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Exogenous molecules such as radioisotopes, supermagnetic or paramagnetic metals, microbubbles, various visible and
near-infrared (NIR) dyes, and fluorescence have been developed and utilized to image cancer. However, these compounds
are non-targeted agents, providing a problem of non-specific contrast. The biggest issue with imaging is sensitivity.
Radioisotopes are most commonly used, however, there is a new problem of internal exposure. Even if radioisotopes can
detect cancer, there are significant problem with the patient’s quality of life, timing between administration and preparation
of compounds, and equipment for diagnosis. On the contrary, the electron spin resonance (EPR) method is known as a non-
radioactive and high-sensitivity detection method, however, since the probe is unstable in vivo, it has not been tried so much
to show high sensitivity. It has been considered unsuitable for cancer imaging.

The purpose of this project is to develop technology for cancer imaging by using the EPR method. In this research, the
pre-targeting with antibody has been performed to concentrate the mutant streptavidin (MTSA) at the cancer site before
injection of EPR probe, and to examine whether the unstable probes can be delivered in a short time and the EPR method

can detect them.

We have already developed a mutant streptavidin (MTSA) which binds only to a synthetic bis-iminobiotin (BisIMN)
with Kq value of 3.0 x 101° M without any binding to endogenous biotin present as vitamin B7 in our body (Fig. 1). We
have already succeeded in the development of "pre-target PET antibody imaging” method, in which an antibody conjugated
with MTSA was firstly administered and then a BisIMN compound labeled with a radioactive isotope was injected after
accumulation of MTSA at the cancer cells, showing a detectable image with the PET method (Positron Emission
Tomography).

It was necessary for the antibodies to accumulate on the cancer cells for 1 or 2 days, a compound with relatively long
half-life such as *In (half life 2.8 days) should be utilized, however, 8Cu (half life 12 hours) became usable by using the
pre-target method, suppressing the dose of the compound. However, we have still two problems. One is the radiation
exposure by PET, and the other is the limitation for usage of radioactive compound just before administration. “Time” and
“Place” are the big problem for the PET imaging.

On the other hand, compounds in vivo having unpaired electrons with paramagnetic character, such as reactive oxygen
species and heme, are chemically reactive and unstable. Therefore, no attempt was made to detect cancer cells. However, a
stable nitrogen radical cation derivative in water was synthesized by Prof. Yamamoto in our group. If this compound was
conjugated to bisIMN instead of ®Cu, we thought that we could establish a novel imaging technology without exposure to
radiation. The “time and place” problem will be overcome. Furthermore, this method could be applied to study whether an
antibody is accumulated on the surface of cancer cells or internalized and incorporated into a cell, reducing the time to
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develop antibody drugs in many pharmaceutical companies.

Therefore, in this study, we aimed to develop a technology to detect cancer cells by EPR (Electron Paramagnetic
Resonance) method. One kind of antibody is conjugated with MTSA is firstly accumulated at the colon cancer, and then an
exogenous BisIMN derivative conjugated the EPR probe is injected later. We then examined whether colon cancer can be
detected by the EPR method (Fig. 2).

Firstly, we tried to synthesize the N-probe containing the hypervalnet nitrogen atom conjugated with bisiminobotine
(BisIMN), however, the hybrid compound was found to be unstable in blood with reducing properties. We then synthesized
the complex conjugated with 3CP (Fig. 3). The 3CP compound was reported to be stable as radical species for 8.5 minutes
in blood. However, the vivo imaging succeeded to be detected by using the Pre-targeting method. Namely, the mutant
streptavidin (MTSA) conjugated with an anti-colon cancer was firstly injected into a cancer model mouse. The exsogenous
BisIMN carrying the stable nitrogen radical cation species in an aqueous solution was then injected after the accumulation
of antibodies conjugated with MTSA on the cancer cells. The accumulated MTSA proteins could capture the nitrogen
radical cation species, and then imaging by EPR has been succeeded (Fig. 4). We have developed a technology to detect
colon cancer with EPR by using the pre-target antibody imaging.

We are currently examining whether EPR pre-target antibody imaging is also possible using another two types of
antibodies specific for liver cancer. The novel imaging method using EPR can be promoted in the future.
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