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II． 成果の概要（総括研究報告） 
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ーダー（エーザイ株式会社）らの共同研究グループにより、本研究のシーズである M-COPA の誘

導体で、水溶性と代謝安定性が改善し、抗がん活性の GI50 値も 100nM 以下の化合物を見出すと

ともに、MET 遺伝子増幅ヒト胃がん細胞に加え、EGFR 変異ヒト非小細胞肺がん細胞が M-COPA
に高い感受性を示すことを明らかにした。さらに、EGFR tyrosine kinase 阻害剤に耐性なった

EGFR 変異ヒト非小細胞肺がんに対しても M-COPA が有効であることを明らかにした。 
（１）M-COPA 誘導体の合成とその誘導体の抗がん活性、物性、代謝安定性評価 

水溶性が改善し抗がん活性の GI50 値（抗がん活性）が 100nM 以下の化合物を２化合物、代謝

安定性が改善し GI50 値が 100nM に近い化合物を２化合物創出した。in vivo での評価を行う化合

物を選定し、大量合成法の検討を進めた。 
（２）M-COPA とは母核の異なる化合物の合成 
   デメチルオクタヒドロナフタレン系の化合物を合成したが、活性は得られなかった。 
（３）in silico スクリーニングおよび in silico デザイン 
   標的タンパクの Arf1 に結合する化合物を in silico スクリーニングで取得し、NMR 法を用いて複

数の化合物で結合が確認されたが結合親和性が低かった。この中で一番結合活性の強い化合物を用

いて X 線共結晶構造解析を試みたが、結合活性が低いためと思われるが、共結晶は得られず構造決

定に至らなかった。溶解性が向上し、かつ、活性が保持されると予測される誘導体の in silico デザ

インを行い、その情報を椎名教授に提供した。Arf1 と GEF の相互作用を抑制することで Arf1 の

活性化を抑制する化合物の探索を in silico で行い、NMR 法を用いて複数の化合物で結合が確認さ

れたが結合親和性が低かった。 
（４）受容体チロシンキナーゼの増殖シグナルに依存しているヒトがん細胞に対する効果 

昨年度までに、MET 遺伝子が増幅したヒト胃がん細胞は M-COPA に高い感受性を示すことを見

出していたが、EGFR 変異ヒト非小細胞肺がん細胞において、M-COPA 処理により EGFR の細胞

膜上での発現低下、細胞内増殖シグナルの活性化抑制が認められ、増殖抑制効果が示された。さら

に、EGFR tyrosine kinase 阻害剤に耐性なった EGFR 変異ヒト非小細胞肺がんに対して、M-
COPA は in vitro および in vivo において有効であることを明らかにした。 
 

Prof. Isamu Shiina (Department of Applied Chemistry, Faculty of Science, Tokyo University of 
Science), Prof. Shuichi Hirono (School of Pharmacy, Kitasato University), Dr. Shingo Dan (Cancer 
Chemotherapy Center, Japanese Foundation for Cancer Research), and Dr. Kentaro Yoshimatsu 
(Tsukuba Research Labs., Eisai Co., Ltd.) found derivatives of M-COPA, seed of this project, 
which had improved solubility and metabolic stability and whose IC50 (anti-tumor activity) was 
less than 100 nM.  It was revealed that MET gene amplified human gastric cancer cells and 
EGFR mutated human NSCLC cells showed high sensitivity to M-COPA. In addition, it was 
characterized that M-COPA was effective against EGFR mutated human NSCLC cells resistant 
to EGFR tyrosine kinase inhibitors. 

（１）Synthesis of M-COPA derivatives and evaluation of anti-tumor activity, physico-chemical 
properties and metabolic stability of those derivatives 
Two compounds whose solubility was improved and GI 50 was less than 100 nM, and two 

compounds whose metabolic stability was improved and GI50 was close to 100 nM were created. 
Several compounds were selected for in vivo evaluation, and large-scale synthesis method was 
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proceeded with examination.   
（２）Synthesis of compounds with different core structure from M-COPA 
    De-methyl octahydronaphthalene series compounds were synthesized, but they showed no 

activity.  
（３）In silico screening and in silico design  
   Potential compounds were screened out of a Namiki Compound Library including ~6 million 

compounds by in silico method to find compounds which bind to target protein Arf1, and several 
compounds were shown to bind to Arf1 by NMR analyses, but the binding affinity of those 
compounds were low. The X-ray co-crystallographic structural analysis using the compound 
with highest binding affinity among them were tried, but the co-crystal was not obtained and 
structural analysis was unsuccessful, probably due to low binding affinity. In silico design of M-
COPA derivative to seek compounds with better solubility and keeping activity was performed, 
and such information of potential derivatives were provided to Prof. Shiina. In silico screening 
to explore compounds which inhibit the interaction between Arf1 and GEF and hence the 
activation of Arf1 was conducted, and several screened compounds had binding activity to Arf1 
by NMR analyses, but the binding affinities of those compounds were low.  

（４）Effect on human cancer cells depending on growth signal of receptor tyrosine kinases 
It was characterized by last fiscal year that MET gene amplified human cancer cells were 
highly sensitive to M-COPA. It was revealed that M-COPA decreased the cell surface expression 
of EGFR, inhibited the activation of intracellular growth signal, and showed growth inhibitory 
effect on EGFR mutated human NSCLC cells. Moreover, it was demonstrated that M-COPA was 
effective against EGFR mutated NSCLC cells exhibiting acquired resistance to EGFR tyrosine 
kinase inhibitors in vitro and in vivo.  
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