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The successful treatment of cancer depends on early and accurate detection. Molecular diagnosis is expected to greatly improve current diagnostic processes. Biomarkers are
molecular signatures that can be used to identify the presence or absence of a particular disease. The high throughput experimental methods, including microarrays, provide an
excellent tool for parallel measurement of expression of biological molecules such as genes, proteins and metabolites. Though many methods already exist for the determination
of markers and tumor diagnosis using high throughput data, more precise and accurate methods for feature selection as well as tumor classification are still needed. In this poster
we present a general overview of a new strategy for gene expression-based biomarker discovery. By applying our strategy to data from tissue samples, we were able to identify
the patterns of gene expression -biomarkers- unique to prostate and colon. The prostate biomarker panel consists of 8 genes. This panel was able to detect prostate cancer with
over 96% specificity and sensitivity in leave-one-out cross validation. The colon biomarker panel consists of 17 genes. This panel was able to detect colon cancer with over 95%
specificity and sensitivity in leave-one-out cross validation. Independent validation on clinical samples confirmed the discriminatory power of this gene panel as well, yielding over
95% accuracy of diagnosis. Independent validation on clinical samples confirmed, once again, the discriminatory power of this gene panel, yielding over 95% accuracy of
diagnosis for both colon and prostate. We are currently seeking partners for further validation, and licensing of these technologies, and partners interested in collaboration leading
to discovery of biomarker panels for other applications using our intelligent decision support system for biomarker discovery.

Biomarker Panel Prostate Cancer:

The discovery of new biomarkers is often carried out by comparing physiological
changes between normal and disease states. The physiological and biochemical
conditions in normal and disease states result in differential gene expression
profiles, protein expression profiles and changes in metabolite profiles. After
examining up-regulated and down-regulated genes, proteins and metabolites, we
can identify new indicators and genetic patterns associated with particular
diseases that can serve as biomarkers.

- Pre-processing: Biomedical data are notoriously complex and variable. The data produced
by any high throughput technology contains huge amount of information but is often affected
by errors and noise due to sample preparation and instrument approximation. The goal of
preprocessing methods is to clean up the data so that the techniques for biomarker
determination such as data mining will be able to tease out key information and enhance the
sensitivity and the specificity in diseases diagnosis. The preprocessing allows us to: (i)
reduce noise, (ii) reduce the amount of data, and (iii) make the different omics attributes
comparable.
- Biomarker determination: Once the omics data is preprocessed and qualified, a multistep
process can begin to mine the data for expression changes and patterns that are related to
biomarkers. The process of mining the omics data frequently leads to the identification of
relatively small sets of genes, proteins or metabolites that are particularly relevant to the
diagnosis, treatment or prognosis, called biomarkers. To determine these markers we apply
data mining techniques to analyze and select a subset of features from different available
omics data. In this step we identify key genes, markers, and signatures responsive to clinical
needs using multicriteria classification method known as K-closest resemblance (K-CR)
method.

- Bibliomics / In silico experiment: Several different levels of in silico validation will be
performed. First is testing of the power of determined biomarkers in independent data sets.
Second is the analysis of biological knowledge about the markers from publications and
databases. Finally we will investigate connections between proposed markers and other
biological molecules through the analysis of biological pathways (Pathway Assist Studio
pathway analysis software or similar) and networks (Cytoscape and MetaNetworks).

- Tissue/Biofluids Validation: Examination of panel accuracy on clinical tissue samples.
Measurement of data using alternative methods (for example qPCR instead of microarrayas).
Preclinical and clinical trials on noninvasive samples: urine for prostate; stool for colon
cancer.
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For successful implementation of a biomarker discovery strategy it is critical to
access experimental and information technology expertise (bioinformatics, data
mining, statistics, optimization,…). Several steps including data collection,
analysis, validation and visualization are necessary to identify biomarkers from
different omics platforms. We have developed a strategy for biomarkers

discovery using new intelligent methods for the automated diagnosis, treatment
and prognosis of different diseases from any omics data that become available.

Conclusions:
The National Research Council Institute for Information Technology (NRC-ITT) and the Atlantic
Cancer Research Institute (ACRI) both based in Moncton, New Brunswick, Canada, have
identified sets of biomarkers to be used in the detection of cancer. One set of 17 biomarkers is
for the detection of colon cancer and the second set of 8 biomarkers is for the detection of
prostate cancer. Although there are many biomarkers in the scientific literature for these fatal
illnesses, almost all lack the sensitivity and specificity requisite for diagnosis. We have used a
panel approach, with the rationale that applying a number of markers as a panel can provide
more information and/or more accuracy than any single marker as a diagnostic, prognostic or
therapeutic aid. Using novel methods and proprietary algorithms, two sets of biomarkers
have been identified and validated for early detection of colon and prostate cancers. These
panels which are patented or patent pending are available for licensing, and/or partnering.

- Multicriteria classification method (K-CR): The general principle underlying the K Closest
Resemblance procedure (K-CR) is to determine the smallest possible subset of prototypes
which are nearest to sample ‘a’ to be assigned. Based on this prototype subset, the decision
to assign a given sample to a given class is made by applying the majority-voting rule (as
with the k nearest neighbour method). K-CR determines a matrix of prototype scores for the
various classes, in relation to sample ‘a’ to be assigned. Each component in the matrix
corresponds to the absolute distance between sample ‘a’ to be assigned and the prototype of
a given class, according to attribute gj.
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The different steps of our Biomarker discovery strategy are summarized as follows:

Biomarker discovery strategy Molecular Cancer Diagnostic Applications 

Using our strategy we have identified and validated eight gene biomarker panel that can
diagnose prostate cancer with over 95% specificity and sensitivity. The application of a
panel, rather than a single gene, reduces the risk that the gene expression alterations are
caused by non-malignant transformations. The determined biomarker panel allows extremely
accurate diagnosis on tissue biopsies samples and possibly (under validation) on urine
samples. The novel approach takes advantage of the gene panels and allows reference free

diagnosis directly from real-time PCR measurements. Gene expression diagnostic can be
accomplished for very small samples such as core needle biopsies of cells obtained from
urine samples.
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Biomarker Panel Colon Cancer:

The same strategy have been applied to colon cancer and a panel of 17 specific marker
human genes is discovered and validated. The overexpression of some of these marker
genes compared to their expression in normal colon tissue and the underexpression of
the rest of these marker genes compared to normal colon tissue are indicative of
cancerous colon tissue. By using these 17 marker genes as a diagnostic tool, small tissue
samples, such as those obtained by core needle biopsies and from stool samples can be
used.

Biomarker discovery strategy


