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SUMMARY 

 

Breast cancer is the second leading cause of death in women and Triple-Negative 

breast cancer (TNBC) is one of the most aggressive cancer subtypes of breast cancer 

and highly resistant to most drugs. Even though the prevalence of TNBC cases among 

the patients is around 15-20 percent of the whole breast cancer cases; the survival 

lifespan of the patients is at least 3 times lesser than other sub-type having breast cancer 

patients. 

 

To better understand the overall resistance mechanisms to a large pool of 

chemotherapeutic compounds, 52 different drugs’ pharmacodynamics measurements 

on 17 TNBC cell lines were used, and then baseline gene expression profiles of these 

17 TNBC cell lines were combined with pharmacodynamics data then assessed 

independently for each drug. Next, those 52 drugs investigated by their common 

targeted pathways and assessed together to unravel the most commonly affected DEGs 

and most commonly enriched pathways that take a significant role in the respective 

drugs’ resistance mechanisms. Among 52 different chemotherapeutic compounds, it is 

observed that there are 15 common pathway target groups and among those target 

groups, many overlapping DEG trends that might have important effects on the 

regulatory network of the genes. Most prevalently found enriched pathways are MAPK 

signaling, ErbB signaling, and PI3K/MTOR signaling which are all greatly involved 

in tumorigenesis. The determined DEGs are highly differing for each of the drug 

response comparison but the enriched pathways are substantially consistent for 

especially the common pathway targeting drugs. 

  

 

Keywords: Triple-Negative Breast Cancer, Drug Resistance, Baseline Gene Expression, Pathway 

Analysis
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ÖZET 
 

 

Üçlü-Negatif Meme Kanseri Hücre Hatlarının İlaç Direnç Mekanizmalarının 

Transkriptomiks-bazlı İncelenmesi 

 

 

Meme kanseri, kadınlarda en fazla ölüme sebebiyet veren ikinci nedendir ve üçlü-

negatif meme kanseri, meme kanseri tipleri arasında en agresif ve de çoğu ilaca karşı 

oldukça dirençli olan bir alt tipdir. Meme kanseri hastalarının yaklaşık olarak yüzde 

15-20’si üçlü-negatif meme kanseri grubuna ait hücreler taşıyor olsa da, bu hastaların 

sağ kalımı; diğer meme kanseri alt tiplerini taşıyan hastalara kıyasla en az 3 kat daha 

az olmaktadır. 

 

 

Üçlü-negatif meme kanseri hücrelerinin ilaç direnç mekanizmalarını daha iyi 

anlayabilmek amacıyla, 17 TNBC hücre hattının 52 ilaca karşı farmakodinamik verisi 

ile bu hücre hatlarının bazal gen ifadeleri birarada her bir ilaç için ayrı ayrı 

değerlendirildi. Bu aşamada diferansiyel gen ifadeleri belirlenmiş olan 52 ilaç için 

ortak hedeflenmiş metabolik yolaklar üzerinden analize devam edildi. İncelenmiş olan 

52 kemoterapötik ilaç arasında hedeflenmiş metabolik yolaklar nezdinde ortak bir 

yolağı hedefleyen 15 ayrı grup gözlemlendi. Bu 15 hedeflenmiş yolaklar üzerinden 

ortak diferansiyel genler ve bu genlerin zenginleştirdiği; ilgili ilaçlara direnç 

gösterilmesinde etkili olduğu düşünülen istatistiki anlamlılıktaki yolaklar tespit edildi. 

Farklı farklı ilaçların yanıt grupları arasında yapılan yolak analizlerinde en yaygın 

karşılaşılan yolaklar; MAPK sinyal yolağı, ErbB sinyal yolağı ve PI3K/mTOR yolağı 

oldu. Tespit edilen diferansiyel ifade edilmiş genler farklı ilaç-yanıt gruplarının 

analizlerinde değişkenlik gösterse de ortak yolakları hedefleyen ilaçların analizinde, 

birbiri ile oldukça örtüşen nispette yolaklar seti önemli bulundu. 

 

 
Anahtar Kelimeler: Üçlü-Negatif Meme Kanseri, İlaç Direnci, Bazal Gen İfadesi, Yolak Analizi



3 

 

1. AIM OF THE STUDY and INTRODUCTION 
 

 

American Cancer Society’s 2020 report indicates that breast cancer is the second 

leading cause of death in women (1). Even though not only females are stricken by 

breast cancer, according to the 2017 study of Jhan JR et al., one out of each eight 

women is diagnosed as a breast cancer patient, at least in a portion of their lifetime (2). 

Although clinicians have been able to achieve more successful results against breast 

cancer in recent years, still we are losing 24% of patients diagnosed with breast cancer 

under 40 years of age. This high rate of patient loss leads to the highest cause of death 

in breast cancer patients under the age of 40 years (1).On the other hand, we have a lot 

of insight into the heterogeneity of different types of breast cancer, as a result of deeply 

investigated and focused cancer studies (3–7). Through these studies, subtypes of 

breast cancer are much clearly understood. In the battle against these breast cancer 

subtypes which are classified according to the status of their expression of certain 

receptors, widely used chemotherapy drugs designed to target those receptors (8,9). 

 

 

The triple-negative breast cancer (TNBC) cells do not contain the estrogen 

receptor (ER), progesterone receptor (PR), and do not overly express epidermal growth 

hormone 2 receptor (HER2) which are the fundamental differences of TNBC cells 

from other breast cancer cells (10). Thus, the mode of action of most of the 

chemotherapy drugs fails on the targeting triple-negative breast cancer cells (11). 

Triple-Negative Breast Cancer (TNBC) is the most lethal breast cancer with its more 

aggressive spread-pattern on the body and its difficulty to target by drugs due to the 

lack of hormone receptors. At the same time, most of the patients who showed 

improvement had a higher rate of progression than other subtypes (11,12). 

 

 

This study aims to investigate the drug resistance mechanisms in TNBC cell lines 

with the combined assessment of pharmacodynamics data of 52 chemotherapeutic 

compounds on TNBC cell lines and baseline transcriptomics data of TNBC cell lines.
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2. BACKGROUND 
 

 

This section is dedicated to introducing all fundamental information that is related 

to this thesis study to prepare even the most unfamiliar reader to easily understand 

what is unraveled in this study. 

 

 

2.1. Cancer 

 

 

All living beings are made of cells or just a single cell(13,14). Aside from 

unicellular lives, the life cycle of multicellular livings starts with a single cell, an 

embryo, and continues with the division of that one cell to differentiate new types of 

cells and form body tissues and organs and later on organ systems(15–17). The whole 

of these organ systems molds into a body that is called an organism. The growth of a 

single cell embryo to a complete organism happens with cellular multiplication by 

division, specifically mitotic division(18–20). To the mitotic division of a cell, there 

are requirements to meet; having enough cellular materials to budding into another cell 

and proper command on a cell to initiate actual nuclear division(21,22). This cellular 

division is scheduled by a certain molecular clock which is called the cell cycle(23–

26). Regulation of the cell cycle is essential for the healthiness of the cell and its 

daughter cells after division(27–30). 

 

 

Cancer mainly is the mere consequence of either genetic or environmental-based 

dysregulation and/or misregulation of the cell cycle(31). There are lots of highly 

impactful metabolic pathways responsible for the controlled growth of a cell; like 

PI3K/mTOR signaling, Wnt signaling, MAPK signaling, p53 signaling, estrogen 

signaling, and so on(32–40). The anomaly on gene products that are directly or 

indirectly related to any of those pathways may cause genomic instability, perturb the 
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apoptosis mechanisms, induce enhanced blood vessel formation around the tissue, and 

even prevent telomere loss which is providing virtual immortality to the cells. 

 

 

Cells divide without proper molecular checkpoint controls and form tumorogenic 

sites on body tissue.  However, having tumors itself is not lethal usually, actual danger 

of the cancerous cells is when they gain excessive molecular characteristics and 

undock themselves to spread out and invade other body tissues. This phenomenon 

called metastasis and most of the fatality in cancer caused by the metastatic activity of 

cancer cells(41–43). 

 

 

2.1.1. Breast cancer 

 

 

According to the body tissue of tumorigenesis takes place, there are a variety of 

differently named cancers present in the scientific literature. Breast cancer is one of 

them that uncontrolled cell division and abnormal mass-growth initially happen in 

breast tissue. 

 

 

Breast cancer is one of the top lethal causes in females, apart from it’s also hosting 

in males. There are striking recent statistics about how abundant breast cancer among 

the female population and how likely that a woman may face this problem 

eventually(1,2). 

 

 

The severity of breast cancer immensely attracted the scientific interest of 

scientists in the last 2-3 decades and deep investigation of this cancer type unearthed 

quite in detailed knowledge about it(3–7). Through these studies, subtypes of breast 

cancer are much clearly understood. In the battle against these breast cancer subtypes 
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which are generally classified according to the status of their expression of certain 

receptors, widely used chemotherapy drugs designed to target those receptors(8,9). 

One of the breast cancer subtype; the triple-negative breast cancer (TNBC) cells 

do not contain the estrogen receptor (ER), progesterone receptor (PR), and do not 

overly express epidermal growth hormone 2 receptor (HER2) which are the 

fundamental differences of TNBC cells from other breast cancer cell types (10). Thus, 

the mode of action of most of the chemotherapy drugs fails on the targeting triple-

negative breast cancer cells (11). 

 

 

Currently, TNBC is the most lethal breast cancer with its more aggressive spread-

pattern on the body and its difficulty to target by drugs due to the lack of endocrine 

receptors. Additionally, most of the TNBC-bearing patients who showed improvement 

had a higher rate of progression than other subtypes (11,12). 

 
 

2.2. Pharmacodynamics 

 

 

In pharmacy, medicine, and biochemistry therapeutic compounds tested to better 

understand the mode of action of those compounds, their activity trends, their toxicity, 

and certain different type of measurements calculated in this manner. All of those 

quantitative information gatherings about the therapeutics are considered as 

pharmacodynamics(44–47).  

 

 

There is one significant unit in pharmacodynamics that is highly adopted by other 

disciplines, especially in oncology, for the pragmatic reasons; IC50. IC50 is the 

concentration of the tested drug that causes the inhibitory effect at 50% of the tested 

population of the sample(48,49). 
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Usage of the IC50 value of a drug on a certain population of sample is usually 

used in the machine learning-based approach with the generation of predictive drug-

response models with ideally clinical usage or drug screening purposes(50–52). 

 

 

2.3. Gene Expression 

 

 

Gene is the most fundamental virtual unit of DNA that may or may not code a 

protein. Gene expression is the production of transcripts from the respective gene with 

the control of cellular mechanisms(53). If a gene doesn’t code a protein, contrary to 

the “junk-DNA theory” it is responsible for the orchestration of other regulating 

elements like non-coding RNAs(54,55). 

 

 

With the Human Genome Project and steep acceleration on the high-throughput 

sequencing advancements; measurement of gene expression became a highly popular 

source of evidence for the validation of the scientific hypothesis of scientists(56–58). 

 

 

There are constant developments on sequencing technologies, currently most 

abundantly used gene expression measurement technique is RNA-Seq which is 

sequencing the all of the converted mRNAs inside the cell/tissue as bulk, but there are 

also another next next-generation sequencing techniques arise like single-cell 

sequencing and single-nucleus sequencing to provide better resolution of the gene 

expression profile of the investigated samples to the researchers(59–62). These single-

cell approaches are quite promising with their precision however there is still a 

milestone to take in the raw data processing and normalization of the data for 

downstream analysis(63–66)
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3. MATERIAL and METHODS 
 

 

This section is dedicated to the explanation of the material and methods used in 

this thesis study for the sake of reproducibility by other researchers and a better 

understanding of the methods by the readers. In Figure 1, the overview workflow steps 

of the applied methodology in this study represented in a diagram scheme. 

 

 

 

 

Pharmacodynamics data of 498 
therapeutic compounds on 

1000 GDSC cell lines 
 

Filtering out drugs by their 
completeness & sample size of 

TNBC cell response groups 
 

Mapping raw data to human 
reference genome and then 
quantifying mapped reads 

 

Curation of baseline (basal) 
RNA-Seq data of 17 TNBC 

cell lines 
 

Determination of DEGs in the 
comparison of each of 52 

drugs’ binary response groups 
 

Functional interpretation of 
DEGs in the common pathway 

targeting drugs 
 

Figure 1: Overview representation of the methodology that is followed in this study. 

Combined assesment of pharmacodynamics data of a large pool of chemotherapeutic compounds and 
baseline gene expression of 17 TNBC cell lines to understand how the resistant cell lines are differing 
from the sensitive cell lines. 
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3.1. TNBC Cell Lines 

 

 

17 TNBC cell lines selected from a variety of cell lines, due to obtaining 

consistency on different data sources(67). The cell lines selected for this study have 

greater data availability for the GDSC and CCLE consortiums. Official names of the 

selected TNBC cell lines are; BT-20, CAL-120, CAL-51, CAL-85-1, DU-4475, 

HCC1143, HCC1187, HCC1395, HCC1937, HCC2157, HCC38, HDQ-P1, Hs-578-T, 

MDA-MB-231, MDA-MB-436, MDA-MB-468, and MFM-223. 

 

 

Adopted TNBC cell lines in this study, along with other 984 different cell lines, 

were properly grown and checked for possible co-culture contamination with the 

according to their ideal growth conditions which were explained in the GDSC1000 

project’s sample preparation procedure(68).  
 

 

3.2. Pharmacodynamics Data 

 

 

GDSC database (GDSC v2) currently has drug screening data of 498 chemical 

compounds on 809 distinct cancer cell lines(69,70). The primary aim in drug screening 

data collection was gathering as much as much drug’s response data on TNBC cell 

lines in a curated data-pool to do a more comprehensive investigation. While drug 

response data is being curated, some drawbacks have been experienced. 

 

 

First of all, not all of the TNBC cell lines had drug screening data for all 498 

chemical compounds. Filtering the bulky drug response data for 17 TNBC cell lines 

out of 983 cell lines’ diminished the data-pool from 498 to 266 chemotherapeutic 

compounds’ drug screening measurements. Then, it didn’t go unnoticed that some of 

the measurements among the 266 drugs’ dose-response data from the GDSC dataset 

are lacking a full set of measurements of all TNBC cell lines and introduced some 
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“NA” (Not-Available) values in the dose-response data-pool. When we filtered 

“incomplete” drug-response measurement having chemical compounds out of the 

curated dose-response data-pool, the remaining drug number in total is 109 out of 266. 
 

 

3.3. Classification of Drug Responses 
 

 

In the case of this thesis study, TNBC cell lines which have resistant nature or 

mildly sensitive to a respective chemical compound classified as “resistant” and the 

ones that have a vulnerable characteristic to respective drug called as “sensitive”.  

The criterion on the determination of resistance/sensitivity is the evaluation of the 

half-maximal inhibitory concentration (IC50) and maximal dosage tested for drug 

molecules on that specific cell line. If the IC50 value of a drug on cell line is less than 

or equal to the maximum dosage tested of the chemical compound on that cell line, 

that cell line classified as “resistant”; if not, that cell line classified as “sensitive” to 

that drug molecule(68). 

 

 

After the binary classification (“resistant” or “sensitive”) of the TNBC cell lines’ 

to 109 therapeutic compounds, distributions of cell line numbers to each group are 

investigated. Both of the drug response categories must be comparable with each other 

concerning the sample size in populations to stand in a statistically logical base. When 

the distributions checked, some far-from being ideal cases observed in the drug 

response dataset of 109 drugs. A great portion of the data would consist of either all 

resistant or highly unequally distributed number of cell lines among sensitive response 

versus resistant response groups. To illustrate that; 16 of TNBC cell lines classified as 

resistant to one certain drug and only 1 other TNBC cell line classified as sensitive to 

that same drug. It is not statistically appropriate to compare a group consists of 16 

samples and another group that has just one sample in it. Within the consideration of 

this fact, drug responses of TNBC cell lines filtered to meet the condition of sample 

size must be at least 3 cell lines for either of the response groups for each drug. At the 
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end of this last step of filtering the drug response data, 52 therapeutic compounds 

remained in the dataset (Table 1). 

 

 

GDSC database also provides putative targets and affected metabolic pathways of 

each drug that is present in their dataset and these are categorically organized and 

sorted by the targeted pathways (Table 2) to provide visual easiness to readers. 
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ABT737 R S R R S S R R S S S S S S R S S
Afatinib R R R R S S R S R S R S S S R S R

Afuresertib S R S R R R R S R S R S S R R S S
Alisertib R R R R S R S R R R R S S S R S S
AT13148 R R R R R R S R R R R S S R R R R
AZ6102 R R S R S R R R R R R S S R R S S

AZD4547 R R S R S R S S R R S R R S R R S
AZD5363 S R S R R R R S R S R S S R R R S
AZD6482 S R R R R R R S R R R S S R R S R
AZD6738 R R S S S S R S R R S S S R R S S
AZD8055 S S R S S R R S R R R S S S R S S
AZD8186 R R R R R S R S R S R S S R R S R

BDP-00009066 R R S S S R S S R S R R S S R R R
BMS-536924 R R S S S S R S R S R S S R R S S
Camptothecin R R S R S R R S R R R R R R R S R

Cediranib R R S S S R R S S S R S S R R S S
Crizotinib R R R S S R R S R R R R R R R S R
Dactolisib S S S S S S R S R S R S S S R S R
Dasatinib R R R R R S R R R R R S S S R R R
Entinostat R R S S S S R S R S R R S S R S R
Epirubicin R S S R S R R R R S S S S S R S R

Gemcitabine R S S S S R R R R R S S S S S S R
GSK269962A R R R R S R R S R R R R R R R S R

Ipatasertib S R S R R R R S R S R R S R R R S
Irinotecan R R S R S R R R R R R R R R R S R

JQ1 R R R R S R S R R R S R S S R R R
Lapatinib S R S R S S R S R S R S S R R S R
MK-2206 S R R R S R R S R S R R S R R R S
Navitoclax S S S S S S R R S S S S S S R S S
Nilotinib R R S R S R R R R R R S S S R S R
NU7441 S R R R S R R S R R R R S S R S R

NVP-ADW742 R R R R S S R S R S R S R R R R R
OSI-027 S S S S S R R S S S R S S S S S S

Paclitaxel S R R S S S S S R R S R S S R S S
Pevonedistat S S S S S R R R R S S S R S R S R

RO-3306 R R R R S R R R R R R R S R R S R
Sapitinib R R R R R R R R R S R S R R R S R
Sorafenib S R S R S R S R R R R R S S R S S
Taselisib S R S S R S R S S S R S S R R R S

Tozasertib R R S R S R R R R R R R R R R S S
Trametinib R R R S S S R R R R R S R S R R R

UMI-77 R R S S S R S R R S S R S S R S R
VE821 R R S R S S R R R R R R R R R R R

Vinblastine R R S R S R R S R S R S S S R S S
Vinorelbine R S S R S R S S R R S R S S R S R
Vorinostat R R S S S S R R R S R R S S R S S

VX-11e R R R R S R R R R R R S R S R R R
Wee1 Inhibitor S R S R S S R S R R S R S S S S S

WEHI-539 R S R R S S R R R S S S R R R R R
WIKI4 R R R R R S R R R S R S R R R R R

YK-4-279 S R S R S S R S R S S S S R R S R
ZM447439 R R R R S R S R R R R R S R R S R

Table 1: Binarized drug responses of 17 TNBC cell lines to 52 curated drugs. 

Columns of the table are cell line names, rows are drug names resistant response abbreviated as “R” 
and sensitive response indicated as “S”. 
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Table 2: Target genes and targeted metabolic pathways of curated 52 drugs included in this study. 

Drug Name Putative Target Targeted Pathway
Nilotinib ABL ABL signaling 
ABT737 BCL2, BCL-XL, BCL-W, BCL-B, BFL1 Apoptosis regulation 

Navitoclax BCL2, BCL-XL, BCL-W Apoptosis regulation 
UMI-77 MCL1 Apoptosis regulation 

WEHI-539 BCL-XL Apoptosis regulation 
RO-3306 CDK1 Cell cycle 

Wee1-Inhibitor WEE1, CHEK1 Cell cycle 
Entinostat HDAC1, HDAC3 Chromatin histone acetylation 
Vorinostat HDAC inhibitor Class I, IIa, IIb, IV Chromatin histone acetylation 

JQ1 BRD2, BRD3, BRD4, BRDT Chromatin other 
BDP-00009066 MRCKB_HUMAN Cytoskeleton 
GSK269962A ROCK1, ROCK2 Cytoskeleton 
Camptothecin TOP1 DNA replication 

Epirubicin Anthracycline DNA replication 
Gemcitabine Pyrimidine antimetabolite DNA replication 

Irinotecan TOP1 DNA replication 
Afatinib ERBB2, EGFR EGFR signaling 

Lapatinib EGFR, ERBB2 EGFR signaling 
Sapitinib EGFR, ERBB2, ERBB3 EGFR signaling 

Trametinib MEK1, MEK2 ERK MAPK signaling 
VX-11e ERK2 ERK MAPK signaling 

AZD6738 ATR Genome integrity 
NU7441 DNA-PK Genome integrity 
VE821 ATR Genome integrity 

BMS-536924 IGF1R, IR IGF1R signaling 
NVP-ADW742 IGF1R IGF1R signaling 

Alisertib AURKA Mitosis 
Paclitaxel Microtubule stabiliser Mitosis 
Tozasertib AURKA, AURKB, AURKC, others Mitosis 
Vinblastine Microtubule destabiliser Mitosis 
Vinorelbine Microtubule destabiliser Mitosis 
ZM447439 AURKA, AURKB Mitosis 
Afuresertib AKT1, AKT2, AKT3 PI3K/MTOR signaling 
AT13148 AKT1 PI3K/MTOR signaling 
AZD6482 PI3Kbeta PI3K/MTOR signaling 
AZD8055 MTORC1, MTORC2 PI3K/MTOR signaling 
AZD8186 PI3Kalpha, PI3Kbeta PI3K/MTOR signaling 
Dactolisib PI3K (class 1), MTORC1, MTORC2 PI3K/MTOR signaling 
Ipatasertib AKT1, AKT, AKT3 PI3K/MTOR signaling 
MK-2206 AKT1, AKT2 PI3K/MTOR signaling 
OSI-027 MTORC1, MTORC2 PI3K/MTOR signaling 
Taselisib PI3K (beta sparing) PI3K/MTOR signaling 
AZD4547 FGFR1, FGFR2, FGFR3 RTK signaling 
Cediranib VEGFR, FLT1, FLT2, FLT3, FLT4, KIT, PDGFRB RTK signaling 
Crizotinib MET, ALK, ROS1 RTK signaling 
AZ6102 TNKS1, TNKS2 WNT signaling 
WIKI4 TNKS1, TNKS2 WNT signaling 

Pevonedistat NAE Other 
YK-4-279 RNA helicase A Other 
AZD5363 AKT1, AKT2, AKT3, ROCK2 Other, kinases 
Dasatinib ABL, SRC, Ephrins, PDGFR, KIT Other, kinases 
Sorafenib PDGFR, KIT, VEGFR, RAF Other, kinases
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3.4. Baseline Gene Expression Data 
 

 

Baseline gene expression is the snapshot of under the ideal growth condition of a 

cell. There is no stimulant effect on the samples, just basal cell metabolism on the 

investigated samples. TNBC cell lines’ baseline gene expression data obtained as raw 

RNA-Seq .fastq files to be processed in the downstream transcriptome analysis. 16 of 

17 TNBC cell lines’ raw data were in CCLE’s study and publicly available in SRA, 

under the project ID of PRJNA523380(71,72). The last TNBC cell line’s raw data had 

found in the EGAS00001000610 dataset and obtained from EGA with the special 

permission taken from Genentech authorities to be used in this thesis study(73,74). 
 

 

 

 

 

Cell Line Name Accession ID Sequencing 
Technology Sequencing Type Data Provider

BT-20 SRR8616124 Illumina HiSeq 2500 Paired-end SRA 

CAL-120 SRR8615270 Illumina HiSeq 2500 Paired-end SRA 

CAL-51 SRR8615264 Illumina HiSeq 2500 Paired-end SRA 

CAL-85-1 SRR8615528 Illumina HiSeq 2500 Paired-end SRA 

DU-4475 SRR8615297 Illumina HiSeq 2500 Paired-end SRA 

Hs-578-T SRR8615420 Illumina HiSeq 2500 Paired-end SRA 

HCC38 SRR8615458 Illumina HiSeq 2500 Paired-end SRA 

HCC1143 SRR8615819 Illumina HiSeq 2500 Paired-end SRA 

HCC1187 SRR8615817 Illumina HiSeq 2500 Paired-end SRA 

HCC1395 SRR8615822 Illumina HiSeq 2500 Paired-end SRA 

HCC1937 SRR8616179 Illumina HiSeq 2500 Paired-end SRA 

HCC2157 SRR8615891 Illumina HiSeq 2500 Paired-end SRA 

HDQ-P1 SRR8615278 Illumina HiSeq 2500 Paired-end SRA 

MDA-MB-231 SRR8615767 Illumina HiSeq 2500 Paired-end SRA 

MDA-MB-436 SRR8615584 Illumina HiSeq 2500 Paired-end SRA 

MDA-MB-468 SRR8615578 Illumina HiSeq 2500 Paired-end SRA 

MFM-223 ERR413710 Illumina HiSeq 2000 Paired-end EGA

Table 3: Accession IDs of the raw RNA-Seq data of TNBC cell lines. 

Accession numbers of the TNBC cell lines and other relevant information about the raw data. 
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3.5. Pre-processing Gene Expression Data 
 

 

Downloaded RNA-Seq raw data (.fastq) files require pre-processing to be 

properly utilized on the downstream analysis pipeline. This pre-processing usually 

includes cleaning of adapter sequences and removal of “bad quality” reads from the 

sequence reads. Quality check of “.fastq” files of TNBC cell lines was done via 

FASTQC software, version 0.11.9 (75). Then removal of adapter sequences and 

sequencing artifacts were removed with the usage of the “bbduk.sh” bash script of 

BBTools suite BBMap software,  version0.38.86  (76).  
 

 

3.6. Mapping RNA-seq Reads 
 

 

“Cleaned” paired-end RNA-seq baseline expression files of TNBC cell lines were 

aligned to the reference human genome with the usage of Spliced Transcripts 

Alignment to a Reference (STAR) software version 2.7.3.a(77). The alignment of 

RNA-Seq reads to reference is usually named as mapping.  In this part, Broad 

Institute's The Genotype-Tissue Expression (GTEx) consortium’s RNA-Seq pipeline 

is adapted and then modified to obtain better coverage in the mapping procedure(78). 

STAR requires a generated genome reference as the reference to align RNA-Seq reads. 

“Homo_sapiens.GRCh38.dna.toplevel.fasta” file was downloaded and used to 

generate the software-required genome, from Ensembl’s FTP web server, release 

version was 99 at the moment of analysis taking place(79). To prevent redundancy in 

the mapping process, some modifications were done on the obtained reference genome 

file. “ALT” contigs that carry alternative genomic variation information as haplotypes 

were removed with filtering out “_alt” suffix bearing sequences from the reference 

fasta file. At the end of this trimming stage non-redundant and most recent, the human 

reference genome is ready to be utilized within the STAR. STAR is a splice-aware 

aligner and in the alignment process, to provide better guidance on alternative splicing 

machinery; the user can feed the STAR algorithm with a different type of additional 

reference. This additional reference file can be “gtf”, “gff” or “gff3”, all of them 
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contains the same positional genomic annotation information with different 

formatting. During the time of analysis, the most current version of the annotation 

reference was “Homo_sapiens.GRCh38.99.chr_patch_hapl_scaff.gff3” file(79). 

Henceforth, that annotation reference from Ensembl was used to build splice-aware 

software-specific reference human genome “which is so-called transcriptome” in the 

dynamics of the STAR software.  
 

 

3.7. Quantification of the Mapped Reads 
 

 

After doing the mapping RNA-seq reads of TNBC cell lines to reference human 

genome, obtained ”binary alignment map (bam)” files contain all the alignment 

information to reference in an unordered and intangible way. To interpret bam files, 

the usage of a quantification tool is required. In this thesis study, the Salmon 

quantification tool is used to quantify each bam file of respective TNBC cell lines to 

unravel human and machine-readable, tabular formatted and also library-length and 

transcript length normalized counts of each RNA products of each sample. Salmon 

quantification tool has a feature to quantify either from mapped-reads (bam files) or 

directly from raw data (fastq files) with pseudo-mapping. In this study, we used the 

mapped reads mode of Salmon tool, version 1.2(80). 

 

 

All of the quantified outputs for mapped TNBC cell lines were generated into the 

“quants” folder with the respective sample names of the bam files. As a next stage of 

the analysis, R statistical computing software (81) and a handful of special R packages 

will be used to continue towards the down-stream analysis.
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3.8. Importing Quantification Results 
 

 

To import Salmon’s quantification outputs into R, a specialized  R package can 

be used to maintain consistency and provide easiness “tximport” R package can import 

these quantifications and convert transcript accession ids (i.e. ENST00000XXXX) to 

proper gene accession ids (ENSG00000XXXX) with the guidance of human reference 

gff file(82). Then, imported normalized “counts” of transcripts assigned to their 

responsible genes and at the end data table is formed with 67140 (coding & non-

coding) ENSEMBL genes for the TNBC cell lines. 

 

 

3.9. Differential Expression Analysis 
 

 

Baseline gene expression is the basal-level gene expression on the controlled and 

ideally, the same cell-cycle stage’s momentarily snapshotted gene expression profile. 

This baseline gene expression data is ideal for either providing a control group on the 

comparison of the effects of different stimulants on cells or generating predictive 

statistical models with the utilization of each gene’s expression values as mathematical 

coefficients like the coefficients of linear regression models. 

 

 

Apart from those two mainstream approaches, baseline gene expression can be 

used to investigate the steady-state activity of the cells, and with this information 

characteristic nature of each cell line can be differentiated with the focus of the 

inquired scientific question. In this study, binarized drug responses of the TNBC cell 

lines investigated with the baseline gene expression. 

 

 

To achieve that, normalized counts of each gene product (transcripts) of the 

samples gathered in a large data table of 67140 (coding & non-coding) ENSEMBL 

genes within the proper framework of R. Then each cell lines’ drug response to each 
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of 52 drugs is bonded as side-by-side columns (Table 2). After that, each column of 

the respective drug’s response is treated as the “design matrix” of that respective 

drug’s within the DESeq2 differential expression analysis package(83). Next, the 

“contrast” function of DESeq2 is run for the determination of DEGs in the comparison 

of resistant TNBC cell lines gene expression versus sensitive TNBC cell lines gene 

expression. 

 

 

There is one tricky aspect of the interpretation of the outputs; the output of this 

contrast on DEG analysis with DESeq2 is giving log2-fold change for the comparison 

groups in the reverse order. To clarify that further; example code of the function is  
contrast=c("Afatinib","Resistant","Sensitive") 

“Resistant” is the resistantly classified group of TNBC cells to Afatinib drug and 

“Sensitive” is the sensitively classified group of TNBC cells to Afatinib. The output 

of this contrast code is given as “log2 fold-change of Resistant vs Sensitive” but the 

actual interpretation of the upregulation/downregulation is opposite of the indication. 

“contrast” function calculates of log2 fold-change to the second group that is given in 

the function over the first group which is fed into the function. Practically, the 

upregulation of a “gene X” in the contrast output of the DESeq2 is serviced as the “log2 

fold-change of Resistant vs Sensitive” but in reality, it means that that “gene X” is 

upregulated on the sensitive group compared to the resistant group of TNBC cells. 

This is a little misleading output serving by the DESeq2 package itself on the DEG 

results. 

 

 

To clarify, all of the calculated log2 fold-changes and up-regulation/down-

regulation acclaims are exclusively valid for “sensitive response giving TNBC cells to 

the drug of interest” over “resistant response giving TNBC cells to the same drug of 

interest”. Applied DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 

change ≥ 1.5 during this thesis study. In-detail parameter settings and code availability 

can be found in the relevant part of section 6. Supplementary Appendix. 
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3.10. Pathway Analysis 

 

 

To functionally interpret the DEGs in the comparison of sensitive cell lines’ gene 

expression versus resistant cell lines’ gene expression for each of 52 drugs, gene 

enrichment is one of the suitable approaches to be performed. For this thesis study, the 

pathfindR gene enrichment R package which is based on an “active sub-network” 

search algorithm is preferred(84). DEGs in each response comparison group of TNBC 

cells for 52 drugs were respectively given as input. Then, KEGG pathways are used as 

the main metabolic pathway database for enrichment and pathway analysis.  

 

 

Intersection analyses for the comparison of the most enriched pathways between 

two pathway enrichment analyses results were done with the combined assessment of 

the p-values by Fisher’s method. If a DEG is commonly upregulated/downregulated 

in the compared drug’s enrichment results that DEG is highlighted as green/red color 

respectively. In the case of a DEG is contradictorily found expressed in an enriched 

pathway or not present in both drugs’ DEG result; then that DEG is indicated as a gray 

node and labeled as ”Conflict or Not Present in Both (NPiB)”. 
 

 

3.11. Drug Similarity Analysis 
 

 

Chemical structure and canonical formula of the therapeutic compounds can be 

represented with SMILES notation. SMILES notations of the curated 52 drugs are 

gathered from PubChem (85) and fed into a web-based drug similarity algorithm of 

ChemMineTools (86,87). Generated drug similarity hierarchical clustering parameters 

were properties color and display values: Z-scores, linkage method: complete, 

heatmap: distance matrix, physicochemical properties heatmap: ChemmineR 

properties.
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4. RESULTS 
 

 

This section is dedicated to express the refined forms of all findings in this study. 

To see all unrefined results, section 6. Supplementary Appendix can be visited. 

 

 

4.1. Drug Similarity by SMILES 
 

 

Physicochemical properties of 52 drugs were investigated by ChemMine tools via 

their SMILES notation(Figure 2).  

Figure 2: Hierarchical clustering of the drug similarity of 52 curated drugs by their respective 

physicochemical properties. 

-3 3 9

737ABT
Navitoclax
Dactolisib

Trametinib
539-WEHI

Alisertib
6482AZD

027-OSI
Gemcitabine

Vorinostat
279-4-YK

Afuresertib
13148AT

Crizotinib
e11-VX

Lapatinib
536924-BMS
Afatinib

Sapitinib
Nilotinib

Sorafenib
6738AZD

Pevonedistat
3306-RO

821VE
6102AZ

00009066-BDP
Dasatinib

Tozasertib
Ipatasertib

1JQ
Camptothecin

Inhibitor_1Wee
2206-MK
5363AZD

Entinostat
Taselisib

A269962GSK
742ADW-NVP

4WIKI
7441NU
8186AZD
8055AZD

Cediranib
4547AZD

447439ZM
77-UMI

Epirubicin
Paclitaxel

Irinotecan
Vinblastine
Vinorelbine

M
F

M
W

N
ch

ar
ge

s C C
l N O S F I

B
r 2

R
N

H N
H

2
R

N3
R

3
R
O

PO R
O

H
R
C
H

O
R
C
O

R
R
C
O

O
H

R
C
O

O
R

R
O

R
R
C
C
H

R
C
N

R
IN

G
S

AR
O

M
AT

IC



21 

 

Most similar drugs among the closely neighboring branches on the dendrogram of 

Figure 2 were investigated for commonly most enriched pathways for the sensitive 

response giving TNBC cells versus resistant response giving TNBC cells (Figure 3, 

Figure 4, Figure 5, and Figure 30). 
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Figure 3: Intersection of most enriched pathways from the determined DEGs of AZD4547 and 

ZM447439 differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and log2 absolute 
fold change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values 
for the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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Figure 4: Intersection of most enriched pathways from the determined DEGs of AZD6738 and 

Pevonedistat differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and log2 absolute 
fold change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values 
for the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.2. ABL Signaling Targeting Drug 

 

 

There is only one drug that targets the ABL signaling among the curated pool of 

52 drugs. The following result is an interpretation of the detailed gene expression 

profile of sensitive TNBC cells versus resistant TNBC cells to that drug.
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Figure 5: Intersection of most enriched pathways from the determined DEGs of AZD6738 and 

Pevonedistat differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and log2 absolute 
fold change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values 
for the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.2.1. Nilotinib results 
 

 

Differential expression analysis results yielded 933 DEGs in the comparison of 

Nilotinib sensitive 6 TNBC cell lines versus resistant 11 cell lines. Active sub-network 

based pathway enrichment analysis found 37 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 6. 

 

 

4.3. Apoptosis Regulation Targeting Drugs 

 

 

There are 4 drugs that target apoptosis regulation among the curated pool of 52 

drugs. The following results are interpretations of the detailed gene expression profile 

of sensitive TNBC cells versus resistant TNBC cells to those 4 drugs. 

Figure 6: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Nilotinib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.3.1. ABT737 results 
 

 

Differential expression analysis results yielded 935 DEGs in the comparison of 

ABT737 sensitive 11 TNBC cell lines versus resistant 6 cell lines. Active sub-network 

based pathway enrichment analysis found 39 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 7. 

 

 

4.3.2. Navitoclax results 
 

 

Differential expression analysis results yielded 611 DEGs in the comparison of 

Navitoclax sensitive 6 TNBC cell lines versus resistant 11 cell lines. Active sub-
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Figure 7: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to ABT737. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 



26 

 

network based pathway enrichment analysis found 28 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

8. 

 

 

4.3.3. UMI-77 results 
 

 

Differential expression analysis results yielded 581 DEGs in the comparison of 

UMI-77 sensitive 9 TNBC cell lines versus resistant 8 cell lines. Active sub-network 

based pathway enrichment analysis found 9 enriched KEGG pathways. These enriched 

pathways and included DEGs are visualized in Figure 9. 
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Figure 8: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Navitoclax. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.3.4. WEHI-539 results 

 

 

Differential expression analysis results yielded 825 DEGs in the comparison of 

WEHI-539 sensitive 6 TNBC cell lines versus resistant 11 cell lines. Active sub-

network based pathway enrichment analysis found 25 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

10. 
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Figure 9: Network of most enriched pathways for the sensitive TNBC cells versus resistant TNBC 

cells to UMI-77. 

In this figure significantly enriched KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and/or nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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Figure 10: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to WEHI-539. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.3.5. The intersection of ABT737 and Navitoclax 

4.4. Cell Cycle Targeting Drugs 

 

 

There are 2 drugs that target cell cycle regulation among the curated pool of 52 

drugs. The following results are interpretations of the detailed gene expression profile 

of sensitive TNBC cells versus resistant TNBC cells to those 2 drugs. 
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Figure 11: Intersection of most enriched pathways from the determined DEGs of ABT737 and 

Navitoclax differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 
change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values for 
the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 



30 

 

4.4.1. RO-3306 results 

 

 

Differential expression analysis results yielded 846 DEGs in the comparison of 

RO-3306 sensitive 3 TNBC cell lines versus resistant 14 cell lines. Active sub-network 

based pathway enrichment analysis found 46 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 12. 
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Figure 12: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to RO-3306. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.4.2. Wee1-Inhibitor results 

 

 

Differential expression analysis results yielded 541 DEGs in the comparison of 

Wee1-Inhibitor sensitive 11 TNBC cell lines versus resistant 6 cell lines. Active sub-

network based pathway enrichment analysis found 10 enriched KEGG pathways. 

These pathways and included DEGs are visualized in Figure 13. 
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Figure 13: Network of most enriched pathways for the sensitive TNBC cells versus resistant TNBC 

cells to Wee1-Inhibitor. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and/or nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.4.3. The intersection of RO-3306 and Wee1-Inhibitor 

 

 

4.5. Chromatin Histone Acetylation Targeting Drugs 

 

 

There are 2 drugs that target histone acetylation among the curated pool of 52 

drugs. The following results are interpretations of the detailed gene expression profile 

of sensitive TNBC cells versus resistant TNBC cells to those 2 drugs. 
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Figure 14: Intersection of most enriched pathways from the determined DEGs of RO-3306 and Wee1-

Inhibitor differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 
change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values for 
the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.5.1. Entinostat results 
 

 

Differential expression analysis results yielded 709 DEGs in the comparison of 

Entinostat sensitive 9 TNBC cell lines versus resistant 8 cell lines. Active sub-network 

based pathway enrichment analysis found 26 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 15. 
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Figure 15: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Entinostat. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.5.2. Vorinostat results 

 

 

Differential expression analysis results yielded 481 DEGs in the comparison of 

Vorinostat sensitive 9 TNBC cell lines versus resistant 8 cell lines. Active sub-network 

based pathway enrichment analysis found 16 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 16. 
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Figure 16: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Vorinostat. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.5.3. The intersection of Entinostat and Vorinostat 
 

 

 

4.6. Chromatin Targeting Drug 

 

 

There is only one drug that targets chromatin structure among the curated pool of 

52 drugs. The following result is an interpretation of the detailed gene expression 

profile of sensitive TNBC cells versus resistant TNBC cells to that drug. 
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Figure 17: Intersection of most enriched pathways from the determined DEGs of Entinostat and 

Vorinostat differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 
change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values for 
the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.6.1. JQ1 results 

 

 

Differential expression analysis results yielded 869 DEGs in the comparison of 

JQ1 sensitive 6 TNBC cell lines versus resistant 12 cell lines. Active sub-network 

based pathway enrichment analysis found 59 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 18. 
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Figure 18: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to JQ1. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.7. Cytoskeleton Targeting Drugs 

 

 

There are 2 drugs that target the cytoskeleton structure among the curated pool of 

52 drugs. The following results are interpretations of the detailed gene expression 

profile of sensitive TNBC cells versus resistant TNBC cells to those 2 drugs. 

 

 

4.7.1. BDP-00009066 results 

 

 

Differential expression analysis results yielded 870 DEGs in the comparison of BDP-

00009066 sensitive 8 TNBC cell lines versus resistant 9 cell lines. Active sub-network 

based pathway enrichment analysis found 48 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 19. 
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4.7.2. GSK269962A results 

 

 

Differential expression analysis results yielded 574 DEGs in the comparison of 

GSK269962A sensitive 3 TNBC cell lines versus resistant 14 cell lines. Active sub-

network based pathway enrichment analysis found 52 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

20. 
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Figure 19: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to BDP-00009066. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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Figure 20: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to GSK269962A. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.7.3. The intersection of GSK269962A and BDP-00009066 
 

 

 

4.8. DNA Replication Targeting Drugs 
 

 

There are 4 drugs that target DNA replication machinery among the curated pool 

of 52 drugs. The following results are interpretations of the detailed gene expression 

profile of sensitive TNBC cells versus resistant TNBC cells to those 4 drugs. 
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Figure 21: Intersection of most enriched pathways from the determined DEGs of BDP-00009066 and 

GSK269962A differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 
change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values for 
the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.8.1. Camptothecin results 

 

 

Differential expression analysis results yielded 608 DEGs in the comparison of 

Camptothecin sensitive 4 TNBC cell lines versus resistant 13 cell lines. Active sub-

network based pathway enrichment analysis found 19 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

22. 
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Figure 22: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Camptothecin. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.8.2. Epirubicin results 

 

 

Differential expression analysis results yielded 712 DEGs in the comparison of 

Epirubicin sensitive 9 TNBC cell lines versus resistant 8 cell lines. Active sub-network 

based pathway enrichment analysis found 37 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 23. 
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Figure 23: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Epirubicin. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.8.3. Gemcitabine results 
 

 

Differential expression analysis results yielded 718 DEGs in the comparison of 

Gemcitabine sensitive 10 TNBC cell lines versus resistant 7 cell lines. Active sub-

network based pathway enrichment analysis found 24 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

24. 
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Figure 24: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Gemcitabine. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.8.4. Irinotecan results 

 

Differential expression analysis results yielded 987 DEGs in the comparison of 

Irinotecan sensitive 3 TNBC cell lines versus resistant 14 cell lines. Active sub-

network based pathway enrichment analysis found 60 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

25. 
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Figure 25: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Irinotecan. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.8.5. The intersection of Epirubicin and Irinotecan 

 

 

4.9. EGFR Signaling Targeting Drugs 

 

 

There are 3 drugs that target EGFR signaling pathway among the curated 52 drugs. 

The following results are interpretations of the detailed gene expression profile of 

sensitive TNBC cells versus resistant TNBC cells to those 3 drugs. 
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Figure 26: Intersection of most enriched pathways from the determined DEGs of Epirubicin and 

Irinotecan differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 
change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values for 
the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.9.1. Afatinib results 
 

 

Differential expression analysis results yielded 415 DEGs in the comparison of 

Afatinib sensitive 8 TNBC cell lines versus resistant 9 cell lines. Active sub-network 

based pathway enrichment analysis found 19 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 27. 
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Figure 27: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Afatinib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.9.2. Lapatinib results 

 

 

Differential expression analysis results yielded 322 DEGs in the comparison of 

Lapatinib sensitive 9 TNBC cell lines versus resistant 8 cell lines. Active sub-network 

based pathway enrichment analysis found 12 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 28. 
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Figure 28: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Lapatinib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.9.3. Sapitinib results 
 

 

Differential expression analysis results yielded 653 DEGs in the comparison of 

Sapitinib sensitive 3 TNBC cell lines versus resistant 14 cell lines. Active sub-network 

based pathway enrichment analysis found 38 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 29. 
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Figure 29: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Sapitinib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.9.4. The intersection of Afatinib and Sapitinib 

 

 

4.10. ERK/MAPK Signaling Targeting Drugs 
 

 

There are 2 drugs that target ERK/MAPK signaling pathway among the curated 

52 drugs. The following results are interpretations of the detailed gene expression 

profile of sensitive TNBC cells versus resistant TNBC cells to those 2 drugs. 
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Figure 30: Intersection of most enriched pathways from the determined DEGs of Afatinib and Sapitinib 

differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 
change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values for 
the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.10.1. Trametinib results 

 

 

Differential expression analysis results yielded 653 DEGs in the comparison of 

Trametinib sensitive 3 TNBC cell lines versus resistant 14 cell lines. Active sub-

network based pathway enrichment analysis found 38 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

31. 
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Figure 31: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Trametinib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.10.2. VX-11e results 
 

 

Differential expression analysis results yielded 882 DEGs in the comparison of 

VX-11e sensitive 3 TNBC cell lines versus resistant 14 cell lines. Active sub-network 

based pathway enrichment analysis found 41 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 32. 
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Figure 32: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to VX-11e. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.10.3. The intersection of Trametinib and VX-11e 

 

 

4.11. Genome Integrity Targeting Drugs 

 

 

There are 3 drugs that target genome integrity among the curated 52 drugs. The 

following results are interpretations of the detailed gene expression profile of sensitive 

TNBC cells versus resistant TNBC cells to those 3 drugs. 
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Figure 33: Intersection of most enriched pathways from the determined DEGs of Afatinib and Sapitinib 

differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s 
method, p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes 
are representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 
change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values for 
the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.11.1. AZD6738 results 

 

 

Differential expression analysis results yielded 663 DEGs in the comparison of 

AZD6738 sensitive 10 TNBC cell lines versus resistant 7 cell lines. Active sub-

network based pathway enrichment analysis found 21 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

34. 
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Figure 34: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to AZD6738. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.11.2. NU7441 results 
 

 

Differential expression analysis results yielded 751 DEGs in the comparison of 

NU7441 sensitive 6 TNBC cell lines versus resistant 11 cell lines. Active sub-network 

based pathway enrichment analysis found 31 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 35. 
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Figure 35: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to NU7441. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.11.3. VE821 results 

 

 

Differential expression analysis results yielded 1137 DEGs in the comparison of 

VE821 sensitive 3 TNBC cell lines versus resistant 14 cell lines. Active sub-network 

based pathway enrichment analysis found 37 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 36. 
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Figure 36: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to VE821. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.11.4. The intersection of NU7441 and VE821 
 

 

 

4.12. IGF1R Signaling Targeting Drugs 

 

 

There are 2 drugs that target IGF1R signaling pathway among the curated 52 

drugs. The following results are interpretations of the detailed gene expression profile 

of sensitive TNBC cells versus resistant TNBC cells to those 2 drugs. 
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Figure 37: Intersection of most enriched pathways from the determined DEGs of NU7441 and VE821 

differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 
change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values for 
the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.12.1. BMS-536924 results 

 

 

Differential expression analysis results yielded 665 DEGs in the comparison of 

BMS-536924 sensitive 10 TNBC cell lines versus resistant 7 cell lines. Active sub-

network based pathway enrichment analysis found 17 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

38. 
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Figure 38: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to BMS-536924. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 
0.05). Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which 
were involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery 
rate (FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.12.2. NVP-ADW742 results 

 

 

Differential expression analysis results yielded 608 DEGs in the comparison of 

NVP-ADW742 sensitive 5 TNBC cell lines versus resistant 12 cell lines. Active sub-

network based pathway enrichment analysis found 12 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

39. 
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Figure 39: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to AVP-ADW742. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.12.3. The intersection of BMS-536924 and NVP-ADW742 
 

 

 

4.13. Mitosis Targeting Drugs 
 

 

There are 6 drugs that target mitosis regulation among the curated 52 drugs of this 

study. The following results are interpretations of the detailed gene expression profile 

of sensitive TNBC cells versus resistant TNBC cells to those 6 drugs. 
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Figure 40: Intersection of most enriched pathways from the determined DEGs of BMS-536924 and 

NVP-ADW742 differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 
change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values for 
the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.13.1. Alisertib results 

 

 

Differential expression analysis results yielded 839 DEGs in the comparison of 

Alisertib sensitive 7 TNBC cell lines versus resistant 10 cell lines. Active sub-network 

based pathway enrichment analysis found 47 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 41. 
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Figure 41: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Alisertib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.13.2. Paclitaxel results 

 

 

Differential expression analysis results yielded 763 DEGs in the comparison of 

Paclitaxel sensitive 11 TNBC cell lines versus resistant 6 cell lines. Active sub-

network based pathway enrichment analysis found 46 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

42. 
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Figure 42: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Paclitaxel. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.13.3. Tozasertib results 

 

 

Differential expression analysis results yielded 1166 DEGs in the comparison of 

Tozasertib sensitive 4 TNBC cell lines versus resistant 13 cell lines. Active sub-

network based pathway enrichment analysis found 92 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in. 
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Figure 43: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Tozasertib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.13.4. Vinblastine results 

 

 

Differential expression analysis results yielded 464 DEGs in the comparison of 

Vinblastine sensitive 9 TNBC cell lines versus resistant 8 cell lines. Active sub-

network based pathway enrichment analysis found 11 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

44. 
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Figure 44: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Vinblastine. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.13.5. Vinorelbine results 

 

 

Differential expression analysis results yielded 514 DEGs in the comparison of 

Vinorelbine sensitive 9 TNBC cell lines versus resistant 8 cell lines. Active sub-

network based pathway enrichment analysis found 4 enriched KEGG pathways. The 

significantly enriched pathways and included DEGs are visualized in Figure 45. 
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Figure 45: Network of most enriched pathways for the sensitive TNBC cells versus resistant TNBC 

cells to Vinorelbine. 

In this figure significantly enriched KEGG pathways are visualized as gray hubs (p-value < 0.05). Nodes 
are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were involved 
in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate (FDR) < 
0.05 and log2 absolute fold change ≥ 1.5. These hubs and/or nodes are not all of the found significant 
elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.13.6. ZM447439 results 

 

 

Differential expression analysis results yielded 768 DEGs in the comparison of 

ZM447439 sensitive 4 TNBC cell lines versus resistant 13 cell lines. Active sub-

network based pathway enrichment analysis found 47 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

46. 
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Figure 46: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to ZM447439. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.13.7. The intersection of Alisertib and Tozasertib 

 

 

4.14. PI3K/mTOR Signaling Targeting Drugs 
 

 

9 drugs target PI3K/mTOR signaling pathway among the curated 52 drugs. The 

following results are interpretations of the detailed gene expression profile of sensitive 

TNBC cells versus resistant TNBC cells to those 9 drugs. 
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Figure 47: Intersection of most enriched pathways from the determined DEGs of Alisertib and 

Tozasertib differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 
change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values for 
the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.14.1. Afuresertib results 

 

 

Differential expression analysis results yielded 416 DEGs in the comparison of 

Afuresertib sensitive 8 TNBC cell lines versus resistant 9 cell lines. Active sub-

network based pathway enrichment analysis found 9 enriched KEGG pathways. The 

significantly enriched pathways and included DEGs are visualized in Figure 48. 
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Figure 48: Network of most enriched pathways for the sensitive TNBC cells versus resistant TNBC 

cells to Afuresertib. 

In this figure significantly enriched KEGG pathways are visualized as gray hubs (p-value < 0.05). Nodes 
are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were involved 
in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate (FDR) < 
0.05 and log2 absolute fold change ≥ 1.5. These hubs and/or nodes are not all of the found significant 
elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.14.2. AT13148 results 

 

 

Differential expression analysis results yielded 768 DEGs in the comparison of 

AT13148 sensitive 3 TNBC cell lines versus resistant 14 cell lines. Active sub-network 

based pathway enrichment analysis found 33 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 49. 
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Figure 49: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to AT13148. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.14.3. AZD6482 results 
 

 

Differential expression analysis results yielded 451 DEGs in the comparison of 

AZD6482 sensitive 3 TNBC cell lines versus resistant 14 cell lines. Active sub-

network based pathway enrichment analysis found 33 enriched KEGG pathways. The 

significantly enriched pathways and included DEGs are visualized in Figure 50. 
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Figure 50: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to AZD6482. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.14.4. AZD8055 results 

 

 

Differential expression analysis results yielded 872 DEGs in the comparison of 

AZD8055 sensitive 10 TNBC cell lines versus resistant 7 cell lines. Active sub-

network based pathway enrichment analysis found 36 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

51. 
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Figure 51: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to AZD8055. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.14.5. AZD8186 results 

 

 

Differential expression analysis results yielded 486 DEGs in the comparison of 

AZD8186 sensitive 6 TNBC cell lines versus resistant 11 cell lines. Active sub-

network based pathway enrichment analysis found 42 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

52. 
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Figure 52: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to AZD8186. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.14.6. Dactolisib results 

 

 

Differential expression analysis results yielded 620 DEGs in the comparison of 

Dactolisib sensitive 12 TNBC cell lines versus resistant 5 cell lines. Active sub-

network based pathway enrichment analysis found 65 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

53. 
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Figure 53: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Dactolisib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.14.7. Ipatasertib results 
 

 

Differential expression analysis results yielded 752 DEGs in the comparison of 

Ipatasertib sensitive 6 TNBC cell lines versus resistant 11 cell lines. Active sub-

network based pathway enrichment analysis found 26 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

54. 

 

 

 

 

Figure 54: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Ipatasertib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.14.8. MK-2206 results 

 

 

Differential expression analysis results yielded 920 DEGs in the comparison of 

MK-2206 sensitive 6 TNBC cell lines versus resistant 11 cell lines. Active sub-

network based pathway enrichment analysis found 32 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

55. 

 

 

 

 

ErbB signaling pathway

Type I diabetes mellitus

Leishmaniasis

Toxoplasmosis

Antigen processing and presentation

Asthma

Inflammatory bowel disease (IBD)

Allograft rejection

Th17 cell differentiation

Parkinson disease

TGFA

AREG

PAK3

EREG

SHC3

NRG4

ELK1

SHC4

HLA−DMB
HLA−DPA1HLA−DRA

HLA−DRB1HLA−DRB5

HLA−AHLA−B

HLA−C

GAD1
PTPRN2

CPE

ITGAM

NCF1

NCF2

TLR4

TGFB3

EEF1A2

LAMA3
LAMA4LAMC2

CD74

CTSS

PRG2

IL18

RORA

FOXP3

IL6R

RXRB

SNCA

SNCAIP

LRRK2
DRD2

TH

SLC6A3

# genes

2

5

9

12

enriched term

up−regulated gene

down−regulated gene

Figure 55: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to MK-2206. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.14.9. OSI-027 results 

 

 

Differential expression analysis results yielded 703 DEGs in the comparison of 

OSI-027 sensitive 14 TNBC cell lines versus resistant 3 cell lines. Active sub-network 

based pathway enrichment analysis found 22 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 56. 
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Figure 56: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to OSI-027. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.14.10. Taselisib results 

 

 

Differential expression analysis results yielded 786 DEGs in the comparison of 

Taselisib sensitive 10TNBC cell lines versus resistant 7 cell lines. Active sub-network 

based pathway enrichment analysis found 24 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 57. 
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Figure 57: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Taselisib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.14.11. The intersection of AZD8186 and Dactolisib 
 

 

 

4.15. RTK Signaling Targeting Drugs 
 

 

There are 3 drugs that target RTK signaling pathway among the curated 52 drugs. 

The following results are interpretations of the detailed gene expression profile of 

sensitive TNBC cells versus resistant TNBC cells to those 3 drugs. 
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Figure 58: Intersection of most enriched pathways from the determined DEGs of AZD8186 and 

Dactolisib differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s 
method, p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes 
are representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 
change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values for 
the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.15.1. AZD4547 results 

 

 

Differential expression analysis results yielded 757 DEGs in the comparison of 

AZD4547 sensitive 7 TNBC cell lines versus resistant 10 cell lines. Active sub-

network based pathway enrichment analysis found 29 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

59. 
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Figure 59: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to AZD4547. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 



79 

 

4.15.2. Cediranib results 

 

 

Differential expression analysis results yielded 629 DEGs in the comparison of 

Cediranib sensitive 10 TNBC cell lines versus resistant 7 cell lines. Active sub-

network based pathway enrichment analysis found 65 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

60. 
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Figure 60: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Cediranib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.15.3. Crizotinib results 

 

 

Differential expression analysis results yielded 839 DEGs in the comparison of 

Crizotinib sensitive 4 TNBC cell lines versus resistant 13 cell lines. Active sub-

network based pathway enrichment analysis found 68 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

61. 
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Figure 61: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant TNBC 

cells to Crizotinib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were involved 
in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 
and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found significant elements. For 
full list, please look up the relevant section of the supplemental appendix. 
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4.15.4. The intersection of Crizotinib and AZD4547 

 

 

4.16. Wnt Signaling Targeting Drugs 
 

 

There are 2 drugs that target the Wnt signaling pathway among the curated 52 

drugs. The following results are interpretations of the detailed gene expression profile 

of sensitive TNBC cells versus resistant TNBC cells to those 2 drugs. 
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Figure 62: Intersection of most enriched pathways from the determined DEGs of Crizotinib and 

AZD4547 differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 
change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values for 
the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.16.1. AZ6102 results 

 

 

Differential expression analysis results yielded 838 DEGs in the comparison of 

AZ6102 sensitive 6 TNBC cell lines versus resistant 11 cell lines. Active sub-network 

based pathway enrichment analysis found 48 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 63. 
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Figure 63: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to AZ6102. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix 
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4.16.2. WIKI4 results 

 

 

Differential expression analysis results yielded 620 DEGs in the comparison of 

WIKI4 sensitive 3 TNBC cell lines versus resistant 14 cell lines. Active sub-network 

based pathway enrichment analysis found 18 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 64. 
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Figure 64: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to WIKI4. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix 
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4.16.3. The intersection of AZ6102 and WIKI4 
  

 

 

4.17. Other Drugs 
 

 

5 drugs have not been linked with a target pathway among the curated 52 drugs 

by GDSC. The following results are interpretations of the detailed gene expression 

profile of sensitive TNBC cells versus resistant TNBC cells to those 5 drugs. 
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Figure 65: Intersection of most enriched pathways from the determined DEGs of AZ6102 and WIKI4 

differential expression analysis. 

In this figure, the intersection of the most significant (combined p-value assessment by Fisher’s method, 
p-value ≤ 0.05) commonly enriched KEGG pathways are visualized as yellow hubs. The nodes are 
representing commonly upregulated DEGs (green), commonly down-regulated DEGs (red), and 
“conflict or NPiB (Not Present in Both)” DEGs (grey) which were involved in the enrichment of the 
connected pathway hub. Preferred DEG cutoff of false discovery rate (FDR) < 0.05 and absolute fold 
change ≥ 1.5. The size of the hubs is reversely proportional with their respective combined p-values for 
the commonly enriched pathways in the comparison of the two above mentioned drug comparisons. 
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4.17.1. AZD5363 results 

 

 

Differential expression analysis results yielded 583 DEGs in the comparison of 

AZD5363 sensitive 7 TNBC cell lines versus resistant 10 cell lines. Active sub-

network based pathway enrichment analysis found 31 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

66. 
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Figure 66: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to AZD5363. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.17.2. Dasatinib results 
 

 

Differential expression analysis results yielded 750 DEGs in the comparison of 

Dasatinib sensitive 4 TNBC cell lines versus resistant 13 cell lines. Active sub-network 

based pathway enrichment analysis found 70 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 67. 
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Figure 67: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Dasatinib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.17.3. Sorafenib results 

 

 

Differential expression analysis results yielded 684 DEGs in the comparison of 

Sorafenib sensitive 8 TNBC cell lines versus resistant 9 cell lines. Active sub-network 

based pathway enrichment analysis found 24 enriched KEGG pathways. The most 

significantly enriched 10 pathways and included DEGs are visualized in Figure 68. 
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Figure 68: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Sorafenib. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix 
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4.17.4. YK-4-279 results 

 

 

Differential expression analysis results yielded 557 DEGs in the comparison of 

YK-4-279 sensitive 10 TNBC cell lines versus resistant 7 cell lines. Active sub-

network based pathway enrichment analysis found 15 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

69. 
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Figure 69: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to YK-4-279. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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4.17.5. Pevonedistat results 

 

 

Differential expression analysis results yielded 544 DEGs in the comparison of 

Pevonedistat sensitive 10 TNBC cell lines versus resistant 7 cell lines. Active sub-

network based pathway enrichment analysis found 17 enriched KEGG pathways. The 

most significantly enriched 10 pathways and included DEGs are visualized in Figure 

70. 
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Figure 70: Reduced network of most enriched pathways for the sensitive TNBC cells versus resistant 

TNBC cells to Pevonedistat. 

In this figure significantly enriched top10 KEGG pathways are visualized as gray hubs (p-value < 0.05). 
Nodes are representing either upregulated DEGs (green) or down-regulated DEGs (red) which were 
involved in the enrichment of the connected hub pathway. Preferred DEG cutoff of false discovery rate 
(FDR) < 0.05 and log2 absolute fold change ≥ 1.5. These hubs and nodes are not all of the found 
significant elements. For full list, please look up the relevant section of the supplemental appendix. 
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5. DISCUSSION and CONCLUSION 

 

 

Breast cancer is the second leading cause of death in women and Triple-Negative 

breast cancer (TNBC) is one of the most aggressive cancer subtypes of breast cancer. 

Even though the prevalence of TNBC cases among the patients is around 15-20 percent 

of the whole breast cancer cases; the survival lifespan of the patients is at least 3 times 

lesser than other sub-type having breast cancer patients. 

 

 

To better understand the overall resistance mechanisms to a large pool of 

chemotherapeutic compounds, 52 different drugs’ pharmacodynamics measurements 

on 17 TNBC cell lines were used, and then baseline gene expression profiles of these 

17 TNBC cell lines were assessed independently. Then, those 52 drugs investigated 

by their common targeted pathways and assessed together to unravel the most 

commonly affected DEGs and most commonly enriched pathways that take a 

significant role in the respective drugs’ resistance mechanisms (Figure 1). 

 

 

In this study, initially, the availability of the transcriptomics data and 

pharmacodynamics data of TNBC cell lines was looked upon. Even though some 

studies indicate more than 20 distinct TNBC cell lines (88); for the assessment of 

combined gene expression and drug-responses of TNBC cells, a consensus 17 TNBC 

cell lines gathered due to their prevalent usage on recent studies and abundant 

commercial availability to further reproducibility-wise inquiries. 

 

 

Baseline gene expression of cells is conventionally used in research as either a 

negative control group to test the effect of any stimulant applied to investigated cells 

or to build predictive statistical models by machine-learning-based approaches. In this 
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study, the baseline gene expression of TNBC cells utilized in a novel way to better 

understand what fundamental expression patterns led them to refractory response to 

the curated chemotherapeutic compounds. 

 

 

GDSC consortium’s pharmacodynamics data is bulk-downloaded to pool a large 

number of therapeutic compounds. The idea is covering the wider landscape of the 

available drugs. Some of the drugs that are included in this study are already 

commercially available, but some are still experimental drugs or pre-release phase of 

the commercial candidate drugs for the pharmaceutical companies. The inconvenient 

nomenclature of some drug molecules (i.e. BDP-00009066 and NVP-ADW742) is 

clearly explained by this being-experimental of these drugs.  

 

 

As it is explained in section 3.2 Pharmacodynamics Data, some of the drugs that 

are conventionally used in the clinics may be filtered out either in the TNBC sample 

distribution on response groups or some of the missing dosage measurements might 

be led to being uninvolved of the drug in the data pool of curated 52 drugs. 

 

 

Our first approach was the investigation of drug similarities for these drugs. 

SMILES notation of the chemical formula of these compounds used to convert them 

to easily computationally manageable way and then generated a hierarchical cluster 

for them to observe how quantifiably similar each of 52 drugs with each other. Most 

similar 4 drug pairs selected from the dendrogram of Figure 2. Then those are 

investigated for their common pathway enrichment analysis from their respective 

DEGs. Those most similar 4 drug pairs are “AZD4547 and ZM447439”, “AZD6738 

and Pevonedistat”, “NVP-ADW742 and WIKI4”, and “Afatinib and Sapitinib”. The 

first three pairs are presented in section 4.1. Drug Similarity by SMILES. The last most 

similar drug pair is presented on page 49 because that pair is overlapping as one of the 

most similar drug-pair and most enriched pathways having drug comparison in their 

targeted metabolic pathway. 
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Results of similarity-based comparison of drug responses of the TNBC cell lines 

are quite variable for the compared most similar drug pairs. The expectation was to 

see much more overlapping commonly upregulated or downregulated genes in the 

intersection network results of the enriched KEGG pathways by respective DEGs of 

investigated two drugs. in section 4.1. Drug Similarity by SMILES. 

 

 

Then, targeted pathways of the curated drug molecules were focused on and put 

into classes according to the drugs’ targeted metabolic pathways. Among 52 different 

chemotherapeutic compounds, 15 common pathway target groups were observed. As 

a possible resistance mechanism to investigated targeted pathway drug groups, 

dysregulation of the most enriched metabolic pathways in each case might be causal 

factors on the resistant phenotype to investigated drugs. 

 

 

To emphasize one more time, there were no stimulant applied gene expression 

data available for these TNBC cell lines, overlapping with the investigated drugs and 

the main idea was covering a quite large landscape of drugs. Quantitative interpretation 

of the baseline gene expression of these cells with the drug responses is the statistically 

relevant explanation of why some cells are more refractory to some drugs while the 

others are much sensitive.  

 

 

Even though these 17 TNBC cell lines are immortalized entities and they bear a 

great number of mutations on themselves as a reason and/or consequence of being 

cancerous cells, the information of these mutations can be combined with expression 

patterns of TNBC cells. Using solely mRNA information of the cells cannot provide 

additional support for is there any upstream molecular events occurs that lead to 

dysregulation of the mRNA product or not. On the other hand, all of the transcribed 

mRNAs are not translated to proteins there are post-transcriptional regulation 

mechanisms like miRNA regulation. Better to investigate all of these aspects in a much 
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comprehensive integrative multi-omics study. That is a further aim and one of the to-

dos of this thesis study. 

 

 

To conclude, most prevalently enriched found pathways in sensitive TNBC cells 

versus resistant TNBC cells are MAPK signaling, estrogen signaling, ErbB signaling, 

and PI3K/mTOR signaling which are all greatly involved in cancer biology. The 

determined DEGs are highly differing for each of the drug response comparison and 

also again varies in intersections of the most enriched pathways and DEGS for targeted 

pathway groups but the enriched pathways are substantially consistent. This 

phenomenon is, almost independent from the distribution and cell members of 

sensitive cells or resistant cells, and the drug. DEGs are almost different in all cases 

but their involvement in the metabolic pathways is ending up the enrichment of mostly 

the same pathways as can be seen in intersection results. 
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6. SUPPLEMENTARY APPENDIX 
 

 

All processed data and written R codes are grouped for different work packages 

in this study can be found in the dedicated folder on GitHub (89). 

 

 

The results of the differential expression analyses, the determined DEGs for the 

comparison of the sensitive cell lines versus the resistant cell lines to 52 therapeutic 

compounds, detailed full-size images of all the figures and supplementary figures that 

elaborate them, and processed data that is used to obtain the main results were 

deposited on the dedicated project on “figshare” platform for to maintain 

reproducibility and additional insight to readers (90). 
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