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Abstract

o Receptors have been detected in many tissues and are highly expressed in several tumour cell
lines from various tissues. In particular, o, receptor subtype is considered to be a potential
biomarker for rapid proliferating tumour cells. It was demonstrated that o, receptor agonists and
o) receptor antagonists displayed cytotoxic effect and cell proliferation inhibition in several
tumour cell lines such as neuroblastoma, glioma and sarcoma. In the last years several ¢ ligands
have been radiolabelled for obtaining a potential radiotracer suitable in PET technique and
among them [''C]-PB28, our cyclohexylpiperazine derivative, [''C]-SA4503, and [''C]-I
derivative. Recently, we synthesized PB167, a potent ¢ receptor ligand that bears between the
tetralin nucleus and cyclohexylpiperazine moiety a spacer longer than compound PB2S.
Moreover, PB167 displayed low Pqyp, (12 x 10 cm/sec) and high clogP (6.19). For this purpose,
EMT-6 cells (murine mammary sarcoma) have been selected and subcutaneously implanted in
the nape of the neck of mice. In this work we reported both the recognition of ¢ receptors in
EMT-6 cells and PB167 o receptor affinity evaluation in EMT-6 cells. The biodistribution of
[''C]-PB167 will be reported in the next work in the future.
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Introduction

In the last years sigma (o) receptors have been defined as a distinct class of receptors and
classified into o, and o, subtypes.' o Receptors have been detected in many tissues and are
highly expressed in several tumour cell lines from various tissues.>” In particular, o, receptor
subtype is considered to be a potential biomarker for rapid proliferating tumour cells.*’

It was demonstrated that 6, receptor agonists and 6 receptor antagonists displayed cytotoxic
effect and cell proliferation inhibition in several tumour cell lines such as neuroblastoma, glioma

ISSN 1424-6376 Page 95 ®ARKAT


mailto:colabufo@farmchim.uniba.it

Issue Italian-Swiss Medicinal Chemistry Meeting ARKIVOC2006 (viii) 95-101

and sarcoma.®® Furthermore, these agents induced apoptosis with p53- and caspase-independent
mechanism in breast cancer cell lines.” The evidenced high level of expression for ¢ receptors in
tumour cells and their involvement in cell proliferation and apoptosis encouraged the
development of several ¢ ligands in order to obtain a molecular probe for in-vivo diagnostic
imaging techniques such as Positron Emission Tomography (PET) and Single Photon Emission
Computerized Tomography (SPECT).'"" PET is a sensitive non-invasive imaging technique
with the unique capability to measure quantitatively pharmacological, biochemical, and
metabolic processes in the human body and in animals in vivo. In addition, a new strategy in
tumour therapy could be set up based on the use of ¢ agents.'

Recently, several ¢ ligands have been suggested as potential radiotracers for PET study but
the results demonstrated that these ligands are unable to recognize o receptors by PET and the
possible explanation of these failures involves P-glycoprotein (P-gp) activity. '>'7-'®

The physiological role of P-gp is to protect organs against endogenous and exogenous toxins.
P-gp is localized in the brain blood barrier (BBB), in tumour cells, in the adrenal cortex,
intestinal mucosal cells, biliary hepatocytes, and the blood capillaries of the testis."

The permeability of the BBB is an important factor determining the bioavailability of CNS
drugs. Active transport of these drugs from the brain back into the blood causes a brain
accumulation lower than expected because of their lipophilicity.?

Moreover, in chemotherapy, the concentration of the agent in tumour tissue should reach a
concentration that prohibits the tumor cells proliferation activity. Failure of response to
chemotherapy of malignancies can be due to intrinsic or acquired multi drug resistance (MDR).
The most exstensively studied mechanism in MDR is P-gp overexpression.”'

In the last years several ¢ ligands have been radiolabelled for obtaining a potential
radiotracer suitable in PET technique and among them [''C]-PB28, our cyclohexylpiperazine
derivative,” [''C]-SA4503,% and [''C]-I derivative’’ (Figure 1).

For each compound is reported the biodistribution of radiotracer in central Nervous System
(CNS) and the results displayed for all radiotracers high uptake in CNS even if low specific
binding was obtained. A possible explanation of this failure could be that these compounds cross
the BBB having high apparent permeability (P,pp) but their high clogP determines also high non-
specific binding in CNS. In particular our compound [''C]-PB28 has Papp =35 x 10 cm/sec and
clogP =5.19.

Therefore, these findings led to consider P,,, and clogP as fundamental determinants to
design a radiotracer for PET technique.
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Figure 1. o radiotracers.

Recently, we synthesized PB167%° (Figure 2), a potent o receptor ligand that bears between
the tetralin nucleus and cyclohexylpiperazine moiety a spacer longer than compound PB28.
Moreover, PB167 displayed lower P, (12 x 10 cm/sec) and higher clogP (6.19) than PB28.
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Figure 2. PB167 chemical structure.

These preliminary results encouraged us to verify if this compound is suitable as radiotracer
to study the mammary sarcoma in mice by PET. For this purpose, EMT-6 cells (murine
mammary sarcoma) have been selected and subcutaneously implanted in the nape of the neck of
mice.”’

In this work we reported only the recognition of ¢ receptors in EMT-6 cells and PB167 o
receptor affinity evaluation in EMT-6 cells. The biodistribution of [''C]-PB167 will be reported

in the next work in the future.

Results and Discussion

In order to define the presence of both ¢ receptor subtypes in EMT-6 cells, saturation binding
analysis with radioligands have been performed. As depicted in figure 3, both 6, and o, receptors
have been detected in high density (Bmax = 826 + 50 fmol/mg of protein and 740 + 30 fmol/mg of
protein, respectively). These values have been determined with (+)-[’H]-pentazocine (Kq = 4.17
+ 0.30 nM) for o, receptor and ["'H]-DTG (Kq = 6.41 + 0.50 nM) for o, subtype.
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Figure 3. Saturation binding analysis in EMT-6 cells with radioligand, (+)—[3H]—pentazocine and
[*H]-DTG for detecting o, and o, receptors, respectively.

Moreover, it was determined in EMT-6 cells for compound PB167 the recptor affinity
towards both ¢ subtypes, the antiproliferative and cytotoxic effects. The results listed in table 1
displayed that PB167 has high o, receptor affinity but only a moderate o, receptor affinity (0.30
+ 0.10 nM and 16.5 £ 0.40 nM, respectively). Moreover, compound PB167 showed both
antiproliferative and cytotoxic effects in EMT-6 cells (ECsy = 15.9 = 2.6 uM, and 56.5 £ 2.8 uM,
respectively).

Table 1. PB167 Biological evaluation in EMT-6 cell line

Gi o2 Antiproliferative effect Cytotoxic effect
Ki+ SEM, nM ECso+ SEM, uM
0.30+0.10 16.5+0.40 15.94£2.6 56.5+£2.6

Preliminary [''C]-PB167 biodistribution results (unpublished) demonstrated that the uptake
of this compound in CNS is low and this found is consistent with low P, of compound PB167.
By contrast, the uptake in tumour tissue is the same than in normal muscle tissue. A possible
explanation of this disappointing result could be that tumour cell overexpressed P-glycoprotein
so that only a low concentration of radiotracer is visualized into the tumour cells. The
antiproliferative and cytotoxic effects of PB167 confirmed that o ligands are potential
antineoplastic drugs when these receptors are overexpressed in tumour cells. In conclusion, these
results suggested PB167 as a potential radiotracer for recognizing peripheral tumour cells
overexpressing ¢ receptors even if the role of P-gp overexpression in tumour cells will be better
investigated. Moreover, the permeability evaluation (P,yp) is the most important parameter to
predict the possible distribution in CNS.
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