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Introduction 
 
Characterization of gene-expression profiles with DNA microarrays provides a powerful mean to discover 
disease-related genes, particularly in cancer. It is well known that clinical validation of disease-relates genes, 
through standard molecular analysis on individual tissue sections needs enormous effort in terms of time and 
costs. To overcome this problem, the Tissue Microarray (TMA) methodology has been recently developed [1]: a 
high-throughput technology enabling “genome-scale” molecular pathology studies. 
In this paper we briefly present our technological platform [2] designed and optimized for the complete 
management of Tissue Microarrays experiments. Our comprehensive system is very flexible regarding the 
management of data and it allows a wide range of microarray experiments on different diseases. We also 
obtained promising new results of biomarker expressions on ovarian and breast cancer, in terms of 
discrimination of patients’ overall survival and relapse free survival. 
 

Motivation 
 
The integration of cDNA microarray, high-density Tissue Microarray, and linked clinical and pathology data is 
emerging as powerful approach to molecular profiling of human cancer. Beside pathological and clinical aspects 
TMA technique poses significant challenges with data collection, data sharing and data interpretation, which 
bioinformaticians are only now beginning to address [3, 4]. Moreover, to allow high-throughput screening of 
TMAs in large-scale applications, a comprehensive system for TMA data management should include 
procedures to automatically acquire digital images of single core sections, therefore enabling digital pathology, 
for eventually quantifying biomarkers expression in automated way. Finally a system that exalts the full 
potentiality of TMA must be very flexible and must allow “open” experiments. We decided to address these 
issues by developing a web system with relational database (RDBMS) for data management together with TMA 
ad hoc virtual cases [5]. The choice of developing a web-based system is driven by different motivations. First 
and foremost, a web-based system allows collecting data from several institutions, providing access form 
virtually everywhere with an Internet connection. Secondly, the RDBMS ensures data consistency, correctness 
and completeness. Finally, TMA ad hoc virtual cases allow the evaluation on monitor of gene and/or protein 
expression by pathologists of different institutions and even more important allows quantifying biomarkers 
expression in an inherently objective and replicable way. 
 

System Overview 
 
The whole system (Fig 1.) has been designed following the standard web-based 3-tiers architecture, and consists 
of 1. a web based application to collect all the data involved in TMA studies: block array information, patients 



 

data, array slide staining, core section evaluations, etc., 2. a relational database and 3. an environment (TMAenv) 
to automatically perform digital image acquisition of TMA glass slides and biomarker expression measurements. 
Particular attention has been given to the user interface design, addressing different needs of different users who 
operate in distinct work phases (biologist, pathologist, technicians, clinicians and bioinformaticians). Workflow 
needs, differentiated for input and retrieval phases, have been considered. The relational database univocally 
links records between different tables and, together with the middle layer, reduces possible errors in linking 
information: biological/genetic, pathological, and clinical. TMAenv is based on the usage of a robotic 
microscope (to automatically acquire digital image of single core section) and image processing algorithms to 
properly locate each detected core section in its block array and thus linking it to corresponding bio-clinical data. 
Digital images are also stored in the relational database. 
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Results and Conclusions 
The described system has been already implemented and deployed and is currently in use. Up to now (February 
2004) about 1900 breast, ovarian and lung tumors have been collected together with the information of about 
140 block arrays. About 700 glass slides have been cut, stained and stored. Moreover, biomarker evaluations of 
about 480 glass slides (about 34,500 cores sections) were input by pathologists from different institution. 
Automatic expression measurements have also been performed and tested for two biomarkers on single core 
section digital images (about 2,300 core sections). This kind of large-scale and distributed experiments is 
enormously promoted by this comprehensive system in terms of time costs. Moreover, system controls on data 
consistency reduce error-propagation risks, which affect high-throughput experiments. 
Preliminary results of TMA data analysis confirmed known biomedical knowledge. We also obtained promising 
new results of biomarker expressions on ovarian and breast cancer, in terms of discrimination of patients’ overall 
survival and relapse free survival. In conclusion, this system fosters the translational research, i.e. the clinical 
application of biopathological research findings, which is the aim it has been created for. 
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