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Abstract
Hydrazinonicotinamide–annexin A5 (HYNIC-Anx), a 99m technetium (99mTc)-labeled agent targeting phosphatidylserine, proved to be
sensitive for the detection of apoptosis and thrombosis but is no longer available for clinical use. A mutant of human annexin
designed for direct

99m

Tc labeling (referred to as Anx A5-128) showed improved binding affinity to phosphatidylserine and is

expected to be used in humans. We compared both radiotracers with regard to pharmacokinetics and diagnostic ability in animal
models. Biodistribution studies were performed in normal rats. Radiolabeled Anx A5-128 and HYNIC-Anx were compared in
cardiovascular settings involving phosphatidylserine expression: experimental autoimmune myocarditis and infective endocarditis.
Initial blood clearance was faster for Anx A5-128 than for HYNIC-Anx, and tissue biodistribution was similar overall for both tracers.
The diagnostic sensitivity of Anx A5-128 was excellent and comparable to that of HYNIC-Anx. Anx A5-128 showed biodistribution and
diagnostic ability similar to those of the HYNIC-Anx derivative, supporting its translation to clinical use.

NNEXIN A5 is an endogenous protein (36 kDa) that
specifically binds with nanomolar affinity to phosphatidylserine (PS) exposed by apoptotic cells and
activated platelets.1,2 Radiolabeled annexin A5 (Anx) has
been successfully evaluated as a molecular imaging agent of
apoptotic cells and thrombus, with many potential clinical
applications in oncology, cardiovascular diseases, and
rheumatology.1 The most widely used compound designed
to 99m technetium (99mTc) labeling has been achieved by
conjugation of the hydrazinonicotinamide (HYNIC)
chelating group with recombinant human Anx A5 (rhAnx)1 in preclinical studies (for a review, see Boersma and
colleagues1 and Rouzet and colleagues2), healthy volunteers,3 and various oncologic settings in humans.4–8
However, Tait and colleagues showed that random
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amine-directed modification of Anx, such as HYNIC
derivatization, was associated with multiple molecular
species and finally reduced its overall membrane-binding
affinity.9 Additionally, preformulated radiolabeling kits
(formerly supplied by Theseus Imaging Corp., Worcester,
MA) are no longer available for clinical use.1
Mutants of rh-Anx were developed for direct sitespecific 99mTc labeling by the addition of a unique 99mTcchelating oligopeptide sequence at their N-terminus.10 The
N-terminal region of Anx is located on the concave face of
the molecule, opposite the binding site,11 resulting in
unaltered membrane-binding affinity compared to wildtype rh-Anx.9 One of those derivatives, referred to as Anx
A5-128, showed increased in vivo binding on apoptotic
cells compared to HYNIC-Anx.9 Moreover, 99mTc labeling
of this new Anx derivative is quite straightforward, with
good radiochemical purity, and Good Manufacturing
Practices (GMP) grade Anx A5-128 kits designed for
99m
Tc labeling are undergoing the agreement process for
human use in the United States and Europe (Atreus
Pharmaceuticals, Ottawa, ON). Additionally, several clinical trials designed to assess Anx A5-128 in various settings
are about to begin, and precise preclinical validation is
mandatory.
Since preclinical validation has been obtained with
HYNIC-Anx, but clinical studies will be carried out with
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