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New molecular targeted therapeutic agents for intractable cancer such as pancreatic cancer and
recurrent cancer are desired. We have revealed that inhibition of 4E-BP1 function associated with
activation of mTOR pathway is important for cancer cell proliferation. We challenged the creation
of small molecules which mimic the function of tumor suppressor 4E-BP1 and found that MO compounds
which mimic the amino acid sequence important for the function of 4E-BP1 show growth inhibitory
activity in cancer cells such as pancreatic cancer.

<PRISM BioLab Co., Ltd>
We proceeded design and syntheses of MO compound which mimics eIF4E binding site from the target
protein and 4E-BP1 tertiary structure. Considering the structure, physical properties, metabolic
stability and PK, M030003 and many compounds were evaluated. We synthesized the compound maintained
or improved in activity while avoiding metabolic stability in vivo and found MO16165, etc., which
have the same degree of activity as MO 30003 and do not show cytotoxicity in human normal epithelial
cell line and reduced lipophlicity. In addition, MO16130 and MO16131 in the group of highly active
compounds (showing approximately 3 times inhibitory activity of MO 30003) showed improved metabolic
stability compared with M030003. As a result, six compounds such as M030006, M030018, MO16130, MO
16131, etc. were selected and synthesized as compounds for in vivo evaluation. MO 16130 showed clear
tumor suppressing effect at low dosage
We have negotiated partnerships with pharmaceutical companies on results obtained so far. We
are continuing to consider about several companies. Other research groups also approached
pharmaceutical companies.

<Aichi Cancer Center Research Institute>
To develop the more effective compounds related to M030003, we evaluated the effects of M030003—
related compounds in pancreatic cancer cells (PANC-1) and normal cells (MEFs and HaCaT)
Under the conditions previously optimized, we assayed MO compounds and found that several compounds
suppressed growth of PANC-1 cells as well or better than MO30003. These MO compounds also suppressed
growth of colon and lung cancer cells harboring Kras or EGFR mutation. In contrast, these MO compounds
had no cytotoxic effects in normal cells. Furthermore, to confirm the mechanism of action of MO
compounds as a 4E-BP1 mimic in cells, we used the method “Drug-target identification from total
cellular lysate by drug-induced conformational change” previously we developed. Using the method,
we demonstrated that MO compounds suppressed growth of cancer cells by mimicking the function of
tumor suppressor 4E-BP1.

<0saka University>
We performed NMR chemical shift perturbation experiments on eIF4E protein to obtain the structural
implications of the binding of M0O30000 series compounds. Analysis of 15N-HSQC spectra showed a
specific pattern of chemical shift perturbations upon addition of M030005 and M030006 at Glu70 and
Trp73. These results suggest that MO30000 series compounds interact to eIF4E around the 4E-BP1 binding
region. We further evaluated binding of newly synthesized M016130-series compounds by using NMR.
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Among them, MO16131, 16165, and 16166 showed chemical shift perturbations at the 4E-BP1 binding region
and CAP binding site also. This can be interpreted either as a consequence of direct ligand
interactions or of compound—induced conformational changes of eIF4E. We also found that the binding
of M030005 and eIF4E is not exclusive and M030005 stabilizes the eIF4E/4E-BP1 interaction. Based
on these results, we tried to crystallize the complex of elIF4E with MO compounds for structural
analysis and have obtained small crystals of eIF4E in presence of M030005.

<Tokyo Institute of Technology>

Anti—tumor activity of MO compounds with 3D sphere culture method:

- MO30003 inhibited proliferation with 3D sphere culture method of human cancer cells with KRAS
activated mutation; pancreatic cancer cell PANC-1 which is 4E-BP1 deficient and also pancreatic
cancer cell MIAPaCa—2 and cancer cell colon cancer cell HCT116 in which 4E-BP1 is inactive by
phosphorylation.

+ New MO compounds were evaluated their anti-tumor activity as above. Several compounds (M016130,
MO16131, MO16133, MO16173, etc.) have shown superior activity than M030003 and were selected for
further evaluation. These MO compounds did not cause any toxicity on C. elegans during their whole
life stage

Analysis of 3D structure of MO compounds and its binding site in elF4E

+ Structure of MO compounds, including four stereo—isomeric compounds of M03721 (MO3721, M04221,
MO16099 = ent-M04221, MO16100 = ent-M03721), were revealed by X-ray crystal analysis and has been
applied to design new MO compounds

« Identification of amino acids in the elF4E fragment that bind to MO compounds: A fragment of eIF4E
protein to which the MO compound with benzophenone side chain was photo—crosslinked were purified
using a preparative HPLC apparatus purchased on an additional budget. Using Orbitrap mass
spectrometer, the binding site of MO16131 was identified at the peptide (Q26-V217) in N—terminus
region of elF4E.

<Shiga University of Medical Science>

To evaluate the anti-oncogenic activity of MO compounds which mimic the function of tumor suppressor

4E-BP1 by in vivo mouse model, we established the murine orthotopic model of pancreatic cancer which

closely mimics the pancreatic tumor formation. MIAPaCa—2 pancreatic cancer cells were injected into
the tail of the pancreas of ten 5 weeks—old nude mouse (or NOD-scid mouse). After 7 days of the injection,
mice were intraperitoneally administered 75mg/kg of MO30003 compound once daily for 2 weeks. Control
mice were daily administered a vehicle. Finally, mice were sacrificed a day after the last
administration. After 3 weeks of injection, the injected MIAPaCa-2 cells formed a pancreatic cancer-
like tumor. The tumors derived from injected MIAPaCa—2 cells could be distinguished from normal
pancreas. After 2 weeks of the intraperitoneal administration of 75 mg/kg M030003, the tumor formation
was significantly suppressed. We observed no abnormal behavior, difference in the body weight or
detected any histopathological change in the liver, heart, lung and kidney between the control and

M030003—treated groups. However, the swelling of gut and diarrheas were observed in M030003—-treated

mice. Administration of 60mg/kg M030003 showed weaker anti—tumor effect but did not show any side

effect. We also used the M016130 compound which showed more potent in vitro anti—-cancer activity

for MIAPaCa-2 cells. Administration of 30mg/kg M016130 showed significant anti—tumor effect but did

not show any side effect. These results confirmed the ability of MO compounds to suppress in vivo
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pancreatic tumor formation.



