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CHAPTER-1

REVIEW OF LITERATURE

1.1.Introduction of cancer

Cancer is a group of diseases, in which cells exhibit uncontrolled growth and spreading of the
abnormal cell from one place to another place via lymph and blood circulation (metastasis).
If metastasis is uncontrolled, it can be led to death. Causative factors of cancer can be
intrinsic such as inherited mutation, immune condition and hormones or extrinsic such as
chemicals, infectious radiation, tobacco and organisms. These factors may act either in
synergy or in sequence initiating or promoting different stages of cancer eventually
increasing cancer incidences. Treatments of cancer include chemotherapy, hormonal therapy,
radiation, surgery and targeted therapy.

Cancer is a leading cause of death worldwide, approximate 18.1 million new cases are
reported and about 9.6 million people are dying due to the various type of cancers in
worldwide(Bray et al., 2018; Siegel et al., 2018). The frequency and number of people
affected by cancer are increasing especially in developing countries like India. Most of the
common cancers such as breast, lung, oral, cervical and colorectal cancer are found in India.
Continuous research is going on all over the world to develop an effective treatment to cure
different types of cancers such as hormonal, radiation, chemotherapy, etc.

Cancers are of different types. Classification of cancerous cells are done either based on the
type of tissues affected such as carcinoma, sarcoma, leukemia, and lymphoma or on the basis

of organs affected such as breast, lung, cervical and stomach.
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When cancer originates from the epithelial cell of the tissue called as carcinomas and about
85% all of the cancers. It is two type; squamous cell carcinomas and adenocarcinomas.
Squamous cell carcinoma originates from epithelial cells called squamous cells, which forms
the outer lining of skin, windpipe and esophagus. Adenocarcinomas arise in the specialized
epithelial cells that secrete some protective substances in the cavities lined by them.

Nearly, 1% of all the cancers diagnosed are non-epithelial cancers, sarcoma and are usually
divided into two important types, osteosarcoma and soft tissue sarcomas. Leukemia’s and
Lymphomas constitute about 7% of the total cancer cases originate from blood-forming cells.
Based on the organ of origin cancer can also be classified. Some of the examples are breast
cancer, cervical cancer, lung cancer, pancreatic cancer, prostate cancer, thyroid cancer,

leukemia, non-Hodgkin lymphoma, melanoma, and many more.

1.2. Stages of cancer

Different stages of cancers can be described based on the extent of spread of the disease.
Tumor Node Metastasis (TNM) is one of the most common method which is used for
classified of the cancer into stages(DENOIX),which divides stages of cancer based on three
parameters namely degree of growth in tumor, degree of invasiveness in lymph node and
degree of spread to distant organs and tissues i.e. metastasis. Based on the progression of
cancer, it is broadly classified under the following stages:

1.2.1. Stage 0: It represents that anomalous cells are present only in situ i.e. where they

developed.
1.2.2. Stage I: Confinement of the tumor cells to the organ of origin, without showing

any sign of invasiveness.



http://cancer.about.com/od/lungcancer/a/lung_ca.htm
http://cancer.about.com/od/pancreaticcancer/a/pan_can.htm
http://cancer.about.com/od/prostatecancer/a/prostate_ca.htm
http://adam.about.net/encyclopedia/infectiousdiseases/Thyroid-cancer.htm
http://cancer.about.com/od/leukemia/a/leukemia_hub.htm
http://cancer.about.com/od/lymphoma/a/lymphoma_over.htm
http://cancer.about.com/od/melanoma/a/Melanoma_over.htm
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1.2.3. Stage Il and I11: The transformed cancerous cells are no longer confined to the
primary site. The cancerous cells have invaded neighboring lymph nodes or organs
and tissues.

1.2.4. Stage IV: This stage indicates that cancer has advanced from the primary site to

remote organs or distant lymph nodes. It is the metastatic stage.

Breast cancer is a highly malignant form of cancer found in females worldwide. Rarely,

about 1% breast cancer cases are also found in male.

1.3. About the breast

The breast is a build up by different kinds of fatty and dense tissues. Each tissue is a network
of lobes and per lobe made up by lobules that contain milk glands. The very fine ducts are
connected to lobe, lobules and milk gland which is carrying the milk from lobe to the nipple.
The nipple is located in the center of a dark area of the breast called an areola. The whole
breast is nourishing by blood vessel and lymph vessel also present which is carrying the
waste product. Lymph vessels are connected to the lymph node. It is a canter of the

interaction of antigens and the immune system.
1.4.About the breast cancer

Breast cancer is a transform of normal breast cells to cancer cells due to the uncontrolled cell
growth, forming a cell's mass called a tumor. Based on the malignancy properties tumor
divided into two categories such as a malignant and benign tumor. In the case of malignant
tumor, breast cancer cells are showing uncontrolled growth and migrate one place to another

place via blood circulation or lymph vessels in breast cancer patients. A benign tumor, breast
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cancer cell showing uncontrolled cell growth and don’t spread one place to another place in
breast cancer patients.

Based on the progression of breast cancer, which is divided into fourth stages “I, II, 11l and
IV, When breast cancer cells are present in a localized area or lymph nodes of the breast in
the early stages (I-111 stages). In the advanced stage, breast cancer cells migrate from lymph
nodes to bones, lung, liver, brain and other organs of the breast cancer patients. This is called

stage IV or metastatic breast cancer.

1.5. Type of breast cancer

Breast cancer divided into two categories based on malignancy properties called as
“invasive” and “non-invasive”. Invasive breast cancer, cells are migrate into surrounding
tissues. “Non-invasive” breast cancer, cells don't spread and present at the surrounding area
of origin places such as milk duct or lobules. When breast cancer started at duct or lobes

called ductal and lobular carcinoma.

1.5.1. Ductal carcinoma: It is most abundant breast cancer which started at cell lining
of milk ducts of the breast and divided into two categories.
1.5.1.1. Ductal carcinoma in situ (DCIS): It is started at duct of milk gland.
1.5.1.2. Invasive ductal carcinoma (IDC): It is metastasize from the milk duct.
1.5.2. Lobular carcinoma: It is started in the lobules of the breast and divided further
into two types.
1.5.2.1. Lobular carcinoma in situ (LCIS): It is founded in lobules of the breast
but it is not a considerable factor for developing of breast cancer. It can act as a

risk factor for spreadingthe breast cancer cells in both of the breast.
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1.5.2.2. Invasive lobular carcinoma: It can spread outside of the lobules in the

breast.

Other less common breast cancers are present such as a medullary, mucinous, tubular,

metaplastic, papillary and inflammatory.

1.6. Breast cancer subtypes

Breast cancer further divided into three main subtypes based on the “hormonal receptors”

and “human epidermal growth factor receptor 2 (HER 2)” or extra copies of the HER2 gene.

1.6.1. Luminal breast cancer: Breast cancer cells are expressing hormonal receptors
(HR) such as “estrogens”, “progesterone” receptor and “human epidermal growth
factor receptor 2 (HER2)”. It is almost 84% of all the breast cancer and it is further
divided into two main categories.

1.6.1.1. Luminal A (HR+/HER2-): Breast cancer cells are expressing the
hormonal receptor (HR) but lack the expression of “human epidermal growth
factor receptor 2 (HER2)”. It is about 71% of all the luminal breast cancer and
showing slow growth rate or lesser aggressive as compared to other “luminal
breast cancer”. Hormonal positive breast cancers occur in any age of women
but most common in menopause stage of women. It is controlled by hormonal
therapies.

1.6.1.2. Luminal B (HR+/HER2+): Breast cancer cells have both of the
receptors. It is approximate 12% all of the luminal breast cancer and expresses

the huge amount of Ki67 (a proliferation marker). It is showing a high growth
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rate with less poor prognosis as compared to the luminal A. It can be controlled

by either hormonal or anti-HER2 therapies and both of them.

1.6.2. Human epidermal growth factor receptor-2 positive (HER2+)breast cancer:
Cancer cells have overexpression or amplification of HER2 oncogene. It is almost

5% of all of the breast cancer. It is controlled by anti-HER2 therapies.

1.6.3. Triple negative breast cancer (HR-/HER2-): Breast cancer cells are not express
hormonal and HER2 receptors, called “triple negative breast cancer (TNBC)”. It is
approximate 12% all of the breast cancer with a more aggressive type of nature as
compared to the other breast cancer because of lack of the treatment. It is common
cancer in younger women’s due to the frequent mutation in “BRCAL1” or “BRCA2”
genes.

1.7. Breast cancer: Incidence and Statistics

Approximate 11.6 million new cases are reported and about 6.6 million people are dying due
to breast cancer, therefore, it is a second leading cause of deaths due to breast cancer in both
sex (Bray et al., 2018; Siegel et al., 2018). It is the most highlighted cancer diagnosed in
women, worldwide approximate 8.6 million new cases were reported in 2018. About 4.2
million women’s are dying due to the breast cancer, therefore, it is first leading cause of
death due to cancer in women worldwide(Bray et al., 2018; Siegel et al., 2018). The cases of

breast cancer are increasing rapidly in both less and more developed countries.
1.8. Breast cancer in India
Breast cancer is one most common cancer in women worldwide. Breast cancer is curable

when detected in the early stages. On a global scale, there is an increase in 1 million new

cases of breast cancer annually. According to world cancer report, 8.6 million cases might be
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diagnosed in 2018. In India, breast cancer is one of the most diagnosed cancers in women
(Bray et al., 2018; Siegel et al., 2018). Breast cancer cases are increasing in mostly in
metropolitan cities. At present 1, 62,468 new cases are diagnosed and 87,090 breast cancer
patients are dying in India according to Globocan 2018, IARC. This continuous increase in
breast cancer cases and deaths resulting from it is making it a major health concern in India.

Therefore, it demands a more drastic and refined approach to tackle it.

1.9. Risk factor contributing to breast cancer

The main risk factors of breast cancer are female sex and older ages. Other potential risks
factors such as genetics, a higher level of certain hormones, dietary patterns and obesity are
responsible for the increased incidence of breast cancer.

Tobacco smoking causes an increased incidence of cancer risk. But prolonged smoking can
multiply the risk for breast cancer from 35% to 50% (Johnson et al., 2011). Lack of physical
activity also accounts for the increased risk of 10% breast cancer. According to the
“abortion-breast cancer hypothesis™, abortion also accounts for the increased breast cancer
risk. Other dietary patterns like high level of fat (Blackburn and Wang, 2007) and cholesterol
diet (Kaiser, 2013), minimal iodine diet, drinking alcohol (Boffetta et al., 2006) are also
responsible for the increasing the risk of breast cancer. Some pesticides, organic solvents
(Brody et al., 2007), hydrocarbons and radiation also increased breast cancer risk.

Mutation in “BRCA-1” and “BRCA-2” genes are the major common risk factors for
increasingthe risk of breast cancer up to 60-80%. Other genes such as p53, PTEN, STK11,
ATM, etc. also account increased breast cancer risk (Gage et al., 2012). Diabetes mellitus

also increase breast cancer risk in diabetic patients (Anothaisintawee et al., 2013).




Review of literature

1.10. Cell cycle and its role in cancer progression

The cell cycle is a piece of highly coordinate and regulatory machinery, in which each cell
are divided into two daughter cell with the help of cyclins and “CDKs (cyclin-dependent
kinases)”. The whole cell cycle is completed with four phases such as “G1, S, G2 and M”.
Each phase has a unique function for cell division. In the G; phase of cell cycle, the cell is
synthesized proteins and size increased in cell organelles, therefore, it is called a growth
phase. In S phase of the cell cycle, DNA replication (formation of a second copy of the
DNA) occurs. Next phase is the G, phase, in which cell is synthesized proteins for M phase
(Mitosis Phase). M phase is the last phase of cell cycle, in which segregation of nuclear
content into two daughter cells occurs. The error-free and efficient cell cycle is the preserve
of genomic integrity of the cell.

Many of the proteins are involved in cell cycle progression, which is mention below.
1.10.1. Cyclins and cyclin-dependent kinases (CDKSs)

Cyclins are a group of proteins, which are essential for the progression of cell cycle via
“CDKSs (cyclin-dependent kinases)” activation. Each cyclin has interactive domain called as a
cyclin box, which is build-up by 100 residues and it interacts with particular CDKs lead to
form cyclin-CDK complex therefore cyclin is play as a major role in cell cycle progression
(Fisher, 1997; Horton and Templeton, 1997; Johnson and Walker, 1999; Morgan, 1997). This
complex is activated different proteins and factors for cell cycle progress from one phase to
the next phase in cell division.

CDKs (cyclin-dependent kinases) are common proteins which are activated by particular
cyclins lead to form cyclin-CDK complex then activate certain proteins and factors, essential

for cell cycle progression from one phase to next phase (Arellano and Moreno, 1997). In the
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absence of cyclin, CDKs is found in inactivated form but during the activation, they are
interacting with specific cyclins and form a partial activating cyclin-CDK complex. This
complex is fully activated by interaction of Cdks activating kinase (CAK) in humans (Kaldis,
1999; Kaldis et al., 1998).

At the start point of the cell cycle, there is interaction between cyclin D and CDK 4/6
resulting in a complex formation which transcribes the essential genes responsible for entry
of the cell into the cell cycle by overcoming the restriction point, that movement is
confirming the cells to not revert back until completion of the cell cycle (Blagosklonny and
Pardee, 2002). That signal is responsible for the activity of “cyclin E-CDK-2 complex”,
which commits the cell to continue the cell cycle. This commitment confirm by
overexpression of cyclin D act as pro-oncogene in many types of cancer (Fu et al., 2004).
While high activity of “cyclin E-CDK-2 complex” is required for transition into G1 phase to
S phase due to the overexpression of cyclin E protein and mRNA in many types of cancer
cells (Cassia et al., 2003; Courjal et al., 1996; Hwang and Clurman, 2005; Molendini et al.,
1998; Muiller-Tidow et al., 2001; Schraml et al., 2003; Wotowiec et al., 1996).

After finished the G1 phase to S phase transition, CDK-2 is dissociated from the cyclin E and
interact with cyclin A led to form “cyclin A-CDK-2 complex”, which is essential for
transcription of certain genes, which is committed for normal cell cycle progression from S
phase. “Cyclin A-CDK-2 complex”maintains the genomic integrity via inhibiting the twice
DNA replication in the same cell cycle (YYam et al., 2002). Overexpression of cyclin A occurs
in some cancer that is promoting of anchorage-independent cancer cell growth (Barboule et
al., 1998; Chao et al., 1998; Chetty and Simelane, 1999; Handa et al., 1999; Hauser et al.,

1998).
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At the early G2 phase, cyclin A dissociates from CDK-2 and interact with CDK-1, which
stabilize the cyclin B and promote the formation of cyclin B-CDK-1 complex. Cyclin B-
CDK-1 complex is triggered for the degradation of cyclin A and this complex is crucial for
G, phase to M phase transition (Faha et al., 1992). Overexpression of cyclin B also
responsible for different cancer cell growth (Nozoe et al., 2002; Soria et al., 2000; Suzuki et

al., 2007).
1.11. Cell cycle regulation

In cancer cells are showing uncontrolled cell division by overexpression of cyclins and
activity of CDKs at a different cell cycle phases, therefore, cyclins and CDKs are the major

target for cancer prevention.
1.11.1. Cyclin-dependent kinase inhibitors (CKI)

For initiation and progression of cell cycle,Cyclin-dependent kinases (CDKs) are crucial
proteins, therefore, CDKs arethe most common target to control the high rate of cell
proliferation in cancer therapies. The cell has evolved CKI proteins (cyclin-dependent kinase
inhibitors), which are inhibiting the CDKs and regulate cancer cell growth (Lloyd, 1998;
Sherr and Roberts, 1995). Based on the specificity of CKI proteins are classified into two
major types. First CKI proteins are called as INK4 family proteins, which is made up by
pl6INK4, p15INK4b, p18INK4c and p19INK4d. These proteins are inhibiting the activities
of CDK-4/6 which results in cell cycle arrest at G; phase (Hirai et al., 1995; Ortega et al.,
2002; Pavletich, 1999).

Second CKI proteins are called as Cip/Kip family proteins, which is made up by
p2lcipl/wafl, p27kipl and p57kip2. These proteins are also inhibiting cell cycle phase-

independent activity of CDK-4/6 which leads to cell cycle arrest at different phases. p57kip2
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cause cell cycle arrest at “G1 phase” due to the inhibition of CDK-4/6 activity and p21 also
arrest the cell cycle at G1 phase follow as the same pathway but cyclins are translocated in
the nucleus (Alt et al., 2002) therefore p21 can positively regulate of cyclin D1. p21 has the
ability to interact with “proliferating cell nuclear antigen (PCNA)”, which is clamp protein
and plays an essential role in replication of DNA. Therefore interaction of p21 with PCNA

results in replication blockage in cell cycle (Cayrol et al., 1998).
1.11.2. Role of p53 in cell cycle regulation

The p53 is a “tumor suppressor protein”, which is plays an essential role in regulation of cell
cycle. In normal condition, cells have a low level of p53 due to the interaction with Mdm-2,
which is a ubiquitin ligase that is degraded of p53 protein via proteasome (Momand et al.,
1992). During the stress condition (DNA damages occurred in the cell) p53 protein is
accumulated in the cell due to the phosphorylation of p53 protein via DNA damage
responsive (DDR) kinase such as ATM/ATR and Chk1/Chk2 and lead to p53 protein
dissociate from Mdm-2 resulting cell cycle arrest and allow the cell to commence DNA
repair (Bunz et al., 1998; Smith et al., 2000). In case of a fault in DNA repair, p53 cause
apoptotic cell death due to activation of caspases families and other pro-apoptotic proteins
(Haupt et al., 2003; Nakano and Vousden, 2001; Schuler and Green, 2001). In most of the
cancer cases, p53 protein is mutated resulting controlled cell proliferation of the cancer cell
(Greenblatt et al., 1994; Hollstein et al., 1991; Muller and Vousden, 2013; Rodrigues et al.,

1990).
1.11.3. Role of Retinoblastoma protein (Rb) in cell cycle regulation

Retinoblastoma (Rb) also tumor suppressor protein, which belongs to the family of the

proteins called pocket proteins. Rb protein is negatively regulated of the cell cycle via bind to
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transcription factor (E2F), which is essential for entry into the cell cycle (Hurford et al.,
1997). During cell cycle initiation, cyclin D-CDK4 complex phosphorylate to Rb and lead to
dissociate of Rb from E2F, therefore, E2F is found in the free state which is transcribed
certain essential genes for further cell cycle progression. That is the main reason, Rb act as a

checkpoint for G; phase in the cell cycle.
1.12. Reactive Oxygen Species (ROS) and Cancer

Intracellular ROS is an essential player of cellular homeostasis and under normal conditions,
ROS homeostasis is tightly regulated. Cellular exposure to chemotherapeutic agents and
ionizing radiation causes water radiolysis and results in the release of free superoxide (0,*)
and perhydroxyl (HO,®) radicals collectively called as ROS (Azzam et al., 2012). These
highly reactive free radicals interact with biomolecules like DNA causing damage and
oxidative stress (Azzam et al., 2012). As compared to normal cells, cancer cells have
elevated ROS level which are considered to be one of the major sources of oncogenesis
(Panieri and Santoro, 2016; Schumacker, 2006; Wang and Yi, 2008). Cancer cells not only
high ROS level but they also have large amount of antioxidant proteins like GSH, catalase,
“superoxide dismutase (SOD)”, etc. that can quench excess ROS (Liou and Storz, 2010) and
thus maintain ROS homeostasis. Most of the cancer therapies target this ROS level of cancer
cells which is either downregulated by means of antioxidants and other phytochemicals
(Ahmad and Mukhtar, 2013; Fuchs-Tarlovsky, 2013)or unregulated by means of
chemotherapeutic compounds (Pelicano et al., 2004; Trachootham et al., 2009) and physical

agents like radiation (Azzam et al., 2012).
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1.12.1. Reactive Oxygen Species (ROS) and its role in signaling
pathways

The high level of ROS in cancer cells as compare to normal cells considered to be one of the
major sources of oncogenesis (Panieri and Santoro, 2016; Schumacker, 2006; Wang and Yi,
2008).H,0, is a well-known secondary messenger and play a major role in various cell
signaling pathways.

MAPKI/Erk1/2 is a well know signaling pathway, which essential for cell survival and that is
controlled by upstream activators such as K-ras and p90~"°K. ROS can modulate these types
of upstream activators lead to activate Erk1/2 signaling in oncogenic cells, resultant high rate
of cell proliferation and metastasis (Chan et al., 2008; Lander et al., 1997; McCubrey et al.,
2006).

Another most common signaling is the Akt/PKB pathway, which is essential for cell survival
and inhibits the pro-apoptotic proteins. ROS also affected this signaling and lead to
hyperactivate signaling process resultant oncogenesis. The hydrogen peroxide (H>0,) can be
capable for activation of Akt/PKB signaling pathway by inhibiting PTEN protein which is
act as a negative regulator of Akt. The inhibited PTEN can also promote more ROS
generation by suppressing of various antioxidant enzymes such as super oxide dismutase
(SOD).

ROS can also increase the high rate of proliferation of tumor cells growth by modulating the

MRNA levels of several cyclins, which is involved in cell cycle progression.

1.12.2. Enhancement of ROS level used in anticancer therapies

As above the statement, higher ROS generation is essential for the high rate of cell

proliferation and cell survival rate in cancer cells which is act as major sources of
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oncogenesis (Panieri and Santoro, 2016; Schumacker, 2006; Wang and Yi, 2008). The huge
production of ROS is not beneficial for the cancer cells resultant causing irreversible
damages in a cell by failed defense system (antioxidants) such as GSH, SOD and Catalase,
etc.

This ROS level of cancer cells targeted by most cancer therapies in which either
downregulated via antioxidants and other phytochemicals (Ahmad and Mukhtar, 2013;

Fuchs-Tarlovsky, 2013)or unregulated by chemotherapeutic agents and physical agents such

as radiation (Azzam et al., 2012; Pelicano et al., 2004; Trachootham et al., 2009).

1.13. Breast cancer: Treatment Strategies

In the initial stages, the tumor may be treated by electrocoagulation, cryotherapy and surgery.
Invasive breast cancers are treated either by surgery or radiation, or chemotherapy or in

combination.
1.13.1. Surgery

In cancer patients, surgery is the most common method to remove cancer cells tissues at the
localized area but this is mainly effective in early stage of cancer. In case, cancer cells
metastasized to another place in cancer patients via the bloodstream, it’s become S0 very
difficult to cure of cancer patients by surgery. At this moment, cancer patients may be cured
by surgery with other anticancer treatment strategies so that can control the metastatic

potential of cancer cells.
1.13.2. Immunotherapy

Immunotherapy act as a provides a boost for cancer patients resultant generate natural
defense against cancer cells i.e. activate the immune system. Currently, two approaches are

using for immunotherapy. First is called passive immunity, in which cytokines are transferred
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into cancer patients lead to activate the immune system against cancer cells (Rescigno et al.,
2007). In the second approach, provide antibodies such as Trantuzumab and Imatinib to
cancer patients which are targeted specific receptors and enzymes. Some types of breast
cancer cells show over-expression of Her2+ receptor. Trantuzumabtarget is Her2+ receptor,
therefore it results in suppression of Her2+ receptor signaling in breast cancer patients
(Boekhout et al., 2011). Imatinib is another antibody which is designed against Bcr-Abl
tyrosine kinase resultant control the hyperactivity of Bcr-Abl tyrosine kinase in CML

patients.
1.13.3. Radiation therapy

This is the most common method to treat cancer patients via ionizing and non-ionizing
radiation (Barcellos-Hoff et al., 2005; Brooks, 1998). Radiation therapy hasa drawback,
because some residual cells are left in core of tumor during the radiation therapy resultant
after the few time passes tumors are formed again in cancer patients. Nowadays cancer
patients can be treated via radiation therapy with surgery or chemotherapy and cure different

cancer such as breast, melanoma and leukemia (Dudley et al., 2005).
1.13.4. Chemotherapy

Generally, after surgical treatment, cancer patients have some residual and undetectable
cancer cells, which are responsible for further development of a secondary tumor.
Chemotherapy is used to remove these residual cells. These chemical agents target the
rapidly dividing cancer cell and inhibit cancer cell growth by interfering in the progression of
cell cycle which results in cell cycle arrest at different phases in the cell cycle profile of
cancer cells. These agents also have several side effects such as myelosuppression /

immunosuppression, mucositis and alopecia (Chabner, 1982; Foye, 1995; Longo and
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Chabner, 1996), which is due to the fact that human body also contains highly proliferating
cells in normal tissues compartment’s such as bone marrow, urinary tract and inner linings of

the gut.
1.13.4.1. History of cancer chemotherapy

In the early 20"century, drugs were used for the cancer treatment but originally it was not
proposed for this purpose.“Mustard gas” was in use during World War | and Il as a chemical
warfare agent. Later on, people of military operation were diagnosed with very low white
blood cells counts who were exposed to mustard gas during the war. It was assumed that the
agent might have an anti-carcinogenic effect as it reduced the white blood cell count. In the
1940s, several advanced lymphomas patients were treated with that agent intravenously. This
led to extensive research for analogous compounds against cancer. Consequently, for
treatment of cancer several other drugs were developed. Therefore this drug development
resulted in a “multibillion-dollar industry”, but still there are many limitations to

chemotherapy which remains to be resolved (Archives; Hersh, 1968).
1.13.4.2. Principal of chemotherapy

Cancer is the result of dysregulation in cell cycle progression, therefore cells are showing
uncontrolled cell proliferation rate than leading to generate metastatic potential and migrate
one place to another place via lymph or blood circulation in the cancer patient. Interaction
between genetic susceptibility and environmental toxins causes cancer i.e. depends on
multiple factors for its manifestation. Most of the cytotoxic drugs control cancer cell growth
via inhibiting the cell cycle of the fast-dividing cells. Chemotherapy target highly
proliferative cells in the cancer patient. Depending on the rate of division and growth, some

cancers respond better than the others. For example, tumor with aggressive growth such as
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lymphoma, Hodgkin's disease and acute myelogenous leukaemia are more susceptible to
chemotherapy when compared to the slow-growing indolent lymphomas. The effectiveness
of chemotherapy also depends on the size of the tumor. Small, younger tumors respond better
to the chemotherapy as compared to the larger size solid tumors as the drug does not get to
the core of the tumor. These core cells result in the relapse of cancer. These type of tumor
are treated with radiation therapy and surgery. Recently, small pumps have been determined
present on the cancer cell surface that actively moves chemotherapeutic agents from outside
to the inside of the cell. For increasing the effectiveness of chemotherapy, trials for inhibiting
the activity of p-glycoprotein function are undergoing (DeVita, 1978; MARSHALL, 1964;
Steel, 1968; Tannock, 1983).As the chemotherapeutic agents target the highly proliferative
cells and these agents also affect the normal dividing cells, therefore, these drugs have
several side effects such as hair loss, low count in white blood cells and inflammation in the
inner lining of the digestive tract.

Chemotherapy is given either solely or in combination with other therapies. The
combinatorial method, in which drugs are used with other therapy such as radiation, surgery
has now become common in use. In a combination of chemotherapy, more than one drug is
used for cancer treatment, in which each drug has a different pharmacokinetic effect.
Combinatorial therapies are intended to minimize resistivity against any of the administered
drugs (DeVita and Schein, 1973; ELION et al., 1954; Nathanson et al., 1969; POTTER and
SIMONSON, 1951; Sartorelli, 1965). “Neoadjuvant chemotherapy” is a type of preoperative
treatment, in which preliminary treatment is designed to reduce the primary tumor with less
destruction and more effectiveness. “Adjuvant chemotherapy” is the type of postoperative

treatment, which is effective when newly tumoris rapidly growing and very susceptible to
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treating agents. Palliative chemotherapy is provided without curative intent, which is

responsible for decreased tumor load and increased life expectancy.
1.13.4.3. Role of chemotherapy in Breast Cancer

Breast cancer treatment is depended on the type and the stage of breast cancer. In spite of the
fact that breast tumor is controlled by surgery or radiation therapy, there is always a chance
for re-occurrence because there may be some residual cancer cells left in the body that may
give rise to new tumor later on. To avoid this risk of a recurrence via chemotherapy.
Chemotherapy is the method of cancer treatment with anticancer agents. Chemotherapy is
often used in combination with surgery and radiotherapy. Chemotherapy is also performed to
shrink tumor size prior to surgery or radiotherapy is known as neoadjuvant chemotherapy. In
the later stages after breast cancer has spread throughout the body of the patient,
chemotherapy is used to slow down its progression. Chemotherapeutic drug entering via
blood and lymph circulation spread throughout the body and might kill cancer cells at all
their sites.

Different chemotherapeutic drugs are used to treat breast cancer, and the specific drug
regimen may vary among patients. Frequency of medication depends on the type of
chemotherapy regimen recommended to the patient. Drugs like cisplatin, paclitaxel, 5-FU,
hydroxyurea and ifosfamide are most commonly used for breast cancer. Each of these drugs
has severe side effects as along with the cancer cells it also affects the normal cells.

Different approaches are performed in chemotherapy

e Monotherapy (uses the single drug)
« Combination chemotherapy (includes a couple of drugs which act together)

e Chemotherapy with other treatments such as surgery and radiotherapy
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Some of the drugs used for treating breast cancer are mentioned below.

1.14. Types of Anti-cancer agents

Anticancer agents are either inhibitors or poisons, thus cytotoxic in nature. Based on the
mode of action these anti-cancerous agents are classified into different types such as
anthracyclines, antimetabolites, alkylating agents, topoisomerase inhibitors, plant alkaloids
and other antitumor agents. Some of the drugs like etoposide, camptothecin, etc. directly
interfere in DNA function in the cancerous cell. Other agents like inhibitors of tyrosine
kinase and monoclonal antibodies do not interfere directly with DNA but specifically target
molecules. Drugs like tamoxifen, raloxifene, etc., modulate tumor cells behavior without
directly attacking these cells. These drugs compete with the ligand, bind to the receptor, and
thus block the cell proliferation and growth of the tumor. Anti-cancerous activities of the
drugs targets parameters like high rate of proliferation (Uncontrolled cell division in the
population of those cells dividing rapidly with respect to the whole population) and multitude
doubling time of cancer cell in breast tumor (the time taken to double in size by tumors).
Dividing cells show more sensitivity towards the cytotoxic effect of the drug as compared to
dormant cells. Tumors with shorter mass doubling timeare more susceptible than larger mass
doubling time to drug treatment. Unfortunately, normal cells/tissues such as bone marrow,
oral, intestinal mucosa and hair follicles, etc., also are dividing faster and thus damaged by
anticancer agents. Uncontrolled cell division of cancer cell is major targeted by anti-
cancerous agents. Cell during S phase are most sensitive to the anti-cancer agents because at
that time they are undergoing “DNA synthesis”. Other agents are targeted different phases of
cell cycle such as G; and G, resulting cell cycle arrest than finally, cells go into the cell death

process. The Go phase cells are resistant to chemotherapy. In large tumors where some of the
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cells are in the non-dividing stage, are not damaged by most of the anticancer agents and
these cells are responsible for re-establishment of the tumor mass resulting in disease
recurrence. Thus, cell cycle non-specific drugs are used to address this problem. Drug
resistance is one of the biggest challenges of chemotherapy.
Drug resistance may develop due to followings:
%+ Drug efflux decrease drug level within the cell thus decreasing efficacy of the drug.
Example Dactinomycin, epidopodophyllotoxins, vinca alkaloids and anthracyclines.
++ Drug inactivation. Example “alkylating agents”, “antimetabolites” and “bleomycin”.
% The less active form of drug. Example “antimetabolites”’(5-FU, 6-MP, etc.) During
the therapeutic activity observation, these agents first converted into nucleotide.
¢+ Alteration in amount or mutation of the targeted enzymes or receptors.
Some of the anticancer agents used for treating triple negative breast cancer are mentioned

below.
1.14.1. Taxanes

Taxanes are most common chemotherapeutic drugs of this era. It acts as hydrophobic mitotic
poisons, which inhibit the depolymerization of microtubules process in cell division of
cancer cell. These agents are used in treatment of many cancers for example breast, lung,
ovarian, prostate (KHAN et al., 2003; Tannock et al., 2004), head and neck (Nabell and
Spencer, 2003) and gastric, pancreas (Di Cosimo et al., 2003; Roth and Ajani, 2003).
Taxanes are divided into two main groups such as Paclitaxel (Taxol), Docetaxel (Taxotere)
and taxanes homologs, which are obtained from natural sources. Paclitaxel is derived from
“TaxusBrevifolia”(Wani et al., 1971), whereas Docetaxel which is a semisynthetic analog

ofesterified derivative of “10 deacetylbaccatin-11l  (10-DAB)” obtained from

20

—
| —



Review of literature

“TaxusBaccata "(Bissery et al., 1991). They have several side effect such as neuropathy or

destruction of sensory nervesand developed resistivity in patients.

1.14.1.1. Effect on cell growth, proliferation and differentiation

Taxanesact by suppressing proliferation and hence, growth of cancer cells due to the
inhibition of cell division through chromatid separation. Taxanes inhibit microtubule
depolymerization in rapidly dividing cells, thus termed as “mitotic poison”. Docetaxel is a
more dominant cytotoxic agent to cancer cell as compared to the taxol(Braakhuis et al.;
Vanhoefer et al., 1997). The main target of these agents are microtubules, which play a major
role in transport of the cell, division of cell, transcription, post-translation modification and
various other cellular processes (Nogales, 2001; Zhou and Giannakakou, 2005). Both
Paclitaxel and Docetaxel work by either causing excessive microtubule polymerization or
depolymerization in the cell. These agents strongly bind with B-tubulin (Rao et al., 1999;
Snyder et al., 2001)and cause stabilization of microtubules during the elongation phase of
polymerization, cause high rate of microtubule nucleation and growth(Derry et al., 1995;
Jordan and Wilson, 1998; Yvon et al., 1999)leading to “mitotic cell cycle arrest”. These
agents show different effects on cancer cells depending on their concentration. Higher
concentration of taxanes caused bundles formation due to microtubules rearrangement
(Schiff and Horwitz, 1980; SCHIFF et al., 1979), while lower concentrations suppresses and
stabilizes microtubule dynamics without alteringpolymer mass formation(Derry et al., 1995;
Jordan et al., 1993, 1996; Yvon et al., 1999) and their lowest concentration cause inhibition
of cell proliferation with no mitotic arrest (Giannakakou et al., 2001). These agents have
different cytotoxic and anti-proliferative effect on different cancer cells depending on their

concentration and time(Chan et al., 2002; Geng et al., 2003; Giannakakou et al., 2001; Guo et
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al., 2002; Ilgar and Arican, 2009; Liebmann et al., 1993; Okano et al., 2007; Torres and

Horwitz, 1998; Wani et al., 1971; Zhou et al., 1999).
1.14.1.2. Induction of various genes

Taxanes inhibit cell proliferation, angiogenesis, cancer cell growth and induce apoptosis,
inflammation and transcriptional pathway in cancer cells (Moos and Fitzpatrick, 1998a,
1998b; Perera et al., 1996) by activating of some genes such as cytokines (Lee et al., 1997),
interleukins and “tumor necrosis factors (TNF-a)”. Taxanes such as taxol, taxotere and
taxane homologs have varying efficacies to activate various genes but have a common
mechanism of action. These agents induce apoptotic pathway by enhancing “Bax/Bcl-2” ratio
with the help of certain proapoptotic genes such as “Yama protease (CPP32f3)”(Ibrado et al.,
1996), P"WAF-1, c-raf-1, P> (Shah and Schwartz, 2001), cdc-like kinase, activates P**cdc-
2, other “cyclin-depended kinases (CDKs)”(Ilgar and Arican, 2009; Moos and Fitzpatrick,
1998a, 1998b) and isoform of “protein kinase C (PKC)” leading to apoptotic cell death.
Cancer cells also develop the resistivity against these agents by activating of some
antiapoptotic genes such as Bcl-2 family proteins and p27 (Brown et al.,, 2004). A
combination of these chemotherapeutic agents can be a possible way to resolve this problem.
Taxanes translocated the “NF-kB (Nuclear Factor-Kappa B)” from the cytosol to nucleus and
activate certain proapoptotic genes such as TNF-a and interleukins IL-1 and I1L-6 (Perera et
al., 1996). Taxol also activates caspases families due to some genes such as CHUK (Perera et
al., 1996) and “NF-xB (Nuclear Factor-Kappa B)”” gene which are involved in inflammatory,
adhesive, invasive, acute phase properties of the cell. These agents enhanced the expression
of certain cytokine genes like crg-2 and COX-2 (Moos and Fitzpatrick, 1998a) which

induced inflammation, amelioration of ERK2 kinase inhibition and CDK4 led to induction of

22

—
| —



Review of literature

apoptotic cell deaths (Ilgar and Arican, 2009; Moos and Fitzpatrick, 1998b; Shah and
Schwartz, 2001).

In briefly, taxanes induced apoptotic genes, prevent cancer cell growth and inhibit resistivity
against chemotherapy in the cancer cell.

In briefly, taxanes induced apoptotic genes, prevent cancer cell growth and inhibit resistivity

against chemotherapy in the cancer cell.

1.14.1.3. Cell cycle and apoptosis

In several past decades, numerous methods are used to suppress cancer cell growth via
inducing apoptotic cell deaths. Taxanes also Kill cancer cells via activating an apoptotic
process in in-vitro and in-vivo condition. Taxanescauses induction of G,/M phase arrest of
cell cycle (Shah and Schwartz, 2001) by inhibiting the depolymerization process of
microtubules and cells are halted in transition from pro-metaphase to metaphase (Cunha et
al., 2001)which activates apoptotic programmed cell death (Fabbri et al., 2006; Lowe and
Lin, 2000). These agents activate the whole cascade of apoptotic pathways by enhancing the
expression of proapoptotic genes, therefore, useful in cancer management. Activation of
proapoptotic genes such as apoptotic Bcl-2 family genes induced -cytotoxicity via
phosphorylation of Bcl-xI and Bcl-2/Bax proteins (Moos and Fitzpatrick, 1998b; Pienta,
2001) and inhibited development of resistivity in cancer cells (Chun and Lee, 2004) and play
a major role in breast cancer(Callagy et al., 2006; Noguchi, 2006) as well as prostate (Haldar
et al., 1996; Yoshino et al., 2006) cancer treatment. Recent studies have found that Bcl-2
gene enhances taxanes induction of chemo-sensitivity (Ferlini et al., 2009) in solid tumors,

thus,taxanes are used in cancer treatment. Taxanes induced as a result of high level of “ROS
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(Reactive Oxygen Species)” generation (Geng et al., 2003). The high level of ROS regulates
c-Raf-1 kinase (Moos and Fitzpatrick, 1998a; Torres and Horwitz, 1998), which upregulates
the wild-type p53 as well as p21WAFL1 proteins (Blagosklonny et al., 1995; Chang et al.,
2006)and downregulates the protooncogene c-myc protein (el Khyari et al., 1997; Yim et al.,
2004). These agents induced cell death via inhibiting the MAPK pathway and activating the
ERK, JNK and P38 kinases (McDaid and Horwitz, 2001; Okano et al., 2007; Wang and
Wieder, 2004). Taxanes also cause DNA fragmentation (Torres and Horwitz, 1998) when in
prolonged contact with DNA. Taxanes induced apoptosis via activation of caspase-3, which
is the main executioner of programmed cell deaths (Mahaffey et al., 2007; Moos and
Fitzpatrick, 1998b; Torres and Horwitz, 1998). Activated caspase-3 induces “PARP (Poly-
ADP Ribose Polymerase)” cleavage with the help of other ortholog caspases such as 8 and 9
in different cancers (Mahaffey et al., 2007; Solomon et al., 2008), thyroid (Meng et al.,
2008), prostate and breast (Wang and Wieder, 2004) cancer cells.Taxanes are also capable of
activating “caspase-independent lysosomal cell death”(Mediavilla-Varela et al., 2009).
Taxanes induced apoptotic enhancers such as “ATRA (all-trans retinoic acid)”, d-
limonene(non-nutrient  dietary component), anti-oestrogens, octreotide conjugates,
cyclosporine-A and several others (Bishayee and Rabi, 2009; Bryan et al., 2011; Ferlini,
1998; Kim et al., 2006; Kucukzeybek et al., 2008; Nakahara et al., 2003; Nehmé et al., 2001;
Sun et al., 2007; Wang and Wieder, 2004), therefore enhanced the therapeutic strategy of
cancer treatment. Taxanes alone or in combination with another form of taxanes are capable
of inducing apoptosis, which is detected with the help of elevated “apoptosis serum

biomarkers” such as cyt-c, nucleosomal DNA and “caspase-cleaved cytokeratin 18 (CK18-
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Asp396)”(Kramer et al., 2006). This may aid in detecting resistivity towards the drug and

thus will help in assisting therapeutic strategy for cancer treatment.
1.14.1.4. Inhibitors of angiogenesis

The angiogenesis is the main process for tumor growth and cancer cell metastasis due to the
new blood vessels formation in cancer patients. Taxanes inhibit the angiogenesis by
regulating angiogenic cytokines “VEGF (vascular endothelial growth factor)”, “bFGF (basic
fibroblast growth factor)”, MMP-9, MMP-2, IL-8, by upregulating E-cadherin and nm23, and
decreasing MVD (intra-tumor micro-vessel density) in cancer cells. Therefore taxanes act as
angiogenic inhibitors when used as monotherapy or in combination therapy. These agents
regulate the VEGF and bFGF in combination with pro-apoptotic agents (Chan et al., 2002),
endogenous estrogens (Klauber et al., 1997), angiogenic inhibitors (Inoue et al., 2003),
tyrosine kinase inhibitors (Naumova et al., 2006), anti-Erb-2 (Klos et al., 2003), thalidomide
(Zhang et al., 2005), “bevacizumab”(Fujita et al., 2007)and angiostatin gene (Galaup et al.,
2003) in different tumors such as breast, bladder, ovarian, lung, liver and prostate tumors.
Taxotere is a major inhibitor of migration, invasion, angiogenesis and proliferation of
endothelial cell as compared to the taxol in “in-vivo” and “in-vitro” condition (Grant et al.,

2003; Hotchkiss et al., 2002; Polcher et al., 2010).

1.14.2. Cisplatin

Cisplatin is one of the heavy metal based cancer chemotherapeutic compound that has a
range of unique biological effects. The chemical name of cisplatin is “Cis-(Il) platinum
diaminedichloride (cis-DDP)”. Michele Peyrone in 1845 described this compound and this
was known as “Peyrone’s salt” for a long time. This was discovered by Alferd Werner,

Barnett Rosenberg and his colleagues (Rosenberg et al., 1969; ROSENBERG et al., 1965).
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Cisplatin is an established very efficient drug for treating bladder carcinoma, testicular,
ovarian carcinoma, and neck cancer. The anti-cancerous property of cisplatin is observed to
be best in aqueous solution. The platinum has tetravalent valances in cisplatin structure, two
of which binds to chloride ions and the other two binds with NH3 group. Only the cis-
dichloro structure of cisplatin act as an active antitumor agent. Inability to form stable cross-
link with DNA, this form of the compound lacks cytotoxic effect (Filipski et al., 1980). In an
aqueous medium, the chloride atom of cisplatin is displaced and platinum bind with a water
molecule and form an aqua-complex [PtCI(H,O)(NHa),]". This type of reaction is fast in low
concentration of chloride ions environment such as inside the cell or in the urine. This active
aqua-complex interacts and forms bi-functional covalent bonds via nucleophilic reaction with
biomolecules e.g. DNA, RNA or protein which is similar to alkylation reaction. This aqua
complex prefers guanine and form [PtCl (guanine-DNA)(NHs),]*. Cisplatin can form
complex with DNA in several different ways and ultimately resulting in DNA damage
(Cohen et al., 1979; Scovell and O’Connor, 1977; Zwelling and Kohn). The DNA repair
machinery is activated but due to the cross-linking unable to perform repair. This activates
apoptotic pathway by which the affected cells are killed. The cell cycle inhibited by cis-DDP
is poorly understood. In G1 phase (intermitotic) of the cell cycle, some of the cells are
sensitive to cis-DDP because DNA synthesis rate is less as compared to the S phase (Glover
et al., 1984). Thiourea, sodium thiosulfate and diethyl dithiocarbamate may prevent
formation of DNA cross links. An elevated level of intracellular “glutathione (GSH)” or
metallothionine (thiol-rich protein) was observed which might be responsible for the

inhibition of the repair pathway.
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These drugs have several side effects such as neurotoxicity, nausea, vomiting, low white and
red blood cell counts, hair loss, etc. So there is a need to develop the anti-cancer compound,
which hasa novel structure with a new mechanism of action that can specifically target
cancerous cell and have the minimized effect on normal cells. Keeping this objective in
mind, the present study was performed in the direction of discovering a potentially effective
drug. Large number of sulfonamide compounds are available in the Pubchem but their anti-
cancerous activity has not been investigated yet. We used CID-6861424 which is one such
derivative of sulfonamide, is known for exerting“antimicrobial” as well as “anti-
inflammatory” activities(Kia et al., 2009)but nothing is known about its anti-cancer activity.
It is synthesized by the group of Prof Amir Azam, “Department of Chemistry”,

“JamiaMilialslamia University”, New Delhi.

The structures of CID-6861424 for the present work are as follows:

Name of
Synthetic Exact structure. Molecular Weight

Compound

CID-6861424 S\
H 308.79

Table No. 1 Structure of CID-6861424 Synthetic compound used in the study.
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1.15. Research Objectives

Chemotherapy has been used totreat breast cancer from long time but its major challenge is
toxicity towardnon-cancerous, rapidly proliferating cells such as those of bone marrow. Over the
course of time the cancer cells have also begin to show resistance towards available drugs which
results in multidrug resistance. These are the two most glaring problems associated with the use
of chemotherapy. Our objective was to address these problems and find out a way by which
specific toxicity towards breast cancer cells could generated.We also wanted to find a compound
which can inhibit the growth of breast cancer cells and could also sensitize breast cancer cells to
low dose of y-radiation which could limit the toxicity to non-cancerous cells. Keeping these in

mind, following objectives were designed for this study:

1. To evaluate the effect of synthetic compound(s) on the cell viability in breast cancer

cell lines.

2. To evaluate the effect of synthetic compound(s) on cell cycle profile and related

proteins.

3. To elucidate the mechanism(s) responsible for possible anticancer effects of synthetic

compound(s).
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MATERIAL AND METHODS

2.1 Cell line and reagents
“MCF-7, MDA-MB-231 and NIH3T3” cells was obtained from “American Type Culture
Collection (Manassas, VA)” and grown in DMEM and Leibovitz L-15 medium (Invitrogen)
supplemented with 10% heat-inactivated FBS (Invitrogen) and 5% penicillin-streptomycin
(Invitrogen) at 5% COy, 37°C in a “humidified chamber” for “MCF-7 and NIH3T3” cells.
“MDA-MB-231" cells were grown without CO2 at 37°C in a “humidified chamber”.
Antibodies used from “Cell Signaling Technology (CST)” and “Santa Cruz Biotechnology
(SCBT)”: cyclin B1 (#4138), cyclin D1 (#2922), CDK-1 (#9116), p21 (#2947), PTEN
(#9559), p-Akt (#4058), Akt (#9272), p-GSK-3p (#9323), GSK-3p (#9832), p-ERK (#9101),
ERK (#4695), Bax (#5023), Vimentin (#5741), CDK-4 (sc-260), CDK-6 (sc-177), p53 (sc-
126), Bcl-2 (sc-7382), vy-H2AX (sc-517348), Survivin (sc-17779), p-actin (sc-
47778),secondary anti-rabbit & anti-mouse antibody (#7074S & #7076S). FITC labelled
secondary antibody was obtained from (Invitrogen). “Rhodaminel23 (RH-123)” (546054)
and “2’,7’-Dichlorofluorescein diacetate (DCF-DA) (D6883)”, “Propidium Iodide (PI)”
(P4170), Trypan blue dye (C.I. 23850) and Agarose (A9539) were obtained from Sigma
Aldrich. Low melting agar (36601) was obtained from SRL Chemical India.Nylon mesh
filter (70uM) were purchased from Corning (cat-1995-065), 10cc syringes and 23G needles
were purchased from BD Biosciences (cat-309604 and 305145). Chemicals purchased from
HI media were; “anhydrous tetra-Sodium pyrophosphate (cat-GRM7515)”, “Trichloroacetic

acid (cat- 0219605780)”, “Nitroblue tetrazolium chloride (NBT) (cat-RM578)”, “N-



Material and Methods

Ethylmaleimide(NEM) (cat-RM1498)”, “2-Thiobarbituric acid (TBA) (cat-RM1594)”,
“NADPH (cat-RM393)”, “5,5’-Dithiobis (2-nitrobenzoic acid) (DTNB) (cat- GRM1677)”,
“Glutathione reductase (GSH) (cat- 210068901)” and “Phenazinemethosulphate (PMS) (cat-
MB206)”.All the reagents were prepared as per suppliers instruction using respective
solvents and triple distilled water (“Millipore”). Other usual chemicals/reagents were

obtained in their commercially available highest purity grade.

2.2 Synthesis of CID-6861424
The CID-6861424 was synthesized through reaction of p-Tosylhydrazine and 4-
chlorobenzaldehyde by our collaborators Prof. Amir Azam as followed the same protocol

Reza Kia et al. (Kia et al., 2009).

2.3 Irradiation of cancerous and non-cancerous cells
Cells were irradiated using ®°Co in a gamma-chamber (240 TBq®Co Model 4000A)
obtained from the isotope division of the Bhabha Atomic Research Centre (BARC),

Mumbeai, India. The dose rate was described by Fricke’s dosimetry and was 3rad/sec.

2.4 Cell viability assay
Cells were seeded in 2ml medium in 35mm? culture dishes and exposed toindicated
concentrations of CID-6861424 or 2Gy-y-radiation alone or combination of 2Gy-y-radiation
and 25uM-CID-6861424 for specific time as indicated at 5% CO, 37 °C. After specific time
interval, cells were harvested, washed with 1XPBS and collected in their respective tubes.
To 100ul of cell suspension, 10ul of “0.5% trypan blue” dye was mixed and pipetted well
and then left at room temperature for 5-10 minutes. For cell counting, 12ul of stained cell

suspension was taken and loaded on hematocytometer. Live (unstained) and Dead (blue

30

—
| —



Material and Methods

stained) cells were counted using an inverted microscope and the procedure was repeated for
every set of each sample. Every sample was counted in triplicate and total cell number of
viable & dead cells was determined

Percentage of viable cells: No. of viable cells (unstained)/Total no. of the cells X 100.

2.5 Cell morphology study
Cells were seeded in 35mm? culture dish and were treated with specific concentration of
CID-6861424 or 2Gy-y-radiation alone or combination of 2Gy-y-radiation and 25uM-CID-
6861424 for 72hours. Morphological changes were studied using bright field microscopy.
All images were captured at 20X magnification (NIKON ECLIPSE Ti-S, Tokyo, Japan) and

analysed (NIS Elements D, Tokyo, Japan).

2.6 Wound-healing assay
Cells were seeded in a 35mm? culture dish and grown up to 80% confluency.Wound was
formed by scratching the monolayer using a 200ul sterile tip. Cells were then exposed
toindicated concentration of CID-6861424 or 2Gy-y-radiation alone or combination of 2Gy-
y-radiation and 25uM-CID-6861424 for 72hours. Wound widths were measured at O hour
and post 72 hour using bright field microscope (NIKON ECLIPSE Ti-S, Tokyo, Japan) and

analysed (NIS Elements D, Tokyo, Japan).

2.7 Clonogenic survival assay
Cells were plated in 35mm? culture dishes and were treated with specific concentration of
CID-6861424 or 2Gy-y-radiation alone or combination of 2Gy-y-radiation and 25uM-CID-

6861424 for 72hours. Post incubation, cells were harvested and ~400 to 600 cells per well
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were seeded in a 6-well culture plate and 60mm? culture dishes with 5mL of medium per
well. The plates/culture dishes were incubated at 5% CO,, 37°C or 37°C in a humidified
chamber for ~14days. Number of the colonies were observed post 14 days by fixing in

chilled methanol and staining with 5 % crystal violet.

2.8 Comet assay by single gel electrophoresis
Cells were seeded in 35mm? culture dishes and treated with 25uM-CID-6861424 or 2Gy-y-
radiation alone or in combination for 72hours. ~20,000 trypsinized cells were used for single
gel electrophoresis. Comet assay was carried out as per the standard protocol (Dhawan et
al.).Slides were observed under the fluorescence microscope (“NIKON ECLIPSE Ti, Tokyo,
Japan”).“NIS FElements AR version-3.000 software” was used for analysis of the

fluorescence intensity of the cells.

2.9 Cell cycle analysis
Cells were seeded in 35mm? culture dish and treated with specific concentration of CID-
6861424 or 2Gy-y-radiation alone or combination of 2Gy-y-radiation and 25uM-CID-
6861424 for different time intervals. Cells were trypsinized, washed with 1XPBS, fixed in
70% chilled ethanol, treated with RNaseA enzyme and stained with “propidium iodide (PI)”.
DNA content of “10,000 events/cells” was measured using “flow cytometer” (BD

Bioscience) and analysed by “modFit LT (verity software house)” software.

2.10 Reactive Oxygen Species (ROS) generation assay
ROS generated was measured by flow cytometry following staining with “DCFH-DA” dye.

Cells (4x 10*/ml) were seeded in 35mm? culture dishes and after overnight incubation, cells
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were treated with different concentration of CID-6861424 or 2Gy-y-radiation alone or
combination of 2Gy-y-radiation and 25uM-CID-6861424 for 72 hours. After that cells were
stained with 8 uM DCFH-DA dye at 37°C for 30 min, and washed twice with 1X PBS, then
cells pellets were finally suspended in 300l 1X PBS. Fluorescence measurement was done

by flow cytometry (BD Bioscience).

2.11 Mitochondrial membrane potential (Aym) assay
Aym depletion in control and cells treated with CID-6861424 or 2Gy-y-radiation alone or
combination of 2Gy-y-radiation and 25uM-CID-6861424 treated cells were measured by
flow cytometry by staining with Rhodamine 123 dye. Briefly, cells (4x 10*/ml) were plated
in 35mm? culture dishes and after overnight incubation, cells were treated with different
concentration of CID-6861424 or 2Gy-y-radiation alone or combination of 2Gy-y-radiation
and 25uM-CID-6861424 for 72 hrs. Cells were then stained with 10 pM Rhodamine 123
dye for 30 min at 37°C, and washed twice with 1X PBS & cell pellets were finally
suspended in 300ul 1X PBS. Fluorescence was measured by flow cytometry (BD

Bioscience).

2.12 Apoptosis assay
Apoptosis was quantified in CID-6861424 treated breast cancer cells (MCF-7 & MDA-MB-
231 cells) with FITC annexin V/7AAD kit from BD Biosciences. Cells (4x 10* cells/ml)
were plated in 35mm? culture dishes and after the overnight incubation, cells were exposed

to different concentration of CID-6861424 for 72hrs. Cells were collected and processed
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according to the protocol specified by manufacturer and apoptotic cells were quantified by

flow cytometry (BD Biosciences).

2.13 Immunofluorescence assay
Around 8,000 cells were plated in 35mm? culture dish above the coverslip and then treated
with indicated concentration of CID-6861424 or 2Gy-y-radiation alone or combination of
2Gy-y-radiation and 25uM-CID-6861424 for 72hours. After 72hours of incubation, cells
were processed and incubated with y-H2AX, Cyclin B1, CDK-1, B-tubulin and p53 primary
antibody (1:50, overnight, 4°C) and FITC labelled secondary antibody (1:10,000, room
temperature, 1hour). DAPI (1:1000) was used to counterstain the nucleus. Coverslips were
mounted using antifade (sigma) over the slides. Slides were observed under 60X under a
fluorescence microscope (NIKON ECLIPSE Ti, Tokyo, Japan). Fluorescence intensities
from images of randomly selected microscopic fields of cells were semi-quantitatively
analyzed by NIS Elements AR version-3.000 software. For every set of data, more than 50

cells were quantified.

2.14 Western blot analysis
Expression level of indicated proteins were analyzed by Western blot. ~80,000 cells/ml were
plated in 200mm? culture dishes and exposed to indicated concentration of CID-6861424 or
2Gy-y-radiation alone or combination of 2Gy-y-radiation and 25uM-CID-6861424 for
indicated time points. Cells were harvested and lysed in lysis buffer (50mM TrisCl-pH 8,
300mM NaCl, 10% glycerol, 1% NP-40, and 2mM EDTA) at 4°C. Protein quantification

was done by Bradford assay and then quantified protein extract was run on SDS-PAGE. The
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proteins were transferred to PVDF membrane and probed with particular primary and
secondary antibodies to detect the protein of interest by manual “ECL method”. The images

were captured in “X-ray films” and all results were analyzed with respect to “loading control

(B-Actin)”.

2.15 Animals
4-6 weeks old and randomly bred female BALB/c mice with 25+2.0 g of weight were used
for the study. They were maintained in “animal facility at Jawaharlal Nehru University
(JNU), New Delhi” with prescribed conditions of “ad libitum pellet-diet”, tap water and
alternate per day cycles of light and darkness. Their care was in compliance with the
“Committee for the Purpose of Control and Supervision of Experiments on Animals
(CPCSEA).” All experimental protocols were approved by “institutional Animal Ethics
Committee” (IAEC code-22/2015 dated November 19, 2015). Animals were randomly
grouped into three separate sets, with four mice per set and all the treatments were carried
out by intraperitoneal dose. Set-l1 (Control) animals were administered DMSO, vehicle of
the CID-6861424. Set-11, and Set-111 were treated with a dose of 5mg/kg and 10mg/kg of
animal body weight of CID-6861424 respectively, the treatment was aseptically given for

30 alternate days.

2.16 Isolation of bone marrow cells
The bone marrow cell were isolated under aseptic conditions as per Xiaoyu Liu et al., (Liu
and Quan, 2015). Briefly, after dissecting out tibia and femur, their ends were sliced off.

Then using a 10cc syringe with 23 gauge needle filled with chilled HBSS buffer, the bone
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marrow cells were flushed on to a nylon mesh filter (70uM) attached to a 50 ml falcon
tube. The cells were then centrifuged at 1500 rpm for 10 min at 4°C. The pellets were
resuspended

in RBC lysis buffer, incubated for 5 min at room temperature and neutralized by 5 ml FBS.
The cells were then centrifuged at 1500 rpm for 10 min at 4°C and the pellets were
resuspended in DMEM media with 10% FBS and stored at 4°C for further processing for

comet assay.

2.17 Preparation of blood hemolysate and tissue homogenate
After the treatment of CID-6861424 for 30 days, ~300ul of blood was sampled by retro-
orbital sinus bleeding and collected in vials containing 10 units of heparin. Blood
hemolysates were used for SOD and Catalase, by preparing 20% hemolysates in chilled
distilled water. Blood related experiments were carried out on the day of blood isolation.
Animal euthanization and dissection was carried out next day. Liver perfusion was done by
chilled normal saline and was isolated followed by isolation of kidney and spleen. Liver,

kidney and spleen homogenate (1gm/mL) was prepared in 0.1M phosphate buffer, pH 7.4.

2.18 Determination of DNA damage in blood and bone marrow cells by

comet assay
Diagnosis of DNA damage was carried out by comet assay as per Singh et al., (Singh et al.,
1988; Tice et al., 2000) with slight modification. Blood and bone marrow cells in with
approximately 20, 000 cells were mixed with 75ul of 1% “low melting agarose (LMA)

(prepared in ion-free PBS, pH 7.5)” and was smeared to 0.5% “normal melting agar” pre-
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coated slide by using coverglass. Once LMA solidified, another LMA layer was coated and
cells were then lysed with the help of alkaline lysis buffer (“2.5M NaCl, 100mM EDTA,
10mM Tris (pH 10), freshly added 10% DMSO and 1% Triton X-100") at 4°C in dark for 3
hours. The slides were then placed in electrophoresis buffer (“1mM Na,EDTA and 300mM
NaOH, pH >13”) for half hour at room temperature in dark and electrophoresis was
performed for 30 min at 24 volts and 300 milliamperes current. The slides were then
washed twice with chilled neutralization buffer (“0.4M Tris, pH 7.5”), stained with 75ul of
1X EtBr and comets were counted microscopically using a fluorescence microscope

(Olympus).

2.19 Protein estimation in blood and tissue samples
Total protein in blood and tissue samples was estimated as per method described by
Bradford (Bradford, 1976) at 650 nm wavelength, and protein content was calculated
against standard concentrations of “Bovine serum albumin (BSA)”. Blood samples were
centrifuged at 500 rpm, 4°C for 10 minutes, supernatant was then centrifuged at 12000 rpm,
4°C for 15 minutes and protein was estimated. Protein content from 0.2 mL of 20% of
homogenates was obtained by overnight precipitation in “0.2 mL of TCA” and centrifuged
at 2000 rpm for 10 minutes at 4°C. Pellets were dissolved in “0.2 mL of 0.1N NaOH” and

used for protein estimation.

2.20 Estimation of reactive oxygen species
Blood and tissue ROS was described as per Socci et al., (Socci et al., 1999) using “2°,7’-
dichlorofluorescein diacetate (DCFDA)” dye, which upon oxidation produces fluorescence

measured at 488 nm excitation and 525 nm emission wavelengths . 50ul of whole blood
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and 1% tissue homogenates were mixed to “40mM of Tris-HCL buffer”, pH 7.4. To this
40ul of DCFDA was added. The mixture was incubated for 15 min, 37°C and fluorescence
was measured and ROS content was defined as “DCF formed/min” per mL of RBC or mg

tissue.

2.21 Measurement of Thiobarbituric acid (TBA) reactive substances for lipid

peroxidation
Lipid peroxidation in samples was estimated by determination of TBA as described by
Dwivedi et al., (Dwivedi et al., 2014) at 535 nm and expressed as nanomoles of “MDA/mL
blood or pg/g tissue samples”. Blood TBA was measured by mixing 100ul of hemolysate
and “0.2 mL of 8% SDS”, to this “1.5 mL 20% acetic acid” and “1.5 mL 0.8% freshly
prepared TBA” and 0.7 mL of “distilled water (dH,O)” was added sequentially. The
contents were boiled for 60 minutes, and a characteristic “pink colour” was observed. The
mixture was cooled and 1mL cold “distilled water (dH,O)” was added, centrifuged
(6000rpm, 4°C for 15 minutes) and absorbance of supernatant was measured. Tissue TBA
was measured by mixing, 0.5 mL of “20% homogenate” with “0.5 mL of 0.15 M KCI” and
incubated at 37°C, 30 minutes. To this, 1 mL 10% TCA was added and “centrifuged” at
4000 rpm for 15 min. Supernatant (500ul) was mixed with 0.5 mL of TBA and the contents

were initially boiled for 60 minutes. Tissue samples were then processed as blood samples.

2.22 Determination of reduced Glutathione (GSH)
Blood “glutathione (GSH)” measurement was carried out as per Ellman et al., (Ellman,
1959), with few modifications at 412nm and expressed as mg/mL of samples. 0.2 mL of

blood was mixed with 1.8 mL of “distilled water (dH,O)” and "4% sulfosalicylic acid”,
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centrifuged at 2500 g, 15 minutes. 1 mL of supernatant was then mixed “2 mL phosphate
buffer” and “0.4 mL DTNB” and absorbance was measured. Tissue GSH was measured by
slightly modified protocols described by “Hissin and Hilf” (Hissin and Hilf, 1976) and
“Dwivedi et al” (Dwivedi and Flora, 2011). 0.375 mL of “20% tissue homogenate” was
mixed with “1.125 mL of phosphate-EDTA buffer” and 1 mL of “25% HPO3” and
“centrifuged” at 3000 rpm, 4 °C, 10 min for protein precipitation. The mixture
“centrifuged” at 4°C, 10,000 g for 30 min. “0.2 mL of supernatant” was mixed with “1.8
mL of phosphate-EDTA buffer” and “0.1 mL of OPT”. The reaction mixture was
incubated (in dark) for 15 minutes at 37°C. Absorbance was measured at 420 nm, and GSH

levels in mg/g of tissue sample were calculated.

2.23 Catalase assay

Blood and tissue catalase was estimated as per Sinha et al., (Sinha, 1972). 0.25 mL of 20%
tissue homogenates was mixed with “0.75 mL of phosphate buffer”, centrifuged at 2500
rpm, 4°C for 10 minutes. 0.1 mL of supernatant and hemolysate (from blood) were then
separately mixed with 1 mL of phosphate buffer, 0.4 mL distilled water and 0.5 mL of
H,0O, and incubated for 1 min at 37°C. A control reaction mixture without samples was also
setup. Reactions were stopped by 2mL of acetic acid with dichromate mixture (“5%
potassium dichromate and glacial acetic acid in 1:3 ratios”). The mixtures were boiled for

15 min, cooled, and absorbance was measured at 570 nm.
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Superoxide dismutase (SOD) assay

Tissue SOD activity was evaluated by as per Kakkar et al., (Kakkar et al., 1984), while
blood SOD, was evaluated as per Weinterbour et al., (Winterbourn et al., 1975) with slight
modifications. 0.3 mL hemolysate was mixed with “0.3 mL of PMS” and NBT along with
0.8 mL of distilled water and “0.2 mL NADH”. 0.25 mL 20% homogenate was mixed with
“0.75 mL of phosphate buffer” and centrifuged at 10,000 rpm, 4°C for 10 minutes. 0.2 mL
of supernatant was then mixed with “1.2 mL of sodium pyrophosphate” and “0.3 mL of
PMS”, resulting in violet colour mixture. To this “0.3 mL of NBT”, 0.8 mL of distilled
water and “0.2 mL of NADH” was added. A control reaction mixture without samples was
also setup. Reaction mixtures were then incubated at 37°C for 90 seconds and reactions

were stopped by adding of “1 mL of acetic acid” and absorbance was measured at 560nm.

Statistical analysis

All experiments were minimally carried out for three times. Statistical analysis done by
“Graph Pad Prism software”. Experimental data are expressed as means = S.D. and the
significance of differences was analyzed by one-way ANOVA test. Tukey test for cell
viability with different concentrations of CID-6861424 and Dunnett test for 25uM-CID-
6861424, 2Gy-y-radiation respectively or in combination treated MCF-7, MDA-MB-231
and NIH3T3 cells for different experiments. The t-test for different experiments of CID-
6861424 treated breast cancer cell lines. Difference with a value of P< 0.05 were considered

statistically significant.Western blotting data quantified by Image J software.
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CID-6861424 INDUCES APOPTOTIC CELL DEATH IN MCF-7
ER-POSITIVE BREAST CANCER CELL VIAINHIBITION OF Akt

CELL

PROLIFERATION AND ERK CELL SURVIVAL PATHWAY

3.1

Introduction

Worldwise every year almost 18.1 million new cancer cases are reported and the mortality
rate due to various type of cancer is around 9.6 million (Bray et al., 2018; Siegel et al.,
2018). The number of cancer affected people are increasing all over the world. Mortality
rate due cancers such as breast, lung, oral, cervical and colorectal cancer are high in India.
Continuous research for better hormonal, radiation, chemotherapy is going on all over the
world to develop an effective treatment to cure different types of cancers.

Women are affectd by breast cancer worldwide and is major cause of death accounting to
almost 15% of death caused due to cancer among women in 2018 (Bray et al., 2018; Siegel
et al., 2018). It is an economic liability for the country. Estrogen receptor (ER) plays an
important role in cellular signaling as well as breast cancer development. Out of the total
number of breast cancer cases, almost 80% cases are ER positive (Konecny et al., 2003).
Various features like cell type, nuclear and cytoplasmic localization, factors and cofactors
modulate the ER signaling pathway. Endocrine therapy like tamoxifen competes with
estrogen for binding to ER and blocks the signal transduction pathway leading to blockage

of cell growth and proliferation of breast cancer cells. While it acts as an antagonist in the



hjbreast cell, it act as estrogen in other cells like uterus and endometrium cell activates
cellular signaling for cell proliferation leading to in development of endometrium cancer,
one of the major side effect of tamoxifen. Moreover due to intrinsic and acquired resistance
the The effectiveness of most of the available drugs are reduced (Fan et al., 2015).
Resistance towards the drugs is one of the biggest challenge and there is continuous search
for effective drugs with lower cytotoxicity and side effect for breast cancer.

Sulfonamide compounds having functional sulfonamide group affects diverse biological
activities. They show antibacterial, diuretic, hypoglycemia, anti-carbonic anhydrase,
including anti-cancerous activities (casini et al., 2002). Large number of these compounds
are displayed in the Pubchem but their antitumor property has not been looked into yet.
CID-6861424 is one such derivative of sulfonamide, which is known to exert antimicrobial
and anti-inflammatory activities (Kia et al., 2009) but nothing is known about its anti-cancer
activity. We checked the anti-cancerous activity of the compound on breast cancer MCF-7
cell line. Here we show that CID-6861424 inhibited MCF-7 cell division. The inhibition is
more with the increase in dose and time. In MCF-7 cells. 1Csy value of 50uM was observed.
Exposer to CID-6861424 resulted in downregulation of cyclin D1-CDK4/6 and G1 cell
cycle block. 50uM compound disrupted Aym, increased ROS and DNA damage. It
upregulated p53, p21 and y-H2AX protein expression levels. 50uM CID-6861424 resulted
in upregulation of Bax/Bcl-2 ratio, PTEN and downregulation of phosphorylated Akt, GSK-
3 and ERK protein expression and mitochondrial-mediated apoptotic cell death via
inhibition of Akt cell proliferation and ERK cell survival pathway in MCF-7 cell. Our
results show that CID-6861424 can be used as an anticancer agent to improve chemotherapy

of breast cancer.
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3.2 Results

3.2.1 CID-6861424 inhibit cell proliferation of MCF-7 cell
By Trypan blue exclusion assay, we checked the MCF-7 cell viability post 24, 48 and 72
hours CID-6861424 treatment. Different concentration of CID-6861424 were used as
indicated (Figure 3.1; Table No. 3.1). With the increase in time and concentration, the cell

viability decreased. Post 72 hour CID-6861424 treatment 1Cs, value of ~ 50uM was

observed.
*xk k% k%
L e E Control (DMSO)
bt - TR 7 B3 CID-6861424 25 M
2 s}l E : E] CID-6861424 50uM
S eolfHHn L E [ CID-6861424 75.M
2 i 2 HEEM  HEE A CID-6861424 100uM
o 40k : 2 HHE
oLEHE 1111701218017
24hrs 48hrs 12hrs

Figure. 3.1 CID-6861424 effect on cell viability of MCF-7 cell shown by bar diagram at indicated
concentrations and time by Trypan Blue assay. Mean + SD value (Data represented was calculated

for three independent experiments). **P<0.01 and ***P<0.001.
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Time after treatment Treatments MCF-7

CONTROL (DMSO) 98.55 £ 0.36

24hrs CID-6861424 25pM 85.78 £ 0.23
’ CID-6861424 50uM 74.65 + 2.73
CID-6861424 75uM 60.73 + 1.24

CID-6861424100puM 51.90 £ 2.77

CONTROL (DMSO) 99.23 + 0.30

A8hrs. CID-6861424 25pM 82.55 £ 2.05
CID-6861424 50pM 63.17 £ 1.96

C1D-6861424 75pM 49.90 + 1.00

CID-6861424100pM 38.70 + 2.84

CONTROL (DMSO) 99.83 + 0.16

72hrs. CID-6861424 25pM 78.30 £ 1.43
CID-6861424 50pM 53.19 £ 1.27

CID-6861424 75uM 40.22 £ 2.52

CID-6861424100pM 25.75 £ 2.99

Table No 3.1 CID-6861424 inhibit the cell proliferation of “MCF-7” cell with the increase in

concentration and time points by trypan blue assay.

Compared to the control set, the cell number reduced drastically with increasing

concentration of CID-6861424 at 72 hours (Figure 3.2).

Control CID-6861424 25uM

Figure. 3.2 Changes in cell morphology, using a bright field microscope at 20X, was observed
post 72hours treatment with indicated concentrations of CID-6861424.

CID-6861424 50uM CID-6861424 75uM

CID-6861424 100uM
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Using Bright field microscopy changes in cell morphologies at indicated concentration of
CID-6861424 was observed. At 50uM CID-6861424, cells became elongated flattened with
dense cytoplasm and rough cell membrane (Figure 3.2). With increase in concentration,
changes became more prominent. At 75uM and 100pM, all cells displayed completely
distorted morphology suggesting cell death (Figure 3.2). With the help of B-tubulin staining

cytoskeletal structural changes were observed when exposed to 50uM CID-6861424 for 72

hours (Figure 3.3).
DIC DAPI1 p-Tubulin MERGED
<)
£
5
=)
-
z
2
-

CID-6861424 S0uM

Figure. 3.3 Changes in cell cytoskeleton visualized by B-tubulin post 72hours 50uM CID-
6861424 exposure using Fluorescence microscope at 60X magnification.

Pre-wound and post-wound widths were measured after 72hours of treatment with either
25uM or 50uM CID-6861424 for the scratch assay. Wound-healing capacity decreased
incrementally with a corresponding increase in CID-6861424 concentration, ranging from
~80% wound-filling for control cells to ~40% of wound closure observed in 50uM CID-
6861424 treated cells. 25uM CID-6861424 treatment resulted in ~ 60% of wound closure

(Figure 3.4 (a) and 3.4 (b); Table No. 3.2).
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Figure. 3.4 (a) CID-6861424 inhibit the cell migration potential. (b) bar-diagram representation of

relative inhibition of wound healing area of MCF-7 cell. Mean + SD value (Data represented was

calculated for three independent experiments). ***P<0.001.

Cell Line Time Point Control CID-6861424 CID-6861424 50uM
25uM
0 Hrs 100.00+0.00 | 100.00 £ 0.00 100.00 £ 0.00
MCF-7 72 Hrs 20.95+1.31 38.10+1.88 59.11+1.36

Table No. 3.2 CID-6861424 inhibit the cell migration potential of MCF-7 cell at 72 hours.
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Colony forming assays were performed to check clonogenic potentials. Cells were treated at
25uM and 50puM CID-6861424 for 72hours followed by harvesting. Around 600 harvested
cells were seeded in fresh culture plates and incubated for ~14 days. Post incubation the
number of colonies were compared for each set. The result showed that CID-6861424
significantly decreased the colony forming ability of MCF-7 cells and it is dose dependent.
Decline in colony forming ability was noticeable in 50uM as compared to the 25uM CID-

6861424 treated and control set (Figure 3.5).

CONTROL CiD-6861424 25uM CID-6861424 50uM

Figure. 3.5 The reduced number of the MCF-7 cell colonies in the presence of CID-6861424
treatment.

These results suggested CID-6861424 significantly inhibits the MCF-7 cell viability, cell

counts, cell migration and colony formation potential.

3.2.2 CID-6861424 induces cell cycle arrest at G; phase in MCF-7 cell
MCF-7 cell cycle profile was studied by measuring cellular DNA content using flow
cytometry. 50uM CID-6861424 treatment was carried out for 24, 48 and 72 hours. Cell

cycle data indicated that 50uM CID-6861424 resulted in ~78%, ~77%, and ~70% G; phase
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cell accumulation as compared to ~46%, ~46% and ~52% in control set at 24, 48 and 72
hours, respectively. G; phase arrest accompanies a corresponding reduction in the other
respective phases of the cell cycle population (Figure 3.6 (a) and 3.6 (b); Table No. 3.3).
Increase in a “sub-G; population” representing dead cells was also highest (~10%) in S0uM

CID-6861424 as compared to control set which was around ~1.4% of total cell population at

72hours (Figure 3.6 (a); Table No. 3.3).
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Figure 3.6 (a) 50uM CID-6861424 induces G; phase arrest in MCF-7 cell with using flow
cytometry at indicated time intervals. (b) Bar-diagram representation of respective G; phase
arrest. Mean £ SD value (Data represented was calculated for three independent experiments).
***pP<0.001.

Next, the question was asked whether the cells recovered after the removal of the compound
from the medium. For withdrawal experiment, two sets of 50uM CID-6861424 treatment
were used. In one set, cells were exposed to 50uM CID-6861424 for six days continuously.
In the second set, first cells were incubated with 50uM CID-6861424 for three days and then
mediu was replaced without adding the compound. Cells exposed to 50uM CID-6861424
for three days, served as the reference. Cell cycle data indicated that sub-G; population was
increased in both the sets, in withdrawal set ~2.5 fold and in continuous set ~3.0 fold as
compared to 3days of 50uM CID-6861424 treated set (Figure 3.7 (a) and 3.7 (b)). The

detailed cell cycle distribution upon treatment of all the sets is given in Table No. 3.3.
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Figure 3.7 (a) 50uM-CID-6861424 increased sub-G; population in MCF-7 cells at 6 days
continuous or 3 days withdrawal set as compared to 3 days incubation set by flow cytometry.

(b) Bar-diagram representation of the respective enhanced sub-G1 population. Mean + SD

CID-6861424' treated cells

B3 3 Days incubation
9 Withdrawal post 3 days
B& 6 Days incubation

value (Data represented was calculated for three independent experiments). ***P<0.001.

Cellular distribution of total cells in cell cycle process Sub-G 1 Cells
Time Treatment GZM +T
Point G1 S G2 Tetraploid
m
Control 46.45  0.51 42.84 +0.54 7.76+0.00 | 2.93+0.08 | 10.69+0.08 1.3810.14
24 hrs. CID-6861424 78.10 £ 0.55 6.7810.25 7.38+0.04 | 7.71+0.60 | 15.09+0.55 3.12+0.21
50uM
.E Control 46.710.71 40.79 £ 0.75 7.60 £ 0.03 4.88+0.42 | 12.48+3.06 1.54+0.32
= 48 hrs.
: CID-6861424 77451 0.59 15.47+1.43 6.39+0.87 | 0.66+0.07 | 7.05+0.93 7.17 £ 0.41
I'UL 50uM
2 Control 52.7310.24 36.35+£0.21 7.74+0.03 | 3.16+0.44 | 10.90£0.41 1.45+0.20
72 hrs. CID-6861424 70.1510.39 22.5410.75 6.73+0.44 | 0.55+0.22 | 7.28+0.35 9.98 +0.13
50uM
Withdrawal
post CID-6861424 58.43 1 0.69 28.14+1.07 7.67 £ 0.07 569+1.62 | 13.36+1.69 2550+1.13
3 Day S0uM
6 Day
incubation CID-6861424 65.09%1.45 22.47+1.54 7.61+0.24 | 4.81£3.00 | 12.42£2.76 31.9411.92
50uM
( |
L 30 )




Table No 3.3 Cell cycle distribution of various cellular populations after exposure to 50uM
CID-6861424 at indicated time points.

Expression profiles of cyclin D1, CDK-4 and CDK-6 via western blotting supported the cell
cycle data. Cyclin D1 play a major role in progression of the cell cycle from “Gj to S phase”
with the help of CDKs partners, CDK-4 and 6. 50uM CID-6861424 treated samples show
significant reduction in Cyclin D1 and corresponding CDK partner CDK 4/6 with increasing

treatment time (Figure 3.8).

Time (hrs.) 0 24 48 72
100 044 053 030

| Cyclin D

o e———— . W\ § | (|

e | CDK-4

T —— WY 5 ) |

- i | CDK-6

mesmmE———— | A otin

Figure 3.8 50uM-CID-6861424 exposure resulted in decrease in cyclin D1 and CDKA4/6

expression and quantified with Image J software.

These results suggested that 50uM CID-6861424 treatment resulted in “MCF-7" cells

halting at “G; phase” of cell cycle progression with increasing in sub-G; population.
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3.2.3 CID-6861424 induces reactive oxygen species (ROS) generation and

mitochondrial membrane potential (Aym) depletion in MCF-7 cell
Cancer cells have elevated levels of ROS as compared to normal cells making them
vulnerable to additional increase in ROS levels. Post 72 hour CID-6861424 treatment, we
analysed ROS-generation by flow cytometry using Dichloro-dihydro-fluorescein diacetate
(DCFH-DA) dye. Samples exposed to 25uM & 50uM CID-6861424 caused a considerable
increase in ROS generation with respect to control. In this experiment, Doxorubicin was
taken as a “positive control”. ROS generation in the 25uM treated sample was ~1.3 times
higher as compared to control, whereas 50uM treatment showed ~2 times higher ROS

generation (Figure 3.9 (a) and 3.9 (b); Table No. 3.4).
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Figure 3.9. CID-6861424 exposure resulted in induction of ROS generation in MCF-7 cell. Bar-
diagram and histogram show enhanced (a) and (b) ROS generation shown by elevated DCF
fluorescence intensity post 72hours CID-6861424 treatment. Mean = SD value (Data

represented was calculated for three independent experiments). **P<0.01, and ***P<0.001.
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(Doxorubicin)

Cell Line Treatments 72hrs
CONTROL 28.85 + 0.57
MCF-7 CiD-6861424 25uM 40.66 + 1.73
CiID-6861424 50uM 60.56 + 3.95
Positive Control 103.89 + 3.18

Table No 3.4 Post 72hours CID-6861424 treatment elevated ROS production level in MCF-7

cell shown by higher DCF fluorescence intensity.

With cationic fluorescent dye Rhodamine 123, we next investigated the effect of CID-

6861424 on mitochondrial membrane potential (Aym) using flow cytometry after 72 hours

CID-6861424 treatment. Doxorubicin was again used as the positive control. The treatment

of 25uM and 50uM CID-6861424 resulted in approximately ~1.5 and ~2.2 fold disruption

in Aym as compared to the control (DMSO), respectively (Figure 3.10 (a) and 3.10 (b);

Table No. 3.5).
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Figure 3.10. CID-6861424 increases Aym dissipation in MCF-7 cell. Bar-diagram and
histogram show elevated (a) and (b) Aym dissipation sensed by Rhodaminel23-dye in post
72hours CID-6861424 treated MCF-7 cells. Data represented as the mean + SD of three

independent experiments. **P<0.01, and ***P<0.001.

Cell Line Treatments 72hrs
CONTROL 89.29 =+ 2.05
MCF-7 CID-6861424 25uM 148.54 + 10.31
CiD-6861424 50uv 200.12 =+ 17.30
Positive Control 336.92 + 16.66
(Doxorubicin)

Table No 3.5 Post 72hours CID-6861424 treatment enhances dissipation of Aym in MCF-7 cell

shown by elevated Rhodaminel23-dye fluorescence intensity.

These results suggested that 50uM CID-6861424 significantly increased ROS generation
and depletion of mitochondrial membrane potential as compared to 25uM CID-6861424 and

control set is a more lethal concentration for the MCF-7 cells.

3.2.4 CID-6861424 enhances DNA damage and apoptotic cell deaths in
MCF-7 cell

The cell cycle data showed that the cells treated with ICs, value of CID-6861424 caused ~7
fold increase in “sub-G1 population” as compared to the control at 72 hours (Figure 3.6
(a)). Elevated ROS levels and Aym disruption indicate DNA damage leading to decreased
cell viability in 50uM CID-6861424-treated cells. To confirm the DNA damage,
immunofluorescence of y-H2AX, an indicator of DNA double strand breaks was used.

50uM CID-6861424-treated cells exhibited ~1.8 fold increase in “y-H2AX” fluorescence
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intensity with respect to control set as shown by bar-diagram (Figure 3.11 (a) and 3.11 (b);
Table No. 3.6). Immunofluorescence data supported by expression levels of y-H2AX
protein as determined by western blot where 50uM CID-6861424-treated cells demonstrated

increase of y-H2AX with increase in treatment time (Figure 3.13 (a)).
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Figure 3.11. 50uM CID-6861424 induced DNA damage in MCF-7 cells at 72 hours. (a) induced
v-H2AX foci formation. (b) The bar-diagram representation of increased fluorescence intensity
of y-H2AX in MCF-7 cell. Mean = SD value (Data represented was calculated for three

independent experiments). **P<0.01.
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Cell Line Treatments 72hrs

CONTROL 179.76 + 2.42
MCE-7 CID-6861424 50uM | 321.90 * 34.14

Table No 3.6 50uM CID-6861424 induced DNA damage in MCF-7 cell at 72 hours.

DNA damages were further confirmed by expression level of p53, a tumor suppressor
protein and transcription factor, which is activated due to the DNA damages leading to cells
being halted at different phases of the “cell cycle” for repair. 50uM CID-6861424-treated
cells showed increase in p53 with increase in treatment time (Figure 3.13 (a)).

The p21 is a “cyclin-dependent kinase inhibitor (CKI)”, capable of inhibiting “cyclin/CDK
complexes” and a major target of p53 activity, itself associated with “deoxyribonucleic acid
(DNA)” damages leading to the “cell cycle” arrest for repair. 50uM CID-6861424 treated
samples show significant upregulation of p21 with increasing in time was observed (Figure
3.13 (a)). Elevated level of ROS, depletion in Aym and extensive DNA damages in cells
induces apoptotic cell death. This was confirmed by apoptosis assay with annexin V and
flow cytometry-based 7-Amino Actinomycin D (7AAD) dye kit after 72 hours CID-
6861424 treatment. In comparison to control, cells exposed to 50uM and 100uM CID-
6861424 caused a significant elevation in late apoptotic cells. as compared to the untreated
set, ~1.5 fold enhancement in late apoptotic cells were detected when exposed to 50uM
CID-6861424, while almost 3.5 fold increase was detected when treated with 100uM CID-

6861424 (Figure 3.12 (a) and 3.12 (b); Table No. 3.7).
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Figure 3.12. (a) CID-6861424 induced late apoptotic cell deaths by Annexin V / 7AAD kit (BD
Biosciences) using flow cytometry and (b) The bar-diagram representation of increased late

apoptotic cell deaths with increasing concentration of CID-6861424. Mean + SD value (Data

represented was calculated for three independent experiments). ***P<0.001.

Groups Damaged Cells

Late Apoptosis | Viable Cell Early

Apoptosis

Control (DMSO) 9.85+0.35

7.76 £0.50 |73.85+£0.85|8.53+£0.03

50uM CID-6861424 | 12.16 £ 0.67

11.16 £0.51 |71.56+1.41|5.10+0.23

100uM CID-6861424 | 19.83 £ 0.60

25.31+0.14 |46.40%0.59 | 8.46 £ 0.08

Table No 3.7 CID-6861424 induced late apoptotic cell deaths in MCF-7 cell at 72 hours.

'
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Western blot data of apoptotic related proteins further confirmed the Annexin V / 7AAD
apoptotic data. We checked the expression levels of apoptotic cell death-related proteins
such as Bcl-2, an “anti-apoptotic protein”, and Bax, a “pro-apoptotic protein” by western
blotting. 50uM CID-6861424-treated cells showed increased Bax and decreased Bcl-2 levels
with increase in treatment time. This in turn resulted in increase in Bax/Bcl-2 ratio with

time. (Figure 3.13 (a) and 3.13 (b).
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3.25

Figure 3.13. (a) Western blot data shows upregulation of p53, p21, y-H2AX, Bax and
downregulation of Bcl-2 proteins expression in presence of 50uM CID-6861424 for the
indicated time and quantified with Image J software. (b) The bar-diagram representation of

increasing Bax/Bcl-2 ratio in a time dependent manner.

These results suggested that, 50uM CID-6861424-treated cells have enhanced ROS
generation, disrupted Aym, extensive DNA damages, magnified late apoptotic cell
population and elevated Bax/Bcl-2 ratio leading to induction of mitochondria-dependent

apoptotic cell death in MCF-7 cell.

Inhibition of Akt cell proliferation and ERK cell survival pathway in

MCF-7 cell by 50uM CID-6861424

PIP3/Akt pathway is a “signal transduction pathway” that promotes cell survival and
growth in the response to “extracellular signals”. “Phosphatase and tensin homolog
(PTEN)” acts as a “tumor suppressor protein”. PTEN has phosphatase activity, which
regulates the “Akt signaling pathway” via dephosphorylation of “phosphatidylinositol
(3,4,5)-triphosphate (PIP3)” to PIP,. 50uM CID-6861424-treated cells showed upregulation
of PTEN with increase in time (Figure 3.14). Akt a “serine/threonine kinase” when
activated interacts with secondary messenger “phosphatidylinositol (3.4,5)-triphosphate
(PIP3)” on the plasma membrane. Activated Akt phosphorylates several downstream
proteins responsible for cell growth and division, “cell survival”, cell migration and
angiogenesis. 50uM CID-6861424-treated cells showed decrease in phosphorylation of Akt
and downstream proteins GSK-3B. The decrease in phosphorylation became more

prominent with increase in treatment time (Figure 3.14).
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The “extracellular signal regulated kinase (ERK)” pathway is a major signaling pathway of
“mitogen activated protein kinase (MAPK)” signaling pathway, activated by various
stimulations such as extracellular agents, growth factors, hormones and cellular stress,
which is responsible for cell proliferation and differentiation of the cells. Raf family
members such as Raf-1, A-Raf and B-Raf are the main components of “MAPK/ERK kinase
kinase (MEKK)” pathway, that is phosphorylating on serine residues of “MAPK/ERK
kinase (MEK)” components ERK1/2, which is responsible for activation of certain
downstream proteins led to transcribe genes which are essential for mainly cell proliferation,
angiogenesis and epithelial-mesenchymal transition (EMT). 50uM CID-6861424 treated
cells showed downregulation of phosphorylated ERK (Figure 3.14). These results suggests

inhibition of ERK cell survival pathway in 50uM CID-6861424 treated MCF-7 cell.

Time(hrs) _ 0 24 48 72 Time (hrs.) 0 24 48 T2
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Figure 3.14. CID-6861424 treated MCF-7 cells exhibited inhibition of Akt cell proliferation and
ERK cell survival pathway. Western blot data showing upregulation of PTEN and
downregulation of phosphorylated Akt, GSK-3p & ERK proteins expression in presence of

50uM CID-6861424 for the indicated time and quantified with Image J software.
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These results suggests that 50uM CID-6861424 treatment results in inhibition of Akt cell

proliferation and ERK cell survival pathway in MCF-7 cell.

3.3 Discussion

Breast cancer morbidity has been increasing since the 1970s (Bielawski et al., 2002; Chun et
al., 2015). Breast cancer is one of the most aggressive form of cancers and it might be due to
the imbalance of hormonal signaling thus making its treatment challenging. In case of
chemotherapy, most of the anticancer drugs used for treatment of breast cancer e.g.
doxorubicin, epirubicin, capecitabine, gemcitabine, etoposide, paclitaxel and docetaxel, etc.,
have several side effects such as gastrointestinal toxicities, cardiotoxicity,
thrombocytopenia, erythrodysesthesia, diarrhea, neuropathy, etc. Side-effects of anticancer
drugs are largely due to the presence of multiple targets in cellular processes such as
microtubule polymerization, DNA synthesis and transcription in cancerous as well as non-
cancerous cells (Ambros et al., 2014; Blackstein et al., 2002; Mauri et al., 2010; Piccart-
Gebhart et al., 2008; Pusztai et al., 1998). In light of this, developing efficient and low toxic
compounds could be crucial for breast cancer chemotherapy. In the present study, we
worked on the anti-cancerous activity of sulfonamide derivative, CID-6861424. Cell
viability results showed that CID-6861424 considerably reduced MCF-7 cell survival. Cell
viability decreased with the increase in concentration and time of treatment. Morphology of
MCEF-7 also distorted when exposed to CID-6861424. Alteration in morphology increased at
higher concentrations. 50uM, ICs, value of the compound, treatment resulted in decrease in

MCF-7 cell division distorted cell morphology such as elongated, dense cytoplasm and
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distorted cellular membrane. Features like dense cytoplasm and membrane protrusions can
be indicators of cellular stress and apoptosis (Decoster et al., 2010; Hacker, 2000).
Aggressiveness of cancerous cells often predicted by its migratory potential. We investigate
the migratory potential by wound healing assay at 25uM and 50uM concentrations. In
presence of either of the concentrations, CID-6861424 considerably blocked wound closure,
though at 50uM CID-6861424 it is more effective. Cancer cells can multiply indefinitely
and to determine their post treatment clonogenic potentials, colony formation assay was
performed (Franken et al., 2006). In the present study, 50uM CID-6861424 significantly
reduced the clonogenic ability of MCF-7 cells. The “cell viability”, “morphology”, “wound
healing” and “colony formation assay” results suggested that S0uM CID-6861424 can be an
effective recipe for killing MCF-7 cells. To evaluate the underlying biological interventions
leading to cell death, we analysed the effects of 50uM CID-6861424 on the “cell cycle”
profile of MCF-7 cells. The cell cycle is a complicated and highly regulated process, which
mandates cellular replication. Unrestrained cell cycle actions are the hallmark of cancer
cells, forcing the cell for cellular division even under unfavorable conditions. The cell cycle
data suggests treatment of MCF-7 cells with 1Cso value of CID-6861424 resulted in G; phase
arrest with a significant elevation in “sub-G; cell population” as compared to untreated cells.
The cyclin D1 makes active complex with CDK4/6 and hypophosphorylates
“retinoblastoma protein”, which required for “cell cycle progression” in G; phase (Alao,
2007). The “cell cycle” data was further supported by the decrease in expression of “cyclin
D1” and CDK4/6 proteins detected via western blotting. The results indicated that at SOUM
CID-6861424 treatment reduced cyclin D1-CDK4/6 complex formation. We observed that

when treated longer treatments (for 6days), either by removal of CID-6861424 at 72 hours
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or continuous treatment for 6 days, significantly larger Sub-GO/G1 population in
continuously treated cells were observed as compared to the 72hour treatment set. These
results indicated that, in both conditions MCF-7 cells failed to return to normal cell cycle or
revive back. ROS homeostasis plays a vital role in cellular signaling. It is tightly regulated.
Cellular exposure to chemotherapeutic drugs can cause water radiolysis, resulting in release
of free superoxide (O,*) and perhydroxyl (HO,®) radicals, collectively known as ROS
(Manuscript and Magnitude, 2013). These “free radicals” are highly reactive and interact
with biomolecules including “DNA”, causing damage and oxidative stress (Manuscript and
Magnitude, 2013). Compared to normal cells, cancerous cells have elevated levels of ROS.
If ROS homeostasis is not regulated properly and can be a major cause of cancer formation
(Panieri and Santoro, 2016; Schumacker, 2006a; Wang and Yi, 2008a). Additionally,
antioxidant proteins such as GSH, catalase, SOD, etc., capable of quenching excess ROS,
are also highly expressed in cancerous cells (Liou and Storz, 2010b) helping maintain ROS
homeostasis, though at elevated levels. Major cancer therapies target elevated ROS levels of
cancer cells either by decreasing the level by using antioxidants and other phytochemicals
(Ahmad and Mukhtar, 2013a), or by deregulating it by means of chemotherapeutic
compounds (Pelicano et al., 2004; Trachootham et al., 2009a) and physical agents like
radiation (Manuscript and Magnitude, 2013). Consequently, we analysed cellular ROS
production post 72 hours of CID-6861424 treatment. 25uM CID-6861424 elevated ROS
levels, however much higher levels of ROS generation were detected in presence of 50uM
CID-6861424. The relatively lower levels of ROS generated in 25uM CID-6861424 as
compared to 50uM CID-6861424 can attributed to the much stronger quenching effects of

the antioxidant system, resulting in higher cell survival rates. The effectiveness of the
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antioxidant system in maintaining ROS levels, is however, curtailed at 50uM CID-6861424,
the 1Csq value, resulting in increased cell mortality. Disruptions in mitochondrial membrane
potentials (Aym) (Banki et al., 1999; Fonseca-Silva et al., 2011; Johnson et al., 1996) due to
elevated ROS levels result in mitochondrial-mediated cellular apoptosis among mammalian
cells (Reed et al., 1998). Hence, the effects of CID-6861424 on Aym in MCF-7 cells was
studied. 50uM CID-6861424 caused significantly greater disruptions in Aym than 25uM
CID-6861424. Excessive ROS induces DNA damage due to oxidative stress. y-H2AX, a
phosphorylated histone H2A variant, is associated with the repair of “DNA double strand
breaks (DSBs)”, as the first protein recruited for further recruitment and localization of
DNA repair molecules. Additionally, y-H2AX is overexpressed during DNA DSBs, and is
unanimously considered as a marker for DNA DSBs (Dickey et al., 2009). In the present
study, treatment of 50uM CID-6861424 resulted in increased expression of y-H2AX in a
time-dependent manner, hinting at CID-6861424 induced DNA damage. After 72 hours of
treatment, microscopic investigation of y-H2AX foci clearly demonstrated significantly
higher DNA damage in 50uM treated sample compared to control, based on comparative
intensities of y-H2AX foci. Western blot analysis of “y-H2AX” expression clearly
confirmed upregulation and hence, an indication of higher DSBs in MCF-7 cells in 50uM
CID-6861424. p53 is a tumor suppressor protein, and is upregulated in response to increased
DNA damage due to chemotherapeutic drugs, oxidative stress, etc. (Hientz et al., 2017). It is
a well-studied protein, and has a well-documented role in protection against DNA damage
via regulation of downstream genes that are involved in “cell cycle arrest”, “DNA repair”
and “apoptosis” (Bargonetti and Manfredi, 2002a; Chiang et al., 2013; Klein and Vassilev,

2004; Ko and Prives, 1996; Levine, 1997; SMITH et al.,, 2003). The p21 is a cyclin-
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dependent kinase inhibitor (CKI), inhibits all cyclin/CDK complex formations as a result of
“DNA damage”, leading to “cell cycle arrest” at different phases (Piccolo and Crispi, 2012).
Overexpression of p21 induced by p53 protein occurs in DNA damaged cells, leading to cell
cycle arrest (Piccolo and Crispi, 2012). Our results clearly suggested that, cells were
exposure to CID-6861424 caused upregulation of p53 and p21 proteins level in MCF-7 cells
with increasing time interval.

Elevated level of ROS, disruption in Aym and massive DNA damages results in “apoptotic
cell death” (Banki et al., 1999; Fonseca-Silva et al., 2011; Johnson et al., 1996; Reed et al.,
1998). The cell cycle analysis showed cell death that increase with increase in CID-6861424
exposure time. Apoptosis was confirmed via annexin-V/7AAD assay using flow cytometry.
Similarly, cells treated with 50uM and 100uM CID-6861424 had significantly higher
proportions of “late apoptotic cells” as compared to the DMSO control. Bel-2 and Bax, a set
of “anti-apoptotic” and “pro-apoptotic” proteins, respectively, These proteins are intimately
connected with mitochondrial apoptosis. Bcl-2 is localized in the outer mitochondrial
membrane and blocks “mitochondrial membrane permeability transition pores” oppening
(Zamzami, 1996) through perpetuation of NADPH (Esposti et al., 1999; Kowaltowski et al.,
2000). This results in oxidative attenuation of proteins involved in its opening (Kowaltowski
et al., 2001) and blocking of apoptogenic proteins under apoptosis inducing circumstances
(Daugas et al., 1996; Kluck, 1997; Yang et al., 1997; Zamzami, 1996). Bcl-2 also reduces
oxidative stress by blocking lipid peroxidation (Hockenbery et al., 1993). In case of 50uM
treated cells, ratio of Bax/Bcl-2 significantly increased with increase in time and induced
mitochondrial-mediated apoptosis. Thus, prolonged G; phase arrest due to inhibition of

cyclin D1 & CDK4/6 complex, overproduction of ROS leading to DNA damage and Aym
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disruption followed by upregulation of p53, p21, y-H2AX, Bax, and downregulation of Bcl-
2 leads to induction of mitochondrial-mediated apoptosis in 50uM CID-6861424-treated
MCF-7 cells.

The PI3K/Akt pathway is an one of the essential pathway for “cell survival” and cell growth
regulating responses (Khan et al., 2013). PTEN along with p53 “tumor suppressor protein”,
is overexpressed in response to “DNA damage” (Ming and He, 2012). High expression
levels of PTEN inhibits PI3K/Akt pathway via dephosphorylation of phosphatidylinositol
(3,4,5)-triphosphate (PIP3) to PIP, (Khan et al., 2013). Akt, a “serine/threonine kinase”,
phosphorylates various downstream proteins accountable for cell growth and division, “cell
survival”, “cell migration” and “angiogenesis” (Luo et al., 2003). Increased phosphorylation
of Akt has been observed in metastatic and hormone resistance breast carcinoma cells
resulting in continuous activation of protein causing blocking of apoptosis and stimulation
of cell division and survival (Carmona et al., 2016; Hernandez-Aya and Gonzalez-Angulo,
2011; Pérez-Tenorio et al., 2002). GSK-3p is one of the key downstream effector where
convergence of various signaling pathway takes place. It controls cell death machinery in
response to cellular stress and exposure to chemotherapeutic agents (Chiara and Rasola,
2013). Tan et al. have shown that inhibition of GSK-3p resulted in activation of Bax and
induction of apoptosis (Tan et al., 2005). ICs value of CID-6861424 inhibits Akt mediated
cell proliferation pathway in MCF-7 cells as confirmed by Western blot revealing
downregulation of phosphorylated Akt and downstream GSK-3B. Hence, 50uM CID-
6861424 induced mitochondrial-mediated apoptotic cell death in MCF-7 cells, again due to

the inhibition of Akt cell proliferation pathway.
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“Extracellular signal related kinases (ERK)”, is a most common member of “MAPK
signaling pathway”, which is essential for cell proliferation, differentiation, cell survival,
angiogenesis and high rate of “epithelial-mesenchymal transition (EMT)” (Bartholomeusz et
al., 2012; McCawley et al., 1999; Miglietta et al., 2006). Raf family members are the main
component of ERK signaling pathway, which phosphorylate ERK1/2 on serine residues
results in transcribing certain genes and leads to a high rate of “cell proliferation” and “cell
survival” rate in cancer cells. Activated MAPK signaling in breast cancer promotes, cancer
cells proliferation and differentiation leading to metastasis into lymph nodes (Adeyinka et
al., 2002). The results shows that ERK cell survival pathway is also blocked in 50uM CID-

6861424 treatment MCF-7 cell.

Conclusion

In conclusion, CID-6861424 inhibiting cell growth, suppressing cell migration potential,
promoting G; phase arrest, elevated ROS generation, depletion of mitochondrial membrane
potential, increased DNA damage, leading to mitochondrial mediated apoptotic cell deaths
via inhibition of Akt cell proliferation and ERK cell survival pathway with downregulation
of phosphorylated Akt, GSK-3p and ERK proteins expression level in MCF-7 cells. Based
on results a model is proposed (Figure 3.15). The CID-6861424 can be used as an

anticancer agent to improve chemotherapy for breast cancer.
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Figure 3.15. Proposed model for the mechanism of action of CID-6861424 in MCF-7 cell.
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CID-6861424 INDUCES APOPTOTIC CELL DEATH IN MDA-MB-
231 TRIPLE NEGATIVE BREAST CANCER CELL LINE VIA
INHIBITION OF ERK CELL SURVIVAL PATHWAY

4.1

Introduction

About 20% of all breast cancer is“triple negative breast cancer (TNBC)”. TNBC cells do not
express any of these three receptors such as “estrogen receptor (ER)”, “progesterone
receptor (PR)” and “human epidermal growth factor receptor (HER 2)”. Therefore, TNBC
patients do not respond to hormonal therapy. This is one of the most common reasons that
TNBC is the most aggressive type of breast cancer, thus making its treatment challenging.

Most of the anti-cancer drugs against TNBC available in the market have strong side effects.
Drugs such as paclitaxel and docetaxel, which target microtubule polymerization, are
associated with mylagia, gastrointestinal toxicities, epiphora and neuropathy (Mauri et al.,
2010). Anthracyclines like doxorubicin and epirubicin, which intercalate with DNA and
RNA and inhibit replication and transcription are also reported to exhibit alopecia, vomiting,
cardiotoxicity and neutropenia (Piccart-Gebhart et al., 2008). Similarly, antimetabolites of
DNA synthesis like capecitabine, gemcitabine and etoposide (which inhibits type Il
topoisomerase) are associated with severe adverse effects including erythrodysesthesia,
thrombocytopenia, diarrhea, gastrointestinal and blood related abnormalities(Ambros et al.,
2014; Blackstein et al., 2002; Pusztai et al., 1998).In light of this, developing efficient and
low toxic compound could be crucial for “triple negative breast cancer (TNBC)”, MDA-

MB-231.
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Sulfonamides have several biological activities including antibacterial, anti-carbonic
anhydrase, diuretic, hypoglycemia, anti-thyroid, anti-protease and antitumor activities(casini
et al., 2002). Sulphonyl derivates like sulphonyl carbonic anhydrase including
acetazolamide, ethoxzolamide and methazolamide,etc are known to exhibit anti-cancerous
properties. Similarly, other sulphonyl derivates including chloroquinoxaline sulfonamide
and sulfonylureas are also reported to have anti-cancerous properties in a variety of cancer
including leukemia, melanoma, lung cancer, ovarian cancer, renal cancer,etc(casini et al.,
2002). Besides, many new sulphonyl derivatives have also been reported to exert anticancer
properties in pilot studies(Kachaeva et al., 2018; Okolotowicz et al., 2018). All derivatives
have a common chemical motif of aromatic/heterocyclic sulfonamide. CID-6861424 is one
such derivative of sulfonamide, which is known to exert “antimicrobial’ and “anti-
inflammatory” activities(Kia et al., 2009). Since sulfonamides have been reported to have
antitumor activity, we checked whether this compound can inhibit the proliferation of MD-
MBA 231, a TNBC cell lineand can it be used as a chemotherapeutic agent.

Our results show that CID-6861424 inhibits the proliferation of “MDA-MB-231" cell in a
dose and time dependent manner. The 1Cso value of CID-6861424 on “MDA-MB-231" cell
is 50uM, inducing cell cycle arrest at “G,/M phase” by blocking the formation of “Cyclin B-
CDK1 complex” due to the downregulation of Cyclin B & CDK1 and upregulation of p21
proteins expression. 50uM CID-6861424 treatment showed increase oxidative stress,
disruption in Aymleading to the DNA damage with upregulation of p53 and y-H2AX
protein expression level. 50uM CID-6861424 resulted in upregulation of “Bax/Bcl-2” ratio
and downregulation of phosphorylated ERK, vimentin and survivin proteins expression

leading to mitochondrial-mediated apoptotic cell death via inhibition of epithelial
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mesenchymal transition (EMT) and ERK signaling pathway in “MDA-MB-231" cell. Our
results clearly show that CID-6861424 can be used as an anticancer agent to improve

chemotherapy of triple negative breast cancer (TNBC).

4.2 Results

4.2.1 CID-6861424 inhibit cell proliferation of MDA-MB-231 cell
Cell viability was evaluated on MDA-MB-231 cell via Trypan blue exclusion assay for 24,
48 and 72 hours at different concentrations of CID-6861424 (Figure 4.1; Table No. 4.1).

The result suggested that cell viability decreased with the increase in concentration and time.

At 72 hour, CID-6861424 showed an 1Csq value of ~ 50uM.

*k*
kK —_— T‘
L
- 1
100- @ Control (DMSO)
2
| B3 CID-6861424 25, M
'|='." 80 =
5 B CID-6861424 50uM
@ 60- 2
> ; : [ CID-6861424 75.M
— Z w
3 g / CID-6861424 100uM
- 7 7 3

24ll1rs 48I11rs

Figure. 4.1 Bar diagram showing effect of CID-6861424 on MDA-MB-231 cell viability at
indicated concentrations and time points by Trypan Blue assay.Data are represented as the

mean + SD of three independent experiments. *P<0.05, **P<0.01, and ***P<0.001.
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Time after treatment Treatments MDA-MB-231

CONTROL 92.45:1.14

CID-6861424 25uM 87.78 £ 0.66

24hrs. CID-6861424 50pM 78.59 + 0.88
CID-6861424 75uM 65.30 £ 0.97

CID-6861424 100pM 53.60 £ 4.11

CONTROL 97.46 £ 0.59

CID-6861424 25M 81.25£0.89

48hrs. CID-6861424 50uM 68.51 +0.60
CID-6861424 75uM 56.05 £ 1.96

CID-6861424 100pM 39.19£3.57

CONTROL 99.06 £ 0.47

CID-6861424 25uM 75.63%2.31

72hrs. CID-6861424 50uM 52.27+2.06
CID-6861424 75uM 42.462.63

CID-6861424 100pM 26.98 £ 3.84

Table No 4.1 CID-6861424 inhibit the cell proliferation of MDA-MB-231 cell with the increase
in concentration and time by trypan blue assay.

Further, cell morphology in the presence ofindicated concentrations of the compound was
examined under a bright field microscope. At 72 hours, the cell count decreased drastically
with increasing concentration as compared to the control set (Figure 4.2). Change in cell
morphology became more prominent with the increase in concentration. The cell
morphology data at50pM concentration showed small and roundish cells as compared to the
control, with dense cytoplasm and irregular cell membrane (Figure 4.2). At 75uM and
100uM all cells exhibited completely deformed morphology suggesting cell death (Figure

4.2).

Control (DMSO) CID-6861424 25uM CID-6861424 50uM CID-6861424 75uM CID-6861424 100uM
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Figure. 4.2 Changes in MDA-MB-231 cell morphology, using a bright field microscope at 20X,
was observed post 72 hours treatment with indicated concentration of CID-6861424.

Wound-healing assay was performed by measuring pre and post wound widths after 72
hours of exposure to 25uM & 50uM CID-6861424 treatments. The untreated cells migrated
and rapidly filled ~ 80% of the wound, while ~ 50% of wound closure was observed in cells
treated with 25uM CID-6861424. 50uM CID-6861424 treatment was most effective

resulting in only ~ 25% of wound closure (Figure 4.3 (a) and 4.3 (b); Table No. 4.2).

(a)

Control (DMSO) CID-6861424 25 uM CID-6861424 50 uM

0 HRS

72 HRS

*k%

EA Control (DMSO)
*ik EB CID-6861424 25,M
B cID-6861424 50uM

(b)

Relative inhibition area (%)
3

72 hrs
Figure. 4.3 (a) CID-6861424 inhibits MDA-MB-231 cell migration potential. (b) bar-diagram

representation of relative inhibition of wound healing area of MDA-MB-231cell. Mean + SD

value (Data represented was calculatedfor three independent experiments). ***P<0.001.

Cell Line Time Point|  Control CID-6861424 25uM | CID-6861424 50uM

OHrs | 100.00+0.00 100.00 £ 0.00 100.00 £ 0.00
MDA-MB-231

72Hrs | 18.2413.46 48.41+3.40 74.8211.41

( 1
L 8 )
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Table No. 4.2 CID-6861424 inhibitscell migration potential of MDA-MB-231 cell post 72 hours

treatment.

For the colony formation assay, 72 hours post treated cells were harvested and ~ 400 cells
were seeded in fresh cell culture dish from each set and incubated for ~14 days. Post
incubation, comparison of number of colonies showed that 50uM CID-6861424 treated set
formed significantly less number of colonies as compared to the 25uM CID-6861424 treated

set as well as control set (Figure 4.4).

CONTROL CID-6861424 25uM CID-6861424 50uM

Figure. 4.4 Reduced in the colony count of MDA-MB-231 cells in presence of CID-6861424
treatment.

These results showed that, at the 1Cso Value, CID-6861424 significantly inhibited the MDA-
MB-231 cell viability, cell counts, cell migration and colony formation potential as

compared to control set.

4.2.2 CID-6861424 induces cell cycle arrest at the G,/M phase in MDA-MB-
231 cell
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The effect of CID-6861424 on cell cycle profile of MDA-MB-231 was studied by assessing
the cellular DNA content using flow cytometrypost 24hrs, 48hrs and 72hrs. The cell cycle
data indicated that cells treated with 25uM CID-6861424 resulted in ~25%, ~26% and ~33%
G,/M phase accumulation as compared to ~18%, ~18% and ~23% in control set at 24hrs,
48hrs and 72hrs respectively. This is accompanied with a corresponding reduction in the

other respective phases of cell cycle population (Figure 4.5 (a) and 4.5 (b); Table No. 4.3).

(a) CONTROL (DMSO) CID-6861424 25uM CID-6861424 50uM
] G1:5031% .. GLASSI% G1: 44.09 %
E 5] $:31.46% $:2057% .- §:29.02%
g : £ | G2/M & Tetraploid: 18.22% #: | G2/M & Tetraploid: 24.89% ;.1  G2/M & Tetraploid: 26.87 %
[ ‘ 1 AT T T
e
£ ] GL:61.42% ©3 G1:5557% ¢ G1: 41.06 %
g g 5:19.98% °3 $:18.27% ° §:23.44%
o : G2/M & Tetraploid: 18.58% * | G2/M & Tetraploid: 26.14% 1  G2/M & Tetraploid: 35.48 %
—_— o %_—; EJ
Q E
, 61:45.38 %
s G1:64.98% 61:55.72% : 1ty
£ NUBR S:1123% | Ga/M & Tetraploid: 40.59 %
N ? 2/M & Tetraploid: 23.75 % %— 62/M & Tetraploid: 33.03 % ; e
DNA Content .
50 ¥ Control (DNMSO)
* —
W i — 3 CID-6861424 25.M

B cID-6861424 50uM

]

o

24 hrs 48 hrs 72 hrs

% of G4/M phase cell population
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Figure 4.5(a) Flow cytometry analysis indicatingCID-6861424 induces G,/M phase arrest in
“MDA-MB-231” cell at indicated time. (b)Bar-diagram representation of respective G,/M
phase arrest.Mean + SD value (Data represented was calculatedfor three independent

experiments).*P<0.05.

Cells when exposed to the 50uM CID-6861424, resulted in accumulation of ~26%, ~35%
and ~40% of the cell in G,/M phase, which is ~8%, ~8% and ~17% higher than the
untreated sample at 24hrs, 48hrs and 72hrs accompanied with a corresponding reduction in
G1 phase of cell cycle population. The S phase was slightly increased in the 50uM treated
sample compared to the control set (Figure 4.5 (a) and 4.5 (b); Table No. 4.3). The detailed

cell cycle distribution upon treatment of all the sets is given in Table No.4.3.

Cell Line Time Treatments G1 PHASE S PHASE G2/M PHASE
CONTROL 50.97 + 1.32 31.40 + 2,22 17.61 % 1.15
24hrs CID-6861424 25uM 43.37 £ 3.65 30.731£1.80 25.88 + 1.85
CID-6861424 50uM 41.15 £5.13 31.29 + 3.40 26.82+2.24
MDA-MB-231 CONTROL 60.86 + 0.89 17.26 + 2.57 21.85 + 2.85
CID-6861424 25uM 54.37 +3.14 17.63 £ 0.75 29.16 + 3.20
48hrs
CID-6861424 50uM 41.37 £ 0.40 23.0510.52 35.5610.71
CONTROL 65.71 £ 1.67 11.26 £ 0.10 23.00t1.76
CID-6861424 25uM 56.30 £ 2.02 11.05 + 0.95 32.62+2.92
72hrs
CID-6861424 50uM 44.00 = 2.15 15.87 + 2.59 40.10 +3.93

Table No 4.3 Cell cycle distribution of various cellular populations after exposure to CID-

6861424 at indicated time points.

Cyclin B is responsible for the progression of the cell cycle from “G, phase” to “M phase”
with the help of CDK-1. The p21 is a “cyclin-dependent kinase inhibitor (CKI)”,

whichinhibitscyclin/CDK complex.50puM CID-6861424 treated samples showeda significant
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reduction of Cyclin B1 and slight decrease in corresponding CDK-1. The treatment also

resulted in slight upregulation of p21 with increasing in the treatment time(Figure 4.6).

Time (hrs.) 0 24 48 72
1.00 1.03 0.37 0.44
D s = wem=  Cyclin B 1
—— e wmww | Actin
1.00 0.69 0.46 0.44
W G S | Actin
1.00 0.89 1.06 1.18
— — | 121
-— W wmp | Actin

Figure 4.6 50uM-CID-6861424treatment resulted in downregulation of cyclin B1, CDK-1 and
upregulation of p21 protein expression at the indicated time quantified with Image J software.

These results suggested that 50uM CID-6861424 treatment resulted in halting of MDA-MB-

231 cells at G,/Mphase of cell cycle progression.

4.2.3 CID-6861424 induces reactive oxygen species (ROS) generation and

mitochondrial membrane potential(Aym)depletion in MDA-MB-231
cell

Cancer cells have high ROS levels than normal cells and hence, are susceptible to a further
increase in the levels of ROS. ROS production was analysed by flow cytometry using

DCFH-DA dye in MDA-MB-231 cells post 72 hour CID-6861424 treatment.Samples

( 1
L 77 )
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treated with 25uM & 50uM CID-6861424 caused a significant increase in ROS generation

with respect to control. Doxorubicin was used as a positive control in this experiment. In

contrast, ROS generation in 25uM treated samples, was ~ 1.0 times higher as compared to

the control (DMSQ) whereas ~ 1.5 higher ROS generation was observed in 50uM treated

sample as compared to the control set (Figure 4.7 (a) and 4.7 (b); Table No. 4.4).

~~
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(b)

E@ Control (DMSO}
B3 CID-6861424 25uM ]
B cID-6861424 50uM 27

[0 Positive Control (Doxorubicin) 5 _ ]  Control (DMSO)

CID-6861424 50 uM

Doxorubicin
(Positive control)

Figure 4.7 CID-6861424 induced ROS generationin MDA-MB-231 cell: Bar-diagram and
histogram show enhanced (a) and (b). ROS generation indicated by increased DCF

fluorescence intensity post 72hours CID-6861424treatment.Mean + SD value (Data

represented was calculatedfor three independent experiments). ***P<0.001.

Cell Line Treatments 72hrs
CONTROL
56.57 + 0.86
MDA-MB-231 CID-6861424 25uM 62.29 +1.97
CID-6861424 50uM 84.09 +4.61
Positive Control 119.21 + 2.92
(Doxorubicin)
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Table No 4.4 CID-6861424 induced ROS generation in “MDA-MB-231” cell indicated by
increased DCF-DA fluorescence intensity post 72hrs treatment.

We further checked the mitochondrial membrane potential (Aym) with cationic fluorescent
dye Rhodamine 123 using flow cytometry after 72 hours of treatment as a measure of
disruption inAym. Doxorubicin was again used as a positive control in this experiment. The
treatment of 25uM resulted in approximately ~1.4 fold increase in disruptionofAym as
compared to the control. Whereas 50uM treatment resulted in almost ~1.7 fold enhansment

of Aymdisruptionas compared to control set (Figure 4.8 (a) and 4.8 (b); Table No. 4.5).

() (b)

S

K T Control (DMSO)
= 1500 1 &3 Control (DMSO) o ] o :
o _ = p
S b 3 CID-6861424 25,M ]
= - 27
oo 10001 ¥ = B CID-6861424 50uM w | CID-6861424 50 uM
=2 : " 52
=8 [ Positive Control (Doxorubicin} <
o = ] g
= 2 Doxorubicin
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PE o
= ] _-‘_,l"\
; e e ==l :"", . S

100 10! 102 10° 104
FlL1H

Figure 4.8CID-6861424 enhances dissipation of Aymin MDA-MB-231 cell: Bar-diagram and
histogram show enhanced (a) and (b)Aymdissipation detected by Rhodaminel23-dye in
“MDA-MB-231” cell post 72hours treatment with CID-6861424.Mean *+ SD value (Data

represented was calculatedfor three independent experiments). **P<0.01, and ***P<0.001.

Cell Line Treatments 72hrs
CONTROL
578.33 =+ 20.10
MDA-VIB-231 CiID-6861424 25uMm 810.00 + 49.32
CID-6861424 50uM 170.61 + 13.62
Positive Control 1350.70 £+ 48.23
(Doxorubicin)
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Table No 4.5 CID-6861424 enhances dissipation of Aym in MDA-MB-231 cell indicated by
increased Rhodaminel23-dye fluorescence intensity post 72hrs treatment.

These results suggested that 50uM CID-6861424 is a more lethal concentration for the cells
which significantly increases ROS generation and causes depletion of the Aymof MDA-

MB-231 cells as compared to 25uM CID-6861424 treated set as well as the control set.

4.2.4 CID-6861424 induces DNA damage and apoptotic cell deaths in MDA-
MB-231 cell

The elevated levels of ROS, disruption in Aym indicated that treatment of 50uM CID-
6861424might be inducing DNA damage leading to decreased cell viability. Further, DNA
damage was confirmed by immunofluorescence intensity of y-H2AX, an indicator of DNA
double strand break.50uM CID-6861424 treated cells exhibited ~ 5 fold increase in “y-
H2AX” intensity with respect to control set are shown in the immunofluorescence panels
and are bar-diagram (Figure 4.9 (a) and 4.9 (b); Table No. 4.6). Immunofluorescence data
is further supported by expression levels of y-H2AX protein as determined by western blot.
Cells treated with 50uM demonstratessignificant upregulation of y-H2AX with increasing in

the time (Figure 4.12 (a)).

(a) DIC DAPI y-H2AX MERGED

CONTROL (DMSO)

CID-6861424 50uM




Chapter-4

(b) : Kk :
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o
o
500- e e

Fold gamma-H2AX change

Control (DMSO)  CID-6861424 50uM
72 hour

Figure 4.9. 50uM CID-6861424 induced DNA damage in “MDA-MB-231” cell at 72 hours. 4.9
(a) 50uM CID-6861424 treatment resulted in y-H2AX foci formation and 4.9 (b) The bar-
diagram representation of increased fluorescence intensity of y-H2AX in MDA-MB-231 cell.
Mean + SD value (Data represented was calculatedfor three independent experiments).
***pP<(0.001.

Cell Line Treatments 72hrs

CONTROL 298.42 +24.45
MDA-MB-231 CID-6861424 50uM | 1438.72 £ 852.52

Table No 4.6 50uM CID-6861424 induced DNA damage in “MDA-MB-231” cell at 72 hours.

DNA damage could be further confirmed by immunofluorescence of p53. The p53 is a
tumor suppressor protein, which is also activated due to the DNA damages, which tanscribes
p21 resulting in p21 protein expression and leading to cell cycle block and initiation of
repait of DNA. The treatment of 50uM CID-6861424 resulted in ~3.5 fold increase
innuclear p53 intensity as compared to control set respectively as shown by bar-diagram
(Figure 4.10 (a) and 4.10 (b); Table No. 4.7). The p53 immunofluorescence data was

further confirmed by western blot analysis. 50uM treated cells demonstrated an upregulation
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of p53 with increasein treatment time (Figure 4.12 (a)). The upregulation of nuclear p53

protein expression indicate cell cycle arrest leading to cell deaths.

( a) DIC

CONTROL (DMSO)

CID-6861424 50uM

(b)

Fold p53 change

DAPI

MERGED
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Control (DMSO) CID 6861424 50MM

72 hours

Figure 4.10(a) 50uM CID-6861424 induced p53 protein accumulation in “MDA-MB-231" cell

nucleus. (b) The bar-diagram representation of increased fluorescence intensity of p53 in the

nucleus of “MDA-MB-231” cell. Mean + SD value (Data represented was calculatedfor three

independent experiments). ***P<0.001.

Protein Expression Treatments 72hrs
Profile
CONTROL 4000.11 £ 540.01
p53

CiD-6861424 50uM

13784.89 £ 4154.56
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Table No 4.7 50uM CID-6861424 induced DNA damage in “MDA-MB-231” cell which is
confirm by enhanced fluorescence intensity of p53 protein in the “MDA-MB-231" cell nucleus.

This data further supported by apoptosis assay with annexin V and 7AAD dye based kit
using flow cytometry after 72 hours of treatment. Samples treated with different
concentration of CID-6861424, ranging from 25uM to 100uM, caused significantly
increased late apoptotic cells with increasing concentration as compared to the control. The
treatment of 50uM CID-6861424 resulted in ~1.7 fold increase in late apoptotic cells as
compared to the control. Whereas 75uM and 100uM treatment resulted in almost 4.5 and 9
fold increase in late apoptotic cells as compared to the control set respectively (Figure 4.11

(a) and 4.11 (b); Table No. 4.8).

(a) CONTROL (DMSO) CID-6861424 25uM  CID-6861424 50uM  CID-6861424 75uM  CID-6861424 100uM
2941042 ° 5.65 £ 0.30] } 8301047 2217+0.64 60.39+3.19

Annexin v

P bl . [ED CONTROL (DMSO)
3 el

o % B3 CID-6861424 25,M
e e B CID-6861424 50uM
o 40-

3 ' (D CID-6861424 75,M
Lo

2, > CID-6861424 100uM
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Figure 4.11. (a) CI1D-6861424 induces late apoptotic cell deaths dectectedby Annexin VV / 7AAD
kit (BD Biosciences) using flow cytometry and (b) The bar-diagram representation of increased
late apoptotic cell deaths with increasing concentration of CID-6861424 in “MDA-MB-231”
cell at 72 hours.Mean + SD value (Data represented was calculatedfor three independent
experiments). **P<0.01, and ***P<0.001.

Groups Damaged Cells | Late Apoptosis | Viable Cell | Early Apoptosis | Total Apoptosis
Control (DMSO) | 216019 | 294042 | 89561062 | 5.33:0.5 8.2

(ID-6861424 25uM | 2341024 | 5651030 | 85153061 | 6.85:047 125
CID-6861424 50uM | 5761022 | 830047 | 7965:040 | 6.41£0.06 14N

CID-6361424 75uM | 3111056 | 2217064 | 59591072 | 15120390 31.09

CID-6861424 100uM | 577167 | 60391319 | 22321146 | 11421027 7181

Table No 4.8 CID-6861424 induced late apoptotic cell death in “MDA-MB-231" cell at 72

hours.

This data was further confirmed by expression of apoptotic cell death-related proteins such
as Bcl-2 ““anti-apoptotic protein” and Bax “pro-apoptotic protein” as determined by western
blot data. 50uM CID-6861424 treated cells demonstrated upregulation of Bax and
downregulation of Bcl-2 leading to the enhanced the ratio of Bax/Bcl-2 with increasing
treatment time (Figure 4.12 (a) and 4.12 (b)).Apoptosis data was further confirmed by
western blot dat of survivin protein expression.Survivin acts as an anti-apoptotic protein,
which inhibits caspase activity and block cell deaths due to the overexpression of survivin
protein in a cancer cell. Decrease in survivin protein expression due to 50uM CID-6861424

treatment was detedted(Figure 4.12 (a)).
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of increasing Bax/Bcl-2 ratio with time dependent manner.
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Figure 4.12. (a)The upregulation of p53, y-H2AX, Bax and downregulation of Bcl-2, survivin
proteins expression in presence of 50uM CID-6861424 for the indicated time was observed by

western blotting and quantified with Image J software and (b) The bar-diagram representation
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These results suggested that 50uM CID-6861424 cells enhance ROS generation, cause
disruption in Aym, induces excessive DND damage and upregulate Bax/Bcl-2 ratio leading

to induction of mitochondrial dependent apoptotic cell death.

4.2.5 50uMCID-6861424 block the epithelial-mesenchymal transition (EMT)
via inhibiting the ERK cell survival pathway in MDA-MB-231 cell

The “extracellular signal regulated kinase (ERK)” pathway is a major signaling pathway of
“mitogen activated protein kinase (MAPK)” signaling pathway, activated by various
stimulations such as extracellular agents, growth factors, hormones and cellular stress,
which is responsible for cell proliferation, and differentiation of the cell. Raf family
members such as Raf-1, A-Raf and B-Raf are the main components of “MAPK/ERK kinase
kinase (MEKK)” pathway, that is phosphorylating on serine residues of “MAPK/ERK
kinase (MEK)” components ERK1/2, which is responsible for activation of certain
downstream proteins led to transcription of genes essential for mainly cell proliferation,
angiogenesis and epithelial-mesenchymal transition (EMT). 50uM CID-6861424 treated
cells shows downregulation of phosphorylated of ERK protein expression with increasing in
treatment time (Figure 4.13).

The ERK signaling pathway is responsible for inducing epithelial-mesenchymal transition
(EMT) via downregulation of epithelial cell junction proteins such as “E-cadherin” and
upregulation of mesenchymal cytoskeleton proteins such as “vimentin”. This in turn
resulting in high rate of malignancy properties in TNBC patients. 50uM CID-6861424
treated cells shows downregulation of vimentin protein expression with increasing treatment

time(Figure 4.13).
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Figure 4.13.50uM CID-6861424 block the ERK cell survival pathway in “MDA-MB-231" cell
and epithelial mesenchymal transition (EMT) due to the downregulation of phosphorylated
ERK and vimentin proteins expression at the indicated time andquantified with Image J

software.
These results suggested that, treatment of 50uM CID-6861424 induces mitochondria

mediated cellular apoptotic cell deaths by inhibition ofepithelial-mesenchymal transition

(EMT) and ERK cell survival pathway in MDA-MB-231 cell.

4.3 Discussion

Breast cancer is affecting the women all over the world and morbidity of breast cancer has
been increasing since the 1970s(Bielawski et al., 2002; Chun et al., 2015).Majority of breast
cancer cases are associated with deregulation of hormone receptors. Certain breast cancers
lack hormone receptors and are thus called as “hormone-receptor negativebreast cancer”.

“Triple negative breast cancer (TNBC)” is one such type of cancer which exhibits
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aggressive nature and frequently develops resistivity against drugs used in such
pathophysiology. Moreover, prolonged treatment and or overdosing of “anti-cancer drugs”
are often accompanied with strong toxic side effects. The aggressive and resistant behavior
of TNBC is further ameliorated by mutations inp53 and BRCA1 proteins which are
otherwise common chemotherapeutic targets, making its treatment challenging. In light of
this, developing the efficient and low toxic compound, could be crucial for breast cancer
chemotherapy. In the present study, we investigated on a sulfonamide derivative and found
it to have potential anti-cancerous property in “MDA-MB-231"cells.The cell viability data
suggest that, CID-6861424 significantly inhibit the MDA-MB-231 cell growth with doses
and time dependent manner. MDA-MB-231 cell morphology also changed in the presence
of an increasing concentration of CID-6861424. Cellular morphology is often used to
characterize cellular health. 1Csy value of this compound is 50uM and significantly inhibited
the “MDA-MB-231"cell growth and also changed the cell morphology with abnormal
physiology such assmall and roundish as compared to the control with dense cytoplasm and
irregular cell membrane. Further, features like dense cytoplasm and membrane protrusions
can be an indicator of cellular stress and apoptosis(Decoster et al., 2010; Hacker, 2000).The
aggressive nature of cancer cells is often reciprocated by their strong migratory potential.
Thus, to evaluate the effect of CID-6861424, we performed wound healing assay and it was
observed that the 50uM satisfactorily inhibited cell migration. Cancer cells can multiply
indefinitely and to determine their post treatment clonogenic potentials, colony formation
assay is performed(Franken et al., 2006). In the present study, the 50uM significantly
reduced the clonogenic ability of MDA-MB-231cells. The data from cell viability,

morphology, “wound healing” and colony formation assays indicated that 50uM CID-
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6861424 successfully inhibiting MDA-MB-231 cell growth. We analyzed the effects of
CID-6861424 on cell cycle profile of MDA-MB-231 cells to unravel the mechanism
underling. The cell cycle is a complex and tightly regulated process. Unrestrained and
irregular cell cyce regulation resulting in uncontrolled cell division is one of the hallmark of
cancer. The cell cycle data suggest that, treatment of “MDA-MB-231" cells with CID-
6861424 resulted in the significantly G,/Mphase arrest as compared to the control set.
Cyclin B is form an active complex with CDK-1 after it gets dephosphorylated by
phosphatase family members such as Cdc25, which is essential for G2 phase to M phase cell
cycle progression (Fisher et al., 2012; Gavet and Pines, 2010; Jang et al., 2016). The results
indicated that, the ICsy value of CID-6861424 disturb the “cyclin B-CDK-1 complex”
formation due to the downregulation of cyclin B and CDK-1protein expression. The p21 is a
“cyclin-dependent kinase inhibitor (CKI)”, that inhibits“cyclin/CDK complexes” formation
after DNA damage leading to cell cycle arrest at different phases (Cazzalini et al., 2010;
Piccolo and Crispi, 2012). The cell cycle data was supported by upregulation of p21 protein
expression.DNA damage activates p53 which in turn transcribes p21 leading to cell cycle
arrest (Piccolo and Crispi, 2012). One of the regulator of cellular homeostais is intracellular
ROS which is strictly regulated in the normal cells.Cellular exposure to chemotherapeutics
drugs causes water radiolysis and results in release of free superoxide (O,*) and
perhydroxyl (HO®) radicals collectively called ROS (Azzam et al., 2012). These “free
radicals” are highly reactive and interact with biomolecules including DNA causing damage
and oxidative stress (Azzam et al., 2012). Cancer cells comparatively have higher ROS
levels and is one of the major causative factor for oncogenesis (Panieri and Santoro, 2016;

Schumacker, 2006; Wang and Yi, 2008). Apart from generation of high levels of ROS,
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cancer cells generate high levels of antioxidant proteins such as GSH, catalase, SOD etc.
that can quench excess ROS (Liou and Storz, 2010) thus maintain ROS homeostasis. Most
of the cancer therapies target the ROS level of cancer cells which is either downregulated by
means of antioxidants and other phytochemicals (Ahmad and Mukhtar, 2013)or unregulated
by means of chemotherapeutic compounds (Pelicano et al., 2004; Trachootham et al.,
2009)and physical agents like radiation (Azzam et al.,, 2012). Thus, we analysed the
generation of cellular ROS post 72 hour treatment. The treatment of 25uM CID-6861424
increased ROS levels, however a significant increase in levels of ROS was observed in
50uM CID-6861424 treated set as compared to control set. Due to high level of antioxidant
expression in cancer cells, ROS generated after 25uM CID-6861424 treatment may have
neutralized ROS and the net charge in ROS level show was not high. In case of 50uM
treatment, ROS generation might have been very hight and even the high level of
antioxidants available in cancer cells failed to neutralize it leading to detection of significant
change ROS level. In mammalian cells elevated levels of ROS can lead to disruption of
Aym(Banki et al., 1999; Fonseca-Silva et al., 2011; Johnson et al., 1996) resulting in
mitochondrial mediated cellular apoptosis (Reed et al., 1998). Thus, to investigate
mitochondrial membrane potential status, we further studied the effects of the CID-6861424
treatment on Aym in MDA-MB-231 cells. 25uM CID-6861424 treated MDA-MB-231 cells
caused disruption in Aym, while their 50M comparatively caused significant disruption in
Aym. Over production of ROS can also induce DNA damage due to oxidative stress. y-
H2AX is associated with the repair of double strand (ds) DNA breakage/damage induced by
exposure to chemotherapeutic drugs, oxidative stress, radiation, etc. and is considered as a

marker of ds DNA breakage (Dickey et al., 2009). In the present study, treatment of 50uM
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CID-6861424 resulted in increased expression of y-H2AX with increasing treatment time.
Further, at 72 hours post treatment, microscopic investigation of y-H2AX foci clearly
demonstrates that the 50uM treatment leads to excessive DNA damage as compared to
DMSO control. The western blot and microscopic analysis of y-H2AX clearly indicate that
50uM CID-6861424 induced ds DNA breaks in “MDA-MB-231" cells. The p53 is a tumor
suppressor protein, which is overexpressed due to the excessive DNA damage by exposure
to chemotherapeutic drugs and oxidative stress etc. (Hientz et al., 2017). It is a well-known
protein that guards gainst“DNA damage” via cell cycle arrest, DNA repair and apoptosis
(Bargonetti and Manfredi, 2002; Chiang et al., 2013; Klein and Vassilev, 2004; Ko and
Prives, 1996; Levine, 1997; SMITH et al., 2003). Our results show that cell on exposure to
CID-6861424 caused upregulation of p53 protein level in “MDA-MB-231" cells with
increasing treatment time and these result were further confirmed by immunofluorescence
data. Increased ROS, depletion in Aym due to the DNA damages can be induce the cell
death caused due to apoptosis. The apoptosis confirms via annexin V/ 7AAD assay using
flow cytometry.“MDA-MB-231" cells treated with increasing concentration of CID-
6861424 induced significantly increased late apoptotic cells as compared to the DMSO
control. The upregulation of p53 protein level in the cell, indicates activation of
mitochondrial depended apoptotic cell deaths and enhance the ratio of pro-apoptotic/anti-
apoptotic proteins level in the cell (Chipuk and Green, 2004). Bcl-2 and Bax an anti-
apoptotic and apoptotic proteins, respectively are closely linked with mitochondrial
apoptosis. Localized in the outer mitochondrial membrane, Bcl-2 is reported to inhibit
opening of “mitochondrial membrane permeability transition pores”(Zamzami,

1996)through perpetuation of NADPH(Esposti et al., 1999; Kowaltowski et al.,
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2000),leading to decrease in proteins accountable for its opening(Kowaltowski et al., 2001).
It also results in blocking of release of apoptogenic proteins in apoptosis inducing
environment(Daugas et al., 1996; Kluck, 1997; Yang et al., 1997; Zamzami, 1996). Besides,
Bcl-2 is also reported to quench oxidative stress by inhibiting lipid per-oxidation
(Hockenbery et al., 1993).In case of 50uM treated cells, ratio of Bax/Bcl-2 level was
significantly high with increase in treatment time and induced mitochondrial mediated
apoptosis. These results were further confirmed by downregulation of survivin protein
expression with increasing time, which is observed by western blotting. Survivin protein act
as anti-apoptotic protein, which is overexpressed in the cancer cell and inhibit apoptotic cell
deaths by blocking the caspases activity (Mittal et al., 2015). Thus, prolonged G,/Mphase
arrestdue to inhibition of “cyclin B-CDK-1 complex” formation, overproduction of ROS
resulted in DNA damage and disruption in Aym followed by upregulation of p53, p21, y-
H2AX, Bax, and downregulation of Bcl-2&survivin leading to mitochondrial mediated
apoptosis in 50uM CID-6861424 treated sample.

In TNBC Patients, “mitogen activated protein kinase (MAPK)” signaling pathway is a well-
known activated pathway. “Extracellular signal related kinases (ERK)”, is a one of the
important member of “MAPK signaling pathway”, which is essential for cell proliferation,
differentiation, cell survival, angiogenesis and high rate of “epithelial-mesenchymal
transition (EMT)”(Bartholomeusz et al., 2012; McCawley et al., 1999; Miglietta et al.,
2006).

Raf family members are the main component of ERK signaling pathway, which is

phosphorylated of ERK1/2 at serine residues resulting in activation of ERK and leads to
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high rate of cell proliferation and cell survival. Activated MAPK signaling in TNBC
promote, cancer cells are metastasis into lymph nodes (Adeyinka et al., 2002).

TNBC is a more aggressive type of breast cancer and difficult to treat due to lack of
hormonal based therapies. TNBC has a high rate of epithelial-mesenchymal transition
(EMT) withdownregulation of epithelial cell junction proteins such as “E-cadherin” and
upregulation of mesenchymal cytoskeletal proteins such as “Vimentin” resulting in
metastasis(Arias, 2001; Thompson and Newgreen, 2005).

ICso value of CID-6861424 inhibit of ERK signaling pathway and “epithelial-mesenchymal
transition (EMT)”was confirmed by western blotting data, downregulation of
phosphorylated ERK and vimentin proteins expression in “MDA-MB-231" cell was
observed. The 50uM CID-6861424 induced mitochondrial mediated apoptotic cells death in
“MDA-MB-231" cell due to the inhibition of epithelial-mesenchymal transition (EMT) and

ERK cell survival pathway.

4.4 Conclusion

CID-6861424 inhibits cell growth, suppresses cell migration potential, promotes G,/M phase
cell cycle arrest, elevates ROS generation, deplets of mitochondrial membrane potential and
increases DNA damage. This resulted in mitochondrial mediated apoptotic cell death via
downregulation of phosphorylated ERK protein expression level resulting in inhibition of
ERK cell survival pathway. The treatment also inhibit epithelial-mesenchymal transition
(EMT) in MDA-MB-231 cells. Based on results a model is proposed (Figure 4.14)CID-

6861424 can be used as an anticancer agent to improve chemotherapy for TNBC.
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CHAPTER-D

CID-6861424 1S NON-TOXIC IN IN-VITRO AS WELL AS IN-VIVO
STUDIES

5.1 Introduction
Chemotherapy is one of the most common choices in the treatment of cancer, particularly
in the early stage. Chemotherapeutics are also administered as adjuvants along with
radiotherapy and/or immunotherapy. Mechanistically most anti-cancer drugs are cytotoxic
in nature and thus also show cytotoxicity to healthy cells. The cancer cells are normal cells
harboring cellular insults and thus chemotherapeutics often fail to differentiate and also
induce toxicity to healthy cells. Pharmacovigilance is a branch where evaluation and
assessment of benefits and risks of chemotherapeutics is carried out (Meyboom et al.,
1999). Almost all commercial drugs are screened for their adverse effects, yet many of
them show prominent side effects. Many anti-cancerous drugs like “Doxorubicin”,
“Paclitaxel”, “Cisplatine”, “Anthracyclines”, “Tamoxifen” etc. show side effects like
anaemia, thrombocytopenia, nausea, diarrhea, myelopathy, neuropathy, hypersensitivity,
cardiac, hepatic and renal toxicity etc (GB. McDonald, 1984; McGowan et al., 2017,
Phillips, 2001; Remesh, 2012). Besides, studies have shown that many novel drugs fail in
clinical trials due to their severe side effects (Hwang et al., 2016). Small chemical drug like
molecules are potent but the two major concerns regarding their use is the toxicity of the
parent compound and their acquired toxicities and drug resistance post metabolism (Akhdar
et al., 2012; Filipa Reis-Mendes et al., 2015; Hrynchak et al., 2017). Thus, evaluation of

side effects of anti-cancer drugs is required for the risk management of such drugs.
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The present study concurs the requirement of pharmacovigilance of novel compounds and
thus presents a systematic evaluation of such canonical parameters often used in
pharmacovigilance. The study aims to evaluate the “in-vitro” and “in-vivo” effects of CID-
6861424 in NIH3T3 cells and female “BALB/c” mice. Using “in-vitro” cell based assay
like cell viability, cell morphology, cell migration, cell cycle and levels of ROS and
changes in Aym, we have determined the effects of CID-6861424 in comparison to control
(DMSO). Also, analysis of “DNA damage” by comet assay in whole blood and bone
marrow cells in CID-6861424 treated female BALB/c mice was carried out. Besides,
effects of CID-6861424 treatment on the routine parameters like ROS, lipid peroxidation,
GSH, SOD and catalase as indicative of oxidative stress were also evaluated in blood, liver,

kidney and spleen of female BALB/c mice.
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5.2 Results

5.2.1 Invitro evaluation of toxic effects of CID-6861424 in NIH3T3 cells
In previous chapters, we have shown that CID-6861424 alone at 50uM induces apoptosis in
MCF-7 and MDA-MB-231 breast cancer cells by targeting Akt cell proliferation and ERK
cell survival pathway(The detail is provided in the section of chapter-3 and 4). Thus, to
evaluate the effects of CID-6861424 at 25uM and 50uM CID-6861424 in non-cancerous
fibroblast cells (NIH3T3) following studies were performed.

5.2.1.1 Effect of CID-6861424 on NIH3T3 cell viability and morphology
In previous chapters treatment of CID-6861424 at 50uM induced apoptosis in breast cancer
cell lines at 24 hours, 48 hours and 72 hours of treatment, thus NIH3T3 cells were also
treated with 25uM and 50uM of CID-6861424 and no significant effect on cell viability
was observed at indicated time interval(Figure 5.1; Table 5.1).Also in comparison to
control (DMSO), no significant changes in cell morphology was observed post 72 hours of
treatment of CID-6861424 25uM and 50pM (Figure 5.2).
The cell viability and morphology data demonstrates that CID-6861424 at 25uM and

50uMtreatment is non-toxic to normal cells
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Figure 5.1 Cell viability of NIH3T3 cell at 24 hours, 48 hours and 72 hours of treatment of
CID-6861424 at 25uM and 50uM in comparison to control (DMSO) treated cells. Each bar-
diagram represents the calculated values of percentage of viable NIH3T3 cells and are mean
+SD with n=3.

Time after treatment Treatments NIH3T3
CONTROL 95.21+0.64

24 hrs CID-6861424 25uM 94.60%0.33
CID-6861424 50uM 93.0310.63

CONTROL 98.27+0.31

48 hrs CID-6861424 25uM 98.0410.75
CID-6861424 50uM 95.67+0.05

CONTROL 98.27+0.11

72 hrs CID-6861424 25uM 98.53+0.19
CID-6861424 50uM 96.95+0.65

Table 5.1 Percentage of viable NIH3T3 cells at 24 hours, 48 hours and 72 hours of treatment
of CID-6861424 25uM and 50uM in comparison to control (DMSO).

Control (DMSO) CiD-6861424 25uM CID-6861424 50pM

Figure 5.2 Cell morphology of NIH3T3 cell line post 72 hour of treatment of CID-6861424 at
25puM and 50puM, in comparison to control (DMSO) treated cells at 20X magnification.
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5.2.1.2 Effect of CID-6861424 on NIH3T3 cell migration potential
In previous chapters, treatment of CID-6861424 significantly inhibited migration of breast
cancer cells. To study their effects in NIH3T3 cells, cell migration study was carried out.
After 72 hour of treatment of CID-6861424 alone at 25uM and 50uM did not inhibited cell

migration and the length of the scratch was almost similar to control (DMSO) (Figure 5.3).

Control (DMSO) CID-6861424 25 pM CID-6861424 50 pM

- .
dE 33

Figure 5.3 Cell-migration at 20X magnification in control (DMSQO), CID-6861424 at 25uM
and 50uM NIH3T3 cell line at 72 hour.

0 HRS

72 HRS

5.2.1.3 Effect of CID-6861424 on NIH3T3 cell cycle profile
CID-6861424 induces cell cycle arrest in breast cancer cell line. Thus, cell cycle analysis
was carried out in NIH3T3 cells to assess the effects of CID-6861424 post 72 hour of
treatment. The cell cycle data shows that CID-6861424 at 25uM and 50uM did not affected
NIH3T3 cell cycle and the cell cycle profile of control (DMSO) treated cells was similar to
that of CID-6861424 25uM and 50uM treated cells and no significant changes were

observed (Figure 5.4). A detail analysis of different cell cycle stages of NIH3T3 cells in
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response to control (DMSO), CID-6861424 25uM and CID-6861424 50uM treatment at 72

hour is described in Table 5.2

Control (DMSO) CID-6861424 25uM CID-6861424 50uM
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Figure 5.4 Cell cycle profile of NIH3T3 cells post 72 hour of treatment with CID-6861424
25uM and 50uM with respect to control (DMSO).

Cell Line | Time Treatments G1 PHASE S PHASE G2/M PHASE
CONTROL (DMSO) 71.49+1.04 19.26+0.07 9.22+1.12

NIH3T3 72hrs [ cID-6861424 25uM 76.0912.06 20.77+2.36 3.12+4.41
CID-6861424 50uM 71.34+0.92 20.22+0.60 8.42+0.32

Table 5.2 Different phases of NIH3T3 cell cycle post 72 hour of treatment with CID-6861424
25uM and 50uM with respect to control (DMSO).

5.2.1.4 Effect of CID-6861424 on generation of reactive oxygen species and
disruption of mitochondrial membrane potential (Aym) in NIH3T3
cell

In our previous studies on breast cancer cell lines, CID-6861424 enhanced intracellular
ROS production leading to disruption of Aym and causing apoptosis. Thus, ROS
generation and changes in Aym of NIH3T3 cells in response to CID-6861424 treatment

was instigated using DMSO as control and doxorubicin as positive control. The ROS
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production was measured by changes in fluorescence of DCF (2', 7' —dichlorofluorescein);

an oxidized form of DCFDA (2',7' —dichlorofluorescein diacetate). There was no significant

change in fluorescence data in control (DMSO) and CID-6861424 treated sets (25uM and

50uM), while the doxorubicin positive control set showed significantly higher fluorescence

indicating generation of ROS (Figure 5.5 (a) and 5.5 (b); Table 5.3). Similarly, Aym is

measured by change in fluorescence of rhodamine 123 dye, where the more stable the

Aym, less is the fluorescence. Treatment of NIH3T3 cells with control (DMSO) and CID-

6861424 treated sets (25uM and 50uM) showed similar fluorescence of rhodamine 123,

while the doxorubicin positive control set showed positive shift in fluorescence peak

indicating disruption of Aym (Figure 5.6 (a) and 5.6 (b), Table 5.4). Thus, the generation

of ROS and disruption of Aym data clearly shows that CID-6861424 at 25uM and 50pM

has no effect on ROS production and Aym disruption in NIH3T3 cells.
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Figure 5.5 (a)Analysis of mean fluorescence intensity of DCF in NIH3T3 cell in response to
treatment of control (DMSO), CID-6861424 25uM, CID-6861424 50uM and doxorubicin.

(b)ROS production profile as a measure of change in fluorescence intensity of DCF in
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response to control (DMSO) (blue peak), CID-6861424 25uM (green peak), CID-6861424
50uM (magenta peak) and doxorubicin (brown peak) treatment in NIH3T3 cells after 72
hour. Each histogram represents the calculated value of mean fluorescence intensity of
DCF.Mean *= SD value (Data represented was calculatedfor three independent

experiments).***p<0.001.

Cell Line Treatments Mean fluorescence
intensity (DCF)
CONTROL 52.90+1.37
NIH3T3 CID-6861424 25uM 53.07 £ 0.33
CID-6861424 50uM 65.07 £ 0.41
Positive Control (Doxorubicin) 140.25 + 15.97

Table 5.3 Mean fluorescence intensity of DCF in NIH3T3 cell in response to treatment of
control (DMSO), CID-6861424 25uM, CID-6861424 50uM and doxorubicin.
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Figure 5.6 (a)Analysis of mean fluorescence intensity of rhodamine 123 dye in NIH3T3 cell in
response to treatment of control (DMSO), CID-6861424 25uM, CID-6861424 50uM and
doxorubicin.(b)Analysis of Aymdisruption profile as a measure of change in fluorescence
intensity of rhodamine 123 dye in response to control (DMSQO) (blue peak), CID-6861424
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25uM (green peak), CID-6861424 50uM (magenta peak) and doxorubicin (brown peak)
treatment in NIH3T3 cells after 72 hour. Each histogram represents the calculated value of
mean fluorescence intensity of Rhodamine 123 dye.Mean + SD value (Data represented was

calculatedfor three independent experiments).***p<0.001.

Cell Line Treatments Mean fluorescence intensity
(Rhodamine 123)

CONTROL 16.16 + 0.71
NIH3T3 CID-6861424 25uM 16.66 + 0.93
CID-6861424 50uM 14.96 + 0.15

Positive Control (Doxorubicin) 29.15+0.97

Table 5.4 Mean fluorescence intensity of Rhodamine 123 in NIH3T3 cell in response to
treatment of control (DMSO), CID-6861424 25uM, CID-6861424 50uM and doxorubicin.

5.2.2 In vivo evaluation of toxic effect of CID-6861424 in female BALB/c
mice
The in vitro effects of CID-6861424 were evaluated in NIH3T3 cells using different cell
culture based assays. Further, to evaluate the effects of CID-6861424 in mice model,
following parameters were evaluated to study the toxic effects of CID-6861424.
5.2.2.1 CID-6861424 treatment does not induce significant change in body
weight of female BALB/cmice
Chemotherapy may increase or decrease body weight and such changes are induced due to
altered metabolism upon treatment. Thus, we monitored the body weights of control
(DMSO) and CID-6861424 (5mg/kg and 10mg/kg) treated female BALB/c mice. The

initial mean body weight for each set i.e. Set-1 control (DMSO), Set-2 (5mg/kg body
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weight) and Set-3 (10mg/kg body weight) of CID-6861424 was approximately 25+2.0 g.
No significant change in body weight was found during the course of treatment of 30 days
(Figure 5.7). During the study, initially the body weight in all the groups declined to 15 to
20 g, but as the study proceeded there was stability in the body weights amongst all the
groups from day 5 to day 12. The body weight of animals in all the groups then increased
and further no decline in body weight was observed from day 13 onwards. The comparative
body weight data clearly shows that treatment of CID-6861424 does not induces any
significant change in the body weights in both Set-2 and Set-3 as compare to the Set-1

control (DMSO).

T 307 — Control (DMSO)

=]

£ — 5mglkg (CID-6861424)
£ 25 — 10mg/kg (CID-6861424)
S

=

2

b1 20-

m

c

(1]

[1F]

= 15 T T T T T T

Days
Figure 5.7 Comparative body weight graphs amongst the three treated groups with n=4: Set-1
control (DMSO) in red, Set-2 (5mg/kg body weight) in blue and Set-3 (10mg/kg body weight)

in green.
5.2.2.2 CID-6861424 treatment does cause DNA damage in blood and bone
marrow of female BALB/cmice
To study the effect of CID-6861424 treatment on DNA, comet assay in whole blood and

bone marrow cells was performed in all the three treated groups. Alkaline comet assay is a
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strong and standard technique used to analyze DNA damage indicated by formation of
comet like appearance, where the distortion of nucleus (comet head) and tail lengths
represent extension of DNA damage. The alkaline “comet assay” is based on the principal
that DNA when damaged will lose its structural integrity and in response charge the
fragmented DNA will travel more than the non-fragmented DNA. Thus the fragmented
DNA appears as a smear called as “comets” when observed under fluorescence microscope
upon ethidium bromide staining. Treatment of CID-6861424 does not show any significant
“DNA damage” in the whole blood and bone marrow cells. The comet assay data from
whole blood cells clearly shows that the nucleus in all the three treated groups is uniform

showing smooth boundaries without forming any tail (Figure 5.8).

Set-1 CONTROL (DMSO) Set-2 (5mg/Kg) Set-3 (10mg/Kg)

Figure 5.8 Comparative analysis of DNA damage by comet formation in whole blood cells in all
the three treated group: Set-1 control (DMSO), Set-2 (5mg/kg body weight) and Set-3 (10mg/kg
body weight) treated cells.

The comet assay data from bone marrow cells in all three treated group shows similar
morphologies of comets with few cells forming comets and few cells showing prominent
circular morphological features having smooth boundaries. The similarities of comets
amongst all three treated groups in bone marrow cells show that CID-6861424 treatment

does not induce in bone marrow cells (Figure 5.9).
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Set-1 CONTROL (DMSO) Set-2 (5mg/Kg) Set-3 (10mg/Kg)

Figure 5.9 Comparative analysis of “DNA damage” by comet formation in bone marrow cells in
all the three treated groups: Set-1 control (DMSO), Set-2 (5mg/kg body weight) and Set-3
(10mg/kg body weight) treated cells.

5.2.3 Analysis of canonical oxidative stress parameters in CID-6861424

treated blood, liver, kidney and spleen of female BALB/cmice with n=4

5.2.3.1 Evaluation of CID-6861424 on reactive oxygen species (ROS)
Reactive oxygen species are used as markers of oxidative stress which causes damage to
DNA by free radicals. Thus, we determined the levels of ROS generated in response to
CID-6861424 treatment in female BALB/c mice. The blood ROS levels in Set-1 (control
(DMSO) treated group) was 2.53+0.27 which was similar to CID-6861424 treated Set-2
(5mg/kg body weight) and Set-3 (10mg/kg body weight) treatments with mean values of
2.39+0.12 and 2.22+0.22 respectively. The liver ROS mean values for Set-1, Set-2 and Set-
3 were also in the same range with 12.38+0.13 for Set-1, 12.45+0.05 for Set-2 and
12.36+0.21 for Set-3 respectively. The mean value for ROS levels in kidney was
13.27+0.70 for Set-1, 13.17+0.74 for Set-2 and 13.25%0.55 for Set-3. Similarly there were
no significant changes in spleen ROS values between control and CID-6861424 treated
groups with 4.92+1.05 for Set-1, 5.06+0.26 for Set-2 and 4.82+0.45 for Set-3 (Figure 5.10

& Table 5.5).
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Figure 5.10The amount of ROS measured as active DCF formed/minute/ml of RBCs or per
mg tissue and its fluorescent intensity was determined in (A) blood, (B) liver, (C) kidney and
(D) spleen of female BALB/c mice upon CID-6861424 treatment: Control (DMSO) (Set-1),
treatment of 5mg/kg body weight of CID-6861424 (Set-2) and treatment of 10mg/kg body
weight of CID-6861424 (Set-3). Each histogram represents the calculated value of ROS and

are mean +SD with n=4.

Set-2 Set-3
) Set-1 5 mg/kg body wt 10 mg/kg body wt
Tissue/Organ Control (Vehicle only) | (alternatively for 30 (alternatively for 30
days) days)
Blood 2.53+0.27 2.39 £ 0.12 2.22%0.22
Liver 12.38 £ 0.13 12.45 + 0.05 12.36 + 0.21
Kidney 13.27 £ 0.70 13.17 £ 0.74 13.25 + 0.55
Spleen 4.92 + 1.05 5.06 £ 0.26 4.82 +0.45

Table 5.5 Levels of ROS in blood, liver, kidney and spleen in CID-6861424 treated female
BALB/c mice (n=4)
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5.2.3.2 Evaluation of CID-6861424 on lipid peroxidation by measurement of
Thiobarbituric acid reactive substances (TABARS)

Lipid peroxidation is also used as a marker of oxidation induced cellular stress. Increase in
lipid peroxidation leads to generation of ROS and thus increase in lipid peroxidation can be
used as marker of DNA damage by oxidizing agents (Niki, 2008). Lipid upon peroxidation
produce malondialdenyde (MDA) as one of the by-products, which when reacts with
thiobarbituric acid (TBA) is used as an index of lipid peroxidation (Del Rio et al., 2005).
The level of lipid peroxidation upon CID-6861424 treatment was thus evaluated in female
BALB/c mice by TBARS assay. The blood lipid peroxidation levels in Set-1 (control
(DMSO) treated group) was 284.20+10.86 which was similar to CID-6861424 treated Set-3
(10mg/kg body weight) 269.09+16.68. However the values of lipid peroxidation in CID-
6861424 treated Set-2 (5 mg/kg body weight) was significantly low with mean value of
226.91+45.43. The liver lipid peroxidation mean values for Set-1, Set-2 and Set-3 were in
the same range with 103.49+13.48 for Set-1, 107.11+16.71 for Set-2 and 109.33+7.13 for
Set-3 respectively. The mean value for lipid peroxidation levels in kidney was 123.46+4.85
for Set-1, 114.20+0.20 for Set-2 and 13.25+0.55 for Set-3. Similarly there were no
significant changes in spleen lipid peroxidation between control and CID-6861424 treated
groups with and the calculated mean TBARS values were 4.92+1.05 for Set-1, 5.06+0.26

for Set-2 and 4.82+0.45 for Set-3 (Figure 5.11 & Table 5.6).
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Figure 5.11The amount of TBARS formed and measured as concentration in nm/ml of blood

or per mg of tissue as an indicator of lipid peroxidation in (A) blood, (B) liver, (C) kidney and
(D) spleen of female BALB/c mice upon CID-6861424 treatment: Control (DMSO) (Set-1),
treatment of 5mg/kg body weight of CID-6861424 (Set-2) and treatment of 10mg/kg body
weight of CID-6861424 (Set-3). Each histogram represents the calculated value of TBARS

and are mean £SD with n=4.

Set-2 Set-3
: Set-1 5 mg/kg body wt 10 mg/kg body wt
Tissue/Organ Control (Vehicle only) | (alternatively for 30 (alternatively for 30
days) days)
Blood 284.20 + 10.86 226.91 * 45.43 264.09 £ 16.68
Liver 103.49 £ 13.48 107.11 £ 16.71 109.33 + 7.13
Kidney 123.46 + 4.85 114.20 £ 20.38 120.21 £ 3.46
Spleen 91.85+7.79 99.84 + 9.33 90.45 + 14.29

Table 5.6 Levels of TBARS in blood, liver, kidney and spleen in CID-6861424 treated BALBI/c

mice (n=4)
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5.2.3.3 Evaluation of CID-6861424 on reduced glutathione tri-peptide GSH

for assessment of reducing equivalence
Cells encounters number of injuries in response to free radicals and GSH a small non-
protein sulfhydryl comprising of three amino acid sequence Gly-Ser-His is the key player
which neutralizes free radicals and repair cellular injuries by oxidation-reduction catalysis.
Besides it also reduces the toxic effects of anti-neoplastic drugs (Arrick and Nathan, 1984).
The level of GSH upon CID-6861424 treatment was thus evaluated in female BALB/c
mice. The blood GSH levels in al the three groups was amost same with values of
0.53+£0.0 for Set-1 (control (DMSO) treated group), 0.49+0.07 and 0.50+0.05 for CID-
6861424 treated Set-2 and Set-3. The liver GSH mean values for Set-1, Set-2 and Set-3
were also in the same range with 42.81+0.46 for Set-1, 43.46+0.21 for Set-2 and
43.69+0.76 for Set-3 respectively. The mean GSH value in kidney was 95.81+0.50 for Set-
1, 94.08+£1.46 for Set-2 and 95.76+0.80 for Set-3. Similarly there were no significant
changes in spleen mean GSH values between control and CID-6861424 treated groups with
62.67+1.15 for Set-1, 61.62+0.54 for Set-2 and 62.51+0.59 for Set-3 respectively (Figure

512 & Table5.7).
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Figure 5.12The amount of GSH measured as concentration in pg/ml in blood and mg/gm of
tissue samples in (A) blood, (B) liver, (C) kidney and (D) spleen of female BALB/c mice upon
CID-6861424 treatment: Control (DMSO) (Set-1), treatment of 5mg/kg body weight of CID-
6861424 (Set-2) and treatment of 10mg/kg body weight of CID-6861424 (Set-3). Each
histogram represents the calculated value of GSH and are mean +SD with n=4.

Set-2 Set-3
: Set-1 S mg/kg body wt 10 mg/kg body wt
Tissue/Organ Control (Vehicle only) | (alternatively for 30 (alternatively for 30
days) days)
Blood 0.53 £ 0.00 0.49 £ 0.07 0.50 £ 0.05
Liver 42.81 + 0.46 43.46 + 0.21 43.69 £ 0.76
Kidney 95.81 £ 0.50 94.08 £ 1.46 95.76 + 0.80
Spleen 62.67 + 1.15 61.62 + 0.54 62.51 + 0.59

Table 5.7 Levels of GSH in blood, liver, kidney and spleen in CID-6861424 treated BALB/c mice
(n=4)

5.2.3.4 Evaluation of CID-6861424 on superoxide dismutase (SOD)activity

for assessment of free radical neutralization
Superoxide dismutase (SOD) is a group of enzymes which converts superoxides into
hydrogen peroxide activity and thereby reduces the harmful effects of by converting highly
reactive anions into stable form. These enzymes contain iron, copper and manganese ions
which serve as chelating agents and quench free radicals resulting in cellular repair
(Johnson and Giulivi, 2005). Thus we evaluated SOD activity in CID-6861424 treated
female BALB/c mice. The blood SOD activity levels in all the three groups was almost
same with values of 1.59+0.17 for Set-1 (control (DMSO) treated group), 1.61+0.26 and
1.52+0.18 for CID-6861424 treated Set-2 and Set-3. The mean values of SOD activity in

liver for Set-1, Set-2 and Set-3 were also in the same range with 0.46+0.01 for Set-1,
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0.47£0.02 for Set-2 and 0.46+0.01 for Set-3 respectively. The mean values of SOD activity

in kidney was 0.55+0.02 for Set-1, 0.56£0.02 for Set-2 and 0.55+0.01 for Set-3. Similarly

there were no significant changes in spleen mean values of SOD activity between control

and CID-6861424 treated groups with 0.58+0.02 for Set-1, 0.61+0.03 for Set-2 and

0.58+0.02 for Set-3 respectively (Figure 5.13 & Table 5.8).
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Figure 5.13Measurement of SOD activity as Unit of SOD/mg of protein/min in blood samples
and concentration of SOD in nm/gm of tissue in (A) blood, (B) liver, (C) kidney and (D) spleen
of female BALB/c mice upon CID-6861424 treatment: Control (DMSO) (Set-1), treatment of
5mg/kg body weight of CID-6861424 (Set-2) and treatment of 10mg/kg body weight of CID-
6861424 (Set-3). Each histogram represents the calculated value of SOD and are mean +SD

with n=4.
Set-2 Set-3
. Set-1 5 mg/kg body wt 10 mg/kg body wt
Tissue/Organ Control (Vehicle only) (alternatively for 30 (alternatively for 30
days) days)
Blood 1.59 + 0.17 1.61 + 0.26 1.52 £ 0.18
Liver 0.46 £ 0.01 0.47 £ 0.01 0.46 + 0.01
Kidney 0.55 £ 0.02 0.56 + 0.02 0.55 £ 0.01
Spleen 0.58 + 0.02 0.61 £ 0.03 0.58 £ 0.02
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Table 5.8 Levels of SOD activity in blood, liver, kidney and spleen in CID-6861424 treated
BALB/c mice (n=4)

5.2.3.5 Evaluation of CID-6861424 on catalase activity for assessment of

hydrogen peroxide catabolism
Catalase is an enzyme that cleaves hydrogen peroxide into water and oxygen and mediates
the final step of neutralizing free radicals (David and F., 1938). Thus, catalase activity was
also evaluated in CID-6861424 treated female BALB/c mice. The means blood catalase
activity values were slightly higher in Set-1 (control (DMSO) treated group) with values of
777.21 + 56.58 while they were insignificantly lower in CID-6861424 treated Set-2 and
Set-3 with corresponding values of 662.96 + 98.47and 697.14 + 74.98 respectively. The
mean values of catalase activity in liver for Set-1, Set-2 and Set-3 were almost in the same
range with 178.30 + 3.93 for Set-1, 186.92 + 8.35 for Set-2 and 178.55 + 5.50 for Set-3.
The mean values of catalase activity in kidney were 166.89 + 8.64 for Set-1, 174.07 + 6.78
for Set-2 and 165.42 + 2.24 for Set-3. Similarly there were no significant changes in spleen
mean values of catalase activity between control and CID-6861424 treated groups with
2545 + 1.03 for Set-1, 28.92 + 1.91 for Set-2 and 30.77 = 7.96 for Set-3

respectively(Figure 5.14&Table 5.9).
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Figure 5.14Measurement of Catalase activity as uM of H,O, degradation/min/mg/protein in
blood and per mg of tissue sample in (A) blood, (B) liver, (C) kidney and (D) spleen of female
BALB/c mice upon CID-6861424 treatment: Control (DMSO) (Set-1), treatment of 5mg/kg
body weight of CID-6861424 (Set-2) and treatment of 10mg/kg body weight of CID-6861424
(Set-3). Each histogram represents the calculated value of Catalase and are mean £SD with

n=4.

Set-2 Set-3
: Set-1 5 mg/kg body wt 10 mg/kg body wt
Tissue/Organ Control (Vehicle only) | (alternatively for 30 (alternatively for 30
days) days)
Blood 777.21 £ 56.58 662.96 £ 98.47 697.14 £ 74.98
Liver 178.30 + 3.93 186.92 + 8.35 178.55 + 5.50
Kidney 166.89 * 8.64 174.07 + 6.78 165.42 £ 2.24
Spleen 254.45 +1.03 28.92 £ 1.91 30.77 £ 7.96

Table 5.9 Levels of Catalase activity in blood, liver, kidney and spleen in CID-6861424 treated
BALB/c mice (n=4)
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5.3 Discussion

Cancer is a leading cause of “death” worldwide and approximately 18.1 million new cases
and 9.6 million cancer associated deaths are reported in 2018 (Bray et al., 2018; Siegel et
al., 2018). Chemotherapy is one of the most commonly employed mode in treatment of
cancers and may also be used as adjuvants (Ak and Aydiner, 2019). Many anti-cancer
drugs show prominent effects against cancer but also pose severe side effects (Grigorian
and O’Brien, 2014; Remesh, 2012). Thus, pharmacovigilance is one of the prerequisite
requirements in the field of drug discovery.

The present study conducts in vitro and in vivo evaluation of toxic effects of CID-6861424
in fibroblast cells (NIH3T3) and female “BALB/c” mice. The “in-vitro” studies showed
that CID-6861424 at 25uM and 50uM did not induce any significant cell cytotoxicity in
NIH3T3 cells as indicated by cell viability and cell morphology. Also, the scratch assay
data showed no change in the migratory potentials of NIH3T3 cells by treatment of CID-
6861424 at 25uM and 50uM. The cell morphology and scratch assay data clearly indicated
that CID-6861424 at 25uM and 50uM did not altered physiology and physical properties of
NIH3T3 cells indicating that it does not induced cellular stress. Cell viability and normal
physical properties of a cell indicates normal cell homeostasis and proliferation. The cell
proliferation status can be determined by evaluation of different phases of “cell cycle”
where prominent G1 and S phase status indicates healthy cells (Bertoli et al., 2013). In
previous chapters (chapter 3 and 4), treatment of CID-6861424 induced prominent cell
cycle arrest in G1 and G2/M phase arrest in “MCf-7" and “MDA-MB-231" breast cancer
cells. Thus we evaluated cell cycle phase status in NIH3T3 cells upon treatment of CID-

6861424 and it was found that most of the cells were in G1 and S phase indicating that they
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were healthy and proliferative. Cancer cells have higher ROS in comparison to normal cells
and elevated ROS helps in cancer cell proliferation (Liou and Storz, 2010; Sosa et al.,
2013). However, increase in endogeneous levels of ROS is one of the most common mode
of action used by various anticancer therapies (Liu and Wang, 2015). Our previous studies
in breast cancer cells “MCF-7” and “MDA-MB-231” (chapter 3 and 4) showed that, CID-
6861424 increased cellular ROS. Thus, we also evaluated levels of ROS in CID-6861424
treated NIH3T3 cells and no significant changes in ROS levels was found, indicating that
CID-6861424 does not alters ROS in non-cancerous cells. In cell, mitochondria play
important role in generating energy, besides it also serves as apoptotic checkpoint where
depending on the nature of signals, mitochondria can initiate apoptosis or cell survival
(Kroemer et al., 2007). The disruption of Aym is used as marker of apoptosis (Lizard et al.,
1995; Lugli et al., 2005) which was observed by treatment of CID-6861424 in breast cancer
cells (chapter 3 and 4). However, in NIH3T3 cells, treatment of CID-6861424 does not
altered Aym indicating that it does not induce apoptosis in NIH3T3 cells and thus, does not
induce cytotoxicity in such cells.

In vitro data from different cell based assays established that CID-6861424 does not induce
any lethal effects in NIH3T3 cells, to further evaluate its in vivo effects; studies on female
BALB/c mice were conducted. Treatment of anti-cancerous compounds generally alters
and deregulates homeostasis of an organism. These disturbances can lead to severe damage
to the vital organs and thus can induce severe systemic effects and subsequently, loss in
body weight. The preliminary examination of relative body weights amongst all treated

groups with control (DMSO), CID-6861424 “5mg/kg” and “10 mg/kg” body weight
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showed no significant differences suggesting that the animals were healthy during the
course of treatment.

One of the most common effects of drug induced toxicity is deregulated redox homeostasis.
Altered redox status can enhance ROS levels leading to DNA damage by inducing
mutations. The most common of which is transversion mutation caused by nucleophilic
attack of "OH on guanine nucleotide, leading to oxidation of guanine and formation of 8-
hydroxydeoxyguanosine (8-OHdG) (Barzilai and Yamamoto, 2004). The 8-OHdG type
transversion mutations are most common in breast cancers (Reuter et al., 2010). ROS can
not only amputate DNA integrity, it can also effect protein machinery by inducing
formation of protein adducts (Trachootham et al., 2008). Thus, to analyse effects of CID-
6861424, intraperitoneal dosing of 5mg/kg and 10 mg/kg body weight of CID-6861424 in
female BALB/c micewas carried outfor 30 days and the doses were administered every
alternate day.

Blood is one of the most common sources of pathological analysis. It can be used to detect
myriads of biochemical changes that occur in response to a disease or drug. Most
importantly sampling of blood is easy and any abnormal change can be analyzed from
whole blood. The bone marrow contains stem cells which get differentiated into different
cell types in response to particular stimuli. Any abnormality particularly mutations in DNA
arising due to excessive “DNA damage” in bone marrow cells may be lethal for an
organism. Thus, we analyzed “DNA damage” in blood and bone marrow cells as well, in
response to treatment of CID-6861424. The analysis of “DNA damage” by comet assay in
whole blood and bone marrow cells showed no significant differences with respect to

control indicating that CID-6861424 does not induce DNA damage. More often DNA
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damage is a consequence of elevated ROS, thus evaluation of ROS in blood, liver, kidney
and spleen of female “BALB/c” mice was carried out and no significant changes in ROS
levels were observed in respective organs in comparison to control (DMSQ) treated mice
indicating that CID-6861424 does not increase ROS levels in healthy tissues. These
findings are in concurrence with our in vitro data, where CID-6861424 did not increased
ROS in fibroblast cells.

ROS also causes lipid peroxidation, a chain reaction like process, where more lipid
molecules are subsequently oxidized by oxidized lipid molecules. The end products of lipid
peroxidation, particularly “malondialdehyde (MDA)” and “4-hydroxy-2-nonenal (HNE)”
are highly reactive to DNA and proteins leading to alterations in DNA and protein
(Trachootham et al., 2007). Treatment of CID-6861424 “5mg/kg” and “10 mg/kg” body
weight showed no significant changes in lipid peroxidation as indicated by estimation of
MDA contents in blood, liver, kidney and spleen of female BALB/c mice. Analysis of
DNA damage by comet assay, ROS and MDA contents shows that CID-6861424 treatment
does not increase ROS, lipid peroxidation and subsequently DNA damage in healthy
organism.

The cell contains defensive mechanism to counteract excessive ROS production and
associated lipid peroxidation by virtue of antioxidants that are produced endogenously and
can quench ROS either by direct interactions or by intermediate steps. These antioxidants
include “glutathione (GSH)”, “superoxide dismutases (SOD)”, “Catalase (CAT)”, “alpha-

2 13

lipoic acid”, “peroxiredoxins (PRXs)”, “metallothionein” etc. which rescue cells from

oxidative stress.
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The tri-peptide GSH (Gly-Ser-His) is one of the most potent antioxidant which can quench
free radicals and peroxides in a hydrophilic environment by oxidation reaction carried out
mainly by glutathione peroxidases (GPx) (Boots et al., 2008). Endogeneous GSH also
interacts with carcinogens and other toxic metabolites produced from pro-drugs and
eliminate them from the cells (Reuter et al., 2010). Cytosolic GSH also reduces cytochrome
¢ (Tait and Green, 2010) while nuclear GSH circumvents DNA modifications by oxidative
species and inhibits apoptosis (Trachootham et al., 2008). Similarly, SOD and catalase are
two essential anti-oxidative enzymes that catalyze reduction of free radical and reduce
intracellular oxidative stress (David and F., 1938; Johnson and Giulivi, 2005). The GSH,
SOD and catalase homeostasis is therefore essential and requires monitoring under such
studies. The levels of GSH upon treatment of CID-6861424 in blood, liver, kidney and
spleen were in the range and in concurrence to that of control indicating that, CID-6861424
induces no prominent effect on GSH homeostasis. Similarly, levels of SOD and catalase
were also in the normal range as control treated mice, indicating that CID-6861424 does

not adversely effects anti-oxidative defense mechanism of the treated animals.

Conclusion

The present study conducts “in-vitro” and “in-vivo” toxicological evaluation of CID-
6861424 in NIH3T3 cells and female “BALB/c” mice. The aim of the study was to find out
severe toxic/side effects of CID-6861424 if any? The data obtained from “in-vitro” and
“in-vivo “studies of different parameters like cell viability, cell cycle analysis, Aym and
other oxidative stress parameters shows that CID-6861424 at sub-lethal concentration

(25uM) and 50uM concentrations does not induce toxic effects.
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CID-6861424 INCREASES SENSITIVITY OF BREAST
CANCEROUS CELL LINES WITH LEAST EFFECT ON NON-
CANCEROURS CELL LINE TO LOW DOSE OF y-RADIATION

6.1

Introduction
Breast cancer is one of the most common cancer in women and one of the leading causes of
female mortality throughout the world(Bray et al., 2018a; Siegel et al., 2018a). “Estrogen
receptor (ER), Progesterone receptor (PR) and Human epidermal growth factor receptor
(HER-2)” play major roles in the progression and development of breast cancer. About 80%
of breast cancer are hormone-receptor-positive, signifying the expression of these receptors
in breast cancer cells (Konecny et al., 2003). About 20% of breast cancer cases do not
express all the three receptors and hence are called as “Triple negative breast cancer
(TNBC)” (Bauer et al., 2007; Kim et al., 2006b). Majority of breast cancer cases are
associated with deregulation of hormone receptors. Triple negative breast cancer (TNBC) is
one of the most aggressive kind. TNBC patients do not respond to hormonal therapy and
frequently develops resistance against drugs used in such pathophysiology. Moreover,
prolonged treatment and/or overdosing of anti-cancer drugs are often accompanied with
strong toxic side effects(Guestini et al., 2016). The aggressive and resistant behavior
of TNBC is further ameliorated by mutations inp53 and BRCAL proteins which are
otherwise common chemotherapeutic targets andmaybe one of the reasons for radiotherapy
being less effective in inhibiting TNBC progression (Dent et al., 2007; Sekine et al., 2009).

Prolonged radiotherapy may also lead to escalation in resistance and relapse of cancer due to



Chapter-6

radiation induced “bystander effect”(Marin et al., 2014; Najafi et al., 2014). “MDA-MB-
231” cells particularly are reported to be recalcitrant to radiotherapy and instead they
become more aggressive and invasive (Paquette et al., 2011, 2013) as compared to all other
types of breast cancer. More recent mode of treatment of hormone-receptor negative breast
cancer involves sensitization by certain adjuvants followed by low doses of radiation. Many
such adjuvants are of chemical origin and pose cytotoxicity to non-cancerous cells.
Exploration and development of efficient and low toxicity drugs that can sensitize the cancer
cells to low dose of radiation are crucial for breast cancerradiotherapy.

Sulfonamide derivative CID-6861424 inhibited the proliferation of breast cancer cell lines,
“MCF-7 and MDA-MB-231”. Our results showed that CID-6861424 inhibits the
proliferation of both the aforementioned cell lines in a dose- and time-dependent manner and
arrested them at G; and G,/M phase of the cell cycle respectively with minimal effect on
non-cancerous cell line, NIH3T3 (details provided in chapter no. 3, 4 and 5). We
investigated whether it can sensitize the breast cancer cell lines to low dose of y-radiation
and how the combination of CID-6861424 and y-radiation affects the non-cancerous cell
line, NIH3T3. Several studies carried out in the past show that cancer cells are most
sensitive in the G,/M phase and most resistant in S phase against radiation(Pawlik and
Keyomarsi, 2004).

High dose of chemotherapy or radiation therapy leads to a lot of side effects and systemic
toxicity in cancer patients. Instead of using a high dosage of chemo- or radiotherapy, a low
dose of the combination of radiation and drug might be better. Keeping this as focus,
evaluation of CID-6861424 was done at sub-cytotoxic concentration 25uM either alone or in

combination with a low dose, 2Gy-y-radiation, on “MCF-7, MDA-MB-231 and NIH3T3”
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cells.We found that combinatorial treatment of 25uM sub-cytotoxic concentration of CID-
6861424 and 2Gy-y-radiation suppressed “MCF-7 and MDA-MB-231" cell proliferation and
arrested them at G,/M phase of the cell cycle with least effect on NIH3T3 cell. It also
increased oxidative stress, depletion in Aym, y-H2AX upregulation indicating dsDNA break
and cell death. Our results show that 25uM-CID-6861424 is more sensitizing the TNBC,
MDA MB-231 cells to low dose of y-radiation comparatively more than MCF-7 cells with
least effect on NIH3T3 cells.In future, it can be used asa sensitizer for breast cancer

radiotherapy.
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6.2 Results
6.2.1 Combination of 25uM CID-6861424 and 2Gy-y-radiation selectively
inhibit cell proliferation of breast cancer cell lines
Assessment of cell viability by trypan blue exclusion indicated that at 72 hours,
approximately ~75% cells were viable when treated with either 25uM of CID-6861424 or
2Gy-y-radiation alone. While ~50% of viable cells were observed when treated in
combination with 25uM of CID-6861424 and 2Gy-y-radiation in “MCF-7 and MDA-MB-

2317 cells with least cytotoxic effect in NIH3T3 cell (Figure 6.1 (a), 6.1 (b) and 6.1 (c);

Table No. 6.1).
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Figure. 6.1 Cell viability determined by trypan blue assay at 24, 48 and 72 hours. Bar diagram-
showing effect of 25uM CID-6861424 or 2Gy-y-radiation alone or in combination on (a) “MCF-7,
(b) MDA-MB-231 and (c) NIH3T3” cells. Mean + SD value (Data represented was calculatedfor
three independent experiments). *P<0.05 and **P<0.01.

Time after treatment Treatments MCF-7 MDA-MB-231 NIH3T3
CONTROL 99,28 £ 0.02 98.98 £ 0.19 96.68 £ 0.68
CID-6861424 25uM 85.39 £ 0.65 88.13 £ 0.86 91.03 £1.07
2Gy 84.63 £ 0.76 83.98 £ 1.36 90.17 £1.12
24hrs. CID-6861424 25uM+ 2Gy 74.22+2.23 76.02 +0.58 | 88.47 +1.54
CONTROL 99.51 + 0.10 99.54 + 0.11 97.76 £ 0.51
CID-6861424 25uM 81.59+1.55 83.06 £ 0.39 96.73 £ 0.69
48hrs 2Gy 73.26 £ 2.56 79.51 £ 0.53 95.38 £1.55
) CID-6861424 25pM+ 2Gy 62.48 £1.93 65.48 +1.24 92.11+£0.90
CONTROL 99.66 £ 0.00 99.64 £+ 0.090 98.78 £0.13
CID-6861424 25uM 77.38+£1.02 76.61 £ 0.92 97.10+£1.09
72h 2Gy 70.27 £1.31 72.54 +1.85 97.26 £ 0.40
FS. CID-6861424 25pM+ 2Gy 49,30 + 1.57 52.25+1.20 95.89 £ 0.38

Table No 6.1 25uM CID-6861424 or 2Gy-y-radiation alone or in combination inhibit the cell
proliferation of “MCF-7 and MDA-MB-231” cell with least effect in NIH3T3 cell by trypan
blue method.

Further, cell morphology, cell migration and colony formation potentials were determined
after treatment with either 25uM CID-6861424 or 2Gy-y-radiation alone or in combination
in both cancer cell lines for 72 hours. Post-treatment, cell morphology and count were
examined under a bright field microscope. Combined treatment led to altered cell
morphology. Cells were elongated, flattened, dense cytoplasm with irregular cell membrane
and decreased cell population as compared to the control as well as alone treated sets. In

case of NIH3T3 cell, either 25uM CID-6861424 or 2Gy-y-radiation alone or in combination
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treatment did not show significant change in morphology as well as cell numbers with
respect to the control set (Figure 6.2).

Control (DMSO) CID-6861424 25uM CID-6861424 25uM + 2Gy

NVIDA-MB-231

MCF-7

NIH3T3

Figure. 6.2 “MDA-MB-231, MCF-7 and NIH3T3” cells morphology were visualized in
presence of 25uM CID-6861424 or 2Gy-y-radiation alone or in combination after 72hours
using bright field microscope at 20X.

Wound-healing assay was performed by measuring pre and post wound widths after 72
hours of exposure to all three sets of treatments. In case of MCF-7, the untreated cells
migrated and rapidly filled ~75% of the wound, while ~65% and ~70% of wound closure
was observed in cells treated with 25uM CID-6861424 or 2Gy-y-radiation alone. The
combination treatment was most effective resulting in only ~40% of wound closure (Figure

6.3 (a) and 6.3 (b); Table No. 6.2).
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( a) Control CiD-6861424 25 uM CID-6861424 25 pM + 2 Gy

0 HRS

72 HRS
.

(b) 80 ; —— 3 Control (DMSO)
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El]- B 2Gy

[ CID-6861424 25.M + 2 Gy
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Relative inhibition area (%)
&

1
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Figure. 6.3 (a) 25uM CID-6861424 or 2Gy-y-radiation alone or in combination inhibited the
MCF-7 cell migration potential. (b) Bar-diagram representation of relative inhibition area of
MCF-7cell in presence of 25uM CID-6861424 or 2Gy-y-radiation alone or in combination
treatment.Mean + SD value (Data represented was calculatedfor three independent
experiments). **P<0.01 and ***P<0.001.

In case of MDA-MB-231, the untreated cells migrated and rapidly filled ~85% of the
wound, while ~50% of wound closure was observed in cells treated with either 25uM CID-
6861424 or 2Gy-y-radiation alone. The combined treatment was most effective resulting in

only ~25% of wound closure (Figure 6.4 (a) and 6.4 (b); Table No. 6.2).
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Figure. 6.4 (a) 25uM CID-6861424 or 2Gy-y-radiation alone or in combination inhibited the
MDA-MB-231 cell migration potential. (b) Bar-diagram representation of relative inhibition
area of MDA-MB-231 cell in presence of 25uM CID-6861424 or 2Gy-y-radiation alone or in

combination treatment.Mean

+ SD value (Data represented was calculatedfor three

independent experiments). **P<0.01 and ***P<0.001.

Cell Line Time after treatment | Control (DMSO) | CID-6861424 25uM 2Gy CID-6861424 25uM + 2Gy
MCE-7 0 Hrs 100.00 £ 0.00 100.00£0.00 | 100.00 £ 0.00 100.00 £ 0.00
72 Hrs 24,181 1.05 36.08+1.78 27.9342.39 59.81+0.68
MDA-MB-231 0Hrs 100.00 £ 0.00 100.00£0.00 | 100.00 £ 0.00 100.00 £ 0.00
72 Hrs 13.02 £ 5.87 53.7514.18 48.57 £ 7.09 74.58 £2.89
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Table No. 6.2 25uM CID-6861424 or 2Gy-y-radiation alone or in combination inhibits the cell
migration potential of “MCF-7 and MDA-MB-231” cell at 72 hours.

In NIH3T3 cells, the wound closer in presence of 25uM CID-6861424 or2Gy-y-radiation
alone or combination treatment showed similar results and are comparable with the control

set (Figure 6.5).

Control CID-6861424 25uM CID-6861424 25uM + 2Gy

0 HRS

72 HRS

Figure. 6.5 Effect of 25uM CID-6861424 or 2Gy-y-radiation alone or in combination on cell
migration potential of NIH3T3 cell.Mean + SD value (Data represented was calculatedfor

three independent experiments).

These results showed that a combination of 25uM-CID-6861424 and 2Gy-y-radiation
significantly inhibited the breast cancer cells viability, cell counts and cell migration

potential as compared to alone treated sets as well as the control set.
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6.2.2 Combination of 25uM CID-6861424 and 2Gy-y-radiation induced cell
cycle arrest in G,/M phase in breast cancer cells with least effect on

non-cancerous cell

The effect of 25uM CID-6861424 and 2Gy-y-radiation alone or in combination on cell cycle
profile of “MCF-7, MDA-MB-231 and NIH3T3” cells was carried out by flow
cytometrypost 72 hours of treatment. In case of MCF-7 cell, cell cycle data indicated that
combined treatment resulted in ~35% G,/M phase arrest as compared to ~30% in 2Gy-y-
radiation and ~18% in compound treated and control set accompanied with a corresponding
reduction in the other respective phases of cell cycle population (Figure 6.6 (a) and 6.6 (b);
Table No. 6.3).

Cell cycle data of “MDA-MB-231"indicated that combination resulted in ~50% G,/M phase
arrest as compared to ~35% in the compound and in 2Gy-y-radiation treated sets or ~22% in
control set accompanied with a corresponding reduction in the other respective phases of
cell cycle population (Figure 6.6 (a) and 6.6 (c); Table No. 6.3).Increase in a “sub-G;
population” representing dead cells was also highest (~13%) in combination as compared to
alone treated samples (~8-9%) and control set which was around 4% of the total cell
population (Figure 6.6 (a) and 6.6 (e); Table No. 6.3).

In case of NIH3T3 cell, cell cycle data indicated that combined treatment resulted in ~6%
G,/M phase arrest as compared to ~2% in 2Gy-y-radiationtreated set and ~3% in the
compound and control set accompanied with a no significant reduction in the other
respective phases of cell cycle population (Figure 6.6 (a); Table No. 6.3). The detailed cell

cycle distribution upon treatment of all the sets is given in Table No. 6.3.
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Figure 6.6(a) 25uM CID-6861424 and 2Gy-y-radiation alone or in combination induces G,/M
phase arrest more effectively in MDA-MB-231 than MCF-7 cells with least effect in NIH3T3

cell by flow cytometry at 72hours. (b) and (c) Bar-diagram representation of respective G,/M
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phase arrest in (b)*MCF-7” and (c)*MDA-MB-231" cells. (d) and (e) The Bar-diagram
representation of respective Sub-G; population in (d) “MCF-7” and (e) “MDA-MB-231”
cells.Mean + SD value (Data represented was calculatedfor three independent experiments).
*P<0.05 and ***P<0.001.

Time Cell Line Treatments G1 PHASE S PHASE G2/M PHASE | SubGl
Phase

62.79 1 0.52 14.24£0.91 2295+1.34 | 3.9110.06
CONTROL

MDA-MB-231 |  CID-686142425uM | 47.92£191 | 1570042 | 3636167 | 7.97:028

2Gy 50.91+0.79 13.40£0.30 35661061 | 9.1010.43

CID-6861424 25uM+ 2 Gy | 35.4£0.29 15.88 £ 0.47 48.68+0.43 |12.71£0.43

45.79+1.09 30.72£7.72 18.5510.68 | 7.1520.45

72 hrs CONTROL
MCF-7 CID-6861424 25pM 48.2110.45 34.13+0.62 17821052 | 8.2710.43
2Gy 38.0710.61 31.8110.45 29.7710.77 |17.95£0.95
CID-6861424 25uM+ 2 Gy | 32.4110.66 31.22+1.53 36.34+1.42 |17.69:0.38
CONTROL 7159+1.72 2504121 3.36£291 | 1.85:0.48
NIH 3T3 CID-6861424 25pM 74.3410.89 22.10+3.63 3.55+450 | 1.70£1.28
2Gy 74.7910.50 23441116 176076 | 1.302091

CID-6861424 25uM+ 2 Gy | 75.17 £ 0.85 18.08£2.60 6.72£3.01 | 0.7410.19

Table No06.3 Cell cycle distribution of various cellular populations after exposure to 25uM
CID-6861424 and 2Gy-y-radiation alone or in combination on “MCF-7, MDA-MB-231 and
NIH3T3” cells at 72 hours.

Since the cells were arrested in G,/M phase, the expression profile of cyclin B1 protein was
analyzed by western blotting. Western blot data indicates that MDA-MB-231 cells treated
with 25uM CID-6861424 and 2Gy-y-radiation alone or in combination significantly reduced
the expression of G,/M phase cyclin B1 at 72 hours as compared to 2 hours as well as
control set (Figure 6.7 (a)). When compared among the treated samples, post 72 hours, the

decrease in expression of cyclin B1 is more prominent in combination treated sample.
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In case of MCF-7 cells, 25uM CID-6861424 combined with 2Gy-y-radiation significantly
reduced the expression of G,/M phase cyclin B1 at 72 hours as compared to the alone

treated samples and control set (Figure 6.7 (b)).

()
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Figure 6.7 The downregulation of cyclin B1 protein expression in combination of 25uM-CID-
6861424and 2Gy-y-radiation for 72hour treatment was observed by western blotting and
guantified with image J software in (a)*MDA-MB-231” cell and (b) “MCF-7” cell.

These results suggested that combinatorial treatment of 25uM CID-6861424 and 2Gy-y-
radiation more effectively induced G,/M cell cycle arrest with the reduced expression level

of cyclin B1 in both of cancer cell lines.
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6.2.3 Combination of 25uM CID-6861424 and 2Gy-y-radiation induced ROS
generation and mitochondrial membrane potential (Aym)depletion in

breast cancer cells more effectively than a non-cancerous cell

Cancer cells have a high level of “reactive oxygen species (ROS)” then normal cells and
hence are susceptible to a further increase in the levels of ROS. ROS-production was
analysed by flow cytometry using DCFH-DA dye (8uM) in “MCF-7, MDA-MB-231 and
NIH3T3” cell lines post 72 hours. MCF-7 cells treated with compound and 2Gy-y-radiation
showed about 1.5 & 1.7 times higher ROS-generation as compare to the control set. In
contrast, ROS generation in combination treated samples was about 1.5 times higher as
compared to the samples treated with either the compound or 2Gy-y-radiation. 2.5 times
higher ROS-generation was observed in combination as compared to the control
(DMSO)(Figure 6.8 (a) and 6.8 (b); Table No. 6.4).

In the case of “MDA-MB-231”, samples treated with either the compound or 2Gy-y-
radiation radiation caused an insignificant increase in ROS-generation as compared to the
control (DMSO). In contrast, ROS generation in combination treated samples, was almost 5
times higher as compared to the samples treated with either the compound or 2Gy-y-
radiation alone as well as control(Figure 6.8 (c) and 6.8 (d); Table No. 6.4).

NIH3T3 cells sample treated with 25uM CID-6861424 and 2Gy-y-radiation alone or in
combination caused an insignificant increase in ROS generation as compared to the control.
Doxorubicin was used as a positive control in this experiment (Figure 6.8 (e) and 6.8 (f);

Table No. 6.4).
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Figure 6.8Combination of 25uM CID-6861424 and 2Gy-y-radiation induces ROS generation
more effectively in “MCF-7 and MDA-MB-231” than “NIH3T3” cells: (a), (c) and (e). Bar-
diagram representation of enhanced ROS generation in “MCF-7 and MDA-MB-231" than
“NIH3T3” cells indicated by increased DCF-DA fluorescence post 72 hours treatment with
either 25uM CID-6861424 or 2Gy alone or in combination. (b), (d) and (f). Histogram shows
enhanced ROS generation in “MCF-7 and MDA-MB-231” than “NIH3T3” cells.Mean + SD
value (Data represented was calculatedfor three independent experiments). *P<0.05 and
***P<(0,001.

Time Treatments MC-7 MDA-MB-231| NIH3T3
CONTROL 28.85+0.05 (194.82 +24.43| 27.97 £ 0.27
CID-6861424 25uM 40.66 +1.73 [230.78 £15.91| 26.89 + 0.46
72hours 2Gy 48.09 £ 2.58 [223.59 1+ 37.12| 29.72 £ 0.32

CID-6861424 25uM + 2Gy| 67.46 £ 13.93 |984.54 £ 25.55| 25.57 £ 0.39

Positive Control 101.50 + 2.82 - 90.06 * 3.07

(Doxorubicin)

Table No6.4 CID-6861424 sensitizes and induces over-production of ROS in “MCF-7, MDA-
MB-231” than “NIH3T3” cells upon exposure to 2Gy-y-radiation at 25uM-CI1D-6861424.

We further checked the mitochondrial membrane potential (Aym) with cationic fluorescent
dye Rhodamine 123 using flow cytometry after 72 hours of treatment as a measure of Aym
disruptionin “MCF-7, MDA-MB-231 and NIH3T3” cells. The individual treatment of either
25uM CID-6861424 or 2Gy-y-radiation resulted in approximately 1.5 fold disruption in
Aym as compared to the control. Whereas combined treatment resulted in almost 2.0 fold

disruption in Aym as compared to the control set was observed in both “breast cancer cell

lines” (Figure 6.9 (a), 6.9 (b), 6.9 (c) and 6.9 (d); Table No. 6.5).
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NIH3T3 cell sample treated with 25uM CID-6861424 and 2Gy-y-radiation alone or in

combination caused insignificant disruption in Aym as compared to the control was

observed and doxorubicin here used as a positive control (Figure 6.9 (e) and 6.9 (f); Table

No. 6.5).
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Figure 6.9Combination of 25uM CID-6861424 and 2Gy-y-radiation enhances dissipation of
Aym more effectively in “MCF-7 and MDA-MB-231 than NIH3T3” cells: (a), (c) and (e). Bar-
diagram representation Aymdissipation in “MCF-7 and MDA-MB-231” than NIH3T3 cells
detected by Rhodaminel123-dye post 72hours treatment with either 25uM CID-6861424 or 2Gy
alone or in combination. (b), (d) and (f). Histogram shows depleted Aym in “MCF-7 and

MDA-MB-231” than NIH3T3 cells.Data are represented as the mean * SD of three
independent experiments. *P<0.05 and ***P<0.001.

Time Treatments MC-7 MDA-MB-231, NIH3T3
CONTROL 89.29+2.05 | 61.54 +8.32 | 24.36%0.21
CID-6861424 25uM 148.54 + 10.31| 86.14 £+ 0.97 | 26.64 £ 0.45
72hours 2Gy 123.86+4.60 | 92.84 +0.95 | 25.14%0.38

CID-6861424 25uM + 2Gy| 183.74+2.49 | 118.22 £ 0.70 | 20.22 £ 0.52

Positive Control 336.92 + 16.66 - 65.91 12,51

(Doxorubicin)

Table No6.5 CID-6861424 sensitizes and induces depletion of Aym in “MCF-7, MDA-MB-231”
than NIH3T3 cells upon exposure to 2Gy-y-radiation at 25uM-CI1D-6861424.

These results suggested that combinatorial treatment of 25uM CID-6861424 and 2Gy-y-
radiation more effectively increased ROS levels and Aym disruption as compared to either
compound or 2Gy radiation treated samples as well as the control set with least effect in

NIH3T3 cells.

6.2.4 Combination treatment of 25uM CID-6861424 and 2Gy-y-radiation

increased DNA damage in breast cancer cells
The cell cycle data showed that, “MCF-7 and MDA-MB-231" cells treated with a

combination of 25uM CID-6861424 and 2Gy-y-radiation caused significant increase in sub-
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G1 population as compared to alone treated sets and control set (Figure 6.6 (d) and 6.6 (e)).
The elevated levels of ROS indicated that treatments of 25uM CID-6861424 and 2Gy-y-
radiation either alone or in combination might be inducing DNA damage leading to
decreased cell viability. To confirm the DNA damage, comet assay by single gel
electrophoresis was performed in MDA-MB-231 cells and tail lengths as an indicator of
DNA damage was compared post 72 hours of treatment. In combination treated cells,
enlarged tail lengths of comets were observed as compared to the cells which were treated

with either the compound or 2Gy-y-radiation as well as control set (Figure 6.10).

Control CID-6861424 25uM 2Gy CID-6861424 25uM+ 2Gy

Figure 6.10Combination of 25uM CID-6861424 and 2Gy-y-radiation increased DNA damage
due to increasing the genotoxicity inMDA-MB-231 cells indicated via tail length of comet as

compare to alone treatment as well as control panel at 72 hours.

The enlarged tail length indicated that DNA damage increased in the compound and 2Gy-y-
radiation combination treated set as compared to the alone as well as the control set. Further,
DNA damage was analyzed by immunofluorescence of y-H2AX in MDA-MB-231 cell, an
indicator of DNA double-strand break. Cells, when treated with a combination of the
compound and the radiation exhibited 5.0 fold increase in y-H2AX intensity, while only ~2
folds increase in samples treated with either the compound or radiation with respect to

control set (Figure 6.11 (a) and 6.11 (b); Table No. 6.6). The quantified relative intensities
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of y-H2AX in all the treatment sets and control are shown by bar-diagram (Figure 6.11 (b);

Table No. 6.6).

()

Control CID-6861424 25pM

y-H2AX DAPI

Merged

CID-6861424 25uM+ 2Gy

|

1000

th
(=3
hd

Fold gamma-H2AX change

Control {DMSO)

3 cID-6361424 25,M

8 26y

[ CID-6861424 25,M + 2Gy

Figure 6.11 (a) Combination of 25uM CID-6861424 and 2Gy-y-radiation induces y-H2AX
foci formation in “MDA-MB-231” cell and (b) The bar-diagram representation of
fluorescence intensity of y-H2AX in MDA-MB-231 cell at 72 hours. *P<0.05 and

***P<0.001.
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Cell Line Treatments 72hrs
CONTROL 298.42 + 24.45
CID-6861424 25uM 527.53 £45.71
MDA-MB-231 2Gy 626.93 + 58.43
CID-6861424 25uM+ 2Gy | 1240.98 + 107.48

Table N06.6 CID-6861424 sensitizes and induces “DNA damage” in MDA-MB-231 cells upon
exposure to 2Gy-y-radiation at 25uM CID-6861424 indicated by increased intensity of y-H2AX
foci formation.

The result was further supported by western blot data. 25uM-CID-6861424 or 2Gy-y-
radiation alone showed an insignificant increase in y-H2AX expression, but combination
treatment resulted in almost ~4.0 fold increasein “MDA-MB-231" cells (Figure 6.12).
While MCF-7 cells treated with either compound or radiation alone caused increase in
almost ~2.5 or 1.5 fold y-H2AX expression as compared to the control (DMSO). In case of
combination treatment y-H2AX expression increased almost ~3.5 fold in as compared to the

control set (Figure 6.12).
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Figure 6.12 Combination of 25uM CID-6861424 and 2Gy-y-radiation increased expression of y-

H2AX and quantified with image J software in “MCF-7 and MDA-MB-231" cells.

Results clearly show that combination treatment increased cells sensitivity causing enhanced

dsDNA breaks as compared to alone treatment as well as control in both breast cancer cells.

6.3 Discussion

The cell viability data suggest that sub-cytotoxic concentration of 25uM CID-6861424 or
low dose of 2Gy-y-radiation does not significantly inhibit the cell growth.Whereas the
combination treatment of 25uM CID-6861424 and 2Gy-y-radiation significantly inhibited
cell growth indicating that the sub-cytotoxic concentration of 25uM CID-6861424 with
2Gy-y-radiation induces inhibition of “MCF-7 and MDA-MB-231" cells growth. NIH3T3
cells were least effected. Cellular morphology is employed frequently to describe
cellularcondition. Cells with abnormal physiology such as elongated, flattened, dense
cytoplasm and irregular cell membrane. Further, features like dense cytoplasm and
membrane protrusions can be an indication of cellular stress and apoptosis (Decoster et al.,
2010; Hacker, 2000). The combination of CID-6861424 (25uM) and 2Gy-y-radiation not
only reduced cell numbers but also showed change in morphological features like elongated,
flattened, membrane protrusions and dense cytoplasmic bodies in both cancer cells as
compared to non-cancerous cells. The aggressive nature of cancer cells often reciprocated by
their migration potential and breast cancer cells exhibit strong migratory properties. Thus, to
evaluate the effect of CID-6861424 and y-radiation alone and in combination, we performed

wound healing assay and we observed that the combination treatment satisfactorily inhibited
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cell migration in both cancer cell lines. The data from cell viability, morphology and wound
healing assay indicated that the combination of 25uM CID-6861424 and 2Gy-y-radiation
could be an effective recipe for killing “MCF-7 and MDA-MB-231" cells. To further
evaluate the underlying biological interventions resulting in cell death, we analysed the
effects of CID-6861424 and 2Gy-y-radiation alone or in combination on cell cycle profile of
“MCF-7, MDA-MB-231 and NIH3T3” cells. The cell cycle is a complicated and
firmlyregulated process. Unregulated cell cycle events are hallmark of cancer cells, which
directs cell cycle for cell division even under uncongenialcircumstances.

In the present study, combination of y-radiation and CID-6861424 arrested cell cycle at
G2/M phase in “MDA-MB-231 and MCF-7” cells. 25uM CID-6861424 or2Gy-y-radiation
alone or combination treatment showed no significant change of cell cycle profile of
NIH3T3 cell as compared to the control set. y-radiation is known to arrest cell cycle at G,/M
phase in both p53 positive (Naderi et al., 2002) and p53 null cells (Strasser-Wozak et al.,
1998). Similarly, in our study, irradiation of both breast cancer cells harboring p53 positive
(MCF-7 cell) and mutated p53 (MDA-MB-231 cell) resulted in “G,/M phase” arrest.
Further, the co-treatment of CID-6861424 and y-irradiated increased G,/M arrest suggesting
that CID-6861424 increases the radiosensitivity of “MDA-MB-231" cells. The effect of
combination treatment was not that significant in “MCF-7" cells. These findings are in
accordance with the earlier study where pretreatment of nocodazole sensitizes cells against a
low dose of gamma radiation and resulted in elongated “G2/M arrest” in p53 null cells (Ning
and Knox, 1999). Cyclin A2 and cyclin B1 are believed to be cooperatively associated with
early mitotic events like chromatin condensation and nuclear envelope breakdown and are

thus crucial for cell division (Gong and Ferrell, 2010). It is also reported that radiation
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induced G,/M arrest is associated with downregulated cyclin B1 protein expression
(Bernhard et al., 1995). Thus, we next evaluated the expression profile of cyclin B1 in both
breast cancer cell lines with all three treatment. Western blot analysis reveals that both v-
radiation and CID-6861424 alone downregulated expression of cyclin B1. However, the
combination of compound and y-radiation resulted in maximum downregulation of cyclin
B1 leading to higher cell population in Go/M phase arrest (Bernhard et al., 1995)in “MDA-
MB-231" cell.Even though maximum downregulation of cyclin B1 protein expression was
observed in combination than alone treatment in MCF-7 cells, cell cycle data did not show
that significant change specially, between vy-radiation and combination treated sets.
Prolonged Go/M arrest leads to cellular apoptosis (Ning and Knox, 1999). The
combinatorial treatment significantly lower down the expression of cyclin B1 leading to
increased G,/M arrest, consequently the sub-G1 cell population also significantly increased
in the combination set as compared to the other sets specially, in “MDA-MB-231"cells. The
cell cycle almost remained unchanged in “NIH3T3” cells.

Intracellular ROS is an essential player of cellular homeostasis and under normal conditions,
ROS homeostasis is tightly regulated. Cellular exposure to ionising radiations causes water
radiolysis and results in the release of free superoxide (O,*) and perhydroxyl (HO,®)
radicals collectively called as ROS (Azzam et al., 2012). These “free radicals” are highly
reactive and interact with biomolecules including “deoxyribonucleic acid (DNA)” causing
damage and oxidative stress (Azzam et al., 2012). Cancer cells in contrast to normal cells
have higher levels of ROS which are considered to be one of the major sources of
oncogenesis (Panieri and Santoro, 2016; Schumacker, 2006b; Wang and Yi, 2008b). Beside

generation of high levels of “reactive oxygen species (ROS)”, cancer cells also express high
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levels of “antioxidant” proteins such as GSH, catalase, SOD, etc. that can quench excess
ROS (Liou and Storz, 2010b) thus maintain ROS homeostasis. Most of the cancer therapies
target this ROS level of cancer cells which is either downregulated by means of antioxidants
and other phytochemicals (Ahmad and Mukhtar, 2013b) or unregulated by means of
chemotherapeutic compounds (Pelicano et al., 2004; Trachootham et al., 2009a) and
physical agents like radiation (Azzam et al., 2012). Thus, we analysed the generation of
cellular ROS post 72hours treatment. Individual treatment of 25uM CID-6861424 and 2Gy-
y-radiation increased ROS levels, however a significant increase in levels of ROS was
observed in combination treatment set in breast cancer cell lines. The relatively lower ROS
generation upon individual treatments of 25uM CID-6861424 and 2Gy-y-radiation as
compared to the combinatorial treatment might be due to the overexpression of antioxidant
proteins, which might have neutralized most of the ROS generated during individual
treatments. While in case of combinatorial treatment the flux of generated ROS might be so
strong that the antioxidant system of “MCF-7 and MDA-MB-231" cells failed to neutralize
it resulting in this difference. In case of NIH3T3 cells, generation of cellular ROS in
individual and combination treatments showed no significant increase in ROS generation,
which might be due to the strong antioxidant system of NIH3T3 cell. In mammalian cells
elevated levels of ROS can lead to disruption of Aym(Banki et al., 1999; Fonseca-Silva et
al., 2011; Johnson et al., 1996) resulting in mitochondrial mediated cellular apoptosis (Reed
et al., 1998). Thus, to investigate mitochondrial membrane potential status, we further
investigated the effects of the compound and y-radiation alone or in combination treatment
on Aym disruption in breast cancer cells and non-cancerous cells. Independent treatment

25uM CID-6861424 and 2Gy-y-radiationindependent treatment on “MCF-7 and MDA-MB-
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2317 cells caused disruption in Aym, while their combination caused significant disruption
of Aym, higher then when individual treatment was given. In case of NIH3T3 cell, treated
with either 25uM CID-6861424 or 2Gy-y-radiation alone or in combination caused
insignificant change in disruption of Aym as compare to the control set. The results
indicating that the compound might be selectively sensitizing the breast cancer cells and thus
combination treatment of the compound and 2Gy-y-radiation is comparatively more lethal
than the individual treatments.

Overproduction of ROS can also induce DNA damage due to oxidative stress. Comet assay
is used to determine nuclear DNA damage upon exposure to oxidative stress, where the
length of comets is directly related to breaks in nuclear DNA (Collins, 1999). Thus, comet
assay was performed on post treated samples of MDA-MB-231 cells. Individual treatments
of 25uM CID-6861424 and 2Gy-y-radiation resulted in elongated comet tails as compared to
DMSO control, however combination treatment of 25uM CID-6861424 and 2Gy-y-radiation
resulted in comparatively longer comet tails in MDA-MB-231 cell. Longer comet tails are
indicative of excessive DNA damage and thus, it explains the relatively higher TNBC cell
populations in sub-G1 phase. The results suggested that the cells are getting radio-sensitized
in presence of sub-cytotoxic concentration of CID-6861424. The y-H2AX is associated with
the repair of double-strand (ds) DNA breakage/damage induced by exposure to radiation,
chemotherapeutic drugs, oxidative stress, etc. Thus, y-H2AX is overexpressed upon ds DNA
break and is unanimously considered as a marker of ds DNA breakage (Dickey et al., 2009).
In the present study, individual treatment of 25uM CID-6861424 and 2Gy-y-radiation
resulted in increased expression of y-H2AX after 72 hours of exposure. The overexpression

was maximum in the combination set at 72 hours time point indicating that although both
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CID-6861424 at 25uM and 2Gy-y-radiation individually induced DNA damage, but the
maximum DNA damage occurred in combination of 25uM CID-6861424 and 2Gy-vy-
radiation treatment in “MCF-7 and MDA-MB-231" cells. Further, at 72 hours post
treatment, microscopic investigation of y-H2AX foci clearly demonstrates that the
combinatorial treatment led to excessive DNA damage as compared to individual treatments
and DMSO control as assessed by comparative intensities of “y-H2AX” foci in MDA-MB-
231 cell.

Results clearly show that combination treatment increased cells sensitivity causing enhanced

dsDNA breaks as compared to alone treatment as well as the control set.

Conclusion

Due to compromised cell cycle checkpoints, TNBC cells are less radiosensitive as compare
to the ER-positive breast cancer cells. Our data shows that 25uM sub-cytotoxic
concentration of CID-6861424 enhanced the sensitivity of TNBC MDA-MB-231 to a low
dose of 2Gy-y-radiation. MCF-7 cell were not that effectively radiosensitized by the
compound. NIH3T3 cells remained unaffected by the treatments. Based on results a model is
proposed (Figure 6.13). Elevated ROS generation due to combination treatment caused
increased oxidative stress, dissipated Aym and ds-DNA-break. Cells enter the G,/M phase
even with dsDNA-break resulting in cell death. Our results provide a mechanistic rational
for using CID-6861424 as a sensitizer in the presence of a low dose of y-radiation to

improve radiotherapy for breast cancer cells.
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&N\ :
PAlAY ﬁ
DNA DAMAGE w CELL DEATH

Figure 6.13Proposed model for mechanism of action of CID-6861424 and 2Gy-y-

radiation in combination in breast cancer cell line.
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SUMMMARY

Cancer is alteration of cellular proliferative properties in response to cellular insults involving
DNA damage and altered cell signaling. Breast cancer represents the most common and
prominent form of female malignancy and is a major cause of worldwide female mortality (Torre
et al., 2015). Recent GLOBCAN 2018 data shows that out of total cancer incidences, 11.6%
incidences are of breast cancer and it leads to a total of 6.6% mortality all over the world (Bray et
al.,, 2018a). The common cause of breast cancer includes hereditary lineage, smoking,
alcoholism, improper diet, lack of exercise, menopause and life style etc. (Ataollahi et al., 2015).
The clinical segregation of breast cancer types is based on the expression or silencing of three
cell surface receptors namely “estrogen receptor (ER), progesterone receptor (PR) and human
epidermal receptors (HER)” which in combination or as a unit contribute to the molecular and
phenotypic attributes of a particular breast cancer. These receptors mainly function in
transducing cell signals triggered in response to specific hormone/signaling molecule leading to
expression of several downstream proteins that either promote angiogenesis, cell growth and
proliferation or inhibit apoptosis. ER and PR are the prime regulator of female reproductive
system which regulates cell proliferation and differentiation during different phases of female
reproductive cycle and pregnancy (Conneely et al., 2017; Jabbour et al., 2006). They belong to a
family of nuclear receptors, which primarily function by binding to specific response elements
(REs), “estrogen response elements (EREs)” (Klinge, 2001) and “progesterone response element
(PREs)” (Bain et al., 2007) localized in the promoter region of the target gene. Amongst all

different breast cancers, 80% of them express ER and are thus termed as ERpositive (ER+ve)

148

—
| —



Summary

(Konecny et al., 2003). In post-menopausal femalesER+vebreast cancers are associated with
poor prognosis (Ruder et al., 1989). Unlike “receptor positive breast cancers”, “receptor negative
breast cancers” (RNBC) are more aggressive and lead to poor prognosis particularly in pre-
menopausal stages (Jitariu et al.,, 2017). Amongst RNBC, “triple-negative breast cancers”
(TNBC) are the most aggressive type with increased invasiveness and stemness (Honeth et al.,
2008; Li et al., 2017; Neve et al., 2006). More importantly, TNBC cells do not respond to
endocrine therapies and thus, require many different regimens for their treatment, which also
may be non-responsive under late stages leading to surgery as the only last option.

Endocrine or hormone therapies with molecules like goserelin, fulvestrant and tamoxifen etc. are
commonly used for the treatment of breast cancers with ER+ve status (Engel and Schally, 2007;
Puhalla et al., 2012). Chemotherapeutics like methotrexate, doxorubicin, paclitaxel etc. are also
used in the treatment of both ER+ve and “TNBC” however, TNBCs respond less to
chemotherapy (Holliday and Speirs, 2011). Moreover these chemotherapeutics often show
serious adverse effects to heart (Bomzer et al., 2014) and liver (Grigorian and O’Brien, 2014)
along with toxicities causing vomiting, nausea and hair loss (Teven et al., 2017).

Radiotherapy is another mode of treatment of cancers including breast cancers. Clinically, use of
ionizing radiations particularly y-radiation routinely practiced for the treatment of breast cancers.
The basic mechanism by which these radiations kill cancer cells is by inducing DNA damage in
the tumors. However systemic effect is one of the most common issuesof radiotherapy and thus,
it also induces DNA damage to nearby healthy tissues, a phenomenon commonly called as by-
stander effect (Mothersill and Seymour, 2001). Also, there are many reports showing that
females are more vulnerable to radiation induced by stander effect and develop other secondary

cancers in response to frequent and high doses of radiotherapy (Armstrong et al., 2007; Bhatia
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and Sklar, 2002). Thus, to minimize the harmful effects of radiotherapy, clinical treatments often
use a regimen of low dose radiation in adjunct with chemotherapy.

In the present study, considering the fact that there is a constant need to find more potent
chemical drug with least possible side effects, sulfonamide derivative CID-6861424, was
evaluated and was found to be effective in heterogeneous breast cancer cell population and can
also be used as adjuvant to radiation therapy and does not show any significant toxic effects. The
treatment of different concentrations of CID-6861424 in “MCF-7 and TNBC cell MDA-MB-
231” was carried out and it was found that the ICs value for CID-6861424 was 50uM at 72
hours in both cell lines. Also at 50uM, CID-6861424 significantly affected the morphologies,
migratory and clonogenic properties of these cell lines. In “MCF-7 cell lines”, CID-6861424 at
50uM induced G1 phase arrest, while in “MDA-MB-231 cell lines”, it induced G,/M phase
arrest indicated by analysis of their “cell cycle profile” and significant downregulation of
corresponding cell cycle cyclins and cdks, Cyclin D1 and CDK4/6 in MCF-7 andcyclin B and
CDK-1 in MDA-MB-231. Besides, we also found that treatment of CID-6861424 also
upregulated p21 in “MDA-MB-231 cell lines”. CID-6861424 at 50uM also enhanced ROS
production, Aym disruption and subsequently DNA damage leading to apoptosis in both the cell
lines as indicated by upregulation of p53, p21, y-H2AX and Annexin V/7AAD profiling. We
tried to decipher the underlying mechanism by which 50uM CID-6861424 affected “MCF-7 and
TNBC MDA-MB-231” cells. In “MCF-7 cells”, CID-6861424 downregulated phosphorylation
of ERK/Akt signaling pathway, while in “MDA-MB-231”, it downregulated phosphorylation of
ERK signaling pathway consecutively leading to upregulation of “Bax/Bcl-2 ratio” and

downregulation of phosphorylated GSK-3p.
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The toxicological studies in cell culture based assays in NIH3T3 cells demonstrated non-toxic
nature of CID-6861424 at 25uM and 50uM. Cell viability, morphology and migratory properties
remain unperturbed after the treatment and comparable to the untreated set. Moreover, “cell
cycle profile”, levels of ROS and Aym of NIH3T3 cells remain unaffected further supporting its
non-toxic nature to normal cells. In female BALB/c mice, CID-6861424 treatment at 5mg/kg and
10 mg/kg of body weight for 30 days showed no adverse effects as indicated by analysis of body
weight, DNA damage and oxidative stress parameters like ROS, TBARS, GSH, SOD and
catalase in blood, liver, spleen and kidneys of female BALB/c mice which confirmed its non-
toxic nature.

As CID-6861424 was found effective against “MCF-7 and triple negative breast cancer cell
MDA-MB-231”, we also determined if it can enhance radio-sensitivity of the cell lines. In this
study, adjunct effects of sub-cytotoxic concentration of CID-6861424 (25uM) along with low
dose of y-radiation (2Gy) were evaluated on “MCF-7"breast cancer cells and triple negative
breast cancer cells“MDA-MB-231”. Also the effects of this adjunct therapy were evaluated on
non-cancerous human fibroblast NIH3T3 cells. In this study, cell viability data showed that, the
ICs of the adjunct treatment was at 72 hours. However, at this 1Csg, the NIH3T3 cells remained
ineffective to the treatment. Similarly, the adjunct treatment showed prominent effects on the
morphologies and migration of “MCF-7 and MDA-MB-231” cells, while the morphologies and
migratory properties of NIH3T3 cells remained normal. The adjunct treatment also reduced
clonogenic properties of “MCF-7 and MDA-MB-231" cells and induced G,/M phase arrest in
them while no effects were observed on cell cycle of NIH3T3 cells as indicated by cell cycle
analysis and reduced expression of cyclin B1l. Also, the adjunct treatment of sub-cytotoxic

concentration of CID-6861424 (25uM) along with low dose of y-radiation (2Gy) increased
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intracellular ROS, disrupted Aym and induced DNA damage as indicated by upregulation
expression of y-H2AX, while no such effects were observed in case of NIH3T3 cells upon
adjunct treatment of sub-cytotoxic concentration of CID-6861424 (25uM) along with low dose
of y-radiation (2Gy).

These findings suggests that CID-6861424 can be a potential candidate for anti-cancer therapy
which can not only selectively kill ER+ve and TNBC breast cancer cells, but can also increase

their sensitivity towards radiotherapy without causing side effects to normal healthy cells and

tissues.
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Figure: Mechanism of CID-6861424 induced cell death in MCF-7 & MDA-MB-231. Also
mechanism of cell death in response to adjunct treatment of CID-6861424& 2Gy-y-radiation is
represented (in red arrows only).
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Abstract

Breast cancer is most frequently detected and leading cause of cancer death in women
worldwide. 80% of the breast cancer are estrogen receptor positive and the presently
available drugs are ineffective either due to intrinsic resistance or due to acquired resistance.
Sulfonamide compounds are a class of compounds showing activities like, antibacterial,
antiviral including antitumor. In the present study we have investigated the anti-cancerous
activity of sulfonamide derivative CID-6861424 on breast cancer cell line, MCF-7. Our data
shows inhibition of MCF-7 cell viability by CID-6861424 in a concentration and time
dependent manner. 50uM was the ICso value of CID-6861424 on MCF-7 cell. The compound
downregulated cyclin D1 and CDK 4/6, induced G; phase cell cycle arrest and apoptotic cell
death. 50uM CID-6861424 upregulated ROS generation, disrupted mitochondrial membrane
potential (Awym), increased DNA damage and upregulated tumor suppressor protein, p53 in
MCF-7 cells. The compound reduced phosphorylation of Akt and GSK-38, downregulated Bcl-
2 and upregulated Bax indicating apoptotic cell death. These results suggest CID-6861424 as
a potential anticancer agent against breast cancer.

Keywords: CID-6861424; MCF-7 cell, cell cycle, double strand DNA break, apoptosis.
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INTRODUCTION

Breast cancer is one of the most common
cancer affecting women all over the world and
accounted for approximately 15% of all cancer
deaths among women in 2018 [1, 2]. It is an
economic burden for both developed as well as
developing country. Approximately 80% of the
breast cancers are estrogen receptor positive
(ER +ve) [3]. ER signal transduction depends
on various aspects including factors, co-
factors, localization and cell type. Endocrine
therapy, targeting the ER is the first choice of
treatment, which includes, drugs like
tamoxifen. The effectiveness of the drugs is
reduced due to either intrinsic resistance or
acquired resistance developed due to
prolonged usage [4]. The endocrine resistance
remains a big challenge and there is
continuous search for better drugs for breast
cancer therapy.

Sulfonamide compounds are a class of
compounds that have functional sulfonamide

group. They have shown various biological
functional activities including antibacterial,
anti-carbonic anhydrase, diuretic,
hypoglycemia, anti-thyroid, anti-protease as
well as antitumor activities [5]. These
compounds have been modified, reformulated
and synthesized with improved bioavailability
and effectiveness and low toxicity. Navitoclax,
a sulfonamide compound inhibits Bcl-2, Bcl-
Xl and Bcl-w [6]. Another compound,
Venetoclax is BH-3 mimetic and inhibits Bcl-2
resulting in apoptotic cell death in chronic
lymphocytic leukemia [7, 8].

Large number of sulfonamide compounds are
available in the Pubchem but their anti-
cancerous activity has not been investigated
yet. CID-6861424 is one such derivative of
sulfonamide, which is known to exert
antimicrobial and anti-inflammatory activities
[9] but nothing is known about its anti-cancer
activity. We checked the anti-cancerous
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activity of the compound on breast cancer
MCF-7 cell line. In the present study, we have
shown that CID-6861424 inhibited MCF-7 cell
proliferation in a dose and time dependent
manner. ICso value of CID-6861424 on MCF-7
cell was 50uM. It induced G phase cell cycle
arrest. We observed downregulation of Cyclin
D1 and CDK4/6 in a time dependent manner
in presence of 50uM CID-6861424. The
compound inhibited phosphorylation of Akt
and GSK-3B. The treatment also showed
increase in ROS generation and disruption in
Aym. Exposure to 50uM CID-6861424
resulted in DNA damage shown by
upregulation of y-H2AX and p53 expression
level. It upregulated pro-apoptotic protein Bax
and downregulated Bcl-2 indicating apoptotic
cell death. Our results suggest that CID-
6861424 can be used as an anticancer agent
against breast cancer.

MATERIAL AND METHODS

Cell Line and Reagents

MCF-7 cell line was obtained from American
Type Culture Collection (Manassas, VA) and
cultured in DMEM medium (Invitrogen)
supplemented with 10% heat-inactivated fetal
bovine serum (Invitrogen) and 5% penicillin-
streptomycin  (Invitrogen) at 5% CO;
humidified chamber. Antibodies used from
Cell Signaling and Santa Cruz: cyclin D1
(#2922), p-Akt (#4058), Akt (#9272), p-GSK-
3B (#9323), GSK-3B (#9832), Bax (#5023),
CDK4 (sc-260), CDK®6 (sc-177), p53 (sc-126),
Bcl-2 (sc-7382), y-H2AX (sc-517348), B-actin
(sc-47778), secondary anti-rabbit & anti-
mouse antibody (#7074S & #7076S). FITC
labelled secondary antibody was obtained
from (Invitrogen). Rhodamcinel23 (546054)
and 2°,7"-Dichlorofluorescein diacetate (DCF-
DA) (D6883), Propidium iodide (P4170),
Trypan blue dye (C.l. 23850) were obtained
from Sigma Aldrich. Triple distilled water
prepared by “Millipore” was used in making
the reagents. Other routine chemicals were
obtained in their commercially available
highest purity grade.

Synthesis of CID-6861424

The CID-6861424 was synthesized by the
reaction between of p-Tosylhydrazine and 4-
chlorobenzaldehyde following the Reza Kia et
al. protocol [9].

Cell Viability Assay

Cells were plated in 2ml DMEM medium in
35mm? culture dishes in the presence of
indicated concentrations of CID-6861424 for
24hr, 48hr and 72hr at 37°C. At the end of the
stipulated time, cells were harvested, washed
twice with 1x PBS and collected in separate
tubes. For viability assay, 100ul volume of the
homogeneous cell suspension was transferred
to micro-centrifuge tube and 10ul of 0.5%
trypan blue dye was added. The suspension
was mixed well and left for 5-10 minutes at
room temperature. 12pl of stained cell
suspension was loaded on each chamber of the
hemocytometer. Unstained cells were counted
as live and blue stained cells as dead cell in an
inverted microscope and the procedure was
repeated for each set of all samples. Each
sample was counted in triplicate and total cell
number of live & dead cells was determined.

Percentage of Viable Cells: No. of Viable
Cells (unstained)/Total No. of the Cells X
100.

Cell Morphology Study

Cells were plated in 35 mm? culture dish and
cells and treated with indicated concentration
of CID-6861424 for 72 hr. Bright field
microscopy was used for studying the
morphology in response to the drug treatment.
All  images were captured at 20X
magnification using bright field microscope
(NIKON ECLIPSE Ti-S, Tokyo, Japan) and
analysed (NIS Elements D, Tokyo, Japan).

Wound-Healing Assay

Cells were plated in a 35mm? culture dish and
grown up to 80% confluency. After creating
wound by scratching the monolayer with a
200ul sterile tip cells were exposed to 25uM
and 50uM CID-6861424 for 72 hr. Wound
widths at pre and post 72 hour treatment were
measured using bright field microscope
(NIKON ECLIPSE Ti-S, Tokyo, Japan) and
analysed (NIS Elements D, Tokyo, Japan).

Clonogenic Survival Assay

Cells were seeded in a 35 mm? culture dishes
and treated with 25uM & 50uM CID-6861424
for 72hr, harvested and 600 cells were seeded
in 60mm? culture dishes in 5ml of medium.
The plates were incubated at 5% CO,, 37°C
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under a humidified chamber for 14 days. Cells
were fixed in chilled methanol and stained
with 5% crystal violet and colonies were
counted.

Cell Cycle Analysis

Cells (4x10*ml) were seeded in 35mm?
culture dish and exposed to 50uM CID-
6861424 for 24hr, 48hr and 72hr. Cells were
harvested at stipulated time, washed with
chilled 1XPBS, fixed in to chilled 70%
ethanol, stained with propidium iodide. The
cellular DNA content of 10,000 events was
measured using flow cytometer (BD
Bioscience) and analysed by using modFit LT
(verity software house) software.

Reactive Oxygen Species (ROS) Generation
Assay

ROS generated in control and CID-6861424
treated cells was measured by flow cytometry
following staining with DCFH-DA. Briefly,
cells were seeded (4x10%ml) in 35 mm?
culture dishes and after overnight incubation,
cells were exposed to 25 puM and 50 uM CID-
6861424 for 72 hr. Cells were then stained
with 8 uM DCFH-DA dye for 30 min at 37°C,
and washed twice with 1x PBS and cells
pellets were dissolved in 300 pl 1x PBS.
Fluorescence was measured by flow cytometry
(BD Bioscience).

Mitochondrial Membrane Potential (Aym)
Assay

Aym depletion in control and CID-6861424
treated cells was measured by flow cytometry
following staining with Rhodamine 123 dye.
Briefly, cells were seeded (4x 10%ml) in
35mm? culture dishes and after overnight
incubation, cells were exposed to 25uM and
50pM CID-6861424 for 72hr. Cells were then
stained with 10 uM Rhodamine 123 dye for 30
min at 37°C, washed twice with 1X PBS and
cell pellets were dissolved in 300ul 1x PBS.
Fluorescence was measured by flow cytometry
(BD Bioscience).

Apoptosis Assay

Apoptosis was quantified in CID-6861424
treated MCF-7 cell with FITC annexin
VI/TAAD kit from BD  Biosciences.
4x10%ells/ml cells were seeded in 35mm?

culture dishes and incubated overnight. Cells
were exposed to 50uM and 100uM CID-
6861424 for 72hr. Cells were collected and
processed as per the protocol given by
manufacturer and apoptotic cells were
determined by flow cytometry (BD
Biosciences).

Immunofluorescence Assay

Approximately 8,000 cells were seeded in
35mm? culture dish over the cover slip and
treated with 50uM CID-6861424 for 72hr.
Post 72hr incubation, cells were processed and
subjected to y-H2AX and B-tubulin primary
antibody (1:50, overnight, 4°C) and FITC
labelled secondary antibody (1:10,000, room
temperature, 1 hour). DAPI (1:1000) was used
to counterstain the nucleus. Coverslips were
mounted in antifade (Sigma) over the slides.
Slides were observed under 60x under
fluorescence microscope (NIKON ECLIPSE
Ti, Tokyo, Japan). Fluorescence intensities
from images of randomly selected microscopic
fields of cells were semi-quantitatively
analyzed by NIS Elements AR version-3.000
software. For each set of data, more than 50
cells were quantified.

Western Blot

The expression level of indicated proteins in
response to 50uM CID-6861424 was analyzed
by Western blot. Briefly, 80,000 cells/ml were
seeded in 100mm? culture dishes and treated
with 50uM CID-6861424 for 24hr, 48hr and
72hr. Cells were harvested and lysed in lysis
buffer (50mM TrisCl-pH 8, 300mM NaCl,
10% glycerol, 1% NP-40, and 2 mM EDTA) at
4°C. Protein extracts were quantified by
Bradford assay and analyzed on SDS-PAGE.
The proteins were transferred to PVDF
membrane and probed with specific primary
and secondary antibodies to detect the protein
of interest by manual ECL method. The
images were captured in X-ray films and all
results were analyzed with respect to loading
control (B-Actin).

Statistical Analysis

Statistical analysis were carried out using
Graph Pad Prism software. Experimental data
are expressed as means + S.D. and the
significance of differences was analyzed by
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one-way ANOVA test. Tukey test for cell
viability result with different concentrations of
CID-6861424 whereas Dunnett test and t-test
for different experiments of CID-6861424
treated MCF-7 cells. Difference with a value
of P< 0.05 were considered to be statistically
significant.

RESULTS

CID-6861424 Inhibit Cell Proliferation and
Affects Cell Morphology of MCF-7 Cell
Effect of CID-6861424 (Figure l1a) on cell
viability was evaluated on breast cancer cell
line, MCF-7 using Trypan blue exclusion
assay. Cells were exposed to indicated
concentrations of CID-6861424 for 24hr, 48hr
and 72hr (Figure 1b). The result suggested that
cell viability decreased with the increase in
concentration and time. At 72hr, CID-6861424
showed ICsp value at 50uM. Cell morphology
in presence of indicated concentration of the
compound was examined under bright field
microscope. At 72hr, the cell count decreased
drastically with increasing concentrations as
compared to the control set (Figure 1c).
Cellular morphology was distorted with
elongated, flattened cells, dense cytoplasm and
irregular cell membrane with small protrusions
(Figure 1c). Further, changes in the
cytoskeletal structure were observed in the
presence of 50 uM CID-6861424 when stained
with B-tubulin (Figure 1d).

CID-6861424 Affects Cell Migration and
Reduces Colony Forming Ability of MCF-7
Cell

Cytoskeletal  arrangement  affects  cell
migration. We investigated the effect of CID-
6861424 on cell migration by performing
wound-healing assay. Cells were grown to
80% confluency, wound was introduced, and
wound widths was measured pre and post 72
hour of 25uM and 50uM CID-6861424
treatment. The untreated cells migrated and
rapidly filled ~80% of wound, while ~60% of
wound closure was observed in cells treated
with  25uM  CID-6861424. 50uM CID-
6861424 treatment was more effective
resulting in only ~40% of wound closure
(Figure 2a and b).

The effect of CID-6861424 on colony
forming ability was checked by colony
forming assay. MCF-7 cells were treated with
the compound for 72hr and the treated cells
were plated at a concentration of 600 cells/60
mm? cell culture dish and incubated for 14
days in absence of the compound. Post
incubation, the plates were processed and
colonies were counted. The result showed
that CID-6861424 significantly reduced the
ability of colony formation of MCF-7 cells
and it is dose dependent. Reduction in colony
formation was more prominent in 50uM as
compared to the 25uM CID-6861424 treated
set (Figure 2c).

CID-6861424 Induced Cell Cycle Arrest
at Gi1 Phase in MCF-7 Cell

The effect of CID-6861424 on cell cycle
profile was checked by exposing MCF-7
cells to 50uM of the compound for 24, 48
and 72hr. Cell cycle data indicated that 50
puM CID-6861424 resulted in Gi phase
arrest post 24hr treatment. Approximately
78% of the cells were in the G1 phase in the
treated sample as compared to only 46% in
the untreated sample, showing almost 32%
increase in accumulation of cell in the G;
phase after CID-6861424 treatment. The
result showed increase in sub-G; population
with the increase in treatment time, from
3% at 24 hour to almost 10% at 72 hour
(Figure 3a).

Cyclin and cyclin-dependent kinases (cdk) are
one of the important player in cell cycle
regulation. Cyclin D1 and CDK4/6 is
responsible for progression in G; phase of the
cell cycle. Since CID-6861424 caused G;
phase cell cycle arrest, we investigated the
effect of the compound on cyclin D1 and
CDK4/6 in MCF-7 cells. 50uM CID-6861424
exposure resulted in significant
downregulation of cyclin D1. The expression
decreased with the increase in time. CDK4/6
expression also decreased with increase in
time (Figure 3b). These results suggested that
CID-6861424 induced G: phase cell cycle
arrest in MCF-7 by downregulating cyclin D1
and CDKA4/6 expression.
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DAPI1 B-Tubulin MERGED

CID-6861424 Inhibit Cell Proliferation and Affects cell Morphology of MCF-7 cell. (a).

Chemical structure of CID-6861424. (b). Bar diagram showing effect of CID-6861424 on MCF-7 cell
viability at indicated concentrations and time points by Trypan Blue assay. (c) Changes in cell
morphology, using a bright field microscope at 20x, was observed post 72hr treatment with indicated
concentrations of CID-6861424. (d) Using florescence microscope at 60X, p-tubulin staining post
72hr treatment with 50uM CID-6861424, showed changes in cell morphology. Data are represented
as the mean + SD of three independent experiments. **P<0.01, and ***P<0.001.
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Fig. 2. CID-6861424 Affects Cell Migration and Reduces Colony Forming Ability of MCF-7 Cell. (a).
Post 72hr treatment with CID-6861424 cell migration potential was checked by comparing the wound
closer before and after the treatment (b). Bar-diagram representation of relative inhibition of wound
healing area of MCF-7 cell. (c). The reduced number of the MCF-7 cell colonies in the presence of
CID-6861424 treatment. Data are represented as the mean + SD of three independent experiments.
**P<0.01, and ***P<0.001.
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Fig 3. CID-6861424 Induced Cell Cycle Arrest at G1 Phase in MCF-7 Cell. (a) Cells were treated
with 50 uM-CID-6861424 for 24hr, 48hr and 72hr and cell cycle analysis was done by flow
cytometry. (b). The downregulation of cyclin D1 and CDK4/6 proteins expression in presence of 50
UM-CID-6861424 was observed by western blotting. Data are represented as the mean + SD of three
independent experiments.

CID-6861424 Induced ROS Generation and
Aym Depletion in MCF-7 Cell

Cancer cells have higher ROS levels than
normal cells and hence are susceptible to
further increase in ROS levels. ROS-production
was analysed by flow cytometry using DCFH-
DA dye in MCF-7 cells post 72hr exposure to
CID-6861424. Samples treated with CID-
6861424 showed significant increase in ROS
generation as compared to the control.
Doxorubicin was used as positive control. ROS
generation was approximately 1.3 and 2.0 times
higher as compared to control in 25uM and
50uM treated samples respectively (Figure 4a
and b). We further checked the Aym with
cationic fluorescent dye Rhodamine 123 using

flow cytometry post 72hr of CID-6861424
treatment. Doxorubicin was used as positive
control. Compared to control, 25uM CID-
6861424 treatment resulted in approximately
1.5-fold disruption of Aym whereas 50puM
treatment resulted in around 2.2 fold Aym
disruption (Figure 4c and d). These results
suggested that CID-6861424 significantly
increased ROS generation and disruption of
Aym in MCF-7 cells.

CID-6861424
MCF-7 Cell

Increase in ROS levels causes DNA damage.
CID-6861424 treatment resulted in elevated
levels of ROS. We next investigated the effect

Induced DNA Damage in
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of the compound on DNA damage. 50uM
CID-6861424 treatment showed significant
increase in y-H2AX immunofluorescence
intensity as compared to the untreated cells.
The increase was around 1.8-fold as shown in
the bar diagram (Figure 5a and b). Further,
western blot data supported
Immunofluorescence data showing
upregulation of y-H2AX expression in 50uM
treated sample as compared to the untreated
sample (Figure 5c). The DNA damage
increases with increase in treatment time.
DNA damage results in upregulation of the
tumor suppressor protein, p53. 50uM CID-
6861424 treatment resulted in upregulation of
p53 in a time dependent manner as shown by
western blot data (Figure 5c¢).

CID-6861424 Induced Apoptotic Cell Death
in MCF-7 Cells

CID-6861424 exposure resulted in increase in
ROS levels and disruption of Aym in MCF-7
cells. Cell cycle data showed that the cells
treated with 50uM CID-6861424 caused
increase in sub-G; population as compared to
the control (Figure 3a) suggesting cell death.
Mode of cell death was assessed by annexin V
and 7AAD dye using flow cytometry post 72hr
CID-6861424 treatment. Samples treated with
50uM and 100uM CID-6861424 showed
significantly increased late apoptotic cells as
compared to the control. 50uM treatment
resulted in ~1.5-fold increase in late apoptotic
cells whereas 100uM treatment resulted in
almost 3.5-fold increase as compared to the
control set (Figure 6a and b). CID-6861424
treatment disrupted Aym in MCF-7 cells.
Aym disruption affects pro-apoptotic protein,
Bax, and anti-apoptotic protein, Bcl-2, and
causes apoptotic cell death. We checked the
expression levels of Bax and Bcl-2. CID-
6861424  treated cells demonstrated
upregulation of Bax and downregulation of
Bcl-2 with increase in time (Figure 6c¢) further
confirmed the apoptotic cell death.

50uM CID-6861424 Inhibits Akt and GSK-
3B Phosphorylation

Akt is a serine/threonine kinase responsible for
cell survival, growth, proliferation and cell
migration. CID-6861424 treatment resulted in
inhibition of MCF-7 cell proliferation and

migration and induction of apoptosis, we
investigated it effect on Akt phosphorylation.
50uM CID-6861424 treatment resulted in
downregulation of Akt phosphorylation.
Reduction in  phosphorylation of the
downstream target GSK-3p was also observed.
The downregulation in phosphorylation was
more prominent post 72hr treatment (Figure
7).

DISCUSSION

Breast cancer is one of the leading causes of
cancer death in women worldwide and
accounted for approximately 15% of all cancer
deaths among women in 2018 [1, 2]. Either
due to intrinsic resistance or due to acquired
resistance the presently available drugs are not
effective enough. There is a constant search
for better drugs for breast cancer treatment.
Sulfonamide compounds are a class of
compounds showing various biological
activities including antibacterial, anti-carbonic
anhydrase and anti-cancerous [5, 10]. In the
PubChem numerous sulfonamide compounds
are available but most of them are not
biologically characterized. CID-6861424 is
one such sulfonamide compound whose anti-
tumorigenic property remained unexplored. In
the present study, we investigated the anti-
cancer activity of CID-6861424.

The cell viability data suggest that, CID-
6861424 significantly inhibit the breast cancer
MCF-7 cell viability in a dose and time
dependent manner. 1Cso value of the
compound was 50uM. Cellular morphology is
often used to characterize cellular health.
MCEF-7 cell morphology changed in presence
of increasing concentration of CID-6861424.
50uM of the compound significantly inhibited
the  cell  proliferation and  showed
morphological changes like, elongated, and
flattened cells with dense cytoplasm and
irregular cell membrane. These are indication
of cellular stress and apoptosis [11, 12]. The
aggressive nature of cancer cells is often
reciprocated by their strong migratory
potential. To investigate this, we performed
wound healing assay at two different
concentrations, 25uM and 50uM, by
measuring the wound closure. We observed
that CID-6861424 significantly inhibited cell
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migration at both the concentrations, though at
50puM it was more prominent. One of the
hallmarks of cancer cells is that they multiply
indefinitely and have the capability to form
colony [13]. Colony forming assay was
performed to check the clonogenic potential
post CID-6861424 treatment. When tested in
presence of two different concentration, 25uM
and 50uM of the compound, both were able to
reduce the clonogenic ability of MCF-7 cells,
though 50puM was more significant. The data
from cell viability, morphology, wound
healing and colony formation assays indicated
that CID-6861424 effectively inhibited cell
proliferation and viability.

The cell cycle is a complex and tightly
regulated process, which mandates cellular
replication. Uncontrolled cell cycle events are
hallmark of cancer cells which modulates cell
cycle towards cellular division even under
compromised conditions [14]. The cell cycle
analysis data showed that post 24 hour, 50uM
CID-6861424 treatment resulted in significant
Gs phase cell cycle arrest with increased sub-
G cell population as compared to control set.
The cyclin D1 is a proto-oncogene and make
an active complex with CDK4/6 and
phosphorylate  and  partially  inactivate
retinoblastoma protein, which is essential for
cell cycle progression in G; phase [15].
Exposure to 50uM CID-6861424 resulted in
downregulation of cyclin D1 and CDK4/6
expression supporting the Gi phase cell cycle
arrest data.

DNA damage endangers genomic integrity
thus cells have developed surveillance
mechanism to continuously monitor the DNA
integrity and respond by activating
checkpoints and DNA repair machinery [16—
22] . DNA damage upregulates p53 and
yH2AX recognizes double strand breaks [16,
23]. 50uM CID-6861424 treatment resulted in
increased DNA damage caused due to double
strand break as shown by increased yH2AX.
Increase in p53 expression was also observed.

Intracellular ROS are essential players of
cellular homeostasis and tightly regulated
under normal condition. Cancer cells in
contrast to normal cells have higher levels of

ROS which is considered to be one of the
major sources of oncogenesis [24-26]. Besides
generation of high levels of ROS, cancer cells
also express high level of antioxidants that can
guench excess ROS [27] thus maintain ROS
homeostasis albeit at higher level. Most of the
cancer therapies target the ROS homeostasis in
cancer cells either by downregulating
antioxidants [28] or by upregulating ROS
levels [29, 30]. Cellular exposure to
chemotherapeutics drugs causes increased
ROS generation [31, 32]. The free radicals are
highly reactive and interact with biomolecules
including DNA causing damage and oxidative
stress [31]. Since we observed increased DNA
damage in presence of CID-6861424, we
analysed generation of cellular ROS post 72hr
treatment. The treatment of 25uM CID-
6861424 increased ROS levels, however a
significant increase in ROS levels were
observed in 50uM CID-6861424 treated set as
compared to control set. The relatively lower
ROS generation upon 25uM CID-6861424
treatment could be explained by the expression
of antioxidants, which might have neutralized
some of the ROS generated during treatment
with sub-cytotoxic concentration. In case of
50uM CID-6861424 treatment, the influx of
generated ROS might have been so strong that
the antioxidant system of MCF-7 cells failed
to neutralize it resulting in high expression of
ROS levels.

In mammalian cells elevated ROS levels can
cause disruption of Aym [33-35] resulting in
mitochondrial mediated cellular apoptosis
[36]. We checked the effect of CID-6861424
treatment on Aym in MCF-7 cells. A
significant Aym disruption was observed in
presence of 50uM CID-6861424.

Increased ROS levels, depletion in Aym and
extensive DNA damages induces apoptotic cell
death [33-36]. The cell cycle data showed cell
death which increase with increase in exposure
time to CID-6861424. We used annexin V/
7AAD assay to check the mode of cell death.
Flow cytometry data showed that MCF-7 cells
treated with CID-6861424  significantly
induced late apoptosis as compared to the
DMSO control. Bcl-2 and Bax, anti-apoptotic
and pro-apoptotic proteins respectively, are
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closely linked with mitochondrial apoptosis.
Localized in the outer mitochondrial
membrane, Bcl-2 is reported to inhibit opening
of mitochondrial membrane permeability
transition pores [37] through perpetuation of
NADPH [38, 39], leading to oxidative
attenuation of proteins responsible for its
opening [40] and inhibition of release of
apoptogenic proteins under apoptosis inducing
conditions [41-43]. Besides, Bcl-2 is also
reported to quench oxidative stress by
inhibiting lipid per-oxidation [44]. 50uM CID-
6861424 treated MCF-7 cells showed
reduction in Bcl-2 and induction in Bax
expression with increase in time and
suggesting  induction of  mitochondrial
mediated apoptosis.

The Akt/PKB pathway is an essential pathway
for cell survival and cell growths in response
to extracellular signals [45]. Akt is a
serine/threonine  kinase, phosphorylates
several downstream proteins and is responsible
for cell survival, growth, proliferation, cell
migration and angiogenesis [46]. Metastatic as
well as endocrine resistance breast cancer cells
show increased Akt/PKB phosphorylation
leading to sustained activation of the protein
resulting in inhibition of apoptosis and

induction of cell proliferation and survival
[47-49]. GSK-3Bis a major downstream
effector where various signal transduction
pathway converges. It modulates cell death
machinery in response to cellular stress and
exposure to chemotherapeutic agents [50]. Tan
et al. have shown that inhibition of GSK-3p
resulted in activation of Bax and induction of
apoptosis [51]. MCF-7 cells when exposed to
50uM CID-6861424 showed downregulation
of phosphorylated Akt and GSK-3p which in
turn might have affected the status of proteins
involved in apoptosis, like Bcl-2 and Bax.

Based on our findings, we have proposed a
model for the mode of action of CID-6861424
in breast cancer MCF-7 cells (Figure 8). CID-
6861424 induces G; phase cell cycle arrest due
to inhibition of cyclin D1 and CDKA4/6
expression. It induces ROS generation leading
to DNA damage, upregulation of p53 and
disruption of Aym. CID-6861424 treatment
downregulated phosphorylation of Akt/PKB
and GSK-3B, upregulated of pro-apoptotic
protein Bax and downregulated of anti-
apoptotic protein Bcl-2 resulting in induction
of mitochondrial mediated apoptosis.

100

CID-6861424 25 uM

80

60

Counts
40

Control (DMSO)

20

CID-6861424 50 uM
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Fig. 4. CID-6861424 Induced ROS Generation and Mitochondrial Membrane Potential (Awm)
depletion in MCF-7 cell. (a) and (b) Histogram and Bar-diagram show enhanced ROS generation
indicated by increased DCF-DA fluorescence in MCF-7 cell post 72hr treatment with 50uM-CID-

6861424. (c) and (d) Histogram and Bar-diagram show dissipation of Aym detected by
Rhodamine123-dye in MCF-7 cell post 72hr treatment with 50uM-CID-6861424. Data are
represented as the mean + SD of three independent experiments. **P<0.01, and ***P<0.001.
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Fig. 5. CID-6861424 Induced DNA Damage in MCF-7Ccell. (a) Post 72hr treatment with 50uM-
CID-6861424 induced y-H2AX. (b) The bar-diagram representation of increased fluorescence
intensity of y-H2AX in MCF-7 cell. (c) The upregulation of p53 and y-H2AX proteins expression in
presence of 50uM-CID-6861424 was observed by western blotting. Data are represented as the mean
+ SD of three independent experiments. **P<0.01.
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Fig. 6: CID-6861424 Induced Apoptotic Cell Death in MCF-7 Cell. (a) Detection of late apoptotic
cell death by Annexin V/7AAD kit (BD Biosciences) post 72hr CID-6861424 treatment using flow
cytometry. (b) The bar-diagram representation of increased late apoptotic cell population with an
increasing concentration of CID-6861424. (¢) Upregulation of Bax and downregulation of Bcl-2
proteins expression in presence of 50uM-CID-6861424 was observed by western blotting. Data are
represented as the mean + SD of three independent experiments. ***P<0.001
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Fig. 7. 50 uM CID-6861424 Inhibits the Akt and GSK-34 Phosphorylation in MCF-7 Cell. The
downregulation of phosphorylated Akt and GSK-38 proteins expression in presence of SOuUM-CID-
6861424 was observed by western blotting.
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Fig. 8. Proposed Model for the Mechanism of Action of CID-6861424 in MCF-7 Cell.

CONCLUSION

Breast cancer cases are increasing in women
worldwide and is main cause of cancer related
death. Approximately 80% of the breast
cancers are ER positive. The effectiveness of

endocrine therapeutic drugs are reduced due to
either intrinsic  resistance or acquired
resistance developed due to prolonged usage.
In this study, we have investigated the anti-
cancer activity of CID-6861424, a
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Sulfonamide compounds on breast cancer cell
line, MCF-7. CID-6861424 inhibited cell
proliferation, cell migration and colony
forming ability of MCF-7 cells. Exposure to
the compound resulted in downregulation of
Cyclin D1 and CDK4/6 lead to induce G;
phase cell cycle arrest. CID-6861424
treatment elevated ROS generation, depleted
of Aym, increased DNA damage and apoptotic
cell death. The compound also downregulated
the phosphorylation of Akt and its effector
protein GSK-3p. The results suggest that CID-
6861424 is a potential anticancer candidate
against breast cancer. Further work is needed
before it can be used as a therapeutic agent.
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thesis of C1D-6861424:
Scheme: Synthesis of CID-6861424

N'-[(1E)-(4-chlorophenyl) methylene]-4 methylbenzenesulfonohydrazide (CID-6861424) was
successfully synthesized and confirmed by IR, 1H NMR, **C NMR analysis. Observation from results
of IR, 1H NMR, *C NMR are described as (Off white solid, Ethanol) Yield: 87 %; mp: 159-160°C;
Anal. calc. for C14H13CIN,O,S : C54.5, H4.2, N 9.1, S 10.4%. found: C 54.5, H4.1, N 9.1, S 10.2%;
IR Vmax (cm?): 3186 (N-H), 2920 (Ar-H), 1598 (C=N), 1495 (C=C), 1363, 1125 (SO,); *H NMR
(DMSO- ds ) & (ppm): 2.49 (s, 3H, -CHs), 7.39 (d, 2H, J= 8.0 Hz, Ar-H), 7.4 (d, 2H, J= 8.4, Ar-H),
7.57 (d, 2H, J= 8.8 Hz, Ar-H), 7.76 (d, 2H, J= 8.4 Hz, Ar-H), 7.89 (s, 1H, N=CH), 11.52 (s, 1H, -NH):
13C NMR (DMSO- ds ) & (ppm): 20.96, 127.18, 128.34, 128.84, 129.65, 132.57, 134.50, 1136.08,
143.47, 145.62; FAB-MS (m/z): 309 (M* + 1, 100%).
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List I1: Stock solutions and reagents

All solutions were prepared in deionized, ultra-filtered water from a water purification
system (Millipore, USA). All solutions were sterilized by autoclaving at 15 Ibs /square

inch for 20 min, unless stated otherwise.
RNase A stock solution (1 mg/ml)

10 mg of RNase A was dissolved in 10 ml of autoclaved 10 mM Tris-Cl (pH 8.0). The
solution was filter sterilized using 0.2 um filter. Aliquots were stored at -20°C until

needed.
1 M Tris.HCI (pH 8.0)

Dissolved 121.14 g of Trizma™ base (Tris base) in water and pH was adjusted to 8.0

using 6 N HCI and volume was made up to 1000ml with water.
DMEM Incomplete medium

DMEM was dissolved in 900 ml of autoclaved water, NaHCO3; was added to final

concentration of, pH was adjusted to 7.2. Volume was made up to 1 liter and media was

filtered with 0.22 um filter before use.
L-15 (Leibovitz) Incomplete medium

L-15 was dissolved in 900 ml of autoclaved water, Penicillin-Streptomycin (pen-strep)

was added, pH was adjusted to 7.2. Volume was made up to 1 liter and media was

filtered with 0.22 um filter before use.
Freezing mixture for cell lines

Freezing mixture for cell lines made of 5% DMSO, 20% FBS in DMEM. Filter-sterilize;

store frozen.
0.5 M EDTA (pH 8.0)

18.61 gm of EDTA was dissolved in 80 ml water. The pH was adjusted to 8.0 with

NaOH pellets. The volume was made up to 100 ml.
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6X DNA Gel Loading Dye

Bromophenol blue 0.25%
Xylene cyanole FF 0.25%
Glycerol 30%

Gel Loading Dye was prepared in water, and stored in aliquots at 4°C.
30% Acrylamide solution

29 gm of acrylamide and 1 gm of N, N'- methylene bisacrylamide were dissolved in 90
ml of autoclaved water (29:1). The final volume was made up to 100 ml and the solution

was stored in a dark bottle at 4°C.
10% SDS solution

5 gm of SDS was dissolved in 40 ml of autoclaved water. The final volume was made up

to 50 ml and stored at room temperature.
10% APS

1 gm of ammonium persulphate was dissolved in 8 ml of autoclaved water. The final

volume was made up to 10 ml. Aliquots were stored at -20°C.
1.5 M Tris base (pH 8.8)

18.1 gm of Tris base was dissolved in 80 ml of water and the pH was adjusted to 8.8

with concentrated HCI and the final volume was made up to 100 ml.
1 M Tris base (pH 6.8)

12.1 gm of Tris base was dissolved in 80 ml of water and the pH was adjusted to 6.8

with concentrated HCI and the final volume was made up to 100 ml.
5X SDS PAGE sample loading dye

[B-Mercaptoethanol 15%

SDS 15%

Bromophenol blue 0.6%



Appendix

Glycerol 50%

Electrode buffer

Glycine 192 mM
Tris base 25 mM
SDS 0.1%

The buffer was prepared in autoclaved water.

12% Resolving gel

30% Acrylamide solution 4.0 ml
1.5 M Tris HCI (pH 8.8) 2.5 ml
Autoclaved water 3.35ml
10% SDS solution 100 pl
10% APS solution 50 pl
TEMED 8 ul
Stacking gel

30% Acrylamide solution 0.65 ml
1 M Tris HCI (pH 6.8) 0.65 ml
Autoclaved water 3.65 ml
10% SDS solution 50 pl
10% APS solution 25 ul
TEMED 6 pl

Staining solution
Coomassie brilliant blue 0.25%

Methanol 40%



Glacial acetic acid
Destaining solution
Methanol

Glacial acetic acid
Transfer buffer (pH 8.3)
Glycine

Tris base

Methanol

Cell lysis buffer
Tris-Cl (pH-8.0)
NaCl

EDTA

Glycerol

NP-40

PBS-Tween 20

0.5 ml of Tween 20 was added to 1000 ml of autoclaved 1X PBS.

10%

40%

10%

192 mM

25 mM

20%

50 mM

150 mM

2mM

10%

1%

Ethidium bromide (10 mg/ml)

Appendix

0.1 gm of ethidium bromide was dissolved in 8 ml of autoclaved water. The volume was

made up to 10 ml. Aliquots were stored in dark at room temperature.

1.25 mM DCFDA

3 mg of DCFDA powder was dissolved in 5 ml of DMSO or methanol. This should be

used freshly in the reaction.
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10 mM DTNB or Ellman’s reagent

40 mg of DTNB powder was dissolved in 10 ml of methanol. This should be used

freshly in the reaction.
0.2M H,0,

741 ul of 30% hydrogen peroxide was dissolved in 9.259 ml of distilled water. This

should be used freshly in the reaction

180 uM PMS

3.06 mg of PMS powder was dissolved in 10 ml of double distilled water.
780 pM NADPH

8.0 mg of PMS powder was dissolved in 15 ml of double distilled water.
300 uM NBT

5.0 mg of PMS powder was dissolved in 20 ml of methanol.

5.55 mM OPT

1.0 mg of OPT powder was dissolved in 10 ml of methanol.
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