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Molecular data visualization is considered a key aspect in the study
of main biological processes and allow a fast acquisition of structural
and functional information on different proteins of biomedical
interest (such as EGFR).

Unfortunately, many data visualization tools offer a specific graphic
vision for every kind of information that often cannot be easly
integrated and possible correlations among them are not easily
pinpointed.

The heterogenity of these tools forces biologists to use them in =«
different steps of their work, without correlations with results,
attempt to obtain the desired information.



These difficulties necessitate the realization of a new tool (Web based), that
combines all these features with a simple data management and shows results
for a better scientific knowledge.

Geographic Information Systems (GISs) were born as systems for capturing,
storing, analyzing, managing data and associated attributes which are spatially
referenced to Earth.

Features are categorized separately and stored in different map layers, which
share a common coordinate space.

In particular, layers can be added for locating measured data using an
evolutionary concept.

This way of organizing data in a GIS, makes maps much more flexible to use since
these layers can be combined in any useful manner.



Similarly, biological structures (proteins, genes, etc.) define a
biological space coordinates, with the same characteristics of any
other, thus perfectly performable with a GIS.

One of the first example of spatial information systems, in which
geographic informations represent genome data, was developer by
Dolan et al. This system was named GenoSIS (Genome Spatial
Information System), and it was an application that used the
concepts and tools of geographic informations science for the
interpretation and modeling of genome data but it was not Web
Based. It represented a novel approach to several problems of
current interest to molecular geneticists.



As case of studie for our system we show relationship between the
most common mutations in EGFR (Epidermal Growth Factor
Receptor) kinase domain and lung cancer, that accounts for one
third of all deaths from cancer worldwide

It has been widely demostrated that EGFR is implicated in non-
small-cell lung cancer (NSCLC), comprising 80% of lung cancers,
glioblastoma, and breast cancer, where its oncogenic potential is
stimulated by protein overexpression or by somatic “gain-of-
function” mutations.



Bio-Gis

We present an evolutionary general purpose G.1.S. in which geographic

information is replaced by biological data representing the main mutation
regions within the kinase domain of EGFR.

Our system can be used for:

generating defining disclosing
hypotheses statistical, biological
about relations molecular, and identification
between EGFR pharmacological techniques, etc.

mutations and relationships;

cancer;
> >

So we show that GIS capabilities can be used not only for geographic
items, but for any kind of data, as a general purpose system.




Representation of the Epidermal Growth Factor Receptor (EGFR).
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It shows the distribution of exons in the
extracellular (EGF binding),
transmembrane and intracellular domains
(comprising the tyrosine kinase and
autophosphorylation regions). Relevant
mutations are situated in Exons 18/21, are
highlighted (yellow bar); and a detailed list
of EGFR mutations is associated with
sensitivity (red boxes) or resistance (black
boxes) to the main drugs, “gefitinib” or
“erlotinib”.  Moreover, frequencies of
mutations are shown.



Epidermal Growth Factor Receptor and Lung Cancer

EGFR kinase domain has been intensely studied in its 3-Dimensional domain
organization.
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A number of distinct mutations have been structurally identified around the active
site cleft of the EGFR kinase domain (EGFR-KD). The protein regions more
frequently subject to mutations are shown in red.

Our WebGIS prototype uses these
mutations as example data set.




We plan on dividing a protein in four fundamental levels of
increasing complexity:

1) Amino acid sequence level;
2) Secondary structure organization level;
3) Domains organization level;
4) 3-Dimensional organization level.

All related information of each level are show into the GIS System.



We used GIS’s strengths in order to improve 2D biological models and link them
using multilayer, so it is possible to produce biological maps, that can be enriched
with new layers, data, simulations, statistics and so on.

Our goal was to show that general purpose GIS extends the concept

of Geographical Information System, increasing usability for each kind of data,
also providing a central scientific archive on the web.

Our WebGIS infrastructure is based on an original modification and integration
of several major open source software systems for

Data management (MySql),

Geographical data visualization through internet (MapServer),
Geographical data analysis (Quantum GIS),

and Internet software management (Apache).
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The system can be accessed by simply using an Internet browser or a desktop GIS client.
The Apache Web Server receives and processes HTTP requests, and invokes MapServer
(throw PMapper infrastructure). The MapFile includes information about data (rasters and
vectorials) and is the system core.

It is processed by MapServer and sent to the HTTP server (Apache) that will send it to the
browser (client).
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GIS main window is divided into three basic areas:

1) a main map generated by MapServer, surrounded by various control instruments,
that reproduces the 3D ribbon representation of EGFR with all the activated layers;
2) an interactive legend through which users can activate and deactivate layers;

3) An interactive reference map, which offers also the navigation of the protein.



The application offers several tools that can be activated using buttons in the
pipe bar.
Among them there are:

the zoom and pan interface (without frames); by using them the user can
browse the protein image easily.

(User can also zoom/pan through the map via keyboard keys, mouse wheel,
reference map and slider bar).

Users can query data in the database with three functions: identify, select and
search; in fact there is a fully featured attribute search, including suggest,
select boxes, etc., and query results can show joins from DB and hyperlinks
(query results can be also exported).



Functionalities
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Query layout results is really flexible because it is managed via JavaScript and can be
shown with a pop-in identification by moving the mouse over the map, or with an i-frame
into the map (auto-identify function).



All data in the database can be printed out as HTML and PDF file.

The application has a useful tool to measure distance and areas on the map.
All data are figured also with HTML legends and various display styles of legend
and layers/TOC, thanks to a very flexible configuration of functions, behavior

and layout.

The application has a multilingual user interface and predefined languages
are: English, Italian, French and German.

User can also add points of interest in the window with labels on the map.



In the first prototype of the WebGIS we provided five layers, each one containing
information about EGFR mutations.

The first one contains information about mutations; in particular, in the database are
collected data regarding the site mutation sequences, and the position where they happen,
the mutations name, the frequencies with which they occur, and their typology (punctual or
not).

The second and third contain information about drug sensitivity/resistance;

The fourth and fifth about pathology deriving from mutations, diseases, pharmacology
experimentations and so on.

Moreover, a lot of items regarding no-gis-data are provided. This category
includes a dataset not depending on mutations, but regarding EGFR protein
and cancer relationship.



“No-Gis data”
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An example, of no gis data are the protein2protein interactions, that are viewable by
clicking on the i icon of the toolbar



The strength of this system is to provide to researchers a complete
and multidisciplinary easy-to-use service, that is usable from
different places via Internet and can be developed with low costs and
little maintenance work.

It is able to improve medical research in cancer mapping, analysing
and exchanging data concerning proteins.

Potential users of our application include biologists, doctors,
researchers, as well as private collectors of biomedical data/objects,
and non-expert people that will obtain information regarding
diseases, statistics, therapies, and so on.



This is possible thanks to the powerful tools of a typical WebGIS, such as WMS
(Web Map Service), WFS (Web Feature Service), and WMC (Web Map Context).
Using them it is possible to improve interoperability between applications, by
creating some common interchange languages through common standards, so
that applications can share and request vectors and rasters maps.

They can be produced in plain image format, through WMS;
in vector map data and attributes (GML format), through WFS;
and in a XML file format, saving WMS views through WMLC.

In particular biomedical data, which often consist in different kinds of
information, require simple instruments to be better arranged and displayed, so
to ensure visibility, and to facilitate learning, research, therapy and so on.



Next step will be to implement a 3-Dimensional WebGIS, where 3D
space will be used to store biomedical images linked from different
databases, with different items, providing data-mining, graphical
gueries, and so on.

This distributed 3D WebGIS could represent a huge improvement in
biomedical science.

Moreover, our goal will be to put in relation biological functions,
associated diseases, related genes and gene-to-gene characteristics,
allowing to manage, visualize and interact various level of
information; in order to improve interoperability between different
teams, working worldwide on medical research in cancer.



