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Biomarker

Introduction

An indicator to measure various processes and responses including normal
biological processes, pathogenic processes, and biological responses to
the intervention (Ou et al., 2021).

Example:
Biological molecules
pulse 
blood pressure (Strimbu & Tavel, 2010)

Importance:
early detection of disease

categorization of disease

identify the existence of high-risk cohort

assessing response of treatment (Samprathi & Jayashree, 2020)



Gene Biomarker

Early Phase in Discovery Biomarker

Introduction

Detected from large amount of gene  
expression profiling 

Done in laboratory instead of using computational methods
Disadvantage: Time-consuming, expensive

Use computational method (machine learning / deep learning)



Problem Background

prone to fluctuations which may affect the accuracy of
classification  (Zhong et al., 2021)

class imbalance issue in gene expression data might decrease the
ability of predictive machines to predict the minority class accurately
(Koziarski et al., 2020)

analysis of gene expression data
through computational method Biomarker 

However
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using gene expression data only is considered less informative as
most of the gene seems to be correlated with other genes to perform
function effectively (Wu et al., 2012)
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Problem Background

Problem Statement

The focus on high dimensional gene expression data only will
leave over the interaction between genes and further lead to
the less informative discovery of potential biomarkers while the
imbalance class distribution might cause the classifier to
become bias.



Research Aim

To study the existing
computational methods
in identification of
potential biomarkers.

To apply different data
resampling strategies on the
generated input for better
identification of potential
biomarkers of ovarian cancer.

to implement different data resampling strategies for identifying potential
biomarkers of ovarian cancer from imbalanced gene expression with protein-
protein interactions.

Research Objectives

To generate input that considers
interactions between genes
from gene expression datasets
with protein-protein interactions
data.

To evaluate the performance
of different data resampling
strategies in terms of accuracy,
precision, sensitivity, specificity,
and F1 score.
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Research Scopes

The performance measurement will be focused on
accuracy, precision, sensitivity, specificity, and F1-
score.

The dataset mainly used is gene expression data
that can be downloaded from Gene Expression
Omnibus (GEO).

The research will focus on identifying the potential
biomarkers of ovarian cancer.

The source of biological context verification will
be based on the published journals and articles. 



Summary of Literature Review

Protein-protein Interaction (PPI)

physical interactions between two or more proteins that have complex

biological activities (Farooq et al., 2021). 

Interaction between proteins will control biological processes or

mechanisms that can further lead to a healthy or unhealthy condition in

living organisms. 

plays an important role in identifying the molecular basis of a disease.  

(Atan et al., 2018). 



Summary of Literature Review

Protein-protein Interaction (PPI)

Advantages of applying PPI
in identifying biomarkers



Summary of Literature Review

Data Integration

The process of combining

different data that are obtained

from a few different sources into

a single dataset. 

Essential for researchers to

utilize the data fully and gain

more insights about biological

systems (Reel et al., 2021). 



Data Resampling

Applied in training data to balance the proportion of class distribution by

decreasing the number of samples from the majority class or increasing the

number of samples from the minority class (Khushi et al., 2021). 

Under-sampling will remove the samples from the majority classes until

it is almost the same as the number of samples from the minority classes. 

Over-sampling will create new samples according to the samples of the

minority class to balance the class distribution. 

Hybrid-sampling combines both under-sampling and over-sampling.

Summary of Literature Review



Summary of Literature Review

Existing computational methods and
their advantages and disadvantages in
identification of potential biomarkers



Start

End

Research Framework

Summary of Research Methodology



Accession
Number GSE52037 GSE10971 GSE4122 GSE6008 GSE26712

Cancerous
Sample 10 13 53 99 185

Control
Sample 10 24 14 4 10

Total
Sample 20 37 67 103 195

Overall 422 sample

Summary of Research Methodology

Obtained from: Gene Expression Omnibus (GEO)

360 cancerous sample
62 control sample

(85%)
(15%)



Dataset

Protein-Protein Interaction Data

Summary of Research Methodology

Obtained from: Human Protein
Reference Database (HPRD)

Consists of 39240 interaction of genes



Classification Performance
Measurement

Biological Context
Validation

Summary of Research Methodology

Validate the potential
biomarkers from reliable
sources to prove it is related
to ovarian cancer.



Summary of Research Design and Implementation



Data Pre-processing

Gene expression data in matrix form Gene Symbol data

+
Remove missing values (genes
that do not have gene symbol)

Gene symbol is added as it is needed for
selecting the genes based on PPI data



Data Pre-processing

Common 
Features

Integrate 5 GE dataset
only the common features (genes) will remain

8250 common features remain after the process

Remove duplicated genes (only 8134 genes remaining)

Combined as the sample size of each dataset is
small and the number of normal control samples is too
small. Wong et al. (2022) also used this method in their
research to identify potential biomarkers. 



Select Gene Expression Data Based on PPI Data

5729 features
(genes) remain after

the process

To ensure only genes that have interaction with other
genes will be remained



Data Splitting

The random state hyperparameter is
set to ensure the data subsets
produced are reproducible.

 
This experiment uses five different
random states to run the experiment
five times to ensure the result of the
experiment is not biased.  



Feature Selection

To select important features and produce
list of potential biomarker



Data Resampling

Random Under-Sampling (RUS)
Edited Nearest Neighbors (ENN)
Random Over-Sampling (ROS)
Synthetic Minority Over-Sampling Technique (SMOTE)
SMOTE-RUS
SMOTE-Tomek Link

To balance the class distribution of gene expression data



Random Under-Sampling (RUS)

Normal Control Sample 42 minority

Cancerous Sample 253 majority

Normal Control Sample 42 minority

Cancerous Sample 42 majority

Before RUS

After RUS



Edited Nearest Neighbors (ENN)

Normal Control Sample 42 minority

Cancerous Sample 253 majority

Normal Control Sample 42 minority

Cancerous Sample 240 majority

Before ENN

After ENN



Random Over-Sampling (ROS)

Normal Control Sample 42 minority

Cancerous Sample 253 majority

Normal Control Sample 253 minority

Cancerous Sample 253 majority

Before ROS

After ROS



Synthetic Minority Over-Sampling
Technique (SMOTE)

Normal Control Sample 42 minority

Cancerous Sample 253 majority

Normal Control Sample 253 minority

Cancerous Sample 253 majority

Before SMOTE

After SMOTE



SMOTE - ENN

Normal Control Sample 42 minority

Cancerous Sample 253 majority

Normal Control Sample 247 minority

Cancerous Sample 239 majority

Before SMOTE-ENN

After SMOTE-ENN



SMOTE - Tomek Link

Normal Control Sample 42 minority

Cancerous Sample 253 majority

Normal Control Sample 252 minority

Cancerous Sample 252 majority

Before SMOTE-Tomek Link

After SMOTE-Tomek Link



DNN Model

Epochs:250
Batch size:32



Effect of Integrating GE Data with PPI Data

There is a significant increase
in the specificity by

integrating GE data with PPI

data. This shows that more
normal control samples are
predicted correctly although

it is the minority class. 



Effect of Feature Selection

The specificity has improved

around 13%. This indicates that

through the application of RFE,

more significant features are

identified and the noisy
features remaining from the
previous process are
removed now.



Effect of Data Resampling

The implementation of data

resampling methods has

successfully solved the class
imbalance issue and led to

the yield of improved results.

Overall, the specificity
shows huge improvement
after applying the data

resampling method.



Comparison of Under-Sampling Results

ENN has strong overall
performance and reliability in

identifying both normal control

samples and ovarian cancer

samples despite its slightly

lower precision



Comparison of Over-Sampling Results

SMOTE perform well overall and

is good at identifying ovarian
cancer samples. However, the

low specificity of SMOTE

caused some of the normal
control samples to be
classified incorrectly and led

to a lower reliability in the

negative predictions.



Comparison of Hybrid-Sampling Results

SMOTE-Tomek outperforms
overall, especially in

identifying the ovarian
cancer samples. However, its

lower specificity indicates that

its capability to identify the

normal control samples is lower

than the SMOTE-ENN



Biological Context Validation

9 out of 10 of the selected

features have been proved

their relatedness with ovarian

cancer



PPI Network Diagram

PPI network diagrams are

constructed to visualise
the selected features on
their interacting genes. 
The network diagrams are

constructed based on the

interaction of the

selected features with the

data in HPRD.



Research Outcomes

The integration of PPI data
with GE data improve the
result of classifier in
comparison with using GE
data only

SMOTE-Tomek performs
the best out of all of the
data resampling
strategies

Obtain 9 verify potential
ovarian biomarkers

Conclusion

Findings from PPI Findings from Resampling

Findings from Biological Context Validation



Suggestions for Improvement and Future Work

Conclusion

Explore different
feature selection to

see the relations
within feature

selection and data
resampling in dealing
with imbalanced data.

Use a larger
imbalanced GE
data with more

samples

PPI network can be
further analysed in
detail whether their

interactions with
those genes will
lead to ovarian

cancer
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