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INTRODUCTION 

 

The most common cancer of all found in the women is BC. It is found that one of every 

eight women suffers from BC in United States. The number of people suffering from BC 

was found to be 1.7 million in the year 2012. In India, one out of every two women 

diagnosed with BC dies. 

There are different types of BC that have the capability to metastasize to other body 

organs and tissues other than those of breasts. BC also affects not only to women but also 

is found in some men. Changes in the DNA of the breast cells lead to the development of 

cancer cells. The mutation of the proto-oncogenes helps in the progression of the cells to 

mutate and develop in an uncontrolled manner. 

 

 

 

 

 

 

Figure 1.1 Estimated Prostate Cancer Worldwide in 2012. Copyright GLOBOCAN 2012[14] 

 



2 
 

 

There are increasing number of BC cases in India in the younger age groups as well of 

30s and 40s as well. The reason for the same is the population pyramid, as the age group 

of the wider part of the pyramid constitutes of the younger age group and the narrower 

part constitutes of the older age group. BC in India is most common in cities as well as 

in rural areas also. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2 The frequency distribution of Breast Cancer data in India. [32] 
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The BC develops in 5 stages in total which can also be listed from 0-4. These are: 

 

Stage 0: 

In this stage, the malignant cells are present in the linings of the breast ducts but have not 

invaded beyond the duct lining of the breasts. The development of abnormal cells starts  

also called as (DCIS). 

Early detection and treatment leads to a good survival rate. 

 

Stage 1: 

The cells starts to invade the breast cells outside the duct lining in this stage. The tumour 

size is very small in this case of about 2cm or less. 

The chances of local recurrence is 3% and distant metastatic is 8% of total. 

 

Stage 2: 

The tumour may have grown between 2cm-5cm in size. Or may have been remained of 

the same size but may have been relocated to one or many lymph nodes. 

The treatment for Stage II BC can be done by the method of AT. 

 

Stage 3: 

This stage occurs when the tumour gets bigger than 5cm in size or the size remains 5cm 

but the tumour shows significant metastasis. 
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Regular chemotherapy is done on the patient and the survival rate is 70% with regular 

chemotherapy sessions. 

 

Stage 4: 

The tumour may have also spread to other parts of the body like liver, bones or any other 

parts of the body.  

The survival rate is low. Quality of life can only be achieved during the course of 

treatment. 

 

The treatment of tumour can also be done in different ways depending on the type of 

tumour i.e. ER, PR, HER2, the stage of the cancer, genomic markers, and the age of the 

person, mental health or any of the known mutation that may have occurred. 

 

Small cancers can be removed through surgery whereas for larger tumour, chemotherapy 

and hormonal therapy can also be done after surgery. Hence, the treatment includes 

surgery, lymph nodes removal and analysis, radiation therapy, systemic therapy, chemo 

therapy, hormonal therapy, targeted therapy. 
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ROLE OF miRNA IN BREAST CANCER 

 

miRNAs are endogenous molecules. They are found in most eukaryotes including 

humans. The human genome consists of 1-5% of miRNAs. The total number of        

miRNA that are discovered are 940 in number in the whole human genome.                      

They are highly conserved and are involved in the regulation of gene expression. RNA 

polymerase II and III transcribe miRNA. The prevention of protein production is done by 

miRNA binding to specific mRNA. 

 

 As miRNA and siRNA cannot be distinguished clearly because of the same function and 

are also similar biochemically. Hence miRNAs can be distinguished by their origin. 

miRNA are derived from hairpin precursor while siRNA are derived from  double 

stranded RNA. The precursors of miRNA are found in clusters. These clusters are found 

in many areas of the genome like the junk DNA. miRNA can usually be located in their 

respective intronic regions. 

 

The function of gene regulation is done by miRNA which is a                                                

small, single stranded   non-protein RNA that are highly conserved. miRNA  plays a 

major role in the development of in the growth, development and  death of a cell. The   

expression level of almost 20-30% of the genes is regulated by miRNAs in eukaryotes                               

including humans too. Change in the expression pattern of these                                           

miRNA cause progression of  many diseases miRNAs play an important role in the 

progression of tumour suppressor genes which are due to upregulation or     

downregulation of the  miRNAs.   
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miRNA pair to mRNA of  endogenous protein coding genes to redirect their post-

transcriptional repression. They modulate more than 30% of the proteins. Hence the 

dysregulation of these miRNA can impose changes to genes that are responsible in many 

diseases including variety of cancers. BC is also included in such types of cancer. In the 

research it is seen that miRNA play an important role in the cancer progression process 

like proliferation, metastasis, apoptosis and EMT. 

 

Cancer is a disease caused by the changes in the oncogenes and tumour suppressor genes 

during their expression. The involvement of miRNA is observed in every type of cancer 

present including the lung, prostate, and colon cancer as well. miRNA are observed to act 

as tumour suppressor genes when their expression is down-regulated and as oncogenes 

when they are over-expressed. 

In humans, more than 200 miRNAs are found to show progression in cancer development.  
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The roles of miRNA: 

Synthesis of miRNA: 

The pathway consists of synthesis consists of two events where the cleavage occurs. The 

first consists of cleavage of nucleus and the other consists of cleavage of cytoplasm. There 

are many enzymes responsible in the process of synthesis.  

The synthesis of miRNA is done through transcription of pri–miRNA by the help of RNA 

polymerase II. The pri-miRNA is then converted into pre-miRNA. The pre-miRNAs are 

then cleaved into a doubled stranded mature mi-RNA. The translation of miRNA then 

follows. It then identifies its complementary mRNA. 

 

 

 

 

 

 

Figure 2.1 : miRNA synthesis [33] 
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miRNA in cellular processing: 

miRNA plays an important role in the processing of the various cell processes like 

development of various tissues, heart and skeletal muscles too. miRNA’s role is also 

observed in insulin secretion and apoptosis. 
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METHODS USED 

 

Model Development using Hadoop: 

In this world of technology and information there is lot of data that is generated. 

Managing this continuous huge datasets is a huge problem from decades. BIG DATA 

has come to a rescue where analysis and storage of data is of great importance. Data 

obtained from various experimental sources can be unstructured, semi-structured or 

structured data. Data from various sources can be in the form of text, images, videos or 

any other type of source like social media posts etc. 

 

 

There are various complexities that arise with big data: 

1. Size and Scale of Data: 

Due to the emergence of Cloud Technology, the amount of data that has been generated 

is becoming more and more complex and enormous in amount. 

 

2. Speed: 

 Another complexity that comes with this amount of data size is the reduction of speed. 

The larger the amount of data, the slower will be the processing system of the software.  

 

3. Privacy: 

The privacy of data is very important. The private data of any firm should not be  
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accessible to every or any person without permission. The misuse or mishandling of 

data can occur, hence the privacy of the data is very important. 

 

 

4. Technology: 

Almost every organisation of the top level is practising Big Data now. Organisation like 

Facebook, Instagram are handling information of more than 50 billion photos of its 

users. 

 

HADOOP (a big data technology) 

It is a programming framework used for processing of large datasets of any type having 

any formats. It processes large datasets in distributed computing environment i.e. this 

software works on multiple computers which has a main server for computing and 

processing of the data files and running the software. It can be used to develop various 

applications in various fields.  

 

Hadoop consists of 4 models: 

1.  Hadoop Distributed File System: 

It allows data to be stored in an easier and accessible manner. The data is stored across 

various storage devices.  

 

2. Map Reduce Technology: 

This module is carried out in two basic steps, the first one is reading and fetching the 

data from the database, mapping the data into readable and accessible format for the  
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software to work. The second one is reducing, which is removing all the duplicates and 

redundant data from the file and performing the mathematical calculations on them. 

 

 

 

 

 

3. Hadoop Common: 

This module consists of tools which are made in Java that are needed to be performed 

on user’s computer systems. This module is needed to read the files from the HDFS. 

 

 

 

 

Figure 3.1 Architecture of Hadoop [34] 
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4. YARN: 

It has multiple data processing engines like SQL, batch processing etc. It works in 

respect to scheduling the jobs that are run on Hadoop and cluster resource management 

also.  

 

 

ADVANTAGES OF HADOOP: 

It has the following benefits: 

1. Scalable: 

It can store and distribute huge amount of datasets across various servers which run in 

parallel. 

2. Cost Effective: 

The traditional database management system is very costly. 

3. Flexible: 

It can work on any type of data whether structured, unstructured or semi-structured. The 

data can also be in a format of video, photos, and textual too. 

4. Fast: 

As the tools for the data processing are in the same server, the processing of the data is 

done at a very fast rate. Hadoop efficiently processes terabytes of data. 

5. Resilient to failure: 

It has an important feature known as fault tolerance. Hadoop makes many clusters of the 

data and then distributes into various nodes. 
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APPLICATION IN BIOINFORMATICS: 

The traditional tools in Bioinformatics work hard on the large scale data that is 

generated from high-throughput sequencing. MapReduce framework and HDFS, helps 

bioinformatics researchers opportunities to obtain a scalable, efficient and much more 

reliable computing performance on Linux clusters and Cloud Computing various 

services. 

In near future, the applications can be made and developed using the Hadoop  

technology and its various modules with more efficient algorithm in analysing the 

genomic datasets of Bioinformatics and Biotechnological experiments. 
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MODEL DEVELOPMENT: 

The accuracy of the model was checked based on the given data. 

Processes involved: 

1. Hadoop Installation: 

“user@ubuntu:~$  sudo apt-get update 

user@ubuntu:~$ sudo apt-get install sun-java6-jdk” 

 

 

 

Adding a dedicated Hadoop system user 

“user@ubuntu:~$ sudo addgroup hadoop_group 

user@ubuntu:~$ sudo adduser --ingroup hadoop_group hduser1” 

 

 

 

 

Figure 3.2 : Hadoop Installation in process 
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“user@ubuntu:~$ sudo adduser hduser1 sudo 

We have to generate an SSH key for the hduser user. 

user@ubuntu:~$ su – hduser1 

hduser1@ubuntu:~$ ssh-keygen -t rsa -P 

hduser@ubuntu:~$ ssh localhost” 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3 : Installation of Hadoop 
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2. WORKFLOW OF THE MODEL DEVELOPMENT 

 

 

 

1. Data Collection:  

The data was collected. 

It was converted into csv file format -> breastcancer.csv 

Then the csv file was input into HDFS file system. 

 

 

2. Data Filtering: 

The data was fetched from the HDFS system. 

 

Flowchart: Workflow of the task 
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The duplicate columns were removed and the redundant data was deleted using Map 

Reduce technology. 

 

3. Data Analysis: 

 The datasets were compared. 

The model accuracy was checked on the basis of : 

F-measure: it is the measure of the test’s accuracy. It is the weighted harmonic mean of 

precision and recall. 

Recall: it is defined as the sensitivity. 

Precision: It is the measure of how close your data points are to the true mean. First we 

need to find the average, then the varience, then standard deviation, then standard error 

of the mean is calculated. 

Accuracy: It is the difference between the accepted value and experimental value. And 

then it is divided by the accepted value. 

 

4. Data Visualization: 

The graph was plotted in R using the function of boxplot in R. 
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RESULT: 

 

 

 The accuracy came out to be: 78.092 

 

 The precision of the model was: 71.117 

 

 The recall was calculated as: 68.091 

 

 The f-measure was: 61.096 

 

 

 

 

 

Figure: 3.4 Model Development using Hadoop & R. 
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GEO2R: 

 

“GEO2R is an interactive web tool that allows users to compare two or more 

groups of Samples in a GEO Series in order to identify genes that are 

differentially expressed across experimental conditions. Results are presented as 

a table of genes ordered by significance. 

 

GEO2R performs comparisons on original submitter-supplied processed data 

tables using the GEOquery and limma R packages from the Bioconductor 

project. The GEOquery R package parses GEO data into R data structures that 

can be used by other R packages. Thus, GEO2R provides a simple interface that 

allows users to perform R statistical analysis without command line expertise. 

 

GEO2R does not rely on curated DataSets and interrogates the original Series 

Matrix data file directly. This allows a greater proportion of GEO data to be 

analyzed in a timely manner.” 

 

 

 

 

Figure 4.1 NCBI GEO homepage [1] 
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WORKFLOW: 

1. Data collection: 

The data was collected from GEO2R database. There were 2 sets of data collected: 

SET 1: 

1. The overexpression of miR-203 on mesenchymal cells of BC cell line. The study of 

the cell line was done to see the overexpression of miR-203 in metastasis of BC. 

 

The reference series was GSE50679. The series consisted of 6 samples from which 3 

were controlled and the rest 3 were miR-203 affected.   

 

 Then the samples were fed into the GEO2R tool. 

 

 

 

 

 

 

Figure 4.2 Feeding the data into the GEO2R 
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 Then the division was done into 2 categories of samples: the control and the 

miR-203 affected. 

 

 

 

 

 Then the run option was done and the top 250 genes are displayed after the 

process is finished.  

 

 The gene IDs are shown along with their logFC value from which they are 

further differentiated. 

 

 

 

 

 

 

 

Figure 4.3 Creating groups in GEO2R 
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 Then the gene list was sorted in excel sheet according to the logFC value. The 

logFC value determines the expression levels of the genes in the sample. The 

comparison is done between the control and miR-203 samples. 

 

 

 

 

 

Figure 4.4  Top results of the query 

Figure 4.5 Sorted value on the basis of logFC value. 
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 Then the list was divided into : 

Top 10 over-expressed genes. 

 

 

 

 

Top 10 under-expressed genes. 

 

 

 

 

Then with the help of NCBI, GeneCards, their symbol ID and Gene ID and 

chromosomal location were found: 

 

 

Figure 4.6 Division of the result on the basis of their expression level 

Figure 4.7 Division of the result on the basis of their expression level 
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Figure 4.7 Updation of the list 

Figure 4.7 Updation of the list  
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DATA SET 2: 

The second set of data was collected from NCBI GEO database. The dataset was 

derived from Cancer Institute Hospital of Japanese Foundation for Cancer Research. 

The dataset has 50 samples of affected BC patients.  The samples were tissues affected 

from BC in females. 

 The dataset was differentiated on the basis of age groups. There were 50 samples out of 

which 3 were defined as ‘unknown’. Different age groups were ranging from 25 years 

old to 110 years old. The majority of the samples were under the age group of 45-55 

years old.  

 

The data was loaded into the GEO2R tool.  

 

 

 

 

Figure 4.8 Second dataset loaded into the GEO2R 
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The groups were defined on the basis of 3 age groups: 

 (25-50)  

 (50-75) 

 (75-110) 

 

 

On the basis of the samples, the number of samples which were under these age groups 

were: 

 (25-50) – 16 samples + 1 unknown age group sample 

 (50-75) – 29 samples + 1 unknown age group sample  

 (75-110) – 2 samples + 1 unknown age group sample  

 

 

 

 

 

 

 

Figure 4.9 Division of the samples into group. 
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Then the run option was selected and the top genes are displayed. The genes are sorted 

on the basis of F value. The genes with the highest F-value were listed first. The highest 

F-value was of the has-miRNA 1305. 

 

Based on the F value top 20 results were extracted out: 

 

 

 

Further information was collected from NCBI and MiRNA database: 

Figure 4.10 sorted table based on the F value 
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Then further info was collected for the miRNA values greater than 5 which includes 

chromosomal location, their links to NCBI site and mirbase site : 

 

 

 

 

 

 

Figure 4.11 Updation of the table with information from various sources 

Figure 4.12 F value greater than 5 of the results were extracted out. 
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DISCUSSION 

 

Over Expressed top genes: 

PTHLH: 

PTHLH gene is found to be expressed in many of the genes which play an important 

role in cancers like breast cancer and colon cancer. It was seen in the study that this 

gene modulates the cell cycle progression. Cell migration also increased when PTHLH 

was over-expressed. It was also found in the study that it was a positive prognostic 

indicator in women with lung cancer also. 

 

 

 

 

 

 

 

 

GEN1: 

This gene is involved in DNA double strand break. It is also involved in maintaining 

centrosome integrity. The study showed that GEN1 is involved in differentiation, 

proliferation of the mammary gland epithelial cells.  

 

 

 

 

Figure 5.1  PTHLH structure  
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The results in the study showed that the damage in the GEN1 may lead to the 

development of breast cancer in humans. 

 

 

 

 

 

PTHLH(5744): 

It regulates epithelial-mesenchymal interactions during the formation of the mammary 

glands and teeth. The over-expression or under-expression of this gene is found to 

contribute in the development of cancer. Knocking down the expression of this gene 

inhibited the formation of tumours in mice. 

 

 

 

Figure 5.2  GEN1 structure  
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Figure 5.3 PTHLH (5744) structure  



32 
 

 

UNDER EXPRESSED TOP GENES 

CLEC4A: 

This gene functions in cell signalling and cell adhesion. This gene has shown expression 

in many of the parts of the body tissues like bone marrow, appendix, spleen, lung and 

many more. It encodes a member of C-type lectin. This gene plays a role in 

inflammatory and immune response. It plays a role in modulating dendritic cell 

modulation and maturation. 

 

 

 

MPZL3: 

It is a protein coding gene. It mediates homophilic cell-cell adhesion. This gene has 

shown broad expressions in skin, oesophagus, thyroid, breast, stomach, lung and many 

other organs as well. The under-expression of this gene has shown severe skin 

abnormalities and hair loss as well. 

 

Figure 5.4 CLEC4A structure 
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FAM155A: 

The major bias expression of this gene is shown in brain apart from other tissues as well 

like testis prostate and bladder. 

 

 

 

 

 

Figure 5.5 MPZL3 structure 

Figure 5.6 FAM155A structure  
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Top miRNAs: 

 

hsa-miR-1305: 

This miRNA’s overexpression is responsible for induced differentiation of pluripotent 

stem cells, increased cell differentiation during the cell cycle. The down regulation of 

this miRNA 1305 resulted in a better cell life. 

In a study, a genome wide association analyses for smokers and non-smokers in Indian 

and Bangladesh was performed in which miRNA 1305 was the 3rd most affecting gene 

which further led to cancer symptoms in people : 

MIR1305||TENM3 4q35.1 rs11724903 G 0.09 0.13 2.90 × 10−7 

 

 

 

hsa-miR-92a-1: 

miRNA 92 has been found to be a major  cancer related in many of the cancers types.  

Its upregulation was found in many of the cancer cell lines. Its high  expression is 

correlated with clinical stage.  

Patients having high expression of miRNA 92a  had poorer  survival  rates. The 

overexpression of miRNA 92a  has shown increased cell cycle rate and also apoptosis 

of  U2OS cells. 

In a separate study, it was found that this has-miR-92a acts as an onco-miRNA and 

contributed to the progression and invasion of cancer, specifically cervical and breast 

cancer. The serum extracted had high amount of has-miR-92a in the advanced stages of 

cancer than the stage I and stage II cancer. 

 Hence upregulation of hsa-miR-92a was associated with progression of cancer. 
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 hsa-miR-100: 

It has shown to be a precussor for ovarian and breast cancer progression in women. The 

over expression of this miRNA has shown increased and fast cell cycle. 

In another study, in an OS specimen, it was found that the samples contained lower 

levels of miR-100. Lower levels of miR-100 were associated with poor prognosis of the 

OS patients.  

 

 

hsa-miR-99b: 

Over expression or under-expression of this miRNA results in proliferation of cell 

cycle. Elevated levels of this miRNA in  patients showed a poor overall survival rate  in  

hepatocellular carcinoma.    

“Overexpression or knockdown of miR-99b expression increased or inhibited, 

respectively, the metastasis of HCC cells in vitro.  

 

 

 

 

Figure 5.7 Expression studies of has-mir-92a-1 [13] 
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These findings suggest that a high level of miR-99b expression is an independent 

prognostic factor and correlates with poor survival of patients with HCC. Therefore, 

inhibition of miR-99b expression may serve as a therapeutic approach for inhibiting the 

metastatic phenotype of HCC.” 

 

 

 

hsa-miR-146a: 

 

“The microRNA-146a and microRNA-146b (miR-146a/b) when expressed in the highly 

metastatic human breast cancer cell line MDA-MB-231 function to negatively regulate     

NF-κB activity.” 

Also, in most of the studies the down regulated levels of hsa-miR-146a and also hsa-

miR-146b were found to be an important or potential biomarkers in young women 

suffering from breast cancer. 
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CHAPTER 6 

CONCLUSION: 

The BC prediction model was developed. The dataset was provided by Kaggle. The 

training and the testing of the model was done. The predictive model was developed and 

various measures were obtained which tells the accuracy, f-measures, recall and 

precision for the dataset. The graph was then plotted in R. 

Analysis of two datasets was carried out which consisted of miRNA 203 affected and 

controlled dataset and the other dataset was of Japanese patients suffering from BC of 

different age groups. The comparative analysis was done through the microarray data 

analysis tool: GEO2R. Certain genes were found to be of much importance than the 

others which signified a major role in the progression of BC.   

Some of the potential biomarkers found were 
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