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The unique and functional information provided by PET with CT or MRI has become essential for
evaluating the presence and severity of cancers. Moreover, enhanced contrast sensitivity and improved
spatial resolution are likely to improve the early detection of cancer. However, serious problems remain
when using PET imaging with 8F-FDG or 1C-methionine probes targeting metabolic dependencies of
tumor cells, such as false-negative results for detecting for detecting glioblastoma multiforme (GBM) and
pancreatic cancer (PC) and false positive results in inflammatory condition or benign tumors. Both GBM
and PC have dense stroma that hinders the penetration of the probes into the tumor cells. Therefore, there
is a strong need for the development of new PET probes to address these problems.

Here, we have developed a tumor-stroma-targeting molecular imaging by using anti-tissue factor (TF)
monoclonal antibody (mAb) or anti-fibrin mAb that can accumulate in tumor stroma efficiently than
conventional cell-targeting PET/SPECT probes.

(1) Translational research

In immunohistochemistry (IHC) of brain tumor, TF-expression or fibrin-deposition in grade 4 gliomas
(GBM) was significantly higher than that in grade 2 and grade 3 gliomas, which was most likely to
represent the grading and quantification of tumor aggressiveness manifested as tissue invasion and
destruction. In IHC of PC, in addition to the high TF-expressing tumor cells, strong staining of TF was
observed in the stroma, especially in the tumor invasion front. The fibrin deposition was also associated
with tumor invasion and desmoplastic reaction. We concluded that both TF and fibrin would be useful
biomarkers for molecular imaging of GBM and PC.

(2) Immuno-PET/SPECT imaging

We prepared a genetically engineered mouse model of PC with fibrin-positive desmoplasia histologically
closely resembling human PC for the evaluation. In the imaging studies, anti-fibrin mAb labeled with
fluorescence or 1n efficiently accumulated in the tumors. We also conducted SPECT/CT imaging study
following the administration of **In labeled anti-TF antibody in orthotopic glioblastoma xenograft model. It
showed stronger and more specific accumulation in the tumor than the cell-targeting methionine probe
widely used in clinics. It was demonstrated that tumor-stroma-targeting molecular imaging was superior for
detection of stroma-rich GBM or PC to the cell-targeting imaging.

(3) Immuno-MRI imaging

To increase the sensitivity, we have developed a multi-site linker to conjugate gadolinium (Gd) with
antibody for MRI imaging. Although an antibody was well conjugated with 24 Gds at the maximum via the
linker, the signal sensitivity was not enough to allow MRI study efficiently. However, SPECT/PET prove
would be applicable to PET/MRI study with advances in multimodal molecular imaging.

Finally we decided to use anti-TF antibody to develop immune-PET for clinical study.

We previously established an immuno-PET imaging system using %Cu (13-hour half-life)-labeled mAbs.
However, 89Zr (3-day half-life) has been widely used and exhibits favorable physiological properties for
mAb-based imaging, enabling a higher signal-noise ratio (SNR) to be achieved at 3 days after the
administration of the mAb. Therefore, 8Zr was selected for the development of an anti-TF mAb PET probe
for the clinical development. We then conducted optimization of anti-TF antibody and labeling with 8Zr.

We have begun to establish a research infrastructure for clinical study.
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