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Motivation
● Identify cancer subtypes → simplifying the problem

● Increasing the depth of our knowledge in driver genes and oncogenic pathways

● Understanding of progression and formation of cancer 

● Genes never act alone, methods that analyse a single gene are less efficient 

● Extracting a new class of gene signatures that act as mediators in forming 

oncogenic pathways.



Introduction
● Cancer is a major cause of death (in 2014, about 14.1 million new cases a year)

● Early detection of cancer and understanding the biology of it can improve 
prognosis, however

○ Heterogeneity of tissues and genetics of patients 

○ High dimensionality of the microarray data

○ Combined effects of genes lead to a variety of resultant phenotypes

● Using  machine learning and deep learning methods 
○ Analyze the data, extract information, and understand cancer better



Contribution
●  Cancer subgrouping based on compressed set of genes : 

○ Divide samples into two main group of cancer 

● Gene biomarkers selection for each subgroups 

● Extract a new group of genes associated with cancer
○ Mediator genes not differentially expressed

● Pathway enrichment analysis and creating network of cancers
○ Important pathways in cancer

○ Hub gene(s) and connection of cancers 



Dataset
● Gene expression data from Gene Expression Omnibus (GEO)

● Number of genes: 22485  





Feature Compression and Clustering

● To find the best subgroups → decrease the dimensionality

● Propose the use of autoencoder to create new representation of data

● Finding subgroups of cancers by Mini-batch K-means

● Determining the optimal number of clusters → Silhouette index 

● Divide samples into two main groups of cancer: pure and mixed



Genes Selection and Classification
● Selecting only differentially expressed genes results:

○ Focus on single genes separately→ interaction of genes
○ Ignore mediator genes

● Machine learning feature selection → Biomarkers
○ Pure cluster: unsupervised (PCA)
○ Mix cluster: supervised (BestLasso)

● To evaluate importance of selected genes
○ The classification → only on mixed clusters 
○ For samples in pure clusters →  label is set by the cluster
○ All the results are summed to calculate evaluation metrics



Results
● Cancer subgroups identification● Cancer subgroup identification



Results

○ ABCA8 as a hub gene and it cited in 
the literature as related to cancer 
several times

○ Common gene  signatures between  
breast  and  lung  cancers

○ Lung is proven to be the most 
probable organ to metastasize for 
breast

● Network of cancer based on biomarkers



Results
● Pathway Enrichment Analysis

(KEGG pathway)
○ PURINE_METABOLISM
○ PATHWAYS_IN_CANCER
○ LEUKOCYTE_TRANSENDOTHELIAL_MIGRATION
○ PYRIMIDINE_METABOLISM
○ MAPK_SIGNALING_PATHWAY
○ FOCAL_ADHESION
○ NEUROACTIVE_LIGAND_RECEPTOR

_INTERACTION

NOTE: The number of selected gene signatures in each pathway 
is determined and normalised by the total number of genes in
the pathway

● Prediction metrics



Results
● Mediators genes (breast)

○ From all the gene signatures, some of  
them are differentially expressed and 
some are not called mediator genes

○ Important pathways:

■ breast (mixed): 
RENIN_ANGIOTENSIN_SYSTEM

■ breast (pure): 
PATHOGENIC_ESCHERICHIA_COLI_IN
FECTION

■ breast (pure): 
VASOPRESSIN_REGULATED_WATER_
RREABSORPTION

Common selected 
genes by DE

Mediator

Differentially 
expressed 



Conclusion 
● Hybrid deep learning-based model able to 

○ Find cancer subgroups  → autoencoders and a clustering technique
○ Select a subset of biomarkers that predict cancer with high accuracy (more than 20.000 to less than 100 genes)
○ Find mediator genes

● The cancer tissues can be separated into two main subgroups 
○ Pure: being  very  different  than  normal  samples 
○ Mixed: group more similar to normal tissues

● Created a network of cancers from the selected genes  
○ To  discover  the relationships of the cancers   
○ Found out that lung and breast cancer are more related
○ ABCA8 as hub gene

● Finding important pathways in KEGG 
○ showed that they are known to have a role in cancer formation and progression

● Publication
○ Collaboration with Cancer Antibody Discovery and Immunotherapy group: 

Immune mediator expression signatures are associated with improved outcome in ovarian carcinoma, Journal Paper 
(Accepted in OncoImmunology)

 



Future Work
● Extend this work by 

○ Predict the grades and stage of cancer and analyze them in each subgroups
○ Comparing cancer subgroups with known cancer subtypes
○ Adding relevant clinical data and target therapy for each subtype
○ Predicting  survival time 




