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Theranostics is an emerging and expanding med-
ical field based on therapeutic interventions after
imaging to verify the presence of a biological target.
Radioisotope-based therapeutics, i.e., radiotheranos-
tics, is perhaps the most clinically advanced appli-
cation of theranostics, with many developments and
emerging opportunities. A key aspect of radiothera-
nostics is that the selection of patients for radiotar-
geted treatments is based on imaging of the same tar-
get area. Therefore, imaging and therapeutic inter-
vention are closely linked.!) Technetium-99m is the
most widely used nuclide in diagnostic nuclear med-
ical imaging, because the energy of the corresponding
gamma-ray emission (140 keV) is ideal for imaging us-
ing gamma cameras, and it can be generated on de-
mand at medical facilities using *Mo/?"™Tc genera-
tors. Rhenium, a group 7 homologous element of tech-
netium, is assumed to have chemical properties similar
to those of Tc. '80Re (half-life T} ;o = 3.72 days) emits
beta rays of 1.07 MeV, appropriate for radionuclide
therapy. Thus, ®Re and “™Tc should be an ideal
“theranostics pair.” To this end, ®*Re has been pro-
duced by neutron irradiation in nuclear reactors, which
is difficult to realize in Japan. At the RIKEN RI beam
factory (RIBF'), we succeeded in producing no-carrier-
added, high-purity '®6Re using an accelerator-based
ion beam irradiation. We are aiming to develop new
radiotheranostics using '®Re.

For radiotheranostics, a common platform for diag-
nostic and therapeutic nuclides is important. We have
been investigating the application of liposomes, well-
known drug carriers, as a radiotheranostics platform.
Liposomes are promising tools for radiotheranostics,
because they can in principle encapsulate any radionu-
clides, and deliver them to the target lesion. In this
study, we conducted a basic investigation for efficient
encapsulation of ®Re into liposomes.

We encapsulated various radionuclides in liposomes
with high efficiency using the remote loading method,
i.e., a ligand exchange reaction across the liposomal
membrane using lipophilic and hydrophilic ligands.?
In this method, the complex formation between the
nuclide and ligand and their stability are important
factors. There are few data on the complex formation
of 186Re. We first developed an analytical method to
evaluate their formation and stability using high per-
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formance liquid chromatography (HPLC) and a stable
isotope of rhenium.

Rhenium-186 was produced in the 18W(d, 2n)'8Re
reaction. A 24-MeV deuteron beam delivered from
the AVF cyclotron was irradiated onto a ¥6WO;
pellet target (isotope enrichment of 8W: 99.79%;
thickness: 580 mg/cm?). After irradiation, '8°Re
was purified by chemical separation.®) An aque-
ous solution of 8®Re-perrhenate in 0.01 M HCI
(radioactivity concentration: 83.0 MBq/mL) was
supplied. Ammonium perrhenate was used as
a stable isotope of rhenium. Diethylenetriamine-
N,N,N' /N, N"-pentaacetic acid (DTPA), dimer-
captosuccinic acid (DMSA), hydrazinonicotinamide
(HYNIC), and ethylenedicysteine (EC) were exam-
ined as hydrophilic ligands. HPLC analysis was con-
ducted using Shimazu Prominence LC-20 equipped
with aerosol-based detector NQAD and gamma-ray ra-
diodetector. Liposomes comprised DSPC and choles-
terol, or PEGylated, and preloaded hydrophilic lig-
ands.

The formation of complexes between metal ions and
ligands is difficult to analyze using conventional HPLC
systems, because these samples have no UV absorp-
tion, and are highly water-soluble. We realized this
using unique columns, combination of cation exchange
column (CapcelPak CR) and unique ODS column
(Capcell Core ADME), and a unique detector, NQAD.
Using this system, we were able to detect metal ions,
ligands, and the metal ion-ligand complexes as sepa-
rate peaks. Figure 1 shows HPLC profiles of rhenium,
technetium, EC, and their complexes.

Using this system, the formation of complexes be-
tween rhenium and various hydrophilic ligands was
investigated. All the ligands used formed complexes
with 99™Tc. Under the conditions studied, DTPA and
HYNIC did not form complexes with rhenium. In case
of DMSA and EC, complex formation with rhenium
was observed. However, unlike ?°™Te¢, the complexes
were formed only under acidic conditions, high tem-
perature, and required approximately ten times more
reducing agent than in the case of %™Tec.

Next, we preloaded EC into liposomes and at-
tempted to encapsulate '®*Re and ?°™Tc into lipo-
somes using the remote loading method. Incubation
at 40°C allowed only ?™Tc to be encapsulated, but
heating to 90°C allowed '6Re to be encapsulated into
liposomes. Since ®Re radioactivity was present in
the water-soluble fraction of liposomes, it was assumed
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Fig. 1. HPLC separation of metal ions, ligands and metal-
ligand complexes. Stable rhenium was used to deter-
mine the analytical conditions. NQAD was used for
detection. %™ Tc and '®Re were then used to confirm
the peaks.

that the 186Re-EC complex was formed.

In this study, we have established a means to an-
alyze complex formation between hydrophilic ligands
and rhenium, and evaluated optimal conditions for sta-
ble rhenium complex formation. Based on the results,
we have successfully prepared 8¢Re-EC/%°™Tc-EC-
encapsulated liposomes. These are expected to be use-
ful radiopharmaceuticals for radiotheranostics. We are
further investigating the quality control of the drugs
and their pharmacokinetics and tumor accumulation.
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