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Research Objectives : 

     The applicant has studied publicly available pharmacological data to find significant links from the 

molecular side of a drug action to its phenotypic effects in the human body, the side-effects or adverse drug 

reactions. Previously, the applicant used a biclustering approach on drug adverse event reports to cluster 

medically similar adverse reactions that may be caused in the same drug depending on the patients’ 

physiological backgrounds [Mizutani el at., 2014] (Figure 1). Furthermore, the applicant used the sparse 

canonical component analysis to extract significant relationships between target molecules of a drug and its 

out-coming side-effects. As a result, it has been inferred that molecular targets related to the occurrences of a 

group of side-effects are enriched in specific protein pathways (mostly signaling pathways), suggesting that 

drugs can exert a perturbation in the protein networks to cause unexpected adverse responses in the cell. 

Possible extension of the research is to use similar approaches to examine how combined uses of drugs in 

co-administration can affect multiple targets and how these effects are transmitted through the downstream 

pathways to cause side-effects [Mizutani el al., 2012] (Figure 2). 
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Figure 1 

 

Figure 2 

     Recently, combinatory uses of drugs have gained more attention, because it is more common in clinical 

practices. Co-administration of drugs may result in unexpected drug-drug interactions (DDIs), which are 

conventionally defined in two categories; pharmacokinetic DDIs, whereby a  
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drug is affecting the processes by which another drug is absorbed, distributed, metabolized, or excreted 

(ADME), and pharmacodynamic DDIs, where the effects of one drug are modified by the effect of another on its 

site of action or by affecting the same or cross-talking signaling pathways [Gottlieb et al., 2012]. Although the 

importance of pharmacodynamic DDIs through signaling pathways has been discussed [Karczewski et al., 2012], 

it remains mostly uninvestigated. Because many of the drug targeting molecules are involved in signaling 

pathways, systematic analyses of protein networks in signal transduction pathways are highly recommended. 

     Professor Edda Klipp’s laboratory has been studying mathematical models to describe 
complex biological and pathological phenomena at cellular and subcellular levels and to examine 
their dynamic behaviors in response to extra-cellular signals. The use of mathematical models in 
signaling pathways, as opposed to metabolic pathways, requires the development of well-difined 
framework. Tiger et al. (2012) have developped a framework to code reactions and reaction states 
of the proteins used in bipartite boolian modeling of signaling networks. 
      
Research Plan :  
     During the stay at Professor Edda Klipp’s laboratory at Humboldt University, Germany, the 
applicant plans to study (1) dynamic modeling of signal transduction pathways and (2) the use of 
Systems Biology Markup Language (SBML). The applicant plans to suggest the use of their models to examine 

the pathway alterations within a concept of drug perturbations, that is, combinatory use of drugs may perturb 

the protein networks so that unexpected cellular responses may follow. For this purpose the KEGG signaling 

pathways are useful resources to study the functions of protein networks. During my stay at Professor Edda 

Klipp’s laboratory I plan write the KEGG signaling pathways in the SBML format and make them usable in 

dynamic models. 
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