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INTRODUCTION

Targeting molecular changes on the surface of cancer
cells is desirable as a route to reduce off-target effects
and dose reduction'. These biomarkers can often
be targeted for drug delivery and rapid diagnosis
(theranostics). A range of targeting options are
available but it is becoming increasingly common
to utilise peptides that target cell-surface receptors
that are aberrantly expressed in cancer’. Neurotensin
is a tridecapeptide with key physiological roles in
neuromodulation and as a local peripheral hormone?.
Its actions are mediated by two G protein-coupled
receptors, neurotensin receptor 1 (NTS1) and NTS2,
along with NTS3/sortilin. Interestingly, NTS1 has
been demonstrated to be upregulated in a variety of
tumours including those in the breast and pancreas,
tissues in which it is not natively expressed*. These
findings have led to the investigation of the NT/NTSI
axis as a tumour targeting mechanism.

The upregulation of NTS1 on cancerous cells makes
it attractive both for therapeutics and diagnostics
and a number of approaches have been taken®®. The
minimal receptor-binding element of NT is the last six
amino acids (NT8-13) which binds NTS1 with sub-
nanomolar affinity'®. However, NT and its derivatives
are unstable in plasma having half-lives measured
in minutes''. As such, stabilised peptides have been
developed which retain high-affinity binding to NTS1
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whilst having dramatically increased half-lives'2.
Upon ligand (NT) binding, NTS1 is internalised
along with the ligand and there is evidence that NT
escapes the lysosome and subsequent degradation'.
Therefore, NT-conjugated therapeutics has potential
to target and kill cancerous cells.

A number of studies have focussed on modification
of NT for theranostics but an area of increasing
interest is the production of multimers of NT.
These multimers have higher affinity for receptors
than monomers, presumably due to their ability to
interact with multiple neighbouring receptors. These
oligobranched or multimeric peptides have been used
to deliver liposomal therapies to cells as well as for
targeting of small molecules have used®’’. Potential
problems with such theranostics include stability,
especially of the NT portion, and off-target effects.

A recent study used gallium-labelled trimeric meta-
bolically-stabilised NT (NT4). This compound was
generated using the TRAP (1.,4,7-triazacyclonon-
ane-1,4,7-tris[(2-carboxyethyl)methylenephosphinic
acid) methodology which simplifies oligomerisation
and facilitates efficient radioactive labelling with
%Ga. The peptide retained the sub-nanomolar affinity
which makes NT such an attractive targeting mole-
cule for use in cancer diagnostics and treatment'“.
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Whilst this study showed that the [%Ga]
Ga-TRAP(NT4), peptide was rapidly and
effectively internalised into the HT29 colorectal
adenocarcinoma cell line in vitro, efflux was
relatively rapid as well'®. Injection of HT29
cells into nude mice generated model tumours.
Subsequent injection of [*Ga]Ga-TRAP(NT4),
into the tail vein revealed substantial uptake
into the kidneys and also the liver with a low
clearance rate. It did, however, show moderate
uptake into HT29 tumours that was increased
compared to an equivalent monomeric peptide
conjugate. Whilst the in vitro properties of the
trimer were more desirable than the monomer,
this did not translate into in vivo efficacy.

The study also compared the effects of other
Ga-labelled timeric peptides and concluded
that, whilst trimeric compounds showed
increased affinity to their targets compared to the
monomers, no systematic improvement of in vivo
efficacy was observed'*. To conclude, whilst NT
(and other peptides) show promise as targeting
moieties and trimerisation increases affinity,
more work is needed to allow the rational design
of conjugates which will demonstrate robust in
vivo performance. Much recent progress has
been demonstrates with NT as a theranostic and
this will continue to represent a valuable avenue
of research®.
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