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Abstract

Triple Negative Breast cancer (TNBC) is a heterogeneous disease that is oestrogen re-
ceptor, progesterone receptor, and human epidermal growth factor receptor 2 negative
based on immunohistochemistry. TNBC is distinguished by a specific molecular profile,
aggressiveness, and a lack of targeted treatment. Some of the patients that have un-
dergone treatment tend to relapse after a certain time period due to distant metastasis.
Therapies already being used to treat TNBC include chemotherapy, targeted therapy,
surgery, and radiation therapy. However, TNBC develops resistance to certain therapies
over time and results in ineffective treatment. Therefore, no proper treatment is avail-
able and research needs to be done on finding new targets for drug manufacturing. In
this study, we have performed RNA Sequencing analysis through Galaxy and Ballgown
on two data sets of TNBC in order to determine differentially expressed genes that could
be used as targets for the cancer. Then, we performed a comparative analysis to deter-
mine the common DEGs among the data sets. After this we performed pathway analysis
of these DEGs using reactome, to discover targetable pathways. We found seven differ-
entially expressed genes and ten targettable pathways. The common genes that can be
targetted to treat the TNBC cancer included DDIT4, DYRK3, ELF3, H2BC21, JUN,
LEPROT,and RPL21P16. The most enriched and significant pathways include Pre-
NOTCH Transcription, Translation, Expression and Processing, Signaling by NOTCH,
programmed cell death, Senescence-Associated Secretory Phenotype (SASP), Oxidative
Stress Induced Senescence,HOX gene activation in Hindbrain development and differen-

tiation, transcription and estrogen dependant gene expression.
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CHAPTER 1

Introduction

1.1 Triple Negative Breast Cancer

Cancer is the abnormal proliferation of cells in the body. Cancer cells either remain in
one specific location in the body, resulting in a benign tumor, or may spread to distant
organs causing metastasis. Although there are many therapies available for cancer,
however, many challenges are faced and more research for cancer treatment needs to be
carried out [2] Carcinoma is one of the top common malignant cancers and may develop

in epithelial tissues. The mutation occurs in three stages:

1. Genetically altered cell

This involves the stage in which one cell is mutated among a population of normal

cells, this leads to an abnormal cell proliferation, even at the time of rest.

2. Hyperplasia

In this stage, the mutated cell and its descendants visually seem normal, however,
since they are mutated, they tend to divide abnormally, which is referred to as
Hyperplasia. After some time, one cell among these undergoes another mutation,

that disrupts cell function further.

3. Dysplasia

After further proliferation, the cells appear abnormal in shape and orientation un-
der the microscope, this stage is known as Dysplasia. After this, further mutations

may take place over time.
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4. In situ cancer

At this stage, the mutated cells become more abnormal in appearance and prolif-
eration. As the tumor remains inside the epithelial tissue and does not break any

boundaries or enter blood vessels, it is known as in situ cancer.

. Invasive Cancer

As the cells acquire more mutations, some may invade surrounding tissues by
breaking the boundaries of the epithelial tissue. This form of tumor is known as
malignant or invasive cancer. They can damage different organs in the body by

invading them and spreading the mutation. [3]

Genetically Hyperplasia  Dysplasia In situ cancer Malignant tumor (cancer)
altered * Cell divides +Cells change  +Cells stay in * Cancer cells invade normal tissue
epithelial cell  more rapidly

A B i D E

one place and enter blood and lymph
* Metastases form at distant sites

Ld

Figure 1.1: Different stages of cancer

1.1.1 Breast Cancer

Breast cancer is tumor that arises in the epithelial cells present in the milk ducts or

lobules of the breast.[4] Breast cancer includes two main sub types that include non-

invasive (in situ) carcinoma and invasive carcinoma. Breast cancer is one of the most

common cancers found in women and is the number one cause of death in women cancer
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patients. Noninvasive cancer tends to stay at its original place, whereas invasive cancer
can spread out to different regions in the body from the area of origin of the cancer.[1]
These two types of cancer can further be divided into subtypes which include ductal,

lobular, and medullary etc.

1.1.2 Breast Cancer in Pakistan

1in 9 women in Pakistan are prone to acquiring breast cancer. Breast cancer has caused
many social and financial issues among Pakistani women. Due to Pakistan being a third
world country, most of the people of Pakistan are residing in rural areas which lack
proper health services such as hospitals and doctors to treat the breast cancers. In
Pakistan, due to a low socioeconomic status of women, treatment of breast cancer is
difficult.[5] Breast cancer consists of 36.8 percent of all female cancer cases in Pakistan.
Breast cancer in Pakistan has an annual incidence rate of 43.9 percent and mortality rate
of 23.2 per 100,000 people.[6] Genetic mutation in breast cancer susceptible genes such as
BRCA1, BRCA2, TP53, CHEK2, RAD51C, and PALB2 account for 27 of breast cancers
in Pakistan. [7] The table below shows the ranking of Pakistan in the world according

to the form of cancer, that have been approved by the World Health Organization.[6]

Type Rate World
Rank
Breast Cancer 19.33 58
Oral Cancer 9.40 10
Lung Cancer 7.81 121
Stomach Cancer 6.66 97
Cervical Cancer 6.56 78
Esophagus Cancer 6.17 42
Lymphomas 485 106
Colon-Rectum 4.08 149
Cancer
Luekemia 3.61 112
Bladder Cancer 2.86 80
Liver Cancer 269 172
Prostate Cancer 2.53 164
Ovary Cancer 2.36 81
Other Neoplasm’s 1.57 147
Pancreas Cancer 0.90 172
Utenn Cancer 0.51 142
Skin Cancer 0.31 170

Figure 1.2: World Ranking of Pakistan according to cancer type

In Asia Pakistan has the highest rate of breast cancer.[8] Mammogram is an effective
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screening procedure of breast cancer that includes the Xray of the breast, however, in
Pakistan most people can are unable to afford this program due to it being expensive,
therefore doctors encourage the women to perform self-breast examination techniques

and teach this technique so that the women can perform it monthly and keep a track.

1.1.3 Breast Cancer Classification

Breast Cancer Classification is an ongoing and tedious process that is undergoing more
development with the increase in research. The variations in breast cancer are mostly
evident in the structure of cells as seen under the microscope, hence these cancers are
studied at histological and molecular levels. They can be sub typed with molecular
profiling, deferentially expressed genes and many more.[9] The two main types of breast

cancer classification are mentioned below.
Histopathological Classification

The histopathological tumors are classified on the basis of the diversity of their morpho-
logical features. In a study by WHO 2003, the histopathological classification includes
20 major tumors types and 18 minor subtypes.[10] Breast cancer can be classified into in-
vasive and in situ cancers. In situ carcinoma can be further divided into ductal or lobule
related carcinoma. Ductal carcinoma has a higher percentage of occurrence than lobular
carcinoma. Ductal carcinoma is further divided into five sub types including Comedo,
Cribiform, Micropapillary, Solid and Papillary. Invasive Carcinoma is also heteroge-
nous and includes subtypes such as invasive lobular , infiltrating ductal, ductal/lobular,
mucinous (colloid), tubular, medullary and papillary carcinomas. (figl) Among these,
invasive Ductal Carcinoma is the most common type of cancer, attributing to 70-80
of invasive cancers. [6] Invasive Ductal Carcinoma is further sub typed as either type
1 (highly differentiated), type 2(averagely differentiated) or type 3 (low differentiated)

depending on the stage of cancer growth. [1]
Molecular Classification of Breast Cancer

Due to a lack of molecular insight in histopathological classification of breast cancer, the
effect of targeted therapies cannot be properly studied. Hence molecular classification is
necessary to classify the cancers in a more concise manner. These molecular classifica-
tions were generated using micro array-based analysis and hierarchical clustering. This

classification divides breast cancer sub types into ER4+ and ER-. According to molecular
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Histalogical classification of breast cancers

Breast Cancer
In Situ Carcinoma [ Invasive (infiltrating) Carcinoma ]
/\ Infiltrating
Ductal
Ductal Lobular — ..
LDL[;ctlal ¢ Medullary
obular
Comedo Solid Low Invasive ——_ (" Mucinous
° histological Lobular Infiltrating colloid) ./
Cribiform variation Ductal
Papillary
Micropapilary Wol Poorly
Differentiated Differentiated
Moderately

l Differentiated ]

|
This classification is based on
1. Nuclear Pleomorphism
2. Glandular/Tubule Formation
3. Mitotic Rate (per 10 HPF)

Figure 1.3: Different stages of cancer|1]

sub typing, the breast cancer is classified into three E negative known as Claudin Low,
Basal Like, HER2 enriched, Normal Breast like, and two ER positive sub types known
as Luminal A and Luminal B. [11]

Triple Negative Breast Cancer

Triple negative breast cancer is a hostile type of breast cancer that is associated with
the lack of important receptors, namely estrogen, progesterone, and human epidermal
growth factor receptor. [12] Out of 1 million patients of breast cancer, about 170,000 are
estimated to be diagnosed with triple negative breast cancer.[13] TNBC is associated
with a lower surviving rate compared to other sub types of breast cancer within the
first 3 to 5 years after diagnosis. [14] Recent studies have show that TNBC may have a
higher occurrence of visceral metastasis, involving brain metastasis as well.[15] Over time
the approach to divide breast cancer into its subtypes. Two main approaches include
molecular subtyping and the newly developed approach of gene expression analysis.[11]
Among the different subtypes of breast cancer, basal like breast cancer holds the most
common characteristics to TNBC including a low expression of HER2, ER and PR

genes, depicting the TNBC phenotype.[16] Triple negative tumors are associated with
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characteristics such as its onset in young people and a large mean tumor size.[17]
Risk Factors for TNBC

Triple negative breast cancer may arise in patients due to several risk factors such as
age, gender, environmental factors, and genetic background etc. Hence people with such
risk factors are more prone to acquire triple negative breast cancer in their lives. There

are various risk factors which include the following;:
Age

Triple negative breast cancer occurrence varies with different age groups. The chances
of TNBC occurring in younger women aged below age 30 are very low. [18] About 85
percent of TNBC patients are women that are 50 year old and above. 5 percent of these

cases are of women below 40.[19]
Lifestyle and Environmental Factors

These are risk factors that are present because of the individual’s own choice. These
include alcohol consumption and cigarette smoking.[20] Over consumption of alcohol can
increase the chances of the individual acquiring TNBC as it results in decrease of DNA
repair efficiency or nutrient uptake. It was also discovered that the effect of alcohol
consumption on TNBC occurrence would increase in combination with other reasons
such as a previous history of breast cancer among relatives [21] or a high BMI (Body
Mass Index).[22] Another factor is Hormone Replacement Therapy (HRT) which is a
therapy undergone by women who are in post-menopausal phase in order to prevent the

negative effects of menopause on their body.[23]

1.1.4 Treatments of TNBC

TNBC is treated similarly as other breast cancer forms, including surgery and chemotherapy.[24]
TNBC cannot be treated by using hormone receptor or HER2 based therapies. A com-
bination of surgery and chemotherapy is the most ideal approach against TNBC as it is

sensitive to many chemotoxic compounds such as anthracyclines and taxanes.[25]
Cytotoxic Chemotherapy

According to the European Society for Medical Oncology (ESMO) cytotoxic chemother-
apy is one of the standard approaches used against TNBC. The mode of treatment used

should be done after the evaluation of disease and patient factors.[26] There are several
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compounds used in cytotoxic chemotherapy mentioned below:
Microtubule Stabilizers

These are potent tubulin polymerizers that can be used for treating TNBC. Microtubule
Stabilizers such as aclitaxel, docetaxel, and cabazitaxel are more effective against TNBC
than receptor positive breast cancers. [27] Another microtubule stabilizer is Ixabepilone
that is often used to overcome resistance to anthracyclines, taxanes or capecitabine. A
combination therapy including both Ixabepilone and capecitabine can help in treating
TNBC which is resistant to anthracylcines, taxanes and capecitabine providing a higher

progression-free survival (PFS).[28]
Anthracyclines

These are one of the most active compounds used against TNBC. However, the effec-

tiveness of athracyclines against TNBC has remained disputable. [29]
Platinum Agents

Platinum compounds have a tendency to be used against TNBC due to its molecular
and phenotypic similarity to BRCA-mutant breast cancer. The platinum generates extra
DNA which has two strands. This prevents the generation of replication forks and causes

cell death of BRCA mutated cancer cells.[30]
TARGETED therapies
PARP inhibitors

Poly ADP Ribose Polymerase (PARP) is a protein that is important for the repair of
single-stranded DNA breaks through base excision repair.[31] Due to the BRCA mu-
tation in TNBC cells, the cancer cells are unable to repair the DNA damage. PARP
inhibitors are used against TNBC as they inhibit the repair function of PARP and
cause TNBC cells to die, due to their BRCA mutation and lack of DNA repairing ability.
PARP inhibitors are also capable of magnifying the anti-cancer effect of treatments such

as ionizing radiation, DNA methylators, and platinum when used in combination.[32]
Angiogenesis inhibitors

Vascular endothelial growth factor (VEGF) is more expressed among TNBC patients
compared to non TNBC patients.[33] Bevacizumab is an anti-VEGF monocolonal an-

tibody that shows a positive response when used together with chemotherapy against
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TNBC.[34]
EGFR inhibitors

TNBC constitutes a highly up-regulated expression of Epidermal Growth Factor Recep-
tor (EGFR) inhibitors resulting in lower response to chemotherapy.[35] This has resulted
in the production of anti-EGFR agents like cetuximab and lapatinib that inhibit the
function of EGFR by binding to it.[36]

TK inhibitors

Tyrosine kinases are overexpressed in TNBC and result in growth of the cancer. Hence
many TK inhibiotrs such as gefitinib, lapatinib, dasatinib, and pazopanib are used to

target the phosphorylation of the receptor.[37]
mTOR inhibitors

the mTOR pathway is one of the highly significant pathways that are functioning in pro-
viding chemoresistance to TNBC (16) siRNA or rosiglitazone, which is a small-molecule
anti-diabetic drug, can be used as an inhibitor against the compounds involved in the

mTOR pathway.[38]
Chemotherapy Resistance of Triple Negative Breast Cancer

Although a lot of drugs have been discovered having anti-tumor effect on TNBC, how-
ever, they often face resistance by the tumor cells and are ineffective in eliminating the

cancer. The following are the elements that help generate TNBC resistance: -
1. ABC transporters

ATP binding cassette transporters use ATP to transport different chemical compounds
outside the cell through the cell membrane. They are normally present in large intestine,
small intestine, and pancreas. They are involved in eflux of anti-cancer drugs used in
therapy.[39] Examples of drug resistance ABC transporters include multidrug-resistant

protein-1 and 8, and breast cancer resistant protein. [40]
2. Cancer Stem Cells

Cancer stems cells are able to renew a cancer due to their self-renewal properties. The
examination of cancer stem cells in tumor before and after a neoadjuvant chemotherapy
showed that these stem cells are not effected by the therapy and remain in the body

even after the therapy, after which they replicate and divide to form cancer cells.[41]
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3. TGF- Pathway

It part of a cytokine family that contains above 30 growth factors. TGF- pathway is
involved in metastasis, cancer proliferation, and chemotherapy resistance. It is involved

in the formation of cancer stem cells which can cause chemotherapy resistance.[42]
4. Notch Pathway

The notch pathway contains four receptors on the cell membrane and five ligands.Notch

1-4 signaling is involved in the growth of cancer stem cells, and chemo resistance.[43]
5. Hypoxia

This is used to describe the insufficient supply of oxygen in tissue. As the tumors grow
due to cell proliferation, this results in the expansion of blood vessels, which eventually
break. These in turn can cause low oxygen supply to the tissue. As the vessels are
damaged, it can result in lack of drug transport to the tumor, or ineffectiveness of drugs

that require oxygen, hence resulting in chemo resistance.[44]
Next Generation Sequencing

This is used for the sequencing of DNA, enabling the research of high through put data
to broaden its spectrum and develop. These methods are faster and more cost effective
when compared with sanger sequencing. The sequencing of small fragments of DNA is

done in parallel.
Next Generation Sequencing (NGS) can be used for various applications which include:

e Constructing a new genome from unknown organisms. This process is known as
De novo assembly and utilizes an ‘assembler’ to carry out the process. In this case no

reference sequence is available and hence the new genome is referred to as novel.

e To identify and analyze genetic variation. This is done by comparison of the sequence
to a reference genome by mapping the sequence onto the reference. This can help
researchers identify mutations such as Single nucleotide polymorphism (SNPs), copy
number variations and other types of mutations. Compared to sanger sequencing, NGS

captures a much broader spectrum of variations.

e Perform RNA seq Analysis, this helps identify gene splicing, mutations and differen-

tially expressed genes.

o Interrogate genomes without any bias.
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Pathway analysis

This is a process that allows the analysis of pathways that contain a high expression
of a specific gene list, identifying pathways that are significantly impacted in a specific

condition. Pathway analysis constitutes three major steps which are;
1. Defining the gene names from genetic data

2. Identification of related pathways using pathway analysis tools

3. Visualization and evaluation of results[45]

Pathway analysis provides depth to scientific research by allowing in depth interpretation
and hypothesis formation for high throughput biological data. It helps identify the

biological role of candidate genes.

10



CHAPTER 2

Literature Review

2.1 Treatment of TNBC

A highly invasive cancer called as Triple Negative Breast cancer is known to have a chal-
lenging drug treatment due to the lack of three important receptors including estrogen,
progesterone, and ER receptors. There is lack of an efficient treatment available for
this cancer, and in most cases it results in resistance or resurgence of the tumor after a
specific time period. Different treatments have been studied and used to combat TNBC
tumour, including targeting of signalling pathways, neoadjuvant and adjuvant therapy,
surgery, radiotherapy and targeted treatments using RNA Seq Analysis. Out of all these
treatments, the best chance of recovery is provided by RNA Sequencing as it directly

effects the target and usually no side effects on the surrounding area.

2.1.1 Therapeutic agents in TNBC

TNBC requires a standard approach of treatment and care which is difficult to achieve
because of its short response duration to drug therapies and low survival rates. New
possible targets are being investigated for TNBC using genetic analysis through next gen-
eration sequencing and potential therapeutic compounds are being tested against these
targets. Clinical trials are currently being carried out to discover targets through PARP
inhibition, immuno-therapy using methodology of checkpoint inhibitors, antibody-drug

conjugates and molecular targeting.[46]

Immunotherapy

11
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Tumor-infiltrating-lymphocytes presence has been shown in breast cancers and have a
positive association in early and late stage TNBC. Check point inhibition is a form
of immunotherapy that targets immune checkpoints in order to control the immune
system and restrict cancer growth. (PD-L1) and cytotoxic T lymphocyte antigen-4 are
two different types of immune checkpoint inhibitors which have shown to be helpful in

curing different forms of cancer.

In a study by S Adams, a checkpoint inhibitor known as pembrolizumab was used
for monotherapy of previously treated TNBC patients showing resurgence of the can-
cer.Pembrolizumab is shown to be good for anti-cancer therapy of previously treated
patients of TNBC showing resurgence of cancer according to the research. This study
has shown that it created no toxicities in the patients and the responses to this treat-
ment were quite durable. However, this study only shows the effect of pembrolizumab
on previously treated patients and the therapeutic effect on TNBC patients with no

previous treatment still need to be researched on.[47] y

Atezolizumab is another immune checkpoint inhibitor. It targets PD-L1 in order to
prevent and reverse T cell suppression caused by TNBC.A study was conducted to
understand the combined effect of Atezolizumab and chemotherapy agent nab-paclitaxel
on patients of TNBC. These patients were randomly selected to recieve a combination of
Atezolizumab and nab-paclitaxel or of a placebo and nab-paclitaxel. A longer survival
rate was monitored in patients who underwent the chemo-immunotherapy combination
of nab-paclitaxel and Atezolizumab compared to the ones who took the placebo and nab-
paclitaxel combination. Hence, using Atezolizumab with chemotherapy is an effective
way to control TNBC, however, this drug showed only a few positive results and is not

strong enough, requiring further research and clinical trials. [48]
PARP Inhibitors

Poly polymerase enzymes are required for DNA repair in normal functioning cells. In
cancers that have mutated and defective BRCA1 and BRCA2 genes, the PARP inhibitors
targets the PARP enzyme to end the DNA repair function in cancer cells. 20 percent
of TNBC consists of BRCA mutation. Several PARP inhibitors under study include

olaparib, veliparib, niraparib, rucaparib and talazoparib. [46]

Olaparib is a PARP inhibitor that has potential anti-TNBC effects and can be used

for treatment. In a study by Kikesdal, the effect of Olaprib on previously untreated

12
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patients of TNBC was checked through several clinical trials and the genetic expression
was analyzed through DNA sequencing. Olaparib yielded a positive response rate for
treating TNBC and hence it can be used to treat un-selected TNBC patients with a germ
line or HR deficiency, which results in better action of the PARP inhibitor.However,
chemotherapy needs to be applied after treatment with olaparib as the drug alone is not

strong enough to completely treat the cancer.[49]

Talazoparib is one of the most potent PARP inhibitors which has anti-cancer properties.
It has been used for treatment of different cancers such as cancers of lung, osteosarcoma,
ovarian, prostate, pancreas, and chronic lymphocytic leukemia. In a study by Gamze,
the effect of Talazoparib was tested on TNBC cell lines of different genetic backgrounds.
Talazoparib showed to be effective against TNBC cell lines with a BRCA1 mutation,
however it was not as effective for wild-type TNBC and more research is required for

treatment of such types of cancers. [50]
Antibody drug conjugates

Bio pharmaceutical drug known as Antibody-drug conjugates are used for targeted ther-
apy of cancer. They aim to kill tumour cells without harming the healthy cells through

the use of a cancer specific antibody.

Sacituzumab govitecan is an ADC which combines the IgG1 antibody to the tumor
associated trophoblast and the tumour inhibitory drug called SN-38. In a research,
a phase 3 trial of Sacituzumab Govitecan was conducted in 468 patients of relapse
metastatic TNBC and was compared to the effect of single-agent chemotherapy of the
physician’s choice. Sacituzumab govitecan showed longer progression free survival and

hence can be used for treatment, however it has side effects such as diarrhea. [51]

Ladiratuzumab Vedotin (LV) is an ADC that consists of a humanized IgG1 and mon-
oclonal antibody effecting LIV-1 and the MMAE which is a microtubule inhibitor. A
phase 1 study of LV monotherapy showed that LV has anti-cancer effects, it can be used

with pembrolizumab to effectively treat metastitic triple negative breast cancer. [52]

2.1.2 TNBC and RNA Sequencing

In order to find potential treatments for TNBC and develop drugs for it, a proper

analysis of targets involved in this cancer needs to be done. RNA sequencing involves
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finding potential targets through analysis of RNA present inside the samples of human
DNA through next generation sequencing, it also helps in genetic profiling, detection of
epigenetic changes and molecular analysis. Several researches have been done in which
targets of TNBC were discovered using RNA sequencing, however drugs for these are

still being developed.

In a research by Fou ou Yang, next generation sequencing through cuffdiff was applied to
4 TNBC cell lines to determine the potential of chromodomain-helicase-DNA-binding
protein 4 (CHD4) as a target, discover its link to Bl integrin and identify pathways
involved. Ingenuity Pathway Analysis (IPA) was used to identify pathways involved in
these genes. Immuno Histochemistry staining was also performed after which scoring
and statistical analysis such as chi-square and t test were applied. According to this
study, 540 significant differentially expressed genes (DEG) were discovered and CHD4
was found to be linked to the integrin signalling pathway. PCR and western blotting
showed that CDH4 knockdown effects expression of Bl integrin which inhibits tumor
suppressors. Hence this study reveals that CDH4 can be targeted to control the cancer-
ous effects of the B integrin, however the genes and compounds involved in the integrin

pathway are yet to be studied in detail in order to develop a potential drug. [53]

In another study, the therapeutic effect of PK[11000, 11007, 11010] against the target
p53 gene were studied. 1C50 of proliferation by these compounds were checked in a group
of 17 breast cancer cell lines. After this RNA sequencing analysis and gene ontology
analysis were also checked in order to determine the change in gene expression after
treatment. PK11007 turned out to be the compound with most therapeutic properties
as it had lowest IC50 values. It showed to up-regulate genes involved in apoptosis and
cell death, it also reactivated p53 and related pathways. Hence, PK11007 showed to
be a potential drug for targeting p53. However, the exposure time of cell lines to the
drug was only 12 hours, which resulted in lack of proper results. PK11007 is however
known to cause toxicity and off target cell damage, hence it is not the ideal drug to treat

TNBC. [54]

Nine genes including ADCY5, AFF3, FSD1, FSIP1, CMTM5, HMSD, C11orf86, CYP2A7,
and ATP1A2 were shown to be potential therapeutic targets and involved in hormone
related pathways in a study by Fei Chen. RNA sequencing analysis was performed on
165 TNBC samples and normal samples, breast cancers such as ER+ and HER2+ to
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determine genes which are expressed differentially. Pathway analysis was analyzed using
clusterprofiler package in language R. These genes effect TNBC by altering the steroid
growth hormone pathways. [55]

Variants of canonical miRNAs known as isomiRNAs are also known to be potential
targets for treating TNBC. In a study by Anajan Bhardwaj, RNA sequencing of a
TNBC cell showing early stages of the cancer were performed. The gene targets of
IsomiRNA-140-3p were identified and drugs can be formed against them to treat the
cancer. These targets include HMG-CoA reductase (HMGCR) and HMG-CoA synthase
1, which are enzymes involved in the biosynthesis pathway of cholesterol. Statin and
aspirin treatment on these targets showed to have a positive effect on the treatment for
TNBC. However, aspirin is usually used by patients with cardiovascular diseases and
hence the treatment is depicted to work on patients with both TNBC and cardiovascular

diseases, and effects on only TNBC patients are yet to be researched on. [56]

Two data sets compromising of transcriptome profiles of TNBC tumours were analysed
using RNA-Seq. TNBC metastasis was linked to a collection of genes involved in cell-
cell adhesion, immunological regulation, and the Wnt/-catenin pathways, according to
whole transcriptome sequencing. They then chose the SHISA3 gene and conducted
a series of in vitro/vivo tests to investigate its biological importance. SHISA3 is a
tumour suppressor gene which linked to a variety of cancers. Overexpression of SHISA3
suppresses TNBC cell proliferation, colony formation, and metastasis, as well as TNBC

growth in xenografts.

SHISA3 was discovered to be a tumour and metastasis suppressor gene in TNBC, making
it a promising therapeutic target for metastatic TNBC in the future. Low SHAISA3
expedites tumour aggressiveness. Modulating the canonical Wnt signalling pathway
could help, at least in part. Targeted medicines that restore SHISA3 expression appear
to be a potential treatment option for the most aggressive TNBC. [57]

The evolution of tumour cells in patients of TNBC in reaction to Neo-Adjuvant Chemother-
apy (NAC) was studied in another research, and two unique types of clonal dynamics
were discovered: extinction and persistence. After treatment, NAC eradicated the tu-
mour cells, resulting in cell types of only normally diploid , including numerous fibrob-

lasts and immunological cells, in the clonal extinction patients.

The clonal persistence patients, on the other hand, had a substantial number of remain-
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ing tumour cells with altered phenotypes/genotypes in reaction to NAC. They further
did a detailed investigation of eight patients through single cell sequencing methods of
DNA and RNA, which revealed that the CNAs were selected adaptively and already
existing. The findings corroborate a chemoresistance hypothesis in which two mecha-
nisms of adaptive evolution and acquired evolution were at work to create the resistant

tumour clump.[58]

In another study, allelic prevalence with variations and combinations through RNA
sequencing of TNBC and non-TBNC were analyzed. The findings population datasets
to show the most common variant alleles, and confirmed a handful of novel variations
in tumour genes including TPP1, MAD2L1BP, GLUD2, ESRP2, and SLC30AS8. It was
shown that an uncommon mutation in ESRP2 inhibits its capacity in connecting to

FGFR2 to further validate the results. [59]

Although estrogen receptor alpha is not expressed in TNBC positive patients, estrogen
receptor beta is known to exist in 50 to 90 percent of estrogen alpha receptor negative
cancers and is found in TNBC patients as well. According to a study, estrogen beta
receptor is a potential target for TNBC. In this research a TNBC cell line was engineered
with inducable expression on estrogen receptor beta and then effects on tumor cycles
were checked. RNA sequencing was performed to determine target genes of the estrogen
receptor. These target genes are linked to the Wnt /-catenin pathway and can be targeted
through ligands to treat TNBC. However, the ligands will be cell context specific and

require further research for drug development. [60]

2.2 TNBC Pathway Analysis

Pathway Analysis is a method to analyze data including omics, transcriptomics, pro-
teomics, and metabolomic data. For this purpose different tools are used such as Enrichr,
Ingenuity Pathway Analysis and Reactome etc, libraries containing usable genomic data
such as KEGG and GenBank are used by these tools to analyze potential pathways of

the target genes.
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2.2.1 Previous studies on TNBC pathways

In a study the major cellular pathways that are altered in TNBC were studied using a
pathway analysis tool known as sub network enrichment analysis (SNEA) which uses
global literature to generate list of genes involved in different pathways and can be
analyzed to determine pathways of DEG. Changes in the biosynthesis of pyrimidine or
purine, production of energy, and metabolic nicotinamide of biochemical pathways were
observed for TNBC genomic data. The repair synthesis of a DNA gene in DNA repair
pathways exhibits an upregulation in TNBC data and hence these can be considered as

therapeutic targets for further research to develop potential drugs.

In another research by Safia Shaheen, the RNA Sequencing analysis and pathway anal-
ysis of two tnbc resistant cell lines treated with two different drugs including JQ1 and
Dexamethasone, this was done in order to find out effects of treatment and what path-
ways should be targeted to avoid the resistance of drug. The cytokine receptor inter-
action pathway was shown to be a good potential target to be studied for treatment
of TNBC. Cytokine signalling is suspected for causing tumor proliferation and causes

growth of blood vessels which further promotes cancer growth. [61]

On the basis of gene expression analysis, a study was conducted to determine TNBC’s
molecular signature. Comparing the sample with the normal breast tissue reveals that
TNBC has molecular networks, as seen by changes in the cell cycle, inflammatory re-
sponse, metabolic pathway, NF-B signalling, repairing of DNA and angiogenesis. TNBC
was also classified as a cancer with mixed phenotypes, implying that it might be consid-
ered as a distinct subordinate of breast cancer. The findings shed light on the biology
of TNBC for the first time. In this research Pathway Studio 7 was used for sub-network
gene enrichment analysis (SNEA) of TNBC cell lines to determine important pathways
and changes of gene expression in cancer. In TNBC, analysis of gene expression also
shows that repair pathways of DNA, like mismatch repair, homologous recombination,
and repair synthesis of DNA genes were upregulated. Five genes known as KRT17,
KRT5, SFRP1, BCL2, and KRT14 were found to be down regulated in TNBC, and
hence can be affected for TNBC. [62]

Through silico technique, Yin and Yang, the two opposite effects in cancer molecules dic-
tate the the upcoming response of cancer cells. Identifying these opposing constituents

could help choose possible treatment targets and further characterise the diverse TNBC
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subtype. Here, Yin pathways which are more active in cancer and yang pathways which
are more active in normal were identified using Gene Set Enrichment Analysis (GSEA).
TNBC’s pathways were compared to those of other forms of breast tumours using clus-
tering analysis. In TNBC, the FOMX1 pathway was found to be the top upregulated,
whereas the PPAR pathway was shown to be the most downregulated. Further research

could attack both of these mechanisms at the same time. [63]

In another research the goal of the study was to determine the progressive mechanisms of
TNBC by identifying important pathways and genes (TNBC). Methods. Gene Expres-
sion Omnibus (GEO) datasets were used to obtain GSE76275 gene expression profiles.
They worked on a microarray Super-Series set that contained data from two hundred
and sixty five samples, sixty seven of which were non-TNBC while one hundred and
ninety eight of which were TNBC. Then, with a p0.01 and a fold change of 1.5 or -
1.5, all DEGs were recognized. Gene ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes pathway (KEGG) enrichment studies were done on 56 upregulated and
151 downregulated genes. Out of these important DEG that could be used as targets
included C9orf152, AR, SOX8, RAB30, and NRK. [64]

Because of its aggressiveness and poor prognosis, TNBC has been in discussion compared
to other types of breast cancer. In a research microarray analysis of samples was done
to identify DEG and their pathways. Gene Expression Omnibus yielded six microarray
data sets containing four hundred and sixty three non-TNBC and four hundred and
five TNBC samples. Meta-analysis was used to combine the data sets, resulting in the

discovery of 1075 DEG.

A protein interconnection 486 nodes and 1932 edges was created, with 29 hub genes
identified using metrics of high topology. On the training data set, 16 characteristics
(hub genes) were identified, 12 of which were upregulated (CDC20, NUP88, EGFR,
CCNB2, AURKB, PLK1, ENO1, DDX18, MYC, PML, POLR2F and SKP2), and four
of which were downregulated (TGFB3, CCND1, SKP1, TGFB3, and GLI3). [65]

2.2.2 Aims and Objectives of our Research

As TNBC is a highly complex breast cancer and lacks three receptors including human
epidermal growth factor receptor 2 (HER2), progesterone receptor (PR) and estrogen

receptor (ER) it is difficult to treat this cancer. The different drugs already available to
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TNBC have cytotoxic side effects, show resistance or are not strong enough to completely
inhibit the disease. Due to lack of proper targets that are specific to TNBC, there is no

proper treatment available.

Inter and intra humoral heterogeneity of this type of cancer is hard to identify targetable
pathways. Hence a thorough analysis of the differentially expressed genes at a molecular
level needs to be carried out and the pathway analysis of these genes should be done
to analyze the common pathways between these genes and other diseases.The combined
studies will provide insights to the relation of common differentially expressed genes

between different data sets and help to determine the therapeutic targets.

These common genes will allow us to map a pathway in which these genes are involved.
This pathway can further be studied and researched on, so that we can use it as a target

for furture therapies to treat TNBC.
Objectives of this study include
1. Identification of DEG in the two data sets through RNA Sequencing Analysis.

2. Comparison and identification of the common DEG present between the two data

sets through a comparitive analysis.

3. Identification of common pathways related to the differentially expressed genes

through pathway analysis using Reactome.

4. Identification of targets to triple negative breast cancer.

Carrying out these procedures will help us identify differentially expressed genes, possible
novel DEGs as welland identify pathways. This will enable us to discover targetable
pathways and genes, which can later be researched on to discover possible drugs to treat

the TNBC patients.
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Methodology

3.1 Next Generation Sequencing Data Analysis

For the processing of NGS datasets, an online web server known as Galaxy is often used.
It is an open source and web based platform used for biomedical analysis. It includes
many bioinformatics tools that can help in data analysis of biologists. Galaxy provides
250 GB memory to every registered member. Being an online platform, it is easier to
store and process data. The workflow of RNA Sequencing is mentioned in the diagram

3.1.

3.2 Data Collection

For the RNA Seq Analysis data was acquired using a publicly accessible repository
known as Array Express. For the selection of a good quality data set, the following

points were kept in mind;

data sets of homo sapiens were only included

both data sets included cancer cell lines of triple negative cancer

o data sets not involving any form of treatment were utilized

o if the data set included any other form of disease besides triple negative breast cancer,

they were removed.
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Figure 3.1: RNA Sequencing workflow
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3.3 Data Import

Galaxy is a tool available on the online web used to perform biological data analysis and
involves graphical user interface, hence it is used globally by the scientific community.
It is a data integration platform on which the user can upload the data through their
computer, URL, or through many other online sources of biological data. Galaxy is used
for proteomics, epigenetics, gene expression, transcript omics, and many other types of
studies. Galaxy uses numerous tools for the analysis of biological data uploaded by the

user, in order to generate new pipelines with a better output.

The data from the different data sets was imported and loaded from the ENA database
on to the galaxy platform. The files were in the form of Fast(Q files. There are two data

sets of breast cancer cell lines, both of them are paired end.

3.4 RNA Seq Analysis

RNA Seq Analysis was then executed on these data through several galaxy tools. The
main tools used in the RNA sequencing process include HISAT2, Stringtie and Ballgown.
These tools run fast while requiring less memory, they provide better results compared

to many other tools. RNA Sequencing analysis was done using galaxy as the domain.

3.5 Quality Assessment and Preprocessing of Data

The high throughput sequencing data may have errors such as adapter contamination,
biases in base content or over represented sequences. Hence the quality of the data
needs to be checked and any artifacts or low quality data has to be removed so that the
research results do not have any error inside them. For this several processes were used

which are used for preprocessing.
A) Quality Check of Raw data

For assessment of quality of the data, a tool of galaxy known as FASTQC is applied
on the data and the results were analyzed by checking the quality control report of
FASTQC. Each FastQC module has its own result part in the report. A sign indicating

the passing, rejection and warning is shown in addition to the graphical or list data it
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provides. When evaluating sequence data, researchers should be very cautious about
relying on these indicators. The criteria utilized to assign these flags are based on a very
particular set of assumptions that apply to a very specific set of circumstances. The

quality control report includes the analysis results of the following:
1. "Basic data statistics including file name, file type, total sequencing, GC content."
2. "Per base sequence quality that is described by a quality score."

3. "Per sequence quality score which includes a graph comparing the total number of

readings vs. the average quality score for that read over its whole length."

4. "Per base sequence content which includes the percentage of every nucleotide that is

called throughout the length of the sequence."
5. "Per sequence of GC content"

6. "Per base of N content (nitrogen content)"
7. "Sequence length distribution"

8. "Sequence duplication level"

9. "Over represented sequences"

10. "Adaptor content"

B) "Quality Control"

In order to have good quality data we have to eliminate the errors and bad quality
reported through FASTQC. This can be done through performing quality control and
preprocessing of the data before applying RNA Seq tools. Here we used Fastp (ver-
sion:0.19.7) developed in 2018. It is faster than other preprocessing tools and uses C++
language. Fastp includes almost all the functions of preprocessing including sequence
trimming and formatting. The raw FASTQC files collection was used an input to Fastp

tool which resulted in two outputs:
1) an html quality control report
2) fastgsanger file

Default parameters were used in fastp. Quality filtering options were set according to

the requirements.

C) Second Quality Check of pre-processed data
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The pre-processed reads were again put through quality check using FASTQC in order
to determine if their quality has improved. After approval of quality, these reads are

subjected to further analysis.

3.6 Alignment of processed reads to the genome

For the alignment of the processed files, HISAT2 version 2.2.1 was used. HISAT?2
can perform fast alignment and it utilizes Burrows-Wheeler transform (BWT) to make
graphs, a graph FM index (GFM), with a Hierarchical Graph Index (HGFM) to per-
form its tasks. Hierarchical Graph FM index is an indexing approach that includes a
global GFM index that shows a detail of human genome and also a small list of GFM
indexes which help in efficient alignment. The reference used for alignment was the

human genome (hg38).

3.7 Post Alignment Processing

After performing alignment, the aligned BAM files were checked again for their quality

using FASTQC and duplicate reads were removed in the following ways:

3.8 Read Duplication

Read duplication (RSeQC) version 2.6.4 is used to identify mapping and sequence based
duplicate reads. This tool consists of two modules to analyze data that include basic
and RNA seq specific modules. The aligned BAM file was then analyzed using the read
duplication tool to identify Principle Component Analysis (PCR) duplicates. The upper
limit of plotted duplicate times was set to 500, while the minimum mapping quality was
set to 30. The output R script was set to ‘No’. This tool helps us understand the level
of duplicate reads present in our data due to PCR replicates. The result of the tool is

visualized graphically through RSEQC plots.
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3.9 Mark Duplicates and RmDUp

The Mark Duplicates tool is used to locate and mark the duplicate reads in the output
files of Read Duplication tool. This tool ranks reads by the sum of their base quality
score and can identify the duplicate reads from the original sequence. It works by
comparing the sequences in 5 prime positions of the read pairs. Mark Duplicate tool is
used to identify and duplicate the reads in our data present in the form of BAM file.
Then the RmDup tool version 2.0.1 is used for duplicate deletion that involves removal

of duplicates as reads with the lowest mapping quality are removed.

3.10 StringTie

The StringTie tool version 1.3.4 is a tool available in the galaxy server which helps in
estimating the gene and transcript expression levels for aligned data files by assembling
them into potential transcripts. A reference annotation file of the human genome known

as hg38 is used in GTF format for the assembly of transcripts.

The following input was provided to StringTie:

"Are there any long reads in the input?" No

o "Specify strand information:" Forward

o 'Is it possible to use a reference file to assist in assembly?" Use reference GTF/GFF3
o "Reference file 1105": human reference.gtf

e "Use Reference transcripts only?" No

e "Output files for performing differential expression?" Ballgown

e "Output coverage file?" No

e "Output gene abundance estimation file?" Yes

e "Default parameters were set for remaining input"

This results in creation of multiple isoforms. StringTie is performed on the output files
of RmDup. It resulted in output files that include the assembled transcripts, intron,
exon and transcript level expression measurements, exon to transcript mapping and

intron to transcript mapping files.
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3.11 Ballgown Analysis

This tool is used to perform differential expression analysis in order to determine dif-
ferentially expressed genes of the data. It performs statistical analysis of the assembled
transcripts. The output files of StringTie are further processed by Ballgown. It provides
graphs and tables of the DEGS and transcripts present in the data in the form of excel
and pdf files.

A) Visualization and Analysis of differentialy expresssed genes

Differentially expressed genes can be visualized through the enhanced volcano plot
formed through R. The x axis of the graph represents the log2 fold change of the genes
while the y axis represents the —logl0 p value. This plot represents the over and un-
der expressed genes of the data set and can help identify the significant differentially

expressed genes as it also shows Log FC.

3.12 Comparison of differentially expressed genes

The differentially expressed genes of the three types of data analysis including triple
negative vs normal, normal vs uninvolved, and uninvolved vs triple are compared in
order to determine the common differentially expressed genes. This comparison can
be done using online list comparison tools. The results determine the differentially

expressed genes of the overall dataset.

3.13 Pathway Analysis

Biological pathways are regulatory mechanisms and processes that help regulate the
internal system by activating other mechanisms or synthesize important substances.
Gene expression can be used to identify which pathway is related to a specific disease.
If a certain gene is active or inactive in that disease it can help identify targets for
the disease. Pathway analysis can be done through online tools such as Reactome and

Enrichr that use existing databases to determine the pathways a gene is involved in.

The common differentially expressed genes can be analyzed through pathway analysis

using reactome. Reactome is freely available and reviewed pathway database. It helps
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in the interpretation and visualization of pathways. uses several databases including

Ensembl, Uniprot and KEGG etc. Hence it uses these data bases to identify pathways

activated or inhibited in our disease.
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Results

4.1 Next Generation Sequencing Data Analysis

4.1.1 GSE52194

(A) Preprocessing of Transcript Data

Analysis of the transcript data obtained from galaxy is done using Ballgown Analysis.
This generates different forms of graphs that are shown in the form of figures. In figure
4.1 (a) a boxplot of log2 transformed FPKM (fragments per kilo base of exon model per

million reads mapped) is shown .

It shows that the median of each sample coincides around 0.5 of log2 transformed FPKM
values. The whiskers represent the spread of the data while the dots represent the

outliers of the data.

The distribution of transcript count per gene is presented in 4.1 (b). Here transcript
per gene is plotted on x axis while frequency of transcript is shown on the y axis. Gene
consisting of exactly one transcript are 55000 while genes that are present in more than
one transcript are shown to be 10000 in number. The maximum number of transcript

for one gene is 5.

In figure 4.1 (c¢) The distribution of transcript length is shown. Here the transcript
length in base pairs is represented in at the x-axis while the frequency is shown over the
y axis. The distribution is skewed positively, with right handled long tail. The majority

of the transcript are present with a length of 2000 bp.

Lastly, in 4.1 (d) figure, the frequency distribution of log2 fold change value of all genes
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are represented. Fold change values are present on the x-axis while the frequency of the
differential expression values is shown on the y-axis. A cutoff value of +0.5 is chosen in

order to filter out the biologically significant genes.

4.1.2 Visualization of DEGs

Enhanced volcano plot in Figure (e) represents the visualization of the DEGs through
their p value with the log2 of fold change which represents overall magnitude of change.
Log2 fold change is shown over the x axis while the log p value is plotted on the y-axis.
The plot represents the significant genes to have a p value lower than 0.05 and a log2 fold
change that is above +0.5. Each gene is represented by a single dot on this plot. The
Red dotted genes are biologically and statistically significant as they pass the criteria
of significance with a p-value lower than 0.05 and a fold change above £0.5. The ten
most significant differentially expressed genes found in this data are shown in the table

below.
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Figure 4.1: GSE52194: (a) This shows the distribution of FPKM. (b) The number
of transcripts produced by each gene.(c) The length of transcripts for each gene. (d)
Frequency and Log2 fold change values of the genes. (e) Volcano plot showing the

significant DEGs. 30
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4.1.3 E-GEOD-58135

In this data set, there were a total of three types of data, including data of triple negative
breast cancer, normal and un-involved breast tissue. RNA Sequencing analysis of all
three types of data were done against each other and then compared. The results are

shown below:
(1) Normal vs TNBC
(A) Preprocessing of Transcript Data Analysis

The results of the ballgown analysis of Normal vs TNBC cell lines is shown on figure
4.2. In (a) A boxplot showing the distribution of FPKM values is shown. The median
of the box plots coincides around 0.5 of log2 transformed FPKM. The whiskers of the

data spread upwards with outliers ranking upto 16 of log2 FPKM.

The distribution of transcript count per gene is presented in (b). Genes consisting of
exactly one transcript are almost 55000 while genes that are present in more than one
transcript are shown to be about 10000 in number. The maximum number of transcript

for one gene is 4.

The distribution of transcript length is represented in figure (c).The distribution is
skewed positively. The transcript lengths reside from 0 to 5000 bp, with most of them
having a transcript length of 1000 bp.

Lastly, in (d) figure, the frequency distribution of log2 fold change value of all genes are
represented. Fold change values are present oVer the x-axis while the frequency of the
differential expression values is shown at the y-axis. A cutoff value of +0.5 is chosen in

order to filter out the biologically significant genes.

4.1.4 Visualization of DEGs

Enhanced volcano plot in Figure (e) shows the visualization of the DEGs through their
p value with log2 of fold change which represents the magnitude of change.The genes
represented inside the box formed around 0 fold change are considered insignificant and
hence are not considered in our research. Most of the genes on the plot are residing at
the left hand side of the plot, which means that they are down regulated genes and are
less expressed in the cancer than in normal cell lines. The up-regulated genes located

at the right side of the plot include TNSRSF25, MIIP and TARDBP etc. These up
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regulated genes have a p value below 0.05 and a log2 fold change which is above + 0.5.
Hence these genes are biologically and statistically significant as they pass the criteria
of significance with a p-value below 0.05 and a fold change bigger than 4+0.5. The top

ten differentially expressed genes found in this data include shown in the table below.
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(2) Triple Negative Breast Cancer vs Uninvolved
(A) Preprocessing of Transcript Data Analysis

Analysis of the transcript data obtained from galaxy is done using Ballgown Analysis.
This generates different forms of graphs that are shown in the form of figures. In figure

4.3 (a) a box plot of log2 transformed FPKM is shown.

It shows the Distribution of FPKM values of a total of 53 samples, with 40 samples
of TNBC and 13 samples of uninvolved cancers. It shows that the median of each
sample coincides around 0.5 of log2 transformed FPKM values. The whiskers show the

distribution of the FPKM values while the dots represent the outliers of our dataset.

Overall distribution of transcript count per gene is shown in figure 4.3 (b). Here tran-
script per gene is plotted on x axis while frequency of transcript is shown on the y
axis. Gene consisting of exactly one transcript are 6249 while genes that are present in
more than one transcript are shown to be 5246 in number. The maximum number of

transcript for a single gene is 25.

The distribution of transcript length is represented in figure 4.3 (¢). Here the transcript
length in base pairs is shown in at the x-axis while the frequency is shown at the y axis.
The length of transcripts vary from 0 to 10000 bp. Most of the transcripts (upto 20,000)
have a length of upto 2000 bp. The distribution is skewed positively with a right handed

long tail.

In figure 4.3 (d) , the frequency distribution of log2 fold change value of all genes are
represented. Most of the genes are showing to have a negative fold change up to -2,
with about 700 genes having a fold change between 0 to -1. In the right side of the
graph, the genes with a positive fold change are shown. Upto 500 genes are showing a
fold change between 0 to +1. Hence this shows that over all mostly the differentially
expressed genes have more expression in uninvolved cell lines rather than in the TNBC

disease.

4.1.5 Visualization of DEGs

Finally, the Enhanced volcano plot in represented in Figure 4.3 (e) shows the visualiza-
tion of the DEGs through their p value and FC value. The plot represents the significant
genes to have a p value much below 0.05 with a log2 fold change which is above 40.5.
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Most of the genes are scattered at the left hand side of the plot, having a negative fold
change, which shows that these genes are more expressed in uninvolved cell lines rather
than in TNBC cell lines. The top ten expressed genes found in this data include shown

in the table 4.2 below.
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(3) Normal vs Uninvolved
(A) Preprocessing of Transcript Data Analysis

Analysis of the transcript data obtained from galaxy is done using Ballgown Analysis.
This generates different forms of graphs that are shown in the form of figures. In figure

(a) a box plot of log2 transformed FPKM is shown .

This graph represents the log2 transformed FPKM of a total of 18 samples, including 5
normal and 13 uninvolved samples. The median of the box plot each sample coincides
around 0.5 of log2 transformed FPKM values. The whiskers are presenting the distri-
bution of the FPKM expression while the dots represent the outliers of the data, which
spread above 12 log2 FPKM.

The distribution of transcript count per gene is presented in (b). The transcript counts
vary from 0 to 10. About 5100 genes have a single transcript. While about 5020 genes
have more than 1 transcript per gene is plotted on x axis while frequency of transcript

is shown on the y axis.

In figure (c) The distribution of transcript length is shown. On the x-axis, the transcript
length is indicated in base pairs, while the frequency is shown on the y axis. The
distribution is skewed positively with a right handed long tail. The majority of the

transcript are present with a length of 1000 bp.

The frequency distribution of log2 fold change values for all genes is depicted in the
(d) figure. X-axis displays fold change values, while the y-axis shows the frequency of
differential expression values. A cutoff value of +0.5 is chosen in order to filter out
the biologically significant genes. The graph is more concentrated on the left hand side,
indicating a higher number of genes having a negative fold change and hence being more

expressed in normal while being down-regulated in uninvolved sample.

4.1.6 Visualization of DEGs

Finally in figure (d) the Enhanced volcano representing the visualization of the DEGs
through their p value and log2 fold change has been presented. Following scatter of
the dots represented by the genes is almost equal in both the right and left side of the
plot. Some of the gene that are up regulated include DPM3, MYADM, and FOS etc.

These genes are expressed more in uninvolved cell lines than in the normal ones. The
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genes shown inside the box around zero fold change are not significant as they have a p
value lower than 0.05. The plot represents the significant genes to have a p value lower
than 0.05 and a log2 fold change which is above +0.5. Each gene is represented by a
single dot on this plot. The red dotted genes are biologically and statistically significant
because its p-value is below 0.05 and the fold change is just above 0.5. The top ten

differentially expressed genes found in this data include shown in the table 4.1.
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4.1.7 Comparative Analysis

The differentially expressed genes of Data 1 and Data 2 were compared and the common
genes were identified. Out of 7801 genes of Data 2 and 3741 genes from data 1, about

7 genes were found common. These are shown in the table below:
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Figure 4.5: Common differentially expressed genes among Data 1 and Data

These genes were further subjected to a pathway analysis using Reactome Pathway
Browser. This resulted in several pathways out of which we selected the top 10 pathways
with the most significant P values. The pathways were enriched in the genes including

JUN, DYRKS3, H2BC21, DDIT4, and ELF3. These pathways are mentioned below:
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Figure 4.6: Top 10 Target Pathways
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Discussion

In our research we conducted a thorough RNA Sequencing analysis of two datasets in-
cluding data of TNBC, normal and uninvolved cells, in order to discover differentially
expressed genes. We further compared the RNA Seq results of the two datasets and
found the common differentially expressed genes among them. Subsequently, we car-
ried out a pathway analysis on the following genes using Reactome tool to identify the
target pathways. This resulted in the 7 gene targets and 10 targetable pathways. The
comparative analysis resulted in finding seven differentially expressed genes namely;
DDIT4, DYRK3, ELF3, H2BC21, JUN, LEPROT, and RPL21P16. DNA-damage-
inducible transcript, (DDIT4) also called REDD1 (regulated in development and DNA
damage responses 1) is activated in stress situations through various stressors such as
hypoxia, methyl methane sulfonate, ionizing radiation (IR), energy depletion and heat
shock.. According to studies, DDIT4 is involved in the inhibition of mammalian target
of rapamycin (mTOR) and is normally downregulated in human cells. DDIT4 over ex-
pression can lead to several diseases such as neurodegenerative disorders, preeclampsia,
diabetes, and ischemic proliferative retinopathy, and cancer. DDIT4 expression is shown
to be usually upregulated in aggressive tumors such as TNBC as they consist of hypoxia,
this can inhibit the mTOR pathway and cause growth of cancer stem cells, increasing

tumorigenesis. [66]

The next gene target found is DYRK3 (Dual Specificity Tyrosine Phosphorylation Reg-
ulated Kinase 3). These genes play important functions in cell growth, development,
and survival. [67] DYRKS3 is often found to be active in erythroid cells, adult kidney,

testis, and liver. The mutation of this gene has been found to be a causative agent
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in many diseases such as lung cancer, neuroblastoma, and gastric cancer. However, no
proper description of this gene has been found to be linked to Triple negative breast

cancer, hence, this gene can be considered as our unique discovery. [68]

Another gene target found is ELF3 (Transcription factor E74-like factor 3). It is a part
of the Ets transcription factor family and is present on chromosome 1g32.1 and forms
a 371 aa protein. It is found in the large and small intestine, esophagus, the stomach,
salivary gland, liver, bladder and prostate. This gene’s expression is usually inactivated
or amplified in cancers and may causes several types of cancers such as those of biliary

tract, colorectal, stomach, gastric, breast, liver and colon.[69]

In a research the effect of ELF3 expression on TNBC cell lines was studied using wet
lab techniques such as western blot, soft agar colony formation, and immunofluorescence
assays. The results showed that although ELF3 over expression is found in lethal and
aggressive TNBC, however, according to the study, it showed to control the metastatic

ability of the TNBC cancer[70]

H2BC(C21 is a gene which expresses for the protein Histone H2B type 2-E which is an es-
sential part of a nucleosome and is required for managing the structure of DNA. Histone
proteins are generally required for transcription regulation, DNA repair, chromosomal
stability and replication of DNA. Although a similar histone producing gene known as
H2BC20P has shown to cause resistance in TNBC, however, not much data is available

on the effect of H2BC21 on TNBC, hence this is another novel gene in our results.|[71]

LEPROT gene, also known as LEPR, is associated to several types of cancers such
as breast, colon, gastric and esophageal cancer. [72] LEPROT is known to be a gene
effecting obesity, which is suspected to cause resistance to chemotherapy in TNBC pa-
tients. [73] However, no proper treatment has been developed against this gene target
yet. RPL21P16 gene is known to be associated with breast cancer, however, it does not
have any link to TNBC while other members of the ribosome protein family still have

some link to the disease. Hence further studies need to be done on this gene’s effect on

TNBC. [74]

In the top ten up-regulated pathways, three of the pathways were linked to the Notch
receptor. The Notch pathways help in signaling for transcription and translation in
the cell. Notch signaling has shown to be oncogenic and promotes cell proliferation in

different cancers. It does this by activating tumor promoting genes and anti-apoptotic
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pathways. It also promotes growth of stem cells. [75] The Notch signalling pathways
are activated in breast, non-small lung, and blood cancers, while they are inactive in
small lung cancer and squamous cell cancers. [76] In TNBC Notch signalling pathway
causes the aggressive phenotype of the cancer. It also promotes growth of stem cells

and cancer inducing cells. [77]

Another upregulated pathway is of the programmed cell death. The disruption of this
pathway is responsible for diseases such as amyotrophic lateral sclerosis Parkinson’s
disease, and other neural diseases. It also causes cancer and autoimmunity. According
to researches, programmed cell death can be targeted to treat TNBC, however, further

research needs to be done in order to discover potential drugs to be used against it. [78]

Senescence-Associated Secretory Phenotype (SASP) and Oxidative Stress Induced Senes-
cence pathway promote cancer growth through cell proliferation. For TNBC a common
senolytic drug often used is GX15-070 . Some drugs such as ABT-737, BET inhibitors
are being used to target these pathways, however, the off target effects and side effects of
these drugs still need to be studied in detail. [78] Such senescence pathways can develop

resistance in cancer.

Activation of anterior HOX genes in hindbrain development during early embryogenesis
is not known to be linked to TNBC and hence may be one of the novel target pathways
detected in our research. They have been found in other types of cancers such as co-

rectal. [79]

Generic Transcription Pathway is shown to have some effect on TNBC, however proper
research still needs to be carried out. The Estrogen-dependent gene expression is found

to have effect on TNBC as well and has been controlled through certain drugs. [80]
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Conclusion

In this research, we determined the potential therapeutic targets genes and pathways
among two data sets containing a variety of tissue types. We performed RNA sequenc-
ing to determine the differentially expressed genes and did a comparative analysis of
the results of both data sets to obtain seven common differentially expressed genes.
We then carried out a pathway analysis of these resultant genes using Reactome and
obtained ten up regulated pathways. The seven target genes obtained were DDIT4,
DYRK3, ELF3, H2BC21, JUN, LEPROT, and RPL21P16. Out of these genes five
genes are known to have some link to TNBC according to literature, however, genes
DYRK3 and RPL21P16 do not have any literature regarding their effect or connection
to TNBC, and hence are a unique finding of our research. Among the ten identified
target pathways, the notch signalling pathways were discovered. The Notch signalling
pathways are previously known to be linked to TNBC through literature available online.
Hence, this research further adds to the confirmation of its connection to TNBC. One
pathway known as Activation of anterior HOX genes in hind brain development during
early embryo-genesis has no previous literature showing its connection to TNBC.Other
pathways such as Generic Transcription Pathway, Estrogen-dependent gene expression
pathway, Senescence-Associated Secretory Phenotype (SASP), Oxidative Stress Induced
Senescence pathway and programmed cell death have literature where they have been
studied to determine their effect on TNBC. Therefore, its is a novel pathway in our re-
search. The unique genes and pathway can be further studied to determine therapeutic

targets against them in order to treat TNBC.

In the future, we would like to confirm our results by performing wet lab analysis on
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similar type of data. We will also perform further drug analysis to determine good
therapeutic drugs for these targets, especially the newly discovered ones. We would also
study the pathways in more detail to determine how they link with each other and other
diseases besides TNBC, so that we can determine common drugs that can be used for

TNBC as well.
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Appendix

7.1 Source code for Analysis of DEGs using Ballgown

if (IrequireNamespace("BiocManager", quietly = TRUE)) install.packages("BiocManager")
BiocManager::install("ballgown")

install.packages("plyr")

library (ballgown)

library(genefilter)

library (plyr)

library(devtools)

library(ballgown)

setwd("F:/tpn data 2/uinvolved")

dwe<- "F:/tpn data 2/uinvolved"

phenogata = read.csv(file = "table.csv”, header = TRUE, sep =",7)

pheno = read.csv("pheno.csv")

pheno

sortl.pheno <-phenolorder(phenoSample), |

bg = ballgown(dataDir= dwe, samplePattern="Sample’, meas=’all’, pData=sort1.pheno)
bg

save(bg, file="E:/data/bg.rda’)
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structure(bg)ezon

bg

bgrilt = subset(bg, "rowVars(texpr(bg)) > 17, genomesubset = TRUE)
bgiable = texpr(bgyilt, all’)

bggenenames = unique(bgrable[,9 : 10])

transcriptezpression = as.data. frame(texpr(bgsilt))
head(transcriptezpression)

row.names(transcriptezpression)

results;ranscripts = stattest(bgyilt, feature = "transcript”, covariate = ” Phenotype”, adjustvars =

NULL,getFC = TRUE, meas = "FPKM”)

resultsgenes = stattest(bgyilt, feature = "gene”, covariate = " Phenotype”, adjustvars =

NULL, getFC = TRUE, meas = "FPKM?”)

files

write.csv(bggene,ames, ”E : /data/bggene,ames.csv”)
write.csv(bgiable, ”E : /data/bgiable.csv”)
write.csv(resultsgenes, "E @ /data/resultsgenes.csv”)
write.csv(resultsyranscripts, ’E : /data/transcripts.csv”)
transcripts analysis

results;ranscriptsmer =

data.frame(geneNames=ballgown::geneNames(bgyilt), genel Ds = ballgown :: genel Ds(bgyilt), transc:

ballgown :: transcript Names(bgyilt), resultsyranscripts)

results;ranscripts = arrange(results;ranscripts, pval)

resultsgenes = arrange(resultsgenes, pval)

write.csv(results;ranscripts, "E : /data/chr Xyranscriptresults.csv”, row.names = FALSE)
write.csv(resultsqenes, ”E : /data/chr X generesults.csv”, row.names = FALSE)

tra <- subset(results;ranscripts, resultsyranscriptspval<0.05)

gen <- subset(resultsgenes, resultsg enespval<0.05)
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write.csv(tra, "E:/data/filtered transcripts.csv")

write.csv(gen, "E:/data/filtered genes.csv")

Box plot tropical= c(’darkorange’, ’"dodgerblue’, "hotpink’, ’limegreen’; ’yellow’)
palette(tropical)

fpkm = texpr(bgyilt, meas = "FPKM?”)

fpkm = log2(fpkm+1)

boxplot (fpkm,col=as.numeric(phenophenotype),las = 2,ylab =" log2(FPKM + 1))
pdf("boxplot.pdf", height=8, width=8)

boxplot(mtcarsmpg)

dev.off()

transcriptgyenesable = indexes(bgilt)t2g

head(transcriptyeneable)

Each row of data represents a transcript. Many of these transcripts represent the same

gene. Determine the numbers of transcripts and unique genes
length(row.names(transcriptgene;able))
length(unique(transcriptyeneable], ”g;d”]))
counts=table(transcriptyene.able[, " g;d”])

cone = length(which(counts == 1))

cmorethangone = length(which(counts > 1))

cmazr = mazx(counts)

hist(counts, breaks=50, col="bisque4", xlab="Transcripts per gene", main="Distribution

of transcript count per gene")

legend;ext = c(paste(”Geneswithonetranscript =", cone), paste(”Geneswithmorethanonetranscript

7, emorecthangne), paste(” Maxtranscripts forsinglegene = 7, cpax))
legend("topright", legend;ext, Ity = NULL)
Plot 2 - the distribution of transcript sizes as a histogram full;able < —texpr(bgyilt, all’)

hist(full;ablelength, breaks=50, xlab="Transcript length (bp)", main="Distribution of

transcript lengths", col="steelblue")
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datacolors = (c("white”, ”blue”, "00TF FF” "cyan”, "TFFFTF”, "yellow”,” FFTF00”, "red”,”7F0000’
minyonzero =1

Set the columns for finding FPKM and create shorter names for figures

datacolumns = ¢(1 : 18)

short,ames = ¢(”S17,7527,753”,754” 755”7, 7567, 7S7”,758”,759” 75107, 75117, 75127, 7513”7, 7514

Plot 3 - View the range of values and general distribution of FPKM values for all libraries
Create boxplots for this purpose Display on a log2 scale and add the minimum non-zero

value to avoid log2(0)

boxplot (log2(transcriptezpression[, data.olumns|+minyonzero), col = datacolors, names =

short,ames, las = 2,ylab = "log2(FPKM)”, main = ” Distributionof FPKMs”)

colors = colorRampPalette(c("blue", "blue", "007FFE", "cyan","TFFF7F", "yellow", "FF7F00",
"red", "7TF0000")) smoothScatter(x=log2(x+min,onzero), zlab = "FPK M (SRR218, Replicatel)”, ylc
"FPKM(SRR219y, Replicate2)”, main = "Comparisono fexpressionvalues forapairo freplicates”, ¢

colors, nbin = 200)
Compare the correlation ’distance’ between all replicates
transcriptezpression[, ”sum”| = apply(transcript.xpression|, data.olumns], 1, sum)

Identify the genes with a grand sum FPKM of at least 5 - we will filter out the genes
with very low expression across the board i = which(transcript.axpression], ”sum”] >
5)Calculatethecorrelationbetweenallpairsofdatar = cor(transcript.xpressionli, datacolumns], use =

"pairwise.complete.obs”, method = "pearson”)
r

Plot 8 - Convert correlation to ’distance’, and use 'multi-dimensional scaling’ to display

the relative differences between libraries
d=1-r

datacolumns = ¢(1 : 32)
mds=cmdscale(d, k=2, eig=TRUE)
par(mfrow=c(1,1))

plot(mdspoints, type = "n”, xlab = "7 ylab = "7, main = "M DSdistanceplot”, xlim =
¢(—0.25,0.25), ylim = ¢(—0.25,0.25))
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CHAPTER 7: APPENDIX

points(mdspoints[, 1], mdspoints|,2], col="grey", cex=2, pch=16) text(mdspoints[, 1], mdspoints|,2],

short,ames, col = datacolors)
sig=which(results;ranscriptsmerpval<0.05)
results;ranscriptsmer(, ’de”] =
log2(results,ranscriptsmer(,” fc”])
write.csv(resultsiranscriptsmer,"E : /data/ fil3de.csv”)

hist(results;ranscriptsmer(sig, "de”], breaks = 50, col = ”seagreen”, xlab = "log2(FoldchangeN ormal

Diseased)”, main = ” Distributionofdif ferentialexpressionvalues”)
abline(v=-2, col="black", lwd=2, lty=2)

abline(v=2, col="black", lwd=2, lty=2)

legend("topright", "Fold-change > 4", lwd=2, lty=2)

enhanced volcano

BiocManager::install("Enhanced Volcano")

library(Enhanced Volcano)

EnhancedVolcano(results;ranscriptsmer,lab = results;ranscriptsmergeneNames, x =

"de", y = "pval", pCutoff = 0.05, FCcutoff = 0.5, title = "RNA-dataset")
trans <- subset(results;ranscriptsmer, pval < 0.05)

trans <- subset(results;ranscriptsmer, fc < —0.5|fc > 0.5)

trans <- subset(results;ranscriptsmer, pval < 0.05)

trans <- subset(trans, de < -0.5 | de > 0.5)

write.csv(trans,"E: /data/results;ranscriptsmertwithcutof fvolcano.csv”)
volcano BiocManager::install("Volcanoplot")

library(Volcanoplot)

volcano,ames < —ifelse((tracoefficients)>=1, traid, NA)

volcanoplot(tra, coef = 1L, style = "p-value", highlight = 100, names = volcano,ames, xlab =

"Log2FoldChange”,ylab = NULL, pch = 16, cex = 0.35)
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