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Theranostics targeting fibroblast activation protein using [64#CulFAPI-04: biodistribution in

human pancreatic cancer xenograft mice with histological confirmation

Yuwei Liu!; Tadashi Watabe!; Yoshifumi Shirakami!; Thomas Lindner? Kazuko Kaneda-Nakashimas?;
Kazuhiro Ooe!; Sadahiro Naka* Eku Shimosegawa® Uwe Haberkorn? Frederik Giesel26,

Jun Hatazawal

Department of Nuclear Medicine and Tracer Kinetics, Osaka University Graduate School of Medicine !
Department of Nuclear Medicine, University Hospital Heidelberg, Heidelberg, Germany?

Core for Medicine and Science Collaborative Research and Education, Project Research Center for
Fundamental Sciences, Osaka University Graduate School of Science?

Department of Pharmaceutical, Osaka University Hospital 4

Department of Molecular Imaging in Medicine, Osaka University Graduate School of Medicine >

Institute for Radiation Sciences, Osaka University®

[Background]

Fibroblast activation protein (FAP) is overexpressed in cancer associated fibroblasts, which is known to
promote tumor growth and progression. Since it is expressed in many human epithelial cancers but not
in normal organs, FAP can be used as an excellent target for the theranostics in oncology. Based on a
FAP inhibitor (FAPI), our collaborator recently demonstrated [63GalFAPI-04 PET can be used for a
cancer specific diagnosis in patients with various cancers. This time, we used [64Cu]l FAPI-04 to evaluate
the biodistribution in mice with human pancreatic cancer xenografts.

[Methods]

Male nude mice (body weight = 22.5 + 1.2 g) were prepared by subcutaneous injection with human
pancreatic cancer cells (PANC-1 or MIAPaCa2, n=4 for each, respectively). Tumor xenograft mice were
investigated using a small animal PET scanner (Siemens Inveon PET/CT) three weeks after the
implantation under isoflurane anesthesia. After intravenous injection of [6#CulFAPI-04 (7.21 + 0.46
MBg), dynamic scan was acquired in one mouse of PANC-1 group and delayed PET scans were acquired
2hrs after injection in all mice. Regions of interest were placed on the tumor, muscle, heart, liver,
intestine, kidneys and bladder using PMOD (Ver 3.6). Immunohistochemical staining was performed
for the tumor xenograft using FAP-alpha antibody (Abcam).

[Results]

Dynamic imaging showed a fast clearance through kidneys and a slow washout of the tumors. In the
delayed PET imaging, both of PANC-1 and MIAPaCa2 xenograft models showed mild uptake in the
tumors and relatively high uptake in the liver and intestine. The SUVmean of delayed scan were 0.23 +
0.07 in the PANC-1 xenograft, 0.17 + 0.03 in the MIAPaCaZ2 xenograft, 0.04 + 0.03 in the muscle, 0.10 £+
0.03 in the heart, 0.91 £+ 0.23 in the liver, 0.32 + 0.17 in the intestine, 0.52 + 0.48 in the kidneys, and
26.72+31.11 in the bladder, respectively. Immunohistochemical staining using FAP-alpha antibody
revealed the abundant FAP expression in both PANC-1 and MIAPaCa2 xenografts.

[Conclusion]

This study showed the feasibility of [64CulFAPI-04 for the diagnosis of FAP-expressing pancreatic
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cancer. Since the half-life of ¢4Cu (12.7 hrs) is longer than 6Ga (68mins), it’'s possible to trace the
biodistribution of FAPI-04 for a longer time, which enables precise pre-treatment evaluation for the
targeted radionuclide therapy using Lu-177 (6.7 days) or 225Ac (10 days).

MIAPaCa2

Fig.1 Delayed PET imaging of PANC-1 and MIAPaCa2 xenograft models.
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Fig.2 The uptake in the tumor and normal organs at the delayed PET scan.

Fig.3 Immunohistochemical staining of the PANC-1 tumor xenograft using FAP-alpha antibody (left: low

magnification, right: high magnification).



Comparison between L and D-isomer of 18F-FBPA: PET evaluation using rat
models of glioma and the inflammation

Nobuto Hirail, Tadashi Watabe!2, Shushi Nagamori34, Victor Romanov!, Sadahiro Naka?,
Yasukazu Kanai26, Yuwei Liul, Naoki Tanil, Tatsuya Sakail!, Mitsuaki Tatsumi5,
Eku Shimosegawal26, Yoshikatsu Kanai3, Jun Hatazawal2.7

1Department of Nuclear Medicine and Tracer Kinetics, 2Medical Imaging Center for
Translational research, 3Department of Bio-system Pharmacology, éDepartment of Molecular
Imaging in Medicine, Osaka University Graduate School of Medicine, 50Osaka University
Hospital, Tmmunology Frontier Research Center, Osaka University

4Laboratory of Biomolecular Dynamics, Department of Collaborative Research, Nara Medical
University

BACKGROUND: L-4-borono-2-18F-fluoro-phenylalanine (L-[8F]FBPA) is a tumor specific
probe as a substrate of L-type amino acid transporter 1 (LAT1). This L-form optical isomer is
usually used for PET studies, but little is known about D-isomer of 18F-FBPA (D-[18FIFBPA).
The purpose of this study was to evaluate the performance of D-[18F]FBPA as a tumor specific
probe by investigating the uptakes in C6 glioma and inflammatory tissue as well as comparing
them with L-[18F]FBPA.

METHOD: HEK293-LAT1 cells and HEK293-LAT2 cells were cultured in the medium
containing [14C]-Leucine, and IC50 values of L- and D-FBPA were evaluated in both cell types.
PET studies were conducted in rat xenograft models of C6 glioma with LAT1 expression (n=10,
body weight 201.7 + 11.4g) and in rat models of turpentine oil-induced subcutaneous
inflammation (n=10, body weight 190.6 + 9.0 g). In both models, D-[18F]FBPA was injected
through the tail vein of the rat (C6 glioma models: 37.7 + 5.1 MBq, inflammation models: 35.4
+ 6.1 MBq). Under isoflurane anesthesia, 70 min dynamic PET scan (n=3 for each model) and
10 min PET static scans (n=7 for each model, 60 min after injection) were performed. We
estimated the concentration of D-[18F]FBPA by measuring standardized uptake value (SUV)
and assessed the distribution of D-[8F]FBPA in the organs. We also compared the uptakes
between the two lesions and to the previous result of L-[18FIFBPA as well.

RESULTS: IC50 of D-['8FIFBPA was significantly higher than that of L-[18FIFBPA in
HEK293-LAT1 cells (IC50 = 4,395 nM, 215.28 pM, respectively), and in HEK293-LAT2 cells
(IC50 = 4,398 uM, 501.2 nM, respectively). The time-activity curve (TAC) obtained from
dynamic PET analysis showed that there appeared to be no significant difference in the
kinetics between the glioma and the inflammatory lesions, but static PET analysis based on
SUVmax showed significant difference in the D-[18F]FBPA accumulation between the tumor
and the inflammatory lesion (SUVmax = 0.80+0.16, 0.57+0.08; T/M ratio = 8.82+2.71,
5.58+2.17, respectively). In the whole body distribution assessment, the accumulation of
D-[18F]FBPA in the kidneys was dramatically faster and higher than that of L-[18F]FBPA,

whereas other organs showed lower accumulations in D-[18F]FBPA PET compared to
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L-['8F]IFBPA PET. In comparison with our previous study using L-['8FIFBPA, D-[8FIFBPA
showed significantly lower uptakes in the tumor and the inflammation throughout their
kinetic process. In the SUVmax measurement of static PET analysis, D-[18FIFBPA showed
significantly lower accumulations both in the tumor and the inflammation lesion compared to
L-[18F]FBPA (SUVmax of L-[18F]FBPA = 3.23 + 0.39, 1.85 + 0.21, respectively). However, Tumor
to Muscle ratio (T/M ratio) of D-[18F]FBPA was higher than that of L-[18F]FBPA both in C6
glioma and inflammatory tissue.

Conclusions: This study showed that tumor selectivity as a PET tracer is superior in
L-[18F]FBPA compared to D-[18F|FBPA. D-[18F]FBPA showed low level of accumulation in the
tumor and the inflammation as well as in the normal organs except for kidneys. The LAT1 and
LAT?2 transport of D-[18F]FBPA was quite different from that of L-[18FIFBPA. However, higher
T/M ratio of D-[18F]FBPA might be used for pre-treatment evaluation in combination with
D-BPA for BNCT.

)

C6 glioma Inflammation
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