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The problem- Cancer diseases are very diffuse and affect even in serious mode many people. MicroRNAs 

(miRNAs) are a class of small, non-coding RNAs that generated a great impact in the molecular biology field. 

They can negatively regulate the expression of their target genes in a post-transcriptional manner, inducing 

mRNA degradation or inhibiting mRNA translation. After their discovery, miRNAs received an enormous 

attention because of their ability to regulate almost every aspect of cellular functionality, such as 

differentiation, development, apoptosis and proliferation. Given their involvement in various pathologies 

including cancers, miRNAs functions started to be investigated with the help of bioinformatics approaches 

that allows to predict interaction with potential target genes [mirbase.org, microrna.org, genemania.org]. 

These tools are able to analyse a particular sequence located on the 5’ end of miRNA, called seed region, in 

order to predict the most probable genes potentially interacting with it. Although complementarity remains 

the main feature, these tools take into account other important characteristics such as site accessibility, 

sequence conservation, multiple binding sites. Bioinformatics tools greatly improved methods for detection 

of microRNA targets because their use allowed to process huge dataset in a very little time. Rapidly looking 

at literature, it can be noted that there are some reports describing the exploitation of these algorithms to 

make prediction about miRNAs-target gene interactions for different common cancers, but the majority of 

these studies halted to the miRNA profiling.  

Objectives-In this project, we want to move forward in order to obtain a list of potential genes relating to a 

group of significantly altered miRNAs in cancer diseases for different species. One of the principal objective 

of the project is to identify functional clusters of target genes that could be related to the provided set of 

microRNAs. The system must built up networks to visualize the possible circuits and pathways in which 

selected miRNAs could be involved, providing a potential resource for other researches focused on cancer 

disease. The expected outcomes are: i) a new graph DB, based on NEO4J technology  collecting all the 

results of the project that are the information related to MiRNAs, their target genes, and all the functional 

relations and annotations we identify in our experiments; ii) new functional prediction techniques to 

determine putative target genes influenced by a set of conjoint  MicroRNA; iii) a user-friendly and agile 

graphical interface easy to use for biotechnologies and biologists that helps them to query the DB in order 

to find new miRNAs-targets (multi-hop) relations and hence miRNA-pathways relations ; iv) possibly, 

identify new and unobserved miRNAs-targets (multi-hop) relations that can guide towards new directions 

in in-vivo experiments; v) provide DIANA API to push towards cloud paradigm for future services built on 

top of DIANA. 

Architecture and Technical Aspects- The system to develop must connect to several on-line DB 

(mirbase.org, mirTarbase.org, pictar.org, rna22.org, etc) to build and periodically update the internal graph 

DB. The internal graph DB will contain all the information download from the selected on-line systems. To 



avoid the dependences of the DIANA system from the availability of the other on-line systems and to 

remove the overhead of the remote communication, we decide to reproduce the whole data set internally. 

This  is a feasible strategy since such databases are not modified frequently and a be-monthly update is 

sufficient to guarantee update data.  

In the following, a sketch of the DIANA Software Architecture is showed and described.  

DIANA Software Architecture 
 

 
 
- the external layer is made of two mobile apps that allow 
both administrators and the users to be connected to the 
system when it is off from the office. 

The Diana System is composed by four 
software layers:  
- the most inner layer is composed by the 
Graph DB and its DBMS, containing all the 
information collected by the external sources  
and storing the new relations the DIANA 
system finds with its algorithms.  
- the second layer contains the algorithms we 
implement to  analyse the data in the graph 
DB. 
- the third layer is composed by two web 
applications, one for the DIANA 
administrators used to build and update the 
Graph DB1 , and to deploy the devised analysis 
algorithms; and the other fully dedicated to 
the users (biologist) that provide a user-
friendly interface to query the DB and to 
visualize the query results.  
 

   

Software Quality-  The DIANA system must guarantee high reliability (the service failure probability must 

be no higher than 10-6) and availability (probability that the service is not reachable must not exceed 10-5). 

Moreover, we plan to monitor failures and performance characteristics (resources utilization and service 

response time) of the system to analysis weaknesses and to study how to improve the system w.r.t. quality. 

Evaluation- The developed system will be tested on the domain of HepatoCellular Carcinoma deeply 

studied by DISCAB Department of University of L’Aquila. Among the existing cancer diseases, 

HepatoCellular Carcinoma (HCC) is a highly aggressive epithelial tumour originating both from mature 

hepatocytes and stem cells. Epidemiological studies reported HCC as the fifth most common cancer and the 

third most common cause of cancer death worldwide. Major risk factors include hepatitis derived from 

HBV/HCV infection, alcohol/drug abuse, aflatoxins exposure and genetic defects. The use of animal models 

helped to better understand the different phases of the entire cancerous process. In this regard, treating 

animals with diethylnitrosamine (DEN) is one of the most frequently used approaches. Diethylnitrosamine 

is a well-known carcinogen. At the cellular level, particularly inside the hepatocyte, it acts as an alkylating 

agent, producing lesions and DNA mutations. DEN administration for several weeks induces a rapid cancer 

development and promotes HCC formation in 100% of male and 10-30% of female mice. Literature reports 

indicate that tumour molecular profile of mice exposed to DEN are extremely comparable with those 

related to human HCC cases characterized by a poor prognosis. This is the reason why it is considered a 

typical approach for HCC in vivo studies [1]. 

[1] The builder is a component that allows to integrate in DIANA on-line DB that the team will decide to integrate in the future; the 

updater instead maintains aligned the considered DB with the local one. 



We aim to validate our approach on HCC that is deeply studied in DISCAB Dep. of University of L’Aquila. We 

will use the developed software system on the microRNA extracted in the in-vivo studies to predict the 

target genes for the HCC. The results of the in-silico analysis will be provided to the biotechnologist that will 

verify the implemented system. 

Technologies- The project will develop an on-line open source system able to connect to several on-line 

MicroRNA prediction systems using the API they provide to populate the local Graph DB, provide new 

predictive analysis possibly combining the existing ones, and devise a user-friendly interface to query the 

DB and visualize analysis results. 

The technologies we plan to use are:  

- Linux/windows WM 

- Python as main programming language for the implementation of the software layer that contains 

the predictive analysis of the data. In this way we are able  to reuse the Biopython libraries, when 

necessary. 

- Neo4J technology to build the graph DB. 

- Azure Services for Web app, Mobile app and Machine learning.  

- Visual Studio Application Insights to monitor the whole system to validate and verify its quality. 

- Visual Studio Team Service. 

- Developer Tools. 

Required Resources 

Type Amount 

Azure accounts 5 

Storage requirements 100 TB 

Number of cores  At least 4 

RAM At least 32 GB per VM 

VM At least 4 

 

The project will be developed by a team of 5 members (the PI, the two DISIM collaborators and two master 

students that will develop their thesis in the project). We need 100 TB of storage space since the system 

will create and maintain two instances of graph DB. Each DB instance is created by downloading (6)  on-line 

(SQL) DB that contains information on MicroRNA, pathways, Genes and predictions about the relation 

between MicroRNA and gene targets. Moreover, we need at least 4 cores and at least 4 WM with each 

32GB of RAM to distribute the overhead of the systems and to replicate the system to be robust to faults. 

The graph DB is the core of the system and all the functionalities are based on it, hence we need at least 

two DB copies to balance the computation.   

Note- this project can be submitted to both Science Data and Machine Learning track, since biological data 

to be managed is quite huge and the algorithm analysis and the quality V&V make use of machine learning 

techniques. I decided to go for Science Data to give more centrality to the application domain of the system 

that is related to biology and life science.  
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