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(I Fh) Development of the humanized anti-podoplanin antibody to inhibit

proliferation and metastasis of osteosarcoma that occurred

in the AYA generation.
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Osteosarcoma is a rare cancer occurring at the rate of one person in about one million people, and
frequently occurred in adolescent and young adult generation (AYA generation: from 15 to 29 years old).
Surgical resection and chemotherapeutic drug treatment are the main strategy for osteosarcoma treatment.
Because aggressive multiagent chemotherapy was frequently applied before and after surgery, the influence
of fertilization, physical development and intellectual growth to the patients in AYA generation is concerned.
So, the development of new therapeutic drugs for osteosarcoma is desired. From this reason, we tried to
develop the humanized anti-podoplanin neutralizing antibody as a therapeutic antibody for osteosarcomas
because more than 90% of osteosarcoma expressed podoplanin on their surface. To confirm the safety of
podoplanin targeting, we performed the toxicity testing using monkey. To confirm the Proof-of-Concept of the
podoplanin targeting, we tried to establish osteosarcoma patient-derived cell (PDC) lines and patient-derived
xenograft (PDX) models, and then examined the anti-tumor and anti-metastatic activities of the antibody. We
also tried to develop the diagnostic ELISA kits for selecting podoplanin-positive osteosarcoma patients.

Podoplanin is a transmembrane glycoprotein and is involved in tumor growth and metastasis by inducing
platelet aggregation via its interaction with platelet surface protein CLEC-2. Podoplanin expression is
observed in many types of cancers including osteosarcomas. We previously identified that podoplanin
contains four functional domains, called PLAG1 to PLAG4 domains, that are critical for podoplanin-mediated
platelet aggregation. We recently identified the fourth PLAG domain (PLAG4) and the PLAG4 domain was
found to be essential for podoplanin binding to CLEC-2. To interfere the podoplanin-CLEC-2 interaction, we
thus established mouse antibody recognizing PLAG4 domain (clone PG4D2) that can neutralize the platelet
aggregation-stimulating activity of podoplanin.

In this project, we have established two PDC lines and two PDX models from 21 surgical specimens
obtained after informed patient consent. Western blot analyses revealed that one PDC line and one PDX
model overexpressed podoplanin on their cell surface. We also collected eight osteosarcoma cell lines from
public cell banks and found five cell lines expressed podoplanin on their cell surface. Among the podoplanin-
expressing osteosarcomas, we found that two cell lines (one is derived from osteosarcoma patient-derived
cell line and the other is derived from cell bank) could form tumors and distant metastatic foci after injection
into highly immunodeficient mice. Since PG4D2 antibody could suppress the tumor growth at primary site and
decrease the number of metastasis foci in lungs, podoplanin seemed to be a promising target for the treatment
of osteosarcomas.

We then investigated the side effects of anti-podoplanin neutralizing antibodies in monkey model.
Unfortunately, anti-podoplanin neutralizing antibody PG4D2 could rarely recognize monkey podoplanin, we
tried to establish neutralizing anti-monkey podoplanin antibody by immunizing mice with tandemly connected
monkey PLAG4 domains as the antigen. After screening the hybridoma supernatants, we succeeded to
establish a neutralizing anti-monkey podoplanin antibodies (clone 2F7) that recognizes PLAG4 domain and
can suppress monkey podoplanin binding to CLEC-2. So, we purified the antibody from ascites fluid and
conducted acute toxicity testing using cynomolgus monkeys given excess amounts of the 2F7 antibody. The
toxicity testing did not reveal significant differences in hematology and biochemistry data between the control
group and the group receiving the 2F7 antibody. This result clearly indicates that inhibiting podoplanin function
exhibits no acute toxicity in monkeys.

In collaboration with the partner company, Api Co. Ltd., we did our best to establish the humanized anti-
PLAG4 antibody (code name AP201) from the sequence of the CDR domain of mouse anti-podoplanin
neutralizing antibody PG4D2. The purified AP201 antibody is now under stability testing. In collaborating with
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Api, Co. Ltd., we also succeeded to generate a highly-sensitive sandwich ELISA procedure for selecting the
podoplanin-positive osteosarcoma patients.
By promoting this research project, we obtained strong indications to promote the development of the

humanized anti-podoplanin antibody for clinical trials.
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