
IDENTIFICATION OF POTENTIAL BIOMARKERS FOR
ESOPHAGEAL CANCER FROM GENE EXPRESSION

AND INTERACTIONS USING BICLUSTERING
ALGORITHM

Presented by Gui Yu Xuan

Supervised by Dr. Chan Weng Howe

Presentation Link: https://youtu.be/Mo3of-sMN1Q

Demo Link: https://youtu.be/3dbpXcTMmt0



CHAPTER 1 INTRODUCTION1﻿Table Of
Contents 2 CHAPTER 2 LITERATURE REVIEW

3 CHAPTER 3 RESEARCH FRAMEWORK

4 CHAPTER 4 PROPOSED WORK &
DISCUSSION

5 CHAPTER 5 CONCLUSION &
FUTURE WORK



INTRODUCTION



Esophageal cancers

The combination of information on PPI and gene expression

enables the discovery of possible biomarkers and advances our

understanding of disease. 

A biomarker is a biological molecule that can be detected in

tissues, body fluids, or blood that can indicate if a certain

process, condition, or disease is normal or pathological. 

Biclustering method can be used to analyse esophageal

cancers through the gene expression data and PPI data to

detect gene clusters that exhibit differential expression when

compared to normal tissue in esophageal tumours.

Introduction



The curse of dimensionality, noise, and randomness of this data

are significant issues that arise in the interpretation of microarray

data and present numerous data mining and machine learning

obstacles.

Biclustering can decrease the high-dimensional character of

gene expression datasets by focusing on these co-expressed

genes 

Synthetic datasets frequently don't perform as well as gene

expression datasets. At the same time, the performance of each

algorithm varies depending on the circumstances bicluster

model.

Problem Background



THE LACK OF THE BIOLOGICAL RELEVANCE DATA IN BICLUSTERING

ANALYSIS LEADING TO LOW PRECISION IN IDENTIFYING RELEVANT GENE

CLUSTERS AND DECREASE THE ACCURACY OF BIOMARKERS DETECTION.

Problem Statement

Using only synthetic data to find biomarkers can produce false-

positive results and overfit the data.  

Determine the biological significance of the data able to increase

the possibility of discovering a true and informative biomarker. 

PPI and gene expression data are biological relevance data.



The goal of this research is to implement a biclustering method

to identify the potential biomarkers of esophageal cancer from

gene expression data and PPI.

Research Goal



To generate input data from gene expression and protein-protein data. 

To implement biclustering algorithm in identification of potential
biomarkers from the generated input data

To evaluate the selected potential biomarkers using support vector
machine through ten-fold cross validation and confusion matrix

To verify the identified potential biomarkers with biological
knowledgebases such as NCBI

Research Objectives



LITERATURE
REVIEW



Correlated Pattern Biclustering
(CPB)

QUBIC

Bayesian Biclustering
(BBC)

Binary inclusion-Maximal
(BiMax)

Work well in synthetic datasets
Perform well in large datasets

Better execution time

Produce accurate and meaningful
results even missing values
presented

Effective for simple structure

Sensitive to noise
Sensitive in high differential
expression

Produce low acccurate and reliable
result

Performance and execution time
depends on noise level and sample
size 

Performance based on sample size
Limited to discrete values datasets

Biclustering Methods Advantage Disadvantage

Plaid Capture Overlapped Bicluster
Low coherent variance

Performance based on parameters



Iterative Signature Algorithm
(ISA)

Spectral

Order Preserving Submatrix
(OPSM)

Cheng & Church
(CC)

Able to find homogenous group

Able to identify unique molecular
subtypes
Higher enrinchment analysis

Extract overlapped biclusters
accurately
Produce stable output

Able to identify large number of
biclusters

Give big impact on errors and
outliers

Performance based on noise level
and sample size

Do not filter output
Unable to analyse gene expression
data adequately 

Performance limited to higher noise
level
Vulnerable to local optima
Long execution time

Biclustering Methods Advantageous Disadvantageous



Support Vector Machine (SVM)

K-Nearest Neighbours (kNN)

Neural Network

Decision Tree

Flexible
Handle High Dimensional Datasets

simple and adaptable to noisy data 
capable of handling situations with
missing attribute values. 

can capture complex relationships.
flexible

simple to visualize and analyze. 
requires less data preparation. 
have the potential to achieve high
predictive accuracy 

Can Be Expensive and Complexity
Require Larger Computational
Power

Performance based on parameter.
computationally expensive
treats all attributes equally

difficulty visualizing the decision-
making process.
time consuming

difficulty in gene expression data
splits frequently correspond to
noise rather than important
patterns. 

Classification Methods Advantageous Disadvantageous



The quality metric for the calculation of number of clusters are

inertia and silhouette coefficient. 

Elbow method, silhouette method and gap statistic

Interpretation of elbow plots is sometimes subjective, the

silhouette coefficient and gap statistical approaches can

correctly quantify the number of clusters.

Gap statistics include computations that could not always

provide the same result. 

If the sum of square error line graph forms an arm, then the

Elbow Method is the suitable method for the finding of optimum

number of clusters. 

Identifying Optimum Number of Clusters



RESEARCH
FRAMEWORK



Phases

Phase 1
Research Planning
and Initial Study

Phase 2 Phase 3 Phase 4
Development of
Proposed Biclustering
Methods

Evaluation of Potential
Biomarkers by
Classification Models

Verification of
Selected Biomarkers
with Biological
Knowledgebases



Gene Expression Dataset



Protein Protein Interaction



Phases

Phase 1
Research Planning
and Initial Study

Phase 2 Phase 3 Phase 4
Development of
Proposed Biclustering
Methods

Evaluation of Potential
Biomarkers by
Classification Models

Verification of
Selected Biomarkers
with Biological
Knowledgebases



General Flow of 
Plaid Biclustering Model



Phases

Phase 1
Research Planning
and Initial Study

Phase 2 Phase 3 Phase 4
Development of
Proposed Biclustering
Methods

Evaluation of Potential
Biomarkers by
Classification Models

Verification of
Selected Biomarkers
with Biological
Knowledgebases



General Flow of 
Classification Method



Phases

Phase 1
Research Planning
and Initial Study

Phase 2 Phase 3 Phase 4
Development of
Proposed Biclustering
Methods

Evaluation of Potential
Biomarkers by
Classification Models

Verification of
Selected Biomarkers
with Biological
Knowledgebases



RESEARCH DESIGN
AND

IMPLEMENTATION



The step to
identify the
potential
biomarkers for EC
cancer

Development

Process



Data Preprocessing



The step to
identify the
potential
biomarkers for EC
cancer

Development

Process



To generate input
data from gene
expression and
protein-protein
interaction data

Achieved

Objective 1 



New Input After Gene
Selection Process



The step to
identify the
potential
biomarkers for EC
cancer

Development

Process



Identify the
Optimum Number
of Clusters To Be
Used In Plaid
Biclustering Model

Purpose of

Elbow Method



The step to
identify the
potential
biomarkers for EC
cancer

Development

Process



Plaid Model Biclustering Method



Identify the
Meaningful Data 

Purpose of

Common

Effects Layer

Last Step: Using Gene
Expression Dataset
subtract Dataframe
Hold Common
Effects Value

Residual Dataset



Plaid Model Biclustering Method



Identify the Genes and Samples that Shared the Common
Behaviour

KMeans to Initialize Rows and Columns



Plaid Model Biclustering Method



For Comparing the
Data Points With
The Residual
Dataset

Purpose of

Creating Common

Effects Layer



The Data Points Will Be Considered As Significant and have Meaningful
Pattern as the Data Points Is Close to the Expected Behaviour

Why Need To Compare Prunning Threshold Value

Plaid Model Biclustering Method



Bicluster 1

Bicluster 2



Bicluster 3

Bicluster 4

To Implement Biclustering Algorithm in Identification of Potential Biomarkers From the Input Data of Gene Expression

Achieved Objective 2



The step to
identify the
potential
biomarkers for EC
cancer

Development

Process



Applying
Classification Method
to Generate the
Confusion Matrix and
Obtain the Cross
Validation Value

Performance

Evaluation Process



To Compare the Performance Measurement from Different Subset of Data and Obtain the Potential Biomarkers that Achieved Better Result

Purpose of Filter Out Gene Expression Dataset





Performance Evaluation Result



To Evaluate the Selected
Potential Biomarkers Using
SVM by Creating the
Features to the Input Data
of Gene Expression and
Splitting them into Train
and Test Data

Achieved Objective 3

Performance Evaluation Result



To Evaluate the Selected
Potential Biomarkers Using
SVM by Creating the
Features to the Input Data
of Gene Expression and
Splitting them into Train
and Test Data

Achieved Objective 3

Performance Evaluation Result



The step to
identify the
potential
biomarkers for EC
cancer

Development

Process



Gene Expression Dataset that involved the genes occurred in

multiple bicluster achieved better result due to the dataset had

smaller sample size compared to thers

The frequently involvement in multiple biclusters indicated the

consistency of genes aligned with the biological patterns

found in the data.

EPHB4, LAMB3 and HOXD11 identified as potential biomarkers

for EC Cancer

Gene Validation



The study on exploring the roles of cation dependent mannose

6-phosphate receptor (M6PR) and ephrin B type receptor 4

(EPHB4) in serine exosomes in promoting tumor angiogenesis

and invasion of EC celss had been carried out

Exosomes generated from EC cells that overexpressed serine

showed higher amount of EPHB4 indicating a potential role in

the development of cancer

Exosome EPHB4 increase EC cell capacity for invasion indicating

a potential function in tumor malignancy and metastasis

EPHB4



The study on assessing the expression LAMB3 in EC stem cell

and adherent cell had been done.

Involvement of LAMB3 in the development of EC stem cells and

the advancement of tumors highlight its significance as a

potential cause of the cancer.

Helps produce Laminin 332, an important extracellular matrix

protein for the EC.

Downregulation of LAMb3 increase sphere formation,

enhancing the EC traits such as self-renewal and tumorigenicity

LAMB3



HOX gene family important for embryonic developement

Dysregulation (uncontrolled growth of cell) of HOX gene disrupt

the normal developmental functions causing cancer cell to

behave abnormally

Dysregulated of HOX gene affect cell proliferation (cell growth),

metastasis (spread of cancer cell) and treatment resistance of

cancer cells

Overexpression of HOXD11 can lead to uncontrolled growth of

cells, enable the tumor to spread quickly and escape the

regulatory system

HOXD11



CONCLUSION 
AND

RECOMMENDATION



Research Outcomes

Generate New
Input from
Gene
Expression and
PPI Network

01 03 0402

Implement
Biclustering
Algorithm to
form Biclusters

Evaluate the
Potential
Biomarkers by
SVM Classifier

Verify Potential
Biomarkers:
EPHB4, LAMB3
and HOXD11



Future Works

Development a method of determining the optimal pruning threshold value to
be used in Plaid Model Biclustering Model

01

02

Integration of machine learning techniques to enhance the performance and
scalability of biclustering algorithm in handling high dimensional dataset.
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