06
Spleen 0.52 £ 0.13 0.46 + 0.12 0.10 £+ 0.03 0.10 £+ 0.03 0.11 & 0.05
Stomach 0.56 + 0.12 0.43 + 0.09 0.35 £ 0.04 0.19 £+ 0.05 0.04 + 0.05
Intestine 0.87 +£ 0.16 0.38 + 0.05 0.44 £ 0.06 0.36 £+ 0.03 0.14 + 0.07
Liver 0.61 +0.14 0.65 + 0.07 0.20 £+ 0.04 0.16 £+ 0.02 0.07 + 0.02
Lung 0.89 + 0.20 0.48 + 0.06 0.29 £+ 0.06 0.25 + 0.03 0.10 + 0.01
Heart 0.46 + 0.11 0.38 + 0.04 0.07 £ 0.02 0.07 + 0.01 0.03 + 0.02
Muscle 0.28 + 0.09 0.23 + 0.03 0.06 + 0.02 0.07 + 0.01 0.05 + 0.01
Tumor 0.63 + 0.12 0.13 + 0.03 0.39 £+ 0.06 0.31 +£ 0.04 0.12 + 0.02
Fig. 6 Biodistribution of 9 1h
99mTe/Tricine/EDDA/HYNIC, 8 = T —
Gly’, Lys’, p-Tyr''-Neurotensin 7 T 1hb
(7-13) in HT-29 tumor-bearing g
nude mice at 1 h post injection. T
Unblocked (1 h) versus blocked 7
(1 h b) and *P < 0.05, ¢ test 1.0 — I I
o 4
3
& 0.8
I L il
o 0.6 -
X . *
0.4 —
0.2 *
0.0 S S i S . . A .
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peptides like somatostatin [28, 33] and Bombesin [29, 30,
34, 35] we conclude that targeting the NT receptor with
optimized analogue of NT is very important for imaging of
pancreatic, lung and colon tumors. In the present study, we
investigated a new HYNIC coupled analog with substitu-
tion of Lys® instead of Arg® and p-Tyr'' instead of Tyr'' in
NT (8-13) sequences which lead to a substantial increase
in metabolic stability. We attached HYNIC chelator via a
Gly spacer to the N-terminus of NT (8-13) peptide which
can be labeled with a more desirable radionuclide such as
99mTC.

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 [36], N,S, diamidedithiols [37],
PnAo propyleneamine oxime [38], N, tetramines [25],

(N"His)Ac Retro[N*-carboxymethyl-histidine] [17] and
HYNIC [24, 33]. Among these, HYNIC is the best candi-
date because we can achieve labeling in high specific
activity followed by using various coligands, which permit
control of the hydrophilicity and pharmacokinetics of the
labeled peptide [29, 30, 33-35, 39, 40]. In the group of
different coligands, tricine gives the best radiolabeling
efficiency. However, it have been reported that with tricine
as a coligand **™Tc-complex was not stable, particularly in
dilute solutions, due to different bonding modalities of the
hydrazine moiety of the HYNIC and the tricine coligand
[41]. The coligand EDDA is also of particular interest
because it is a potentially tetradentate ligand and is
expected to form a more symmetrical and stable complex
with technetium when compared to tricine [41]. It has been
shown that using both coligands together to produce
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99mTc_HYNIC-peptide via a trans-metallation type of
reaction, produces very good results [42]. In this study we
used 20 pg of HYNIC-peptide with tricine and EDDA
together as a coligand in amounts of 15 mg and 5 mg in
final volume of labeled solution respectively. We obtained
high radiochemical yield >98 % with very low amount of
99mre_pertechnetate (<0.6) **™Tc-radiocolloid (<0.2) and
99mre-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 [43], our new labeled peptide conjugate was
stable up to a 24 h post labeling period in the room tem-
perature. These high labeling yield and stability may be
due to optimization of formulation in amount of materials
and also in our exchange labeling method.

Specific internalization was observed in this conjugate
(12.43 £ 0.52 % up to 4 h) which was not unexpected
since NT sequence offers agonistic property to the com-
pound. Besides efflux curve of [**™Tc¢/EDDA/Tricine/
HYNIC®, Gly’, Lys®]-Neurotensin (7-13) in HT-29 cells
after 2 h of internalization showed an acceptable intracel-
lular trapping. Previous studies in a series of **™Tc-labeled
NT derivatives (NT (8-13), NT-I, NT-II, NT-IV, NT-VI,
NT-X, NT-VIII, NT-XI, NT-XII and NT-XIX) and also
Demotensin 1-4 demonstrate internalization and receptor
mediated trapping of labeled compounds [11, 17, 44].
These studies show that the highest rate of internalization
corresponds to *™Tc-NT-II with 25.1 % specific cellular
uptake at 4 h, followed by **™Tc-Demotensin 4 reaching a
90-95 % internalization plateau within 30 min [44]. Con-
sidering a fast and receptor specific internalization which
was demonstrated with uptake results in NT receptor
blocked cells experiments is an indication of not affecting
the binding properties for the complex by this modification.

HYNIC-NT analog showed metabolic stability in
human serum up to 24 h after labeling and incubation.
Pervious Results show relatively low metabolic stability
for NT. The two main cleavage bonds in the metabolic
deactivation of NT (8-13) are Arg®~Arg® and Tyr''-Ile'?
[15]. The studies by Garcia-Garayoa et al. [11, 17] shows
that changes in the NT amino acid sequence can have a
marked effect on the peptides stability. They also found
that stabilization of bond 11-12 is more important than
stabilization of bound 8-9. The nonstabilized analog (NT-
IT) showed a half life of 5 min, which increased to only
7 min after stabilization of bond 8-9 (NT-VI). The stability
of our compound could be attributed to the use of Lys’ and
p-Tyr!! instead of Arg’ and Tyr'' respectively which have
caused stabilization in both metabolic bonds.

In biodistribution studies, clearance from the blood
circulation was fast with 0.11 % ID/g remaining in the
blood at 4 h and the whole body clearance proceeded via

@ Springer

the urinary system. Clearance from NT receptor negative
tissues was also rapid except from the kidneys. Accumu-
lation of radiopeptide in NT receptor positive tissues like
the intestines and the xenografted tumor was observed. The
uptake in tumor and intestine was specific and receptor
mediated, as shown by the co-injection of cold peptide,
indicating that these organs are also NT receptor positive.
Tumor uptake was significantly reduced from 0.63 % ID/g
in the control group (un block) to 0.13 % ID/g in the
blocked group.

The moderate activity of stomach and thyroid gland in
comparison to other organs indicates a doubt whether
some degrees of free *°™TcO,  release has occurred
in vivo or these organs are included in normal accumu-
lation sites for radiolabeled NT analogue due to the
expression of NT receptor on their mucosal parts. Since
the neuromodulatory actions of the mentioned peptide at
the periphery level are well established [45-47], maybe
there was a relation between mucosal excretion potency
of organs and their ability to absorb the radiopeptide.
However in blocking study non significant decreased of
activity was observed in them. In blocked tumor and
intestines reduction was significant which indicate specific
targeting in these organs.

The tumor and intestine accumulation of this radiocon-
jugate and its good pharmacokinetic behavior such as low
tendency to accumulate in liver followed by its high kidney
excretion due to low lipophilicity and high stability are the
major advantages of this compound.

Conclusion

In this study, we have shown synthesis and radiolabeling of
[HYNIC®, Gly’, Lys’, p-Tyr'']-Neurotensin (7-13). The
labeling was completed within a very short time in high
specific activity. Furthermore, this conjugates prepared by
labeling of peptide, HYNIC and tricine/EDDA as a coli-
gands 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 HPLC. The
prepared conjugate showed high accumulation in tumor
and intestine as a positive NT 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 diagnostic of
malignant tumors.
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