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INTRODUCTION
Breast cancer is the most common and the most deadly cancer type in women1.
Patients undergo avoidable adjuvant chemotherapy in 70-80% of cases in nodenegative early breast cancer2.
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High-throughput gene-expression proﬁling technologies yield genomic signatures
to predict clinical conditions or patient outcome and help reﬁne a therapeutic
decision.

METHODS
We propose an interactome-based algorithm6,7: ITI (Interactome-Transcriptome
Integration) to ﬁnd a generalizable signature for predicting 5 years relapse free
survival in breast cancer.
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PERSPECTIVES:
- CGHarray Integration
- Methylome Integration
- Test other Cancers, Diseases
- Data Repository Extension
- Canonical Pathways Inclusion
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Principle of subnetwork selection with the integration of transcriptomic datasets and
interactome. Subnetworks countain biomarkers and are characterized by proteins
whose expression is correlated with the clinical status in at least one dataset
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AVAILABILITY:

- Large scale interaction data. We integrated ﬁve existing human protein-protein

proﬁles by examining datasets available with clinical information on the NCBI GEO
database. Each dataset was downloaded from GEO as raw data and normalized within
Bioconductor using aﬀy and gcrma packages. Tumors without relapse information were
removed, leading to a ﬁnal compendium of 5 datasets containing 787 tumors4,14-17.

Workﬂow:

Integration Transcriptome-Interactome Algorithm
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Two data types are fed to the algorithm:

- Gene expression proﬁles (GEP). We built a compendium of breast cancer tumors
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Dataset 2

ITI re-implements the Chuang et al.8 algorithm, by extracting discriminative
regions in the interactome (subnetworks), with the additional capability to
integrate several gene-expression data sets simultaneously.

interaction (PPI) maps by uniqueness of NCBI EntrezGene identiﬁers, leading to a ﬁnal
set of 70,530 interactions among 13,202 proteins (HPRD9, Ramani10, MINT11, IntAct12
and DIP13).
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Two independent studies found a 70-genes signature (Van't veer et al.3 2002) and
a 76-genes signature (Wang et al.4 2005) predicting breast cancer relapse. They
only have 3 genes in common (less than 5% of all genes in the two signatures).
It has been proved that more than one 70-genes signature with the same
predictive power exists5. Such signatures show dependency on training set, lack of
generalization and instability.

One dataset was left out for cross-validation purpose with independent testing.
Pearson correlation is computed between GEPs and clinical information (Distant
Metastasis Free Survival [DMFS] status) for each dataset.
Interactome regions whose gene expression is highly correlated with DMFS status
are then detected. Random distributions of score are drawn to assign p-values to
the subnetworks and perform a statistical validation.

Finally, the discriminative power of statistically signiﬁcant subnetworks is tested
against an independent dataset.
These are stored and available for exploration in a bioinformatics resource : the
ITI web site ( bioinformatique.marseille.inserm.fr/iti )

RESULTS & DISCUSSION
Intrinsic biology of extracted subnetworks was examined using annotation information
from the NCBI EntrezGene database and the Gene Ontology Consortium.
We found that subnetworks formed complexes functionally supporting the studied
disease for metabolism, cell cycle control, proliferation, cell-cell adhesion and
immunological response, which are known mechanisms of cancer and
metastatic process. Several driver genes were detected, including CDK1, TP53,
PDGFB and some not previously linked to breast cancer relapse7.
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Four studies ER status speciﬁc were made. We had ER- or ER+ tumors and left
out Desmedt14 or van de Vijver3 dataset. SVM classiﬁcation was made base on a
set of subnetworks against an independent dataset (Desmedt14 or van de Vijver3).
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Classification results comparison for accuracy between ITI and other signatures3,4 on
the two test datasets of Desmedt and van de Vijver, for ER+ and ER- tumors

We compared performances between signatures found with ITI algorithm and
previously established signatures : the Mammaprint 70 genes signature3 (70G)
and the ER Status 76 genes signature4 (76G). This test shows that not only ITI has
better predictive power, but that ITI is more generalizable7. Our signatures have
11.5 to 32.8% genes in common, so they are also less unstable7.
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Subnetwork analysis

Nodes and edges correspond respectively to genes coding proteins and protein
interactions. Annotated genes are implicated in cancer progression and probably
in metastasis formation

Subnetworks are stored in the ITI web site (bioinformatique.inserm.fr/iti). This
resource is the ﬁrst of its kind to allow linking a human interactome to
diseases or clinical situations6,7. It can be mined for isolating potential drug
targets, tumor suppressor genes or oncogenes, as well as prognostic signatures
for metastasis of breast cancer as well as other diseases. It has the potential of
becoming the starting point to establish ﬁner disease models by systems
biology techniques.
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