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Abstract 

Background: 

Cancer is one of the most serious diseases and represents a major threat to human 

health all over the world. Epidermal growth factor receptors (EGFRs) have been 

shown to be implicated in tumour initiation and progression. Despite of the important 

progress in EGFR inhibitors synthesis, many cancers develop resistance to these 

drugs. Therefore, more effective EGFR tyrosine kinase inhibitors are required for 

cancer treatment. 

Objective: 

This study has been conducted to evaluate the biological activities of a series of 

novel Pyrazolotriazolopyrimidine derivatives (BA623, BA642, BA645) compounds 

that have been synthesized as potential epidermal growth factor receptor (EGFR) 

tyrosine kinase inhibitors in human breast (MCF7), cervical (HELA) and colorectal 

(Caco-2) cancer.  

Methods:  

MTT assay has been employed to evaluate the general toxicity of these compounds 

in the indicated cancer cells. The anti-cancer effects of these compounds against 

cancer cells were assessed using trypan blue assay, growth curve and migration 

assay. To understand the mechanism of action of the most promising 

Pyrazolotriazolopyrimidine (BA) compound, western blotting analysis and flow 

cytometry were performed.  

Results: 

The results show significant toxicity of all three Pyrazolotriazolopyrimidine 

compounds tested in this study in a time and concentration dependent manner. The 

toxicity of these compounds includes proliferation inhibition and cell death. 

Importantly, these compounds showed a significant anti migration effect on HELA 

cells. Of the tested compounds BA-623 has the most potent cytotoxic effect and we 

show here that this compound is able to inhibit EGFR/Akt signaling pathway 

resulting in activating p53 and p21 leading to G1 cell cycle arrest in MDA-MB-231 

breast cancer cell line.  

Conclusion: 

These results suggest that the tested Pyrazolotriazolopyrimidine derivatives 

especially BA-623 may hold potent anticancer effects. 

Keywords: Cancer, EGFR, biological activities, Pyrazolotriazolopyrimidine and 

tyrosine kinase inhibitors. 
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 الولخص

 :خمفية البحث
يمثل تيديدا رئيسا لصحة البشر حول العالم, وأظيرت , حيث يعد السرطان واحدا من أكثر الأمراض خطورة

تصنيع أنواع  التقدم في حداث الورم وتقدمو. بالرغم منيرتبط بإ يعامل النمو الطلائ مستقبلات أن الدراسات
ضمنيا  مختمفة من مثبطات مستقبلات عوامل النمو الطلائي واستخداميا لمعالجة أنواع محددة من السرطان من

عديد من الاثار مما تسبب ايضا باليا مقاومة ل تظير سرطان الرئة والثدي إلا أن العديد من السرطانات أ
 قبلات.الجانبية, لذلك نحتاج لمثبطات أكثر فعالية ليذه المست

 :أهداف البحث
تم  Pyrazolotriazolopyrimidine  تم اجراء ىذا البحث لتقييم النشاطات البيولوجية لسمسمة جديدة من مشتقات

تصنيعيا كمثبطات محتممة لمستقبلات عوامل النمو الطلائي في سرطان الثدي وسرطان عنق الرحم وسرطان 
 القولون.

 :منهجية البحث
لتقييم سمية ىذه المركبات عمى انواع السرطان المشار الييا, وتم فحص التأثيرات المضادة  MTTتم تطبيق تجربة 

وتم ايضا فحص  trypan blue, growth curve, migrationلمسرطان ليذه المركبات من خلال تجربة 
 western blot تجربةباستخدام  EGFR عمى دورة الخمية و Pyrazolotriazolopyrimidineتأثيرات مشتقات 

and flow cytometer. 
 نتائج البحث:

. ركيز والوقتوالسمية تعتمد عمى الت Pyrazolotriazolopyrimidin,  تشير النتائج الى سمية واضحة لمركبات
 cell الى ان ىذه المركبات ليا القدرة عمى تحفيز الموت الخموي والذي تم اختباره باستخدام تجربة بالإضافة
viability ميذه المركبات قدرة عمى تثبيط قدرة خلايا سرطان عنق الرحم عمى اليجرةف .HELAتجابة لمركب الاس

وزيادة  G1و ايقاف الخلايا في طور  ,p21 p53المفسفر وزيادة في EGFR, AKT انخفاضبمرتبطة  326
 MDA-MB-231 الثدي سرطانفي خلايا G1  عدد الخلايا في منطقة ما قبل

 .واعدةمضادات سرطانية كون ىذه المركبات  احتمالية الىتشير ىذه النتائج 
 :خلاصة البحث

يمكن ليذه الدراسة أن تكون نقطة بداية فاعمة لتطوير مجموعة جديدة من مثبطات مستقبلات عوامل النمو 
 الطلائي لعلاج سرطان الثدي وعنق الرحم.

 الكممات المفتاحية:
, Pyrazolotriazolopyrimidineالفعالية البيولوجية,  ,EGFR عامل النمو الطلائيمستقبلات السرطان, 

  .مثبطات التيروسين كاينيز
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Chapter 1 

Introduction 

Cancer is a disease that occurs due to internal and external factors that lead 

to uncontrolled growth and existence of abnormal cells, which cause death after 

uncontrolled distribution. Worldwide cancer is the second leading cause of death and 

accounts annually for one in seven deaths (American Cancer Society, 2012). 

According to the international agency for research on cancer, around 14 million cases 

were diagnosed in 2012 worldwide (World Health organization, 2014). The number 

of new cases is expected to reach 22 million during the next two decades (American 

Cancer Society, 2012). In Gaza Strip, the number of new cancer cases during the 

period from 2009-2014 is 7069 according to reports of the national center for 

monitoring oncology (Palestinian Ministry of Health, 2015).  

Breast cancer is the most common in Gaza Strip where it represents 18.1% 

of all cancers. It occupies the first kind among female‘s cancers with a percentage of 

31.4% of all malignant diseases among females. In Gaza, the second common cancer 

is colon cancer where it represents the most prevalent among males with 11.5% of 

the male cancers (Palestinian Ministry of Health, 2015).  

There are many types of cancer treatments, the specific type of treatment 

that the patients receive depends on the type and stage of the cancer they have. The 

main types of cancer treatment include Surgery, chemotherapy, radiation therapy, 

immunotherapy and hormone therapy. Surgery is a procedure in which a surgeon 

removes tumour from patient‘s body. It can be used to remove cancer that is found in 

one area, or to remove part of a tumour, removing part of a tumour can help other 

treatments work better (National Cancer Institute, 2015). Radiation is an energy 

based treatment which uses waves or a stream of particles to cause DNA damage and 

stop cell growth and division. This leads to cell death over time, so radiation can be 

used to kill cancer cells and shrink tumours (Baskar, Lee, Yeo, & Yeoh, 2012). 

Hormone therapy slows or stops the growth of cancers that use hormones to grow 

like prostate and breast cancers. This type of treatment prevents hormones 

production or blocking receptor binding to hormones (J. Abraham & Staffurth, 

2016). Cancer immunotherapy uses certain parts of a person‘s immune system to 

attack cancer. This can be done by stimulating immune system to work harder to 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045713&version=Patient&language=English
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attack cancer cells or by giving immune system components, such as man-made 

immune system proteins to treat cancer. There are many types of cancer 

immunotherapy that are used to treat cancer such as monoclonal antibodies, immune 

checkpoint inhibitors, cancer vaccines and non-specific immunotherapies (American 

Cancer Society, 2015; West, 2015). Chemotherapy is a systemic drug which kills 

cancer wherever they exist in the body. There are many types of chemotherapeutic 

drugs which are divided based on several factors such as its nature, chemical 

structure, mode of action and its relationship with other medicines (American Cancer 

Society, 2015). Traditional chemotherapeutic agents are nonspecific, cytotoxic, 

powerful and cause undesirable side-effects, it doesn‘t kill rapid-growing cancer cells 

only, but also it kills or slows the growth of healthy cells that normally grow and 

divide quickly like blood-forming cells in the bone marrow, cells in the mouth, 

digestive tract, reproductive system and hair follicles. Damaging of healthy cells may 

cause side effects, such as fatigue, hair loss, easy bruising and bleeding, infection, 

anemia, nausea, vomiting, appetite changes, diarrhea, mouth sores, nerve and muscle 

problems (Colagiuri et al., 2013). Due to these side effects for nonspecific traditional 

chemotherapy, researchers designed new drugs that attack cancer cells more 

specifically and have less side effects. These drugs called targeted therapies, because 

it targets certain components in cancer cells that make cancer cells distinguished 

from normal cells (Padma, 2015). 

Recently the strategy of targeting tyrosine kinase enzymes in human cancers 

is compelling. These enzymes contribute to tumour initiation and progression (Arora 

& Scholar, 2005). It modulates growth, signaling, differentiation, adhesion, 

migration and survival of cancer cells. Among these kinases, epidermal growth factor 

receptors (EGFR), also known as ERBB1 or HER1, which belongs to the HER 

family of cell-surface receptors that include three other members HER2 (ErbB2), 

HER3 (ErbB3), and HER4 (ErbB4) (Takagi, Hayashi, & Ohta, 2009). Ligand 

binding to EGFR triggers homodimerization or heterodimerization of this receptor 

leading to phosphorylation of the receptor and activation of downstream effectors 

such as RAS–RAF–MEK–ERK–MAPK and PI3K–AKT–mTOR resulting in cell 

proliferation (Chakraborty et al., 2014). EGF, TGF-α, amphiregulin, epigen, 

betacellulin, heparin-binding EGF and epiregulin are examples of EGFR ligand. 

EGFR expressed in several types of cancer, including breast, lung, colorectal, 

https://en.wikipedia.org/wiki/Cytotoxicity
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esophageal, head and neck cancers (Manuscript & Syndromes, 2013; Seshacharyulu 

et al., 2012). EGFR targeted tyrosine kinase inhibitors (TKI) are small molecules 

able to inhibit EGFR signaling by competing and binding with ATP binding pockets, 

reversible or irreversible, on the intracellular catalytic kinase domain of receptor. 

Gefitinib, Erlotinib, Lapatinib, Canertinib are TKI drugs that used to treat different 

types of cancer (Seshacharyulu et al., 2012). 

Whereas EGFR-targeted therapies can significantly improve disease control, 

multiple mechanisms of acquired resistance to EGFR-targeted inhibitors have been 

detected in patients. EGFR-T790M mutations, PIK3CA mutations, MET and 

MAPK1 amplification are responsible for mechanisms of resistance to EGFR TKIs 

(Ware et al., 2013). In addition to the different types of resistance, targeted cancer 

therapies can cause fundamental side effects. The most common side effects are skin 

problems like rash, dry skin, nail changes, hair growth and skin color changes, 

problems with blood clotting and wound healing, high blood pressure and other side 

effects (Widakowich, de Castro, de Azambuja, Dinh, & Awada, 2007). Due to these 

side effects and resistance to the current EGFR TKIs more effective TKIs are 

required for cancer treatment.  

 

 

 

 

 

 

 

 

 

 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000476017&version=Patient&language=English
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1.1 General Objective 

The current study aims to evaluate the anti-cancer properties of a novel 

Pyrazolotriazolopyrimidine derivatives group against EGFR expressing cancer cells. 

1.2 Specific Objectives 

1- To study the anti-cancer effects of Pyrazolotriazolopyrimidine compounds 

against breast, colorectal and cervical cancer cells in vitro which will include:  

- Cytotoxic effects 

- Anti-proliferative effects  

- Anti-migration effects  

2- Determination of the mechanism of action by which these compounds work. 

  

1.3 Significance: 

- This is the first study in Gaza strip to investigate novel targeted anti-cancer 

compounds.  

- The synthesized compounds are novel derivatives.  

- The utility of this scaffold as anticancer agent is novel. 

- The first study to test this Pyrazolotriazolopyrimidine compounds against 

cancer cell lines. 

- To our knowledge this is the first study to describe a full mechanism of action 

for novel compounds in Gaza.  

 

1.4 Limitation:  

1- The arrival of the chemical compounds delayed due to the closure of the     

crossing. 

2- The difficulty of availability of cell lines and their importation from outside 

Palestine. 
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Chapter 2 

Literature Review 

2.1 Introduction  

Cancer is one of the most serious diseases and represents a major threat 

to human health all over the world. It is defined as a set of diseases characterized 

by unregulated cell division with the ability of these cells to penetrate and migrate 

to different organs (World Health Organization., 2017). In 2012 there were 14.1 

million new cancer cases diagnosed worldwide (American Cancer Society, 2012). 

In 2015, cancer accounted for 8.8 million of deaths worldwide (World Health 

Organization., 2017). According to the latest report of cancer registry unit in Gaza 

strip which were monitored and recorded in the period between 2009 and 2014, 

7069 cases have been report (Palestinian Ministry of Health 2015).  

Breast cancer is the most common diagnosed cancer in women 

worldwide. While breast cancer is the first killing cancer between women in 

developing countries, it is the second leading cause of death by cancer among 

women in developed countries (American Cancer Society, 2012). In Gaza Strip 

breast cancer is the most popular type of cancer and accounts for 1283 cases 

which represent 18% of all cancers with a morbidity rate of 78 per 100.000. 

Among female‘s cancers in Gaza, breast cancer occupies the first kind with 31.4% 

of all malignant diseases (Palestinian Ministry of Health 2015). 

 The same report showed that colon cancer represents the second 

common cancer in Gaza strip, it records 709 cases with 10% of all cancers and 

morbidity rate of 45 per 100.000. In Gazans males, colon cancer represents the 

most prevalent with 11.5% of all cancers (Palestinian Ministry of Health 2015). 

However, worldwide colorectal cancer is the third cancer in men and the second 

in women (American Cancer Society, 2012). Cervical cancer ranks the fourth 

most common cancer and the fourth killing cancer among women all over the 

world in 2012 (American Cancer Society, 2012). In Gaza strip cervical cancer 

represents 4.6% of women cancers with a morbidity rate of 21.9 per 100.000 

(Palestinian Ministry of Health 2015). Since this thesis focuses on specific types 

of cancer, the next part of this chapter focuses on these types. 
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2.2 Cancer types 

2.2.1 Cervical cancers  

Cervix is the lower portion of the uterus that connects it the vagina. 

Cervical cancer occurs by uncontrolled division of abnormal cells in the cervix 

forming a tumour and these cells lead to congestion and destruction of normal 

cells when they spread to other parts of the body (World Health organization, 

2006). There are two main types of cervical cancer; squamous cell carcinomas 

(SCCs) which occurs in the squamous cells that cover the ectocervix and 

adenocarcinoma which arises in the gland cells underlay the endocervical canal. 

Almost all cases of cervical cancer are caused by continuous infection with the 

human Papillomavirus (HPV) so that cervical cancer is characterized by virus-

induced illness. HPVs are DNA tumour viruses that infect epithelial cells in the 

skin (cutaneous HPV types) or in the inner lining of tissues (mucosal HPV types) 

(Burd, 2003). 

 There are two types of HPV infections; productive infection and 

proliferative infection. In the productive infection, viral genome is kept away from 

the host genome and isn't integrated with the genome of the cells in the basal layer 

of the cervix, and this type of infection leads to form viral particles (González 

Martín, 2007). In the proliferative infection the viral DNA is integrated with the 

genome of the cells. Although HPV infection is considered a high risk factor for 

cervical cancer, but it may be not sufficient to develop this type of cancer. Several 

factors contribute to the development of cervical cancer in addition to the viral 

infection such as long-term use of oral contraceptives, cigarette-smoking, alcohol 

consumption and many growth factor systems contribute to the progression of 

cervical cancer such as epidermal growth factor receptor (EGFR) and insulin like 

growth factor I receptor (IGF-IR) ( Martín, 2007; Ibeanu, 2017). 

Epidermal growth factor receptor (EGFR) expression is upregulated in 

many cancer types due to overexpression of the receptor or the presence of 

activating mutations (Yewale, 2013). In cervical cancer EGFR mutation is rarely 

detected but EGFR is usually overexpressed (Bumrungthai et al., 2015). One 

known cause of EGFR overexpression and activation is the HPV infection 

(Soonthornthum et al., 2011). For example, HPV 16 E6 induces hyper activation 

of EGFR in the presence or absence of growth factors. This is extremely 
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important as it triggers long-term EGFR and other kinases such as MAPK and 

PI3K (Soonthornthum et al., 2011; Spangle, 2013). These proteins play a 

significant role in cervical cancer progression which makes it a potential target for 

cancer treatment (Soonthornthum et al., 2011). 

2.2.2 Colorectal cancer  

Colon is an important and critical part of the digestive system which lies 

in the lower intestinal tract and connects the small intestine to the rectum. It is the 

place where water, salts and nutrients are absorbed, as well as stored feces and 

waste. Colon is divided into four regions; ascending colon, transverse colon, 

descending colon and sigmoid colon. Colon nature makes it exposed to many 

biological, chemical and physical factors, all of these factors increase the 

possibility of many diseases, including cancer (Arvelo, 2015).  

Colon and rectum (the last piece of the large intestines) are the places 

where colorectal cancer occurs. Most of colorectal cancers (CRC) are 

adenocarcinoma that arises in secretory cells in the lining tissue of the internal 

organs, which release mucus and other fluids in the body (Giglia, 2016). CRC 

occurs as a result of the gradual accumulation of genomic instability and genetic 

changes that collaborate to induce the conversion of normal epithelial cells in 

colon to adenocarcinoma.  

Colorectal cancer is divided into three types according to the increased 

genetic effect and the risk of cancer; sporadic type, family link type and hereditary 

type (Ivanovich, 1999; Kheirelseid, 2013). Sporadic CRC represents 60% to 85% 

of all CRC types and it is defined as colorectal cancer that occurs in the absence 

of certain inherited mutations and family relationship (Jeter, 2006). The majority 

of this type of CRC occurs in the left side of colon and resulting from the 

accumulation of mutations in tumour suppressor genes and oncogenes. Mutations 

in these genes induce cell growth, inhibit cell death and prevent cell cycle arrest 

(Grady, 2007; Kheirelseid et al., 2013). Family related type represent 10% to 30% 

of all CRC and it is more likely to happen if there are members of the family with 

the first kinship with CRC, however there is no clear pattern of inheritance (Jeter, 

2006). CRC that occurs due to the presence of specific inherited germline 

mutation called hereditary type and represent 6% of CRC (Jeter, 2006). Hereditary 

and familial colorectal cancers are divided into familial adenomatous polyposis 
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(FAP) and hereditary non-polyposis colorectal cancer (Lynch syndrome). FAP is 

characterized by the existence of several polyps that may converted to malignance 

with age up to approximately 40 if these polyps are not clearly removed (Grady, 

2007; Kheirelseid et al., 2013). Polyps is defined as benign growths of tissues that 

arise from the inner layer of colon into the lumen (American Cancer Society, 

2017). Lynch syndrome is a malignant type which does not have polyps and able 

to develop cancers other than gastrointestinal cancers (Grady, 2007; Kheirelseid et 

al., 2013).  

Genetic alterations lead to the stimulation of oncogenes and inactivation 

of tumour suppressor genes are critical for initiation and progression of CRC. The 

Adenomatous polyposis coli (APC) genes encodes large protein with multiple 

functional domains, these domains mediate oligomerization and enable it to bind 

with a different intracellular proteins. This protein is a member of the 

Wingless/Wnt signaling pathway (Grady, 2007). In this pathway APC binds with 

different proteins such as ß-catenin and glycogen synthase kinase (GSK)-3ß 

where it enables GSK to phosphorylate ß-catenin targeting it to ubiquitin-

mediated proteasomal degradation. Germline mutation in this gene consider as a 

fundamental cause for FAP syndrome and also APC gene is mutated in 70% of 

sporadic CRC (Grady, 2007; Jeter, 2006). Most CRC initiate by mutations in APC 

genes, so that these mutations are seen in the earliest stages of CRC formation. 

Mutations in this gene affect Wingless/Wnt signaling pathway by prevent APC to 

bind with ß- catenin which lead to the accumulation of ß-catenin and over 

activation of Wingless/Wnt signaling pathway. ß-catenin causes overexpression of 

c-MYC (Grady, 2007; Kheirelseid et al., 2013). C-MYC is a proto-oncogene that 

regulates many cellular processes such as trigger of cell proliferation by up-

regulation of cyclins (cyclins act as a regulators of CDKs Cyclin-dependent 

kinase(CDKs) (Leu et al., 2016). C-MYC also down regulate one of the main cell 

cycle inhibitors p21, inducing cell growth and inhibition of apoptosis through 

down-regulation of the major anti-apoptotic protein Bcl-2 (Grady, 2007; 

Kheirelseid et al., 2013).  

Tumour protein-53 (P53) is a tumour suppressor transcription factor that 

is named as ―guardian of the genome‖ due to its role in maintaining the stability of 

genome via recognizing of DNA damage and trigger cell cycle arrest, DNA repair 



9 
 

and apoptosis (Zilfou, 2009). P53 is mutated in more than 50% of human cancers. 

In colorectal cancer, p53 mutations appear in the late stages and lead to convert 

adenoma to carcinoma (Grady, 2007; Kheirelseid et al., 2013).  

Epidermal growth factor receptor (EGFR) is overexpressed in 25% to 

82% of CRC where it plays an important role development and progression of 

colorectal cancer (Spano et al., 2005). In addition to the role of EGFR in CRC, 

up-regulation of some EGFR downstream effectors due to mutations in these 

effectors contribute in CRC development and progression (Krasinskas, 2011). 

Mutations in KRas, BRAF, and p-AKT are the most common EGFR downstream 

effectors mutation (Krasinskas, 2011). 

2.2.3 Breast cancer 

To understand breast cancer development it is important to know the 

structure of the normal breast. The female breast consists mostly of fatty and 

fibrous connective tissues and is divided into about 20 sections called lobes. Each 

lobe is further subdivided into a group of lobules which are the structures that 

contain milk-producing glands. Once milk has been produced, a complex system 

of tiny ducts carries it through the breast to the collecting chamber located below 

the nipple (Allred, 2001). Breast cancers mostly originate from either the ducts or 

the lobules in which case they are referred to as ductal carcinomas or lobular 

carcinomas, respectively. When confined to the site of origin, they are further 

classified as non-invasive (or in situ breast cancer) but when they spread beyond 

the basement membrane and invade the underlying connective tissue they are 

classified as invasive breast cancer (Weigelt, 2010). There are also less common 

breast cancers such as medullary, papillary and mucinous carcinoma. 

While the transition from non-invasive to invasive breast cancer has been 

reported, breast cancer progression remains a point of debate and two prevailing 

models (linear and parallel) have been proposed. The linear model proposes that 

cells in the primary (non-invasive) tumour accumulate progressive mutations in 

genes regulating cell division and growth (C. a Klein, 2009; G. Klein, 1998). The 

most common mutations identified in the primary tumour include BRCA1, 

BRCA2, p53 and RB and amplification of the HER-2 receptor (Baker et al., 2010; 

Bosco, 2007; Ross, 1998; Slamon et al., 1987). Some of these cells eventually 
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acquire the ability to proliferate autonomously; they expand clonally and leave the 

primary site to travel the vascular systems to a distant organ where they develop 

into a secondary metastatic growth. This model also suggests that metastasized 

cells in the secondary site should also be able to leave that site to set up at a 

tertiary site (C. a Klein, 2009; Polyak, 2008). The parallel progression model 

proposes that cancer cells may leave the primary tumour site at a very early stage 

and may be subsequently genetically modified in the metastatic niche where they 

later settle (C. Klein, 2009). However, these tumour cells may also differ 

genetically from cells that eventually develop into a metastasis in the same patient 

which could reflect the requirements for these cells to adapt and be able to 

successfully grow in the new microenvironment (Stoecklein, 2010). 

Breast cancer is divided according to the presence of estrogen receptor 

(ER) to ER positive breast cancer and ER negative breast cancer. More than 70% 

of human breast cancers (BCs) are ER-positive which means that these cells are 

hormone-dependent and approximately 15% are hormone-receptor-negative 

which includes BCs lacking estrogen receptor expression (Massarweh, 2006). 

Triple negative breast cancers (TNBCs) are called such because they lack 

receptors for estrogen, progesterone and Her2. TNBCs are highly aggressive and 

resistant to conventional chemotherapy (Fumagalli,  2012; Hima, 2011; Khokhar, 

2012; Reis-Filho, 2008). It is important to note that more than 70% of TNBCs 

overexpress genes implicated in metastasis and invasion as well as genes involved 

in proliferation and resistance to apoptosis including AKT, PI3K, RAS and NF-кB 

(Sørlie et al., 2001; Vogelstein,  2004; Wilhelmsen, 2006). More importantly, 

mutations in p53 is reported to be one of the most common features of TNBCs 

and several studies indicate that these mutant p53 proteins enhance 

tumourigenesis and treatment resistance (Brosh, 2009; Holstege et al., 2009; 

Selivanova, 2007). EGFR is overexpressed in all breast cancer subtypes, however 

it is more frequently overexpressed (approximately 80%) in triple-negative breast 

cancer (TNBC) (Lehmann et al., 2011; Simon, 2016). 
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2.3 Cancer treatments 

Cancer is multifactorial in nature and it is unlikely to be cured by a single 

therapeutic approach. There are many types of cancer treatments, the specific type 

of treatment that the patients receive depends on the type and stage of the cancer 

they have. The main types of cancer treatments include surgery, chemotherapy, 

radiation therapy, immunotherapy and hormone therapy. The next section of this 

chapter will provide a general overview of the key cancer treatment types.  

Surgery is a procedure in which a surgeon removes tumour from 

patient‘s body. It can be used to removes cancer that is found in one area, or 

removes part of a cancer tumour, removing part of a tumour can help other 

treatments work better (National Cancer Institute, 2015). Surgery is very effective 

in the treatment of cancer, especially at the early stages of the diseases and 

sometimes common problems do occur, like pain, infection. Other risks of surgery 

include bleeding, harm to adjacent tissues, drug reactions and dysfunction in some 

body functions (American Cancer Society, 2016d). 

Radiation is an energy that‘s carried by waves or a stream of particles, 

which cause DNA damage and stop cell growth and division. This leads to cell 

death over time (American Cancer Society, 2014). Radiation can be used alone to 

cure some cancers such as skin, prostate, Lymphomas, cervix, head, neck and 

non-small lung cancers. It is also used with other cancer treatments such as 

surgery, chemotherapy or immunotherapy to treat breast cancer, rectal and anal 

carcinomas, advanced head and neck carcinomas, advanced lung carcinomas, 

advanced lymphomas, advanced cervix carcinomas, endometrial carcinomas, CNS 

tumours, soft tissue sarcomas and pediatric tumours (Delaney, 2005). Although 

radiation kills or slows the growth of cancer cells, it has several side effects, such 

as killing of nearby healthy cells and causes fatigue, skin irritation, fever or chills, 

sore mouth, nausea and diarrhea (American Cancer Society, 2016d). 

Hormone therapy slows or stops the growth of cancers that depend on 

hormones to grow like breast and prostate cancers. This type of treatment prevents 

hormones production or blocking receptor binding with hormone. Tamoxifen is an 

example on hormone therapy that binds to estrogen receptor preventing estrogen 

binding to its receptor. It is used to cure ER-positive breast cancer (J. Abraham, 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000321374&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045713&version=Patient&language=English


12 
 

2016; Erickson, 2013). Immunohistochemical studies showed that breast cancers 

that express the estrogen receptor, progesterone receptor or both respond well to 

hormone therapy. For example, five years of adjuvant tamoxifen safely reduces 

15-year risks of breast cancer recurrence and death (Davies et al., 2011). It causes 

unwanted side effects such as hot flashes, night sweat, vaginal discharge and 

increase the risk for endometrial cancer (J. Abraham, 2016). 

Immunotherapy depends on the use of certain parts of the immune 

system to fight cancer. This can be done by stimulating immune system to work 

harder to attack cancer cells or by giving immune system components, such as 

man-made immune system proteins to treat cancer. There are many types of 

cancer immunotherapy that are used to cure cancer such as monoclonal 

antibodies, checkpoints inhibitors, vaccines and non-specific immunotherapies. 

Monoclonal antibodies are man-made versions of immune system proteins. It is 

constructed to attack a certain part of a cancer cells. Cetuximab is a monoclonal 

antibody attacks EGFR protein which is common in normal epithelial cells and 

many types of cancer cells (American Cancer Society, 2015). Checkpoints are 

specific locations on T cells surface that called receptors. These receptors need to 

be activated or inactivated to begin an immune response. Cancer cells use these 

checkpoints to avoid attack them by the immune system through binding to 

activated T cells receptors and turn them off. Checkpoint inhibitors are drugs that 

prevent T cells from turning off by cancer cells, which allow infiltration of T cells 

into the tumour stopping its growth (West, 2015). Pembrolizumab (Keytruda) is 

another example on immune checkpoint inhibitors that target PD-1a checkpoint 

protein on T cells that mainly used to treat advanced melanoma and non-small cell 

lung cancer (American Cancer Society, 2015; McDermott, 2015). Cancer vaccines 

are (parts of tumour cells- proteins or antigen) used to prevent and treat cancer. 

Sipuleucel-T (Provenge®) is an example on vaccines that treat advanced prostate 

cancer (Enock & Ndefo, 2011). Non-specific cancer immunotherapies target 

cancer cells randomly, they activate the immune system in general. Cancer 

immunotherapeutic cytokines such as interleukins, interferons that are usually 

synthesized by certain types of immune system cells are necessary for control of 

the growth and activity of other immune system cells and blood cells (American 

Cancer Society, 2015). 
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Chemotherapy, anti-neoplastic therapy and cytotoxic therapy are three 

medical terms used to describe chemical agents used in cancer therapy but the 

most commonly used is chemotherapy. Unlike surgery and radiation, 

chemotherapy is used as a systemic approach to treat cancer and is especially 

important for patients with advanced stages of cancer. Currently, more than 100 

chemotherapeutic agents are used either as single treatments or in combination 

with other treatments and divided based on several factors such as the nature of its 

work, chemical structure and its relationship with other medicines (American 

Cancer Society, 2016b).  

The most common types of chemotherapeutics are: (1) Alkylating agents 

such as nitrogen mustard (mechlorethamine) that binds to DNA and causes DNA 

damage. Platinum drugs such as cisplatin are often classified in this group because 

they kill cells by the same way, Cisplatin is used to treat many cancer types such 

as sarcomas, cancers of soft tissue, bones, muscles, and blood vessels (Cheung-

Ong,  2013; Dasari, 2014a); (2) Anti-metabolite drugs such as 6-mercaptopurine 

(6-MP) which is a chemotherapy that damage the cells in S phase by interfering 

with genetic material. It is used to treat leukemia, breast, ovary, and the intestinal 

tract cancers; (3) Anti-tumour antibiotic is a chemotherapy that causes alteration 

in the DNA inside the cells. Anthracyclines are types of anti-tumour antibiotics, 

they interfere with DNA replication enzymes and act during all cell phases like 

doxorubicin. Actinomycin-D and bleomycin are examples of not anthracyclines 

anti-tumour antibiotics (American Cancer Society, 2015; Minotti, 2004); (4) 

Topoisomerase inhibitors which inhibit a class of enzymes responsible for 

separating the strands of DNA during DNA replication. The topoisomerase 

inhibitors work by maintaining the DNA-enzyme intermediate as a complex, 

preventing re-ligation of the break between DNA strands and thus inhibiting the 

replication process. Several studies carried out on the early topoisomerase 

inhibitors, etoposide and teniposide, showed that these compounds are unable to 

bind purified DNA. Further investigations revealed that these inhibitors bind to 

the topoisomerase-DNA complexes causing double strand breaks (Chen et al., 

1984; Dow, 1983); (5) Mitotic inhibitors are natural products such as plant 

alkaloids. It can stopping mitosis in the M phase and it can work in all cell cycle 

phases by preventing the enzymes from producing the proteins necessary for cell 
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reproduction. The common limitations of using these drugs lie in their potential 

ability to cause peripheral nerve damage and to induce chemoresistance in various 

cancer types. However, members of this chemotherapeutic class such as paclitaxel 

and ixabepilone are still used to treat patients with breast cancer, lung cancer and 

leukaemia (American Cancer Society, 2015; Priyadarshini 2012). 

Most of the current drugs have limited efficiency against cancers, partly 

due to, tumour cells acquiring resistance to chemotherapy (Sawicka, 2004). In 

many cases, cancer cells modify the expression of cell surface receptors to reduce 

the drug uptake and to increase the drug efflux. In the case of enzyme-inhibiting 

chemotherapies, drug resistance can arise from genetic mutation or by gene 

amplification of the targeted enzymes (Gottesman, 2002). Tumour cell resistance 

to DNA damaging agents are usually associated with modifications in the DNA 

damage response to increase the DNA repair capacity (D. Wang, 2005). Specific 

combination treatments can be used to improve the effect of a certain 

chemotherapy and to overcome drug resistance (Cheung-Ong et al., 2013). 

However traditional chemotherapeutic agents are nonspecific, cytotoxic, powerful 

and cause undesirable side-effects, it doesn‘t only kill rapid-growing cancer cells, 

but also kills or slows the growth of healthy cells that normally grow and divide 

quickly like blood-generating cells in the bone marrow, cells in the mouth, 

digestive tract, reproductive system and hair follicles (Minotti et al., 2004). For 

example, use of doxorubicin and other anthracyclines have been linked to cardio-

toxicity, including cardiomyopathy and congestive heart failure. Damaging of 

healthy cells may cause side effects, such as fatigue, hair loss, easy bruising and 

bleeding, infection, anemia, nausea, vomiting, appetite changes, diarrhea, mouth 

sores, nerve and muscle problems, skin and nail changes such as dry skin and 

color change, urine and bladder changes and kidney problems, weight changes 

and fertility problems (American Cancer Society, 2016c; Minotti et al., 2004).  

Due to these side effects for nonspecific traditional chemotherapy, 

researchers designed new drugs that attack cancer cells more specifically than 

traditional chemotherapy and have less side effects. These drugs called targeted 

therapies. 
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Targeted therapy targets certain characteristics in cancer cells that make 

cancer cells distinguished from normal cells (Vijaya, 2015). Cancer cells make 

some changes on their own genomes which enabling them to continuously divide 

forming tumours, invade neighboring tissues and migrate to different parts of the 

human body. These genetic changes that occur in cancer cells appear as 

overexpression or down regulation of certain molecules or signals that responsible 

for the maintenance of the carcinogenesis process (American Cancer Society, 

2013b). Targeted drug designed to target proteins play a major role in the 

maintenance of cancer cells from death, also these drugs block the tumour ability 

to form blood vessels, thus cutting off the blood supply from tumour cells and to 

inhibit and stopping of signals that have a role in the development and spreading 

of cancer (American Cancer Society, 2013b; Vijaya, 2015).  

Targeted therapy are divided based on the nature of their work and place 

of work directed to him. It includes monoclonal antibodies and small molecule 

inhibitors (Vijaya, 2015). Drugs that target enzymes which have a role in cancer 

growth and development called enzyme inhibitors like tyrosine kinase inhibitors 

(TKI), growth factor inhibitors, mTOR inhibitors, signal transduction inhibitors 

and proteasome inhibitors (American Cancer Society, 2013b). Sunitinib is an 

example of TKI that considered as a multi-targeted kinase inhibitors because it 

can inhibit the ability of cancer cells to form blood vessels and inhibit tyrosine 

kinase enzyme (Tourneau, 2007). This drug is currently used to treat patients with 

advanced renal cell carcinoma (RCC) and gastrointestinal stromal tumours (GIST) 

(Le Tourneau, Raymond, 2007). Proteasome is a group of enzymes that break 

down proteins that are not needed by the cell, but some of these proteins have a 

role in controlling and regulating growth and division of the cell. Bortezomib is 

proteasome targeted drug prevent proteasome from degrading these proteins and 

is used to cure patients with multiple (Adams, 2004; Field-Smith, 2006). 

2.4 Tyrosine kinases enzymes 

Tyrosine kinases are groups of enzymes which are categorized into 

receptor tyrosine kinase (TKR) enzymes and non-receptor tyrosine kinase 

(NTKR) enzymes. The receptor tyrosine kinases have the ability to influence the 

control of cellular functions and the transmission of extracellular signals from 

outside the cells to the inside. Structurally these enzymes consist of three parts; 
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the first one is the extracellular N-terminal which dedicated to ligand binding, the 

hydrophobic transmembrane rejoin and an intracellular tyrosine kinase domain. 

Non receptor tyrosine kinase enzymes in turn activated depend on internal signal 

in the cells. The function of tyrosine kinase enzymes is to transfer the phosphate 

group from adenosine triphosphate ATP to certain proteins which leads to either 

activation or inhibition of these proteins. When ligand binds to extracellular 

domain of tyrosine kinase receptors, it triggers the dimerization process of these 

receptors leading to autophosphorylation of the catalytic domain of receptor the 

tyrosine kinase enzyme. Activated tyrosine kinase receptor work as activator for 

cytosolic mediator proteins through which signals are transmitted to the nucleus 

and caused changing in the DNA synthesis and then in the cell division and many 

characteristics of the cell as migration, differentiation and cell death (Arora, 2005; 

Paul, 2004). 

Cancer cells have active forms of these receptors which occurs due to 

autocrine-paracrine loops or the presence of a mutation in these receptors that 

make them constitutively active and lead to carcinogenesis. Hyper activation of 

TKRs takes place due to the presence of high concentration of ligands thus 

resulting in overexpression of the receptors or vice versa overexpressed receptors 

lead to ligands overexpression, these mechanism of activation for TKRs called 

autocrine-Paracrine loops (Paul et al, 2004). This type of activation was detected 

in different types of cancer in different types of receptors like epidermal growth 

factor receptors (EGFR), platelet derived growth factor receptors (PDGFR) and 

insulin growth factor receptors (IGFR) and ligands that related of these receptors 

EGF and TGFα for EGFR, PDGF-A and PDGF-B for PDGFR and IGF I and IGF 

II for IGFR. Different mutations in TKRS are responsible for the hyper activation 

of the function of these receptor, it might occur in the extracellular or intracellular 

domain of the receptor. These mutation may be point mutation or translocation 

(Paul, 2004).  

Since tyrosine kinase receptors have a critical role in cancer initiation and 

development, they become the focus of scientists' attention. Scientists and 

researcher have developed inhibitors to combat and reduce their activity. There 

are many targeted therapies which designed to inhibit tyrosine kinase receptors 
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(Corkery, 2009; Lockhart et al., 2006; Yamasaki et al., 2008). These drugs target 

either the extracellular part of these receptors or the intracellular part of them. 

Targeted therapy that binds to the extracellular domain and prevents ligand 

binding to the binding sites called monoclonal antibody (Paul , 2004). Herceptin is 

the first approved monoclonal antibody that designed to target HER-2 (the second 

type of EGFR family) receptor. Herceptin binds to HER-2 receptor and inhibits its 

activity leading to cell cycle suppression (Molina et al., 2001). Tyrosine kinase 

inhibitors (TKIs) are targeted drugs that inhibit TKRs by competing on the ATP 

binding site in the intracellular (the tyrosine kinase enzyme) domain of the 

receptor. These drugs are designed to mimic ATP and have at least two aromatic 

rings. Gefitinib is a common approved TKI that selectively inhibit the tyrosine 

kinase domain of EGFR in non-small cell lung cancer and squamous cell 

carcinoma (Paul, 2004; Yewale et al., 2013). 

2.5 EGFR targeted drug 

Epidermal growth factor receptor (EGFR) was discovered by Stanly 

Cohen who won the Nobel Prize in Physiology/Medicine in 1986 (Seshacharyulu 

et al., 2012). EGFR is also called ErbB1/ HER1 and belongs to the ErbB family. 

This family of cell-surface receptors consist of three other members HER2 

(ErbB2), HER3 (ErbB3), and HER4 (ErbB4) whose molecular weight range 

between 170 to 185 KDa Figure 2.1 (Seshacharyulu et al., 2012; Yewale et al., 

2013).  

These members are characterized by having the same structure, they 

consist of three parts; extracellular N-terminal part that are wealthy with cysteine 

and it is dedicated to the correlation of ligand, hydrophobic transmembrane and 

intracellular C-terminal tyrosine kinase part which is extremely conserved and 

contain several tyrosine residues. The extracellular part of EGFR consists of I, II, 

III and IV domains. While the interaction of I and III facilitates ligand binding and 

leads to the active open conformation, II and IV interaction counteract ligand 

binding and lead to closed inactive conformation (Seshacharyulu et al., 2012). 

 Phosphorylation of tyrosine residues in the C-terminal tail followed by 

receptors homodimeriazation or heterodimerization. Homodimeriazation occurs as 

a result of dimerization between EGFR receptors, but heterodimerization results 

from the interaction between EGFR and other ErbB receptors. Dimerization 
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process is induced by ligand binding and this process followed by stimulation and 

then binding of adaptor and effector proteins like Src homology 2 (SH2) and 

phosphotyrosine binding (PTB) domain in the phosphorylated tyrosine residues 

that found in the cytosolic part of the receptor which lead to activation of several 

cellular pathways (Figure 2.1). KRAS-BRAF- mitogen-activated protein kinase 

pathway ERK1/2 (extracellular signal-regulated kinase) are signaling proteins that 

induce cell division and cell growth (Dhillon, 2007). Active phosphatidylinositol 

3-kinase (PI3K)/Akt pathway activates the transcription activator (STAT) which 

are responsible for cell survival and regulate cell death (Beck, 2014).  

 There are many different ligands that bind and activate EGFR these 

includes epidermal growth factor (EGF), transforming growth factor alpha (TGF-

α), amphiregulin (AR), betacellulin (BTC) and epiregulin (EPR) (Ono, 2006; 

Seshacharyulu et al., 2012). Certain cancers such as breast, cervical, colorectal, 

head and neck, gastric, lung, esophageal, prostate, bladder, renal, pancreatic, 

ovarian and liver cancers usually express high level of epidermal growth factor 

receptors (EGFR) (Arteaga, 2002). Several therapeutic approaches have been 

developed to be EGFR targeted drugs. Monoclonal antibodies and small molecule 

tyrosine kinase (TK) inhibitors are the main therapeutic approaches that target 

EGFR in different malignancies. Monoclonal antibodies target extracellular 

domains (ligand binding domain) of EGFR, however TK inhibitors bind into the 

intracellular domain (TK domain) of EGFR. Gefitinib, Erlotinib, Lapatinib, 

Osimertinib and Afatinib are the most commonly used EGFR tyrosine kinase 

inhibitors (Seshacharyulu et al., 2012; Yewale et al., 2013). 
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Figure (2.1): The EGFR family and its downstream signaling molecules as targets for 

cancer therapy. EGFR family proteins and their ligands (A). EGFR family proteins, their 

specific phosphorylation sites, and binding sites of signaling molecules to the tyrosine kinase 

domains (Ono, 2006).  

2.6 EGFR tyrosine kinase inhibitors 

2.6.1 Gefitinib 

Gefitinib (Iressais) is an anilinoquinazoline derivative compound which 

was firstly characterized in 1996 and was approved by the FDA for the treatment 

of advanced non-small cell lung carcinoma in 2003 (Cohen, Williams, Sridhara, 

Chen, & Pazdur, 2003; Seshacharyulu et al., 2012). Structural similarity of this 

compound to adenosine triphosphate (ATP) enables it to bind to the ATP binding 

site of the catalytic tyrosine kinase domain of the EGFR thereby preventing its 

autophosphorylation and activation (Segovia-Mendoza, 2015). 

Corkery et al, studied the effect of gefitinib on triple-negative breast 

cancer cells (TNBCs) as a potential targeted therapy (Corkery et al., 2009). 

Enzyme-linked immunosorbent assay (ELISA) was used to measure 

phosphorylated EGFR in different cancer cell lines. The results revealed that all 

TNBC cell lines express high levels of EGFR and very low level of HER-2. 

Proliferation assays are used to assess the effects of gefitinib on the tested cell 

lines, the results showed that TNBC cell lines which overexpressed EGFR are less 

sensitive to gefitinib than HER-2 overexpressing cell lines. Western blot analysis 
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results showed that gefitinib inhibits MAPK and Akt phosphorylation in HER2 

overexpressing cell lines. Furthermore, G1 cell cycle arrest was induced in HER2 

overexpressing cell lines. In contrast, almost there was no change in cell cycle 

analysis profile of TNBC. This study also tested the inhibitory effects of gefitinib 

in combination with chemotherapeutic drugs such as carboplatin and docetaxel on 

TNBC cell lines and the results showed that this combination synergistically 

improved the response in TNBC cell lines. 

Another study investigated the effect of gefitinib, and PI3K/AKT 

inhibitors (PI-103) as combined treatment on triple-negative breast cancer cells 

where EGFR is frequently overexpressed (Yi, 2013). Cell proliferation was 

evaluated by MTT assay and results showed a synergistic anti-proliferative effect. 

The effect of gefitinib/PI-103 combination also examined by western blot analysis 

and demonstrated that the level of both phospho-AKT and phospho-ERK 

significantly reduced in two TNBC cell lines. The combination of gefitinib/PI-103 

markedly increased caspase-3/7 activity and synergistically induced the level of 

PARP cleavage. In addition, levels of three anti-apoptotic proteins, XIAP (X-

linked inhibitor of apoptosis protein), Bcl-2 and Mcl-1(myeloid cell leukemia 1), 

were profoundly reduced in cells treated with gefitinib/PI-103 combination than 

cells treated with either drug alone. Apoptotic cell death was further confirmed by 

annexin V/PI staining followed by flow cytometric analysis in MDA-MB-468 

cells treated with combination of both drugs. The results showed that cells were 

treated with combination of gefitinib/PI-103 showed, early apoptotic cell death 

with a 5-fold increase compared with the vehicle-treated control. Combination 

treatment also increased the late apoptotic/necrotic cell death about 2-fold over the 

control treatment.  

Clinical studies showed that gefitinib is more effective in treating lung 

cancer patients than other chemotherapies such as cisplatin due to its ability to 

delay cancer recurrence. In a phase III trial, lung cancer patients who are treated 

with gefitinib have median progression-free survival time of 10.4-10.8 months 

(Maemondo et al., 2010; Yang et al., 2017). Comparing with other 

chemotherapies, gefitinib is more effective as it has longer median progression-

free survival time (10.8 months) than carboplatin–paclitaxel chemotherapeutic 

treatments (5.4 months) (Maemondo et al., 2010). 
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2.6.2 Lapatinib  

Lapatinib is a dual tyrosine kinase inhibitors that target both epidermal 

growth factor receptor (EGFR) and human epidermal growth factor receptor type 

2 (HER2) which belongs to 4-anilinoquinazolines derivative compounds. It was 

approved by FDA in 2007 for breast and lung cancers treatment in combination 

with chemotherapy. It has a similar basic structure and function to gefitinib (Dai 

et al., 2008; Segovia-Mendoza et al., 2015). 

Early study investigated the effects of lapatinib on breast cancer cell lines 

and explored its therapeutic potential (Konecny et al., 2006). The effects of this 

compound on human breast cancer cells were tested using a group of 22 breast 

cancer cell lines that express different levels of both EGFR and HER2. 

Quantitative ELISA used to evaluate the level of both receptors in these cell lines. 

Results showed that nine of them amplify HER2 gene and overexpress HER2 

protein more than EGFR with range from 108 ng/mg HER2 protein in MDA-MB-

453 to 1,161 ng/mg HER2 protein in SUM225. MDA-MB-468, MDA-MB-231, 

and BT20 cells overexpress EGFR with range from 58 ng/mg EGFR protein in 

MDA-MB-231 to 908 ng/mg EGFR protein in MDA- MB-468. However ten of 

the established breast cancer cell lines showed lower level of both HER-2 and 

EGFR. After this, researchers examined the ability of Lapatinib to inhibit the 

proliferation of all investigated cell lines in a concentration-dependent manner and 

results showed that lapatinib displayed different levels of toxicity with IC50s (up 

to 1,000-fold) between the tested cell lines with range from 0.010 µM in UACC-

812 breast cancer cells that express high level of HER-2 to 18.6 µM in MDA-MB-

231 breast cancer cells which mainly express EGFR. These results might show 

that the sensitivity of breast cancer cell lines to lapatinib depend on HER2 

expression more than on EGFR expression. For the mechanism of action, western 

blot analysis results showed that lapatinib reduces EGFR, HER-2, AKT, and ERK 

phosphorylation in a time and dose dependent manner in HER2-overexpressing 

breast cancer cell lines SK-BR-3 and BT474. To confirm the inhibitory effect of 

lapatinib on HER2-overexpressing breast cancer cells, cell cycle analysis was 

performed and the results showed increasing levels of sub G1 phase which was 

accompanied by a reduction of cells in G0/G1 phase which means that lapatinib 

mainly induces apoptosis in tested breast cancer cell lines. The same study 
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showed that lapatinib treatment completely inhibited the growth of HER-2-

overexpressing human breast cancer cells in mice. Long-term in vivo treatment 

over 77 days showed that extended dosing of lapatinib results in significant and 

persistent reduction of tumour growth in mice comparing with mice that treated 

with vehicle control. Furthermore, this study evaluated the inhibitory effect of 

lapatinib in combination with trastuzumab (a monoclonal antibody targeted drug 

that is used to treat HER2-positive cancers mainly breast cancer) in HER2 

overexpressing breast cancer cell lines. In vitro results showed that the two agents 

displayed a strong synergistic interaction against tested cell lines. From these 

finding, this tested compound can be used alone or in combination to treat HER2 

overexpressing breast cancer.  

Clinically, lapatinib is an effective treatment for relapsed or refractory 

HER2 positive inflammatory breast cancer. Phase II trial showed that lapatinib 

delays cancer recurrence in HER2 positive breast cancer patients with median 

progression-free survival time of 3.65 months (Kaufman et al., 2009). 

2.6.3 Erlotinib 

Erlotinib HCl (Tarceva) is another anilinoquinazoline derivative 

compound has a similar mode of action (García-Claver et al., 2013). It was 

approved by FDA for treatment advanced non-small cell lung cancer (NSCLC) 

patients after failure chemotherapeutic drugs (Cohen, 2005). 

Yamasaki et al, examined the effect of erlotinib on breast cancer cells 

and role of cyclin-dependent kinase 2 (CDK2) on the sensitivity to this drug 

(Yamasaki et al., 2008). The cytotoxicity of erlotinib on 10 breast cancer cell lines 

which express different levels of EGFR was assessed using MTT. The results 

showed that four of the tested cell lines A-431, SK-BR-3, BT-474 and T-47D 

were sensitive to erlotinib with IC50s ranged between 1.53µM and 9.80µM and the 

remaining cell lines were resistant to erlotinib with IC50s more than 20 µM. The 

ability of this drug to inhibit EGFR phosphorylation was tested by 

immunoprecipitation and western blot analysis in the A-431, SK-BR-3 (erlotinib 

sensitive) cell lines and MDA-MB-468 (erlotinib resistant) cell line. The results 

revealed that erlotinib able to block EGFR phosphorylation in both erlotinib-

sensitive and erlotinib-resistant cell lines. The study further tested the inhibitory 
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effects of erlotinib on EGFR downstream signaling pathways. After 72 hours of 

erlotinib treatment the level of p-ERK1/ERK2 was down regulated and the cell 

cycle regulator p27 was up-regulated in all erlotinib sensitive cell lines and in 

some erlotinib resistant cell lines. From these data, there is no correlation between 

the sensitivity to erlotinib and ERK/p-ERK, or p27 expression in these cell lines. 

However, cell cycle analysis results indicated that erlotinib exhibited G1 cell 

cycle arrest and apoptosis indicated by increased proportion of cells in sub-G1 in 

the erlotinib sensitive cell lines only. S-phase reduction has been shown in all 

erlotinib sensitive cell lines after 72 hours of the treatment using BrdUrd assay. 

Researchers also examined the effects of erlotinib on CDKs (important cell cycle 

regulators) to confirm cell cycle analysis results and data revealed that CDK2 

activity obviously decreased in all erlotinib sensitive cell lines after treated 

with10μM erlotinib. Importantly, restoration of CDK2 activity partially restored 

proliferation and induced erlotinib resistance in erlotinib-sensitive cell lines, 

indicating that sensitivity to erlotinib in these breast cancer cells depends, at least 

in part, on CDK2 activity. 

Erlotinib ability to delay cancer recurrence isn't more efficient than 

gefitinib when it used to treat lung cancer patients (Yang et al., 2017). Phase III 

trial shows that erlotinib has median progression-free survival time of 13 months 

which means that no significant differences between erlotinib and gefitinib (10.4 

months ) (Yang et al., 2017). Phase II trial of erlotinib concluded that it delays the 

recurrence of squamous cell cancer of head and neck in Patients with median 

progression-free survival time of 2.4 months (Soulieres et al., 2004). While 

erlotinib treatment results in long median progression-free survival time 

(13months) for lung cancer patients, gemcitabine plus carboplatin 

chemotherapeutic treatments provide (4.6 monthes) (Zhou et al., 2011). 
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2.7 Current EGFR TKIs side effects 

Although targeted cancer therapies are less toxic but it can cause 

fundamental side effects. The most common side effects are skin problems like 

rash, dry skin, nail changes, hair growth and skin color changes, problems 

with blood clotting and wound healing, high blood pressure and other side effects 

(American Cancer Society, 2013a). In addition to these side effects many cancers 

developed mechanisms of resistance to EGFR-targeted therapies. Multiple 

mechanisms of intrinsic (primary) and acquired (secondary) resistant to EGFR-

targeted inhibitors have been detected in patients. EGFR-(T790M, C797S) 

secondary mutations, amplification of alternative signaling pathways such as 

MAPK1, MET, HGF, AXL, Hh and IGF-1R, loss of PTEN and inactivating 

mutations of pro-apoptotic protein BCL2-like 11(BIM) are known mechanisms 

behind the resistance to EGFR TKIs (Morgillo, 2016; Ware et al., 2013).  

Due to these side effects and resistance to the current EGFR TKIs, more 

effective TKIs are required for cancer treatment. Many scientist and researcher 

designed and synthesized pyrazolo and pyrazolo-pyrimidine derivatives 

compounds and evaluated their ability to be anti-cancer agents. From these studies 

some of researcher are directing these derivatives compounds to target and inhibit 

an epidermal growth factor receptor tyrosine kinase (EGFR-TK) (Sebastian et al., 

2016) (Li Chen, 2017). In this regard, the current study aims to biological 

evaluation of novel pyrazolotriazolopyrimidine based (BA) compounds as an 

EGFR TKIs in different types of cancer.  
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Chapter 3 

Material and methods 

3.1 Cell culture 

The MCF7 human breast adenocarcinoma (estrogen receptor positive) cells 

and Caco-2 (human colorectal adenocarcinoma) kind gifts of Dr. Mazen ALzaharna, 

faculty of health sciences, Islamic University of Gaza and HELA cells from Dr 

Johnny Stiban, Birzeit University of Palestine. MCF7 and Caco-2 were maintained in 

DMEM medium and HELA (Cervical cancer cells) were maintained in RPMI 1640 

medium. All media were supplemented with 10% fetal bovine serum (FBS), 100 

U/mL penicillin and 100 μg/mL streptomycin. Cells were maintained at 37°C in a 

5% CO2 and 95% air-humidified incubator. Media was replaced every 2-3 days 

(Aliwaini et al., 2015; H. C. Wang et al., 2016). 

3.2 Treatments 

A panel of compounds designed to be EGFR targeted agents was 

synthesized by Prof. Bassam Abu Thaher (Ph.D. Organic Chemistry- Islamic 

university of Gaza ) and his colleagues which includes (BA623, BA642 and BA645) 

(Figure 3.1). The compound BA642 dissolved in DMF (at 100 °C) to give 10mM. 

The compounds BA623, and BA645 dissolved in heated DMSO (at 100 °C) to give a 

final concentration of 10 mM. All compounds stored at room temperature for no 

more than 7 days. At use and in order to get the final concentration, subsequent 

dilutions in the appropriate media for each cell line were prepared as shown in 

Figure 3.2. Vehicle treated cells were incubated in normal media with DMF or 

DMSO (the vehicle in which BA-compounds was dissolved in). 
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Figure (3.1): Structural formulas of the Pyrazolotriazolopyrimidine 

derivatives (BA) compounds. General structural formula of BA- compounds 7-

Aryl-9-(pyridin-4-yl)-7H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidine (a), 

structural formula for 7-(2,4-difluorophenyl)-9-(pyridine-4-yl)-7H-pyrazolo[4,3- 

e][1,2,4]triazolo[1,5-c] pyrimidine (BA642) compound (b), structural formula for 

7-(4-bromophenyl)-3-(3-fluorophenyl)-9-(pyridine-4-yl)-7H-pyrazolo[4,3-

e][1,2,4]triazolo[4,3-c]pyrimidine (BA623) compound (c) and structural formula 

for 7-(4-bromophenyl)-9-(pyridine-4-yl)-7H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-

c]pyrimidine (BA645) compound (d). 
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Figure (3.2): Dilutions of the Pyrazolotriazolopyrimidine derivatives (BA) compounds 

in the appropriate media to get the final concentration. 

 

3.3 Cell morphology 

 Cells were plated at suitable numbers in order to obtain 60-70% confluency 

on the day of treatment. After treating the cells with the BA-compounds the 

morphological changes were monitored and photographed using an inverted light 

microscope (Olympus 1X71, USA) and camera (Zeiss AxioCam, Germany) 

respectively. Any morphological changes were photographed using a light 

microscope. 

3.4 Growth curves 

Two methods were utilized to determine short term cell growth, namely: 

cell viability as a measure of cell growth was determined using the 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) Cell Proliferation Kit 

(Roche, Germany) and counting of cells at specific time points using a 

haemocytometer. 
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3.4.1 Cytotoxicity assays (MTT) 

To determine the cytotoxic effect of the indicated compound HELA, MCF7, 

Caco-2 cells were seeded respectively (3000-6000 HELA cells/well), (7000-9000 

MCF7 cells/well), (10,000-12,000 Caco-2 cells/well) in quadruplicate in a 96-well 

plate and treated after 24 hours with a range of the indicated concentrations of 

specific compounds or vehicles for 48 or 72 hours. Cell viability was determined 

using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-trazolium bromide (MTT) 

assay according to the manufacturer‗s instructions (Roche, USA). Briefly, 10μL of 

MTT solution was added to each well and incubated for 4 hours at 37°C. This was 

followed by the addition of 100μL solubilization buffer (10% SDS in 0.01 M HCl) 

and incubated overnight at 37°C. Absorbance (550 nm) was measured with ELISA 

reader for each well and the mean cell viability was calculated as a percentage of the 

control. Two separate experiments were performed to determine the concentration of 

BA compounds required to kill 50% of the cells (IC50). The IC50 values were 

calculated from linear equation from Microsoft (Behray et al., 2016; Deshpande, 

2016; Martinho et al., 2017). 

3.4.2 Viability assay /trypan blue 

To determine the ability of BA-compounds to induce cell death in cancer 

cells, HELA and MCF7 cells were seeded respectively (200,000- 300,000 HELA 

cells/well), (7000- 9000 MCF7 cells/well) in duplicate in a 6-well plate and treated in 

a second day with the indicated concentrations of specific compounds or vehicles. 

Cell viability was assessed by the trypan blue assay after 24, 48 and 72 hours of 

treatment and results were analyzed by Excel Microsoft office 2010. Total cells and 

viable cells were counted by trypan blue exclusion as follows. Floating and adherent 

cells were collected at each time point, centrifuged, and resuspended in medium. The 

cells were then diluted at a 1:9 ratio of 0.4% trypan blue (Sigma) and scored under a 

light microscope. Viable (unstained) and nonviable (blue-stained) cells were counted, 

and the total numbers of living and dead cells were calculated (Yamasaki et al., 

2008).  

The % cell viability was calculated using the following equation: 

  % cell viability = total viable cells (unstained) X 100 / total cells (stained + 

unstained) 
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3.4.3 Growth curve assay 

To determine the effects of the BA-compounds, HELA and MCF7 cells were seeded 

respectively (200,000- 300,000 HELA cells/well) and (7000- 9000 MCF7 cells/well) 

in duplicate in a 6-well plate and treated in a second day with the indicated 

concentrations of specific compounds or vehicles. Cell numbers were assessed by 

counted on a haemocytometer after 24, 48 and 72 hours of treatment. Briefly, the cell 

were collected by trypsinization and after centrifugation, 1ml of phosphate buffer 

saline (PBS) was added to the pellet. Then 17µl of cell suspension was taken and 

counted on a haemocytometer at 24, 48 72 hours. The data represents pooled results 

of tow experiments performed in twice replicate (Konecny et al., 2006).  

Furthermore, growth curves were drown using Excel Microsoft office 2010 and the 

population doubling time (PDT), or the time required for a culture to double in 

number, was calculated by the following formula: 

Y=mXb 

Y= number of cells, 

X= time (hours), 

m= the slope of the line,  

b= the point at which the line crosses the y-axis (y-intercept). 

3.5 In vitro cell migration assay 

In vitro scratch motility assay: Cells were grown to confluence in 6cm tissue 

culture dishes. A linear wound was made by scratching through the monolayer using 

a sterile 1000 µl pipette tip. To remove cell debris, the growth medium was replaced 

and several markings were made along the edges of the scratch line which were used 

as reference points and the wound widths measured at the time of the scratching (0 

hour) and thereafter at 24, 48 and 72 hours intervals. Pictures were taken using an 

inverted light microscope (Olympus 1X71, USA) and camera (Zeiss AxioCam, 

Germany) respectively. Migration distances were measured using Axiovert software 

(Zeiss, Germany). The difference in width represents the distance migrated in μm 

(Martinho et al., 2017). 

 

3.6 Cell cycle analysis  

Cells were collected by trypsinisation, washed twice with 1XPBS, 

resuspended in 2 ml of cold 1XPBS and counted on a haemocytometer to determine 



31 
 

the volume of propidium iodide (PI) solution that was added. Cells were fixed in 8 

ml of 70% cold ethanol for at least 30 min at -20°C. Fixed cells were collected by 

centrifugation at 1500 rpm for 5 min at room temperature, washed twice with 1XPBS 

and centrifuged at 6000 rpm for 1 min at room temperature. Before flow cytometry 

analyses, the samples were treated with RNase A (50 μg/ml) for 15 min at 37°C and 

immediately stained for 30 min at room temperature with PI solution (see appendix, 

section 6.3), to a final concentration of 1 X 106 cells/ml. A minimum of 50 000 

cells/sample were subjected to analysis using a Beckman Coulter FACSCalibur flow 

cytometer (Beckman Coulter, USA) (Aliwaini, Swarts, Blanckenberg, Mapolie, & 

Prince, 2013). 

3.7 Western blot analysis 

For SDS-PAGE and immunoblotting, cells were plated at 6×10
5
 in 6 cm 

dishes and treated with 10µM BA623 for 24, 48 and 72 hours. Cells were analyzed in 

whole cell lysis buffer (0.5 M Tris–HCl, pH 6.8, 2% SDS, 10% glycerol, 1% b-

mercaptoethanol and 0.02% bromophenol blue) and samples boiled for 10 min. 

Proteins were resolved by SDS/PAGE (8–15% gels) as required and transferred to 

Hybond ECL membranes (Amersham Biosciences). The membranes were incubated 

with primary antibodies against phosphor-EGFR, phospho-AKT (no. 9271), p53 (sc-

126), p21 (sc-756) and a-Tubulin (sc-8035), (Santa Cruz, CA, USA). After the 

primary antibody incubation, the membranes were incubated with appropriate HRP-

conjugated secondary antibodies (1:5000) (Biorad) and antibody-reactive proteins 

were visualized using the chemiluminescence reaction (ECL) detection system 

(Thermo Scientific, Hudson, NH, USA) (Aliwaini et al., 2013; Yamasaki et al., 

2008). 

3.8 Statistical analysis 

Data presented are mean ± SEM (Standard error of the means) of 

appropriate replicates. Statistical significance was assessed between the groups using 

the Student‘s t-test.  
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Chapter 4 

Results  

4.1. Introduction  

Cancer is a major health problem worldwide and it is considered the second 

leading cause of death. It accounts annually for one in seven deaths worldwide and 

the number of new cases is expected to reach 22 million during the next two decades 

(American Cancer Society, 2012). Cancer is defined as a heterogeneous illness 

because it occurs in different parts of the human body. However, the most frequent 

cancer types in males are lung, prostate, colorectal, stomach and liver cancers while 

breast, colorectal, lung, cervix and stomach cancers are the most common among 

women (World Health Organization. Fact sheet, 2011). There are many types of 

cancer treatments, the specific type of treatment that the patients receive depends on 

the type and stage of the cancer they have. The most common types of cancer 

treatments include surgery, chemotherapy, radiation therapy, immunotherapy and 

hormone therapy (American Cancer Society, 2016a).  

Traditional chemotherapeutic agents are powerful, cytotoxic agents 

however, they are nonspecific and cause serious side-effects, it doesn‘t kill rapid-

growing cancer cells only, but also kills or slows the growth of healthy cells that 

normally grow and divide quickly. Efforts to overcome these side-effects have 

focused on identifying novel targeted therapeutic agents and understanding the 

mechanisms by which they function.  

Recently EGFR targeted tyrosine kinase inhibitors (TKIs) have attracted a 

lot of interest as targeted therapeutic agents because they have been shown to exert a 

significant cytotoxic effect on cancer cells. TKIs normally exert its cytotoxic effect 

by competing with ATP for binding to the tyrosine kinase domain of EGFR leading 

to ablation of both phosphorylation of the receptor and downstream signaling 

(Seshacharyulu et al., 2012). While early EGFR TKIs significantly showed anti-

tumour activity, there are multiple mechanisms of acquired resistance to EGFR-

targeted inhibitors have been detected in patients and can cause fundamental side 

effects (Ware et al., 2013). 



31 
 

This chapter of the study investigates the possible anti-cancer activity of a 

group of pyrazolotriazolopyrimidine based (BA) compounds in different types of 

cancer cells and evaluates their inhibitory effect against EGFR in these cell lines. 

4.2. Screening of a group of pyrazolotriazolopyrimidine based (BA) 

compounds in breast, cervical and colorectal cancer cell lines 

A panel of novel compounds designed to be EGFR targeted agents was 

synthesized by Prof. Bassam Abu Thaher and his colleagues which includes (BA623, 

BA642 and BA645). Cytotoxic effects of these compounds were first screened on 

HELA cells using a range (0 to 50 μM) of the compounds dissolved in DMSO at 

room temperature for 48 hours. Cell viability was determined by MTT assay.  

 

Figure (4.1) shows the cytotoxic effect of these compounds and data 

exhibited that only one of the tested compounds (BA642) has a cytotoxic effect at 

moderate and high concentrations. However, the concentrations that inhibit cell 

growth by 50% (IC50) weren‘t achieved by this experiment. 

 

 

 

Figure (4.1): The cytotoxic effects of a panel of synthesized compounds on cervical 

cancer cell line. HELA cells were plated in 96-well plates and after 24 hours cells were 

treated with increasing concentrations of the indicated compounds (0-50 μM). Cell viability 
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was assessed by the methylthiazoltetrazolium (MTT) assay after 48 hours of treatment. 

Results represent the mean percentage ± SE. 

 

Importantly, under microscope we observed that these compounds were not 

completely dissolved by this method and therefore different solubilizing techniques 

were used to enhance its solubility. Of these methods; DMSO (Dimethyl sulfoxide) 

at room temperature, DMSO with heating (100°C), DMF (Dimethylformamide) with 

heating (100°C). The best solubilizing method was DMSO with heating for BA623 

and BA645 and heated DMF for BA642 and these methods were used for the next 

experiments.  

4.2.1 BA642 has a cytotoxic effect on human breast and cervical cancer 

cells 

The cytotoxic effects of BA642 on HELA cervical cancer cell line (Figure 

4.2), MCF7 breast cancer cell line (Figure 4.3) and Caco-2 colorectal cancer cell line 

(Figure 4.4) were examined using the MTT assay. After 72 hours of BA642 

treatment results show strong dose dependent inhibition in both cervical and breast 

cancer cell lines with IC50 of 33.2 µM and 78.5µM respectively (Figure 4.2a and 

4.3a). While BA642 kills around 75% of HELA cells at 40 µM it kills only 30% of 

MCF7 cells at the same concentration. Furthermore, morphological sings of 

apoptosis such as cell shrinkage and apoptotic membrane appeared after 72h of the 

treatment (Figure 4.2c and 4.3c). In contrast it has a little or no effect on colorectal 

cancer cell line (Figure 4.4). However, it also exerts an effect on the morphology of 

HELA and MCF7 cells like cell shrinkage (Figure 4.4c). These results show that 

BA642 displays potent cytotoxicity against HELA and MCF7 cells and that HELA 

cells are more sensitive to this compound than MCF7cells. 
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Figure (4.2): The cytotoxicity of BA642 on cervical cancer cell line. HELA cells were 

plated in 96-well plates and after 24 hours the cells were treated with increasing 

concentrations of the indicated compound (0-50 μM). Cell viability was assessed by the 

methylthiazoltetrazolium (MTT) assay after 72 hours of treatment. Results represent the 

mean percentage ± SEM of control of at least three experiments performed in quadruplicate 

(a). Morphology of HELA cells (at magnification 10X) treated either with vehicle (b) or 

BA642 (c) for 72 hours. The white arrow refers to healthy cell and the black ones refer to 

stressed cells, fragmented cells and dead cells.  
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Figure (4.3): Cytotoxicity of BA642 on breast cancer cell line. MCF7 cells were plated in 

96-well plates and after 24 hours the cells were treated with increasing concentrations of the 

indicated compound (0-50 μM). Cell viability was assessed by the methylthiazoltetrazolium 

(MTT) assay after 72 hours of treatment. Results represent the mean percentage ± SEM of 

control of at least three experiments performed in quadruplicate (a). Morphology of MCF7 

cells treated either with vehicle (b) or BA642 (c) after 72 hours at magnification 10X. The 

white arrow refers to healthy cells and the black ones refer to shrunk and dead cells.  
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Figure (4.4): The cytotoxicity of BA642 on colorectal cancer cell line. Caco-2 cells were 

plated in 96-well plates and after 24 hours the cells were treated with increasing 

concentrations of the indicated compound (0-50 μM). Cell viability was assessed by the 

methylthiazoltetrazolium (MTT) assay after 72 hours of treatment. Results represent the 

mean percentage ± SEM of control of at least three experiments performed in quadruplicate 

(a). Morphology of Caco-2 cells treated either with vehicle (b) or BA642 (c) after 72 hours at 

magnification 10X. The white arrows refer to healthy cells and the black refer to stressed 

cells. 

4.2.2 BA623 has a cytotoxic effect on different cancer cells 

Cytotoxic effects of BA623 on HELA cervical cancer cell line (Figure 4.5), 

MCF7 breast cancer cell line (Figure 4.6) and Caco-2 colorectal cancer cell line 

(Figure 4.7) were examined using the MTT assay. Data showed that BA623 has 

cytotoxic effects on both HELA cells with IC50 (equal 53.67 µM) (Figure 4.5a) and 

Caco-2 cells with IC50 (equal 87.6 µM) (Figure 4.7a), it has no or little effect on 

MCF7 cells with IC50 (equal 197.8 µM) (Figure 4.6a) after 48hr of treatment. The 

same experiment was repeated on HELA and MCF7 cells at 72hr. Results show 
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significance decrease of the IC50% of the compound on the indicated cell lines. The 

IC50 of BA623 on HELA became 28.87µM (Figure 4.5b) and 44.56 µM on MCF7 

(Figure 4.6b) cells. Furthermore, morphological sings of apoptosis such as cell 

shrinkage and apoptotic membrane appeared after 72h of the treatment (Figure 4.5b, 

4.6b and 4.7b). These results show that BA623 displays potent cytotoxicity in time 

dependent manner. It has a cytotoxic effect against all cell lines and that HELA cells 

are more sensitive to this compound than other cell lines. 

 

Figure (4.5): The cytotoxicity of BA623 on cervical cancer cell line. HELA cells were 

plated in 96-well plates and after 24 hours the cells were treated with increasing 

concentrations of the indicated compound (0-50 μM). Cell viability was assessed by the 

methylthiazoltetrazolium (MTT) assay after 48 hours of treatment (a) and 72 hours (b). 

Results represent the mean percentage ± SEM of control of at least three experiments 

performed in quadruplicate. Morphology of HELA cells were treated either with vehicle (b) 

or BA623 (c) after 72 hours at magnification 10X. The white arrows refer to healthy cells 

and the black refer to stressed cells, fragmented cells and dead cells.  
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Figure (4.6): The cytotoxicity of BA623 on breast cancer cell line. MCF7 cells were 

plated in 96-well plates and after 24 hours the cells were treated with increasing 

concentrations of the indicated compound (0-50 μM). Cell viability was assessed by the 

methylthiazoltetrazolium (MTT) assay after 48 hours of treatment (a) and 72 hours (b). 

Results represent the mean percentage ± SEM of control of at least three experiments 

performed in quadruplicate. Morphology of MCF7 cells were treated either with vehicle (b) 

or BA623 (c) after 72 hours at magnification 10X. The white arrows refer to healthy cells 

and the black refer to shrunk of cells. 
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Figure (4.7): The cytotoxicity of BA623 on colorectal cancer cell line. Caco-2 cells were 

plated in 96-well plates and after 24 hours the cells were treated with increasing 

concentrations of the indicated compound (0-50 μM). Cell viability was assessed by the 

methylthiazoltetrazolium (MTT) assay after 48 hours of treatment (a). Results represent the 

mean percentage ± SEM of control of at least three experiments performed in quadruplicate. 

Morphology of Caco-2 cells were treated either with vehicle (b) or BA623 (c) after 72 hours 

at magnification 10X. The white arrow refers to healthy cells and the black ones refer to 

shrunk and dead cells. 

 

4.2.3 BA645 has a cytotoxic effect on different cancer  

The cytotoxic effect of BA645 on MCF7, HELA and Caco-2 was examined 

as in above. Results exhibit that BA645 compound exerts a cytotoxic effects on both 

HELA with IC50 (equal 47 µM) (Figure 4.8a) and Caco-2 with IC50 (equal 79.77 

µM) (Figure 4.10a) but it has little effect on MCF7 cells with IC50 (equal 145.9 µM) 

(Figure 4.9a). The same experiment was repeated on HELA and MCF7 cells at 72hr. 

The results showed little differences in the IC50s of the compound on the indicated 

cell lines. The IC50 of BA645 on HELA became 41µM (Figure 4.8b) and 107.8µM 
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on MCF7 cells (Figure 4.9b). Furthermore, morphological sings of apoptosis such as 

cell shrinkage and apoptotic membrane appeared after 72h of the treatment (Figure 

4.8b and 4.10b). These results show that BA645 displays a potent cytotoxicity in 

time dependent manner significantly on HELA cells. It also has a cytotoxic effects 

against Caco-2 cells and that MCF7 cells are less sensitive to this compound than 

other cell lines. 

 

Figure (4.8): The cytotoxicity of BA645 on cervical cancer cell line. HELA cells were 

plated in 96-well plates and after 24 hours the cells were treated with increasing 

concentrations of the indicated compound (0-50 μM). Cell viability was assessed by the 

methylthiazoltetrazolium (MTT) assay after 48 hours (a) and 72 hours (b) of treatment. 

Results represent the mean percentage ± SEM of control of at least three experiments 

performed in quadruplicate. Morphology of HELA cells were treated either with vehicle (b) 

or BA645 (c) after 72 hours at magnification 10X. The white arrow refers to healthy cells 

and the black ones refer to stressed cells and dead cells.  
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Figure (4.9): The cytotoxicity of BA645 on breast cancer cell line. MCF7 cells were 

plated in 96-well plates and after 24 hours the cells were treated with increasing 

concentrations of the indicated compound (0-50 μM). Cell viability was assessed by the 

methylthiazoltetrazolium (MTT) assay after 48 hours of treatment (a) and 72 hours (b) 

Results represent the mean percentage ± SEM of control of at least three experiments 

performed in quadruplicate. Morphology of MCF7 cells were treated either with vehicle (b) 

or BA645 (c) after 72 hours at magnification 10X. The white arrow refers to healthy cells 

and the black ones refer to shrunk and dead cells. 
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Figure (4.10): The cytotoxicity of BA645 on colorectal cancer cell line. Caco-2 cells were 

plated in 96-well plates and after 24 hours the cells were treated with increasing 

concentrations of the indicated compound (0-50 μM). Cell viability was assessed by the 

methylthiazoltetrazolium (MTT) assay after 48 hours of treatment (a). Results represent the 

mean percentage ± SEM of control of at least three experiments performed in quadruplicate. 

Morphology of Caco-2 cells were treated either with vehicle (b) or BA645 (c) after 72 hours 

at magnification 10X. The white arrow refers to healthy cells and the black ones refer to 

shrinkage of cells and dead cells. 

4.2.4 BA-compounds have little cytotoxic effects on normal cells 

The cytotoxic effects of BA-compounds on DNB normal skin fibroblast cell 

line were examined as in above. Results show that BA645 compound exerts the least 

cytotoxic effect on DNB cells with IC50 of (839 µM) (Figure 4.13). BA623 also has 

a little cytotoxicity on DNB cells with IC50 (238.28 µM) (Figure 4.12) but BA642 

has a strong cytotoxic effect on DNB cells with IC50 (56.38 µM) (Figure 4.11). 
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Figure (4.11): The cytotoxicity of BA642 on skin fibroblast cell line. DNB cells were 

plated in 96-well plates and after 24 hours the cells were treated with increasing 

concentrations of the indicated compound (0-100 μM). Cell viability was assessed by the 

methylthiazoltetrazolium (MTT) assay after 72 hours of treatment. Results represent the 

mean percentage ± SEM of control of at least three experiments performed in quadruplicate. 

 

Figure (4.12): The cytotoxicity of BA623 on skin fibroblast cell line. DNB cells were 

plated in 96-well plates and after 24 hours the cells were treated with increasing 

concentrations of the indicated compound (0-100 μM). Cell viability was assessed by the 

methylthiazoltetrazolium (MTT) assay after 72 hours of treatment. Results represent the 

mean percentage ± SEM of control of at least three experiments performed in quadruplicate.  
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Figure (4.13): The cytotoxicity of BA645 on skin fibroblast cell line. DNB cells were 

plated in 96-well plates and after 24 hours the cells were treated with increasing 

concentrations of the indicated compound (0-100 μM). Cell viability was assessed by the 

methylthiazoltetrazolium (MTT) assay after 72 hours of treatment. Results represent the 

mean percentage ± SEM of control of at least three experiments performed in quadruplicate.  

All together we show her that all three novel compounds exert different 

levels of toxicity against the tested cell lines (Table 4.1). However it is obvious that 

HELA is the most sensitive to these compounds than other cell lines. While BA645 

has no cytotoxic effect on normal cells, BA623 is the most effective compound 

against all three types of cancer and it is toxicity on normal cells seems very little. 

Therefore in the next parts of this thesis we tested the effect of BA-compounds on 

the MCF7 breast cancer cells and HELA the cervical cancer cells and investigated 

the molecular mechanism of their action.  

Table (4.1): The IC50s of BA-compounds on different cell lines  

Compounds IC50 on HELA  IC50 on MCF7 IC50 on DNB 

BA623 28.87 µM 44.56 µM 238.28 µM 

BA642 33.2 µM 78.5 µM 56.38 µM 

BA645 41 µM 107.8 µM 839 µM 
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4.3 BA-compounds are able to induce cell death in cancer cells 

Trypan blue assay was used to measure the effect of BA 642, BA 623, and 

BA 645 on the cell viability of MCF7 and HELA cells. Caco2 was excluded as it 

looks resistant to BA-compounds.  

4.3.1 BA642 induces cell death in both HELA and MCF7 cells 

The effect of BA642 on the cell viability of MCF7 and HELA cells was 

measured by trypan blue assay. Results show that the cell viability of both cancer 

clines was decreased in a time-dependent manner. For example, BA642 kills 22% of 

HELA cells at 24 hours, 40% at 48 hours and 55% at 72 hours. It also kills 5% of 

MCF7 cells at 24hours and about 50% at both time points 48 and 72 hours as shown 

in Figure 4.14a and c. 

Taken together these findings show that BA642 kills HELA and MCF7 at 

similar levels (about 50 %) after 72 hours of the treatment. 

Although trypan blue assay fundamentally measures cell death rate and cell 

proliferation rate by cell counting can be also evaluated by this assay. In support of 

MTT data, trypan blue results show that BA642 exerts anti-proliferation effects on 

HELA and MCF7 cells by killing cancer cells and decreasing its number (Figure 

4.14b and d).  
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Figure (4.14): BA642 inhibits cancer cell viability and proliferation. Effect of BA642 on 

cell viability of cervical (a) and breast (c) cancer cells. Cancer cell lines were plated in 6-

well plates and after 24 hours, cells were treated with 40 μM of BA642 or vehicle. Cell 

viability was assessed by the trypan blue assay after 24, 48 and 72 hours of the treatment. 

Results represent the mean percentage ± SEM of control of at least two experiments 

performed in twice replicate. Right graphs of the figure show the anti-proliferation effect of 

BA642 on HELA (b) and MCF7 (d) cancer cells.  

4.3.2 BA623 induces cell death in both HELA and MCF7 cells 

The effect of BA623 on the cell viability of MCF7 and HELA cells was 

measured by trypan blue assay. Results show that the cell viability of both cancer 

clines was decreased in a time-dependent manner. For example, BA623 kills 22.5% 

of HELA cells at 24 hours, 50% at 48 hours and 95% at 72 hours. It also kills 25% of 

MCF7 cells at 72hr as shown in Figure 4.15a and c. In conclusion, HELA cells are 

more sensitive to BA623 treatment than MCF7 cells.  

Although trypan blue assay basically estimates cell death rate, cell 

proliferation rate by cell counting cane be also evaluated by this assay. In agreement 
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of MTT data, trypan blue results show that BA623 exerts anti-proliferation effects on 

HELA and MCF7 cells by killing cancer cells and decreasing its number (Figure 

4.15b and d).  

Figure (4.15): BA623 inhibits cancer cell viability and proliferation. Effect of BA623 on 

cell viability of cervical (a) and breast (c) cancer cells. Cancer cell lines were plated in 6-

well plates and after 24 hours, cells were treated with 50 μM of BA623 or vehicle. Cell 

viability was assessed by the trypan blue assay after 24, 48 and 72 hours of the treatment. 

Results represent the mean percentage ± SEM of control of at least two experiments 

performed in twice replicate. Right graphs of the figure show the anti-proliferation effect of 

BA623 on HELA (b) and MCF7 (d) cancer cells.  

4.3.3 BA645 induce cell death in both HELA and MCF7 cells 

The effect of BA645 on the cell viability of MCF7 and HELA cells was 

measured by trypan blue assay. Results show that the cell viability of both cancer 

clines was decreased in a time-dependent manner. For example, BA645 kills 18% of 

HELA cells at 24 hours, 30% at 48 hours and 80% at 72 hours. It also kills 5% of 

MCF7 cells at 72hr as shown in Figure 4.16a and c.  
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From the above results we conclude that BA645 has a significant effect on 

HELA cells viability and proliferation rate, but again it has a little effect on MCF7 

cells. 

Although trypan blue assay mainly measures cell death rate, cell 

proliferation rate by cell counting cane be also evaluated by this assay. In support of 

MTT data, trypan blue results show that BA645 exerts anti-proliferation effects on 

HELA cells by killing HELA cells and decreasing its number. However, it exerts a 

little effect on MCF7 cells proliferation rate (Figure 16b and d). 

 

Figure (4.16): BA645 inhibits cancer cell viability and proliferation. Effect of BA645 on 

cell viability of cervical (a) and breast (c) cancer cells. Cancer cell lines were plated in 6-

well plates and after 24 hours, cells were treated with 50 μM of BA645 or vehicle. Cell 

viability was assessed by the trypan blue assay after 24, 48 and 72 hours of the treatment. 

Results represent the mean percentage ± SEM of control of at least two experiments 

performed in twice replicate. Right graphs of the figure show the anti-proliferation effect of 

BA645 on HELA (b) and MCF7 (d) cancer cells.  
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Finally we show her that all three novel compounds induce different levels 

of cell death and anti-proliferative effect in the tested cell lines after 72 hours of the 

treatment (Table 4.2 and 4.3). However it is obvious that HELA cells are the most 

sensitive almost for all novel BA-compounds. Therefore in the next parts of this 

thesis we present the effect of BA-compounds on the proliferation rate (as growth 

curve) of MCF7 and HELA cancer cells. Furthermore, we show the molecular 

mechanism behind this effect.  

 

Table (4.2): Percentage of cell death induced by BA-compounds in MCF7 and 

HELA cells at 72 hours. 

Compounds % of HELA cell death  % of MCF7 cell death 

BA623 95% 25% 

BA642 55% 52% 

BA645 80% 5% 

 

 

Table (4.3): Anti-proliferative effect of BA-compounds in MCF7 and HELA 

cells (percent of control) at 72 hours. 

Compounds %of HELA proliferation 

rate reduction  

%of MCF7 proliferation 

rate reduction  

BA623 30% 53% 

BA642 59% 63% 

BA645 80% 5% 

 

 

 

 



48 
 

4.4 BA-compounds inhibit growth of cancer cells 

Trypan blue results revealed that BA-compounds had an effects on the 

proliferation of cancer cells. Growth curve assays and their characterization were 

used to confirm these results.  

4.4.1 BA642 inhibits growth of human breast and cervical cancer cells 

The effect of BA642 on the growth of MCF7 breast cancer cell line, HELA 

cervical cancer cell line was studied using growth curve assay. Furthermore, 

population doubling time (PDT) was calculated from the linear equation (Excel 

Microsoft office 2010). Results show that 10µM of BA642 inhibits the growth of 

HELA cells around 35% at 72 hours and increases population doubling time (PDT) 

from 24.96 hours for control cells to 40.32 hours for treated cells (Figure 4.17a). 

The same concentration of BA642 also inhibits the growth of MCF7 cells around 

35% at 72 hours and increases population doubling time (PDT) from 36.86 hours for 

control cells to 62.4 hours for treated cells (Figure 17b).  
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Figure (4.17): The effect of BA642 on the growth of cervical and breast cancer cell 

lines. Cells were plated in 6-well plates and treated with 10µM of BA642. Growth curve for 

HELA cells with and without BA642 (a); growth curve for MCF7 with and without BA642 

(b). Results represent the mean percentage ± SEM of control of at least two experiments 

performed in twice replicate. 

4.4.2 BA623 inhibits growth of human cervical and breast cancer cells  

The effect of BA623 on the growth of HELA cervical cancer cell line and 

MCF7 breast cancer cell line was studied using growth curve assay. Furthermore, 

population doubling time (PDT) was calculated from the linear equation (Excel 

Microsoft office 2010). Results Turn out that 50µM of BA623 inhibits the growth of 

HELA cells around 50% at 72 hours and increases PDT from 19.4 hours in control to 

40.94 hours in treated cells (Figure 4.18a). The same concentration of BA623 
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reduces the growth of MCF7 cells about 70% at 72 hours and increases PDT from 

68.88 hours in control to 201.6 hours in treated cells (Figure 4.18b). 

 

Figure (4.18): The effect of BA623 on the growth of cervical and breast cancer cell 

lines. Cells were plated in 6-well plates and treated with 50µM of BA623. Growth curve for 

HELA cells with and without BA623 (a); growth curve for MCF7 with and without BA623 

(b). Results represent the mean percentage ± SEM of control of at least two experiments 

performed in twice replicate.  
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4.4.3 BA645 inhibits growth of human cervical and breast cancer cell lines 

The effect of BA645 on the growth of HELA cervical cancer cell line and MCF7 

breast cancer cell line was studied using growth curve assay and population doubling 

time (PDT) was calculated from linear equation by Excel Microsoft office 2010. 

Results reveal that 50µM of BA645 inhibits the growth of HELA cells around 75% 

at 72 hours and increases PDT from 7.2 hours in control to 28.5 hours in treated cells 

(Figure 4.19a). The same concentration of BA 645 also reduces the growth of MCF7 

cells about 20% at 72hours and increases PDT from 68.88 hours in control to 108.96 

hours in treated cells (Figure 4.19b). 

 

Figure (4.19): The effect of BA645 on the growth of cervical and breast cancer cell 

lines. Cells were plated in 6-well plates and treated with 50µM of the indicated compound. 

Growth curve for HELA cells with and without BA645 (a); growth curve for MCF7 with and 

without BA645 (b). Results represent the mean percentage ± SEM of control of at least two 

experiments performed in twice replicate. 
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All together we show her that all three novel compounds increase 

population doubling times in the tested cell lines (Table 4.4).  

Table (4.4): The population doubling times (hours). 

Compounds PDT in HELA 

control (hours) 

PDT in treated 

HELA (hours) 

PDT in MCF7 

control (hours) 

PDT in treated 

MCF7 (hours)  

BA623 19.4 40.94 68.88 201.6 

BA642 24.96 40.32 36.86 62.4 

BA645 7.2 28.5 68.88 108.96 

 

4.5 BA-compounds inhibit cell migration of human cervical cancer cells  

To further explore the anti-tumour activity of BA-compounds, a scratch 

motility assay was performed and a significant reduction in cell migration was 

observed for HELA cell line exposed to 10 μM of all BA-compounds after 24, 48 

and 72 hours of the treatment.  

4.5.1 BA642 inhibits cell migration of human cervical cancer cells 

To further explore the anti-tumour activity of BA642, a scratch motility 

assay was performed and a significant reduction in cell migration was observed for 

HELA cells exposed to 10μM BA642 for 24, 48 and 72 hours (Figure 4.20). 

Importantly, the anti-migration effect was more obvious at 24 and 72 hours of the 

treatment time point.  
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Figure (4.20): BA642 inhibits migration of cervical cancer cells. BA642 inhibits the 

migration ability of cervical cancer cells in an in vitro scratch assay. Cells were grown to 90-

100% confluence and a linear wound created through the cell monolayer. Cell motility was 

assayed at the indicated times after addition of either vehicle (control) or BA642 (10μM) for 

72 hours. At specified time points (x-axis) cells were photographed using (4x; Olympus 

1X71) and the area migrated was measured and expressed relative to zero time (y-axis). 

Assays were done in duplicate and two independent experiments were performed. 

4.5.2 BA623 inhibits cell migration of human cervical cancer cells 

To further explore the anti-tumour activity of BA623, a scratch motility 

assay was performed and a significant reduction in cell migration was observed for 

HELA cell line exposed to 10μM BA623 for 24, 48 and 72 hours (Figure 4.21). 

BA623 inhibits the migration ability of cervical cancer cells around 21% at 72 hours. 

These results indicate that the most obvious effect was at 72 hours of treatment. 
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Figure (4.21): BA623 inhibits migration of cervical cancer cells. BA623 inhibits the 

migration ability of cervical cancer cells in an in vitro scratch assay. Cells were grown to 90-

100% confluence and a linear wound created through the cell monolayer. Cell motility was 

assayed at the indicated times after addition of either vehicle (control) or BA623 (10μM) for 

72 hours. At specified time points (x-axis) cells were photographed using (4x; Olympus 

1X71) and the area migrated was measured and expressed relative to zero time (y-axis). 

Assays were done in duplicate and two independent experiments were performed. 

4.5.3 BA645 inhibits cell migration of human cervical cancer cells 

To further explore the anti-tumour activity of BA645, a scratch motility 

assay was performed and a significant reduction in cell migration was observed for 

HELA cell line exposed to 10μM BA645 for 24, 48 and 72 hours (Figure 4.22). 

Importantly, the anti-migration effect was clear at 72 hours of the treatment time 

point. 
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Figure (4.22): BA645 inhibits migration of cervical cancer cells. BA645 inhibits the 

migration ability of cervical cancer cells in an in vitro scratch assay. Cells were grown to 90-

100% confluence and a linear wound created through the cell monolayer. Cell motility was 

assayed at the indicated times after addition of either vehicle (control) or BA645 (10μM) for 

72 hours. At specified time points (x-axis) cells were photographed using (4x; Olympus 

1X71) and the area migrated was measured and expressed relative to zero time (y-axis). 

Assays were done in duplicate and two independent experiments were performed. 
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4.6 BA623 inhibits EGFR activation and induces cell cycle arrest  

Triple negative breast cancers (TNBCs) lack receptors for estrogen, 

progesterone and Her2 hence this subtype is highly aggressive and resistant to 

conventional chemotherapy (Crown, O‘Shaughnessy, & Gullo, 2012). However, 

TNBCs usually express high level of EGFR, and its level is significantly associated 

with a negative prognosis in TNBC (Changavi, Shashikala, & Ramji, 2015). Several 

targeted therapeutics for TNBCs have entered clinical trials, but unfortunately, none 

of them have yet been approved for TNBC. Our results in Figure 4.23 showed that 

MDA-MB-231 (TNBCs) are sensitive to BA623 with an IC50 (10.88µM) and 

therefore this section of the study investigates the effect of BA623 and the 

mechanism of action behind this effect. 

Activation of EGFR upon the binding of its ligand to the extracellular 

domain of results in the phosphorylation of a group of tyrosine residues (Y992, 

Y1068, Y1086, Y1148, and Y1173) in the carboxy-terminal domain of EGFR (Nyati, 

Morgan, Feng, & Lawrence, 2006). Therefore, inhibition of phosphorylation of 

specific tyrosine residues abrogates multiple growth-promoting pathways. To 

determine whether BA623 play a role as EGFR targeted agent, we performed 

western blot analysis with MDA-MB-231 breast cancer cell line. Figure 4.24 shows 

that untreated MDA-MB-231 expresses a high level of phosphorylated-EGFR. In 

comparison to total EGFR protein level, pEGFR was reduced in a time dependent 

manner in treated MDA-MB-231 cells. Of the tested forms we show here that BA623 

inhibits EGFR phosphorylation at (Y1068) site. Inhibition of EGFR abrogates its 

downstream signaling pathways, such as phosphatidylinositol 3 kinase pathway 

PI3K/AKT/mTOR. This pathway is one the main signaling pathway that regulated 

by EGFR and play critical role in cancer development. Phosphorylation of EGFR at 

(Y1068) site cause activation of AKT at (s473) site (Sette et al., 2015). Our data 

shows that BA623 inhibits this pathway as evident by the inhibition of AKT 

phosphorylation at (s473) site in a time dependent manner (Figure 4.24). Activating 

mutations of AKT indirectly down regulates p53 (tumour suppressor protein) levels 

by enhancing MDM2 (murine double minute 2) protein which mediates p53 

degradation. Inhibition of phosphorylated AKT leads to stabilize p53 from 

degradation (A. G. Abraham & O‘Neill, 2014). Figure 4.24 shows that BA623 

increases p53 level and its target p21 (main cell cycle regulator protein).  
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Activation of p21 is normally considered a sign of cell cycle arrest 

(Aliwaini et al., 2013). Therefore, we then tested the effect of BA623 on the cell 

cycle profile of MDA-MB-231. So we analyzed the cell cycle distribution pattern of 

MDA-MB-231 cells following treatment with BA623 (10μM) for 72 hours using 

flow cytometry. Interestingly, BA623 inhibited cell cycle progression thereby 

leading to a decreased cell proliferation. Cell cycle analysis exhibited that BA623 

treatment increases MDA-MB-231 cells in G0/G1phase by 20.18 % which was 

accompanied by a reduction of cells in G2-M phase mainly (Figure 4.25). Results 

also show a gradual accumulation of cells in the subG1 phase which means that 

BA623 also induce apoptosis (Figure 4.25). Altogether these findings show that 

BA623 might represent potential EGFR targeted agent which induces G1 cell cycle 

arrest and apoptosis.  

 

Figure (4.23): The cytotoxicity of BA623 on breast cancer cell line. MDA-MB-231 cells 

were plated in 96-well plates and after 24 hours the cells were treated with increasing 

concentrations of the indicated compound (0-20μM). Cell viability was assessed by the 

methylthiazoltetrazolium (MTT) assay after 72 hours of treatment. Results represent the 

mean percentage ± SEM of control of at least three experiments performed in quadruplicate.  
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Figure (4.24): Activity of BA623 on EGFR, AKT, p53 and p21 in MDAMB-231 cells. 

Cells were treated with BA623 (10μM) for 0, 24, 48 and 72 hour. Western blotting were 

performed to detect EGFR, p EGFR, ERK and AKT phosphorylation levels as described in 

materials and methods. EGFR, ERK and AKT phosphorylation levels were detected using 

phosphor specific EGFR, ERK and AKT antibodies as described in materials and methods. 

Cells in log-phase growth were treated with (10μM) BA623 before lysis at indicated time 

intervals. Tubulin was used as a loading control.  
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Figure (4.25): Cell cycle analysis of MDA-MB-231 cells exposed to 0.0 and 10μM of 

BA623. Cells were treated with vehicle (DMSO) or BA623 at the concentrations indicated 

and analyzed at 72 hours by flow cytometry after propidium iodide staining. The cell cycle 

profile was estimated by gating histograms generated with the FL2-area variable. 
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Chapter 5 

Discussion 

Cancer is a pernicious and lethal disease that records one in seven deaths 

globally. In spite of progression in cancer diagnosis and treatment, the number of 

cancer deaths is expected to elevate to reach 13.5 million deaths in 2030 (American 

Cancer Society, 2012). One approach to dealing with the current cancer burden has 

been to rationally develop targeted drugs as anti-cancer compounds. These targeted 

therapies are designed to target a specific features of cancer cells which make it less 

harmful on normal cells. Recently the strategy of targeting tyrosine kinase enzymes 

the core part of epidermal growth factor receptors (EGFR) is compelling. Certain 

cancer cells such as breast, cervical, colorectal, head and neck, gastric, lung, 

esophageal, prostate, bladder, renal, pancreatic, ovarian and liver cells usually 

express high level of epidermal growth factor receptors (EGFR) (Arteaga, 2002). The 

most commonly used EGFR tyrosine kinase inhibitors are Gefitinib, Erlotinib, 

Lapatinib, and Sorafenib (Seshacharyulu et al., 2012).  

However serious side effects and multiple mechanisms of acquired 

resistance associated with this line of therapy necessitate the development of more 

efficient EGRR-TKIs as anti-tumour therapeutic drugs. This study has screened a 

group of pyrazolotriazolopyrimidine based (BA) compounds for selective cytotoxic 

activity and evaluated their inhibitory effect against EGFR in breast cancer, cervical 

cancer and colorectal cancer cells. Results showed that some of these compounds 

may be effective drugs in the treatment of breast and cervical cancer. Furthermore 

this study demonstrates that one of the BA-compounds namely BA623 inhibits cell 

survival, cell cycle progression and migration capacity of breast and cervical cancer 

cells. Importantly, BA compounds showed very low level of toxicity in normal cells 

which might indicate that these compounds are safe.  

This study provides several lines of evidence that the 

pyrazolotriazolopyrimidine based (BA) compounds, hold a promise as novel EGFR 

targeted drugs to treat cervical and breast cancers and BA623 seems to be the most 

promising compound. 
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5.1 BA623 exerts potent cytotoxic effects against triple negative breast cancer 

cell line  

Different drugs targeting EGFR are used to treat breast cancer and lapatinib 

is a common FDA approved therapy (Opdam et al., 2012). Several studies showed 

that lapatinib is effective against breast cancer cells specially those expressing HER2 

with IC50s range from 0.010μM to 18.6μM (Table 5.1) (Konecny et al., 2006; B. Liu 

et al., 2016). These different IC50s might be attributed to the different types and 

levels of receptors expression such as EGFR and HER2 in the tested cells. In 

comparison to this approved drug, BA623 has a similar cytotoxic level against breast 

cancer cell lines. 

Gefitinib is one common example of EGFR targeted drugs and several 

studies confirmed gefitinib toxicity in different types of breast cancer cell lines 

(Corkery et al., 2009; Ferrer-Soler et al., 2007). For example this drug has an IC50 of 

21µM on MCF7, 20.7µM on MDA-MB-231, 15.5µM on BT20, 8.4µM on 

HCC1937, 0.25µM on BT474, 0.88µM on SKBB3 (Corkery et al., 2009; Ferrer-

Soler et al., 2007). In comparison to gefitinib, BA623 has a more potent cytotoxic 

effect on MDA-MB-231 cells with IC50 of 10.88µM. However BA623 has lower 

effect on MCF7 (IC50 of 44.56µM) than gefitinib.  

Finally, erlotinib is another EGFR targeted drug tested in many breast 

cancer cells and have been shown to exhibit a wide range of toxicity with IC50s range 

from 3.98µM on SK-BR-3 to 20µM or more on many other cell lines including 

MCF7 and MDA-MB-23 (Deshpande, 2016; Yamasaki et al., 2008). Once again 

BA623 is more effective against MDA-MB-231 cells than erlotinib but has a similar 

cytotoxic effect on MCF7 cells. All together BA623 has a potent cytotoxic effect 

against breast cancer cells similar to the approved EGFR targeted drugs.  
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 Table (5.1): The IC50s of approved drug ) B. Liu et al. 2016 (  and BA623 on 

breast cell lines. 

Drugs  MCF7 MDA-MB-231 Approval year 

Gefitinib  21µM 20.7µM Approved in 2003 to treat non-small-cell lung cancer 

Erlotinib >20µM >20µM Approved in 2004 to treat non-small cell lung cancer 

Lapatinib  7.7µM 18.6µM Approved in 2007 to treat breast cancer 

Afatinib 7.09µM 6.89µM Approved in 2013 to treat non-small cell lung cancer  

Neratinib  8.22µM 6.47µM Approved in 2017 For HER2 breast cancer treatment 

BA623 44.56µM 10.88µM  

 

5.2 BA623 exerts a cytotoxic effect against cervical cancer cell line 

As shown in chapter 4, all BA-compounds exert different levels of toxicity 

on HELA cells (IC50 range from 28.8µM to 41µM). A among these compounds, 

BA623 is the most cytotoxic one (IC50 of 28.87µM). Erlotinib was also tested in 

many cervical cancer cells and has been shown to display different levels of 

cytotoxicity on these cells (Martinho et al., 2017). For example this drug has an IC50 

of 2.41µM on Caski, 2.30µM of C-33A, >20µM of SiHa and >20µM on HELA cells. 

BA623 has a cytotoxic effect similar to erlotinib on HELA cells (Martinho et al., 

2017). Lapatinib also was investigated in many cervical cancer cell lines and the 

results showed that lapatinib displays potent cytotoxic effects on these cell lines with 

0.45µM on Caski, 1.78µM of C-33A, 2.36µM of SiHa and 2.19µM on HELA cells 

(Martinho et al., 2017).  

In comparison to lapatinib, BA-compounds exert less toxicity on HELA 

cells. To our knowledge, gefitinib wasn‘t tested alone on cervical cancer cell lines, 

however it was used as a control in some studies that study novel EGFR-KI targeted 

compounds. Among these studies, one study was examined gefitinib on HELA cells 

and the IC50 of this drug on HELA was 20µM in the presence of EGF (Du et al., 

2015).  
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In compression to gefitinib, BA623 displays a cytotoxic effect on HELA 

almost similar to gefitinib but in the absence of EGF. All together BA-compounds 

have a potent cytotoxic effect against cervical cancer cells almost similar to the 

approved EGFR targeted drugs.  

 

5.3 BA compounds exert low cytotoxic effect against colorectal cancer cell line 

Two BA compounds namely BA645 and BA623 show moderate cytotoxic 

effects on Caco-2 colorectal cancer cells comparing with BA642 which exert no 

effect on these cells. In comparison to their effects on MCF7, HELA and MDA-MB-

231cells, BA compounds have less cytotoxic effects on Caco-2 cells. Although 

BA623 displays cytotoxic effect similar or more than gefitinib and lapatinib against 

breast and cervical cancer cell lines, it has a weak cytotoxic effect on Caco-2 

(Giannopoulou, 2009). 

5.4 BA-compounds have little cytotoxic effects on normal cells 

BA-compounds have low cytotoxicity levels on normal cell lines especially 

BA645 compound that exerts the least cytotoxic effect with IC50 of (839 µM). 

However BA623 also has a little cytotoxicity on normal cells with IC50 (238.28 µM). 

The worst one is BA642 that has a strong cytotoxic effect on normal cells with IC50 

(56.38 µM). All BA-compounds have lower toxicity level on normal cells than 

gefitinib (IC50 of 38.7µM) (Y. Liu et al., 2009) and Lapatinib (IC50 of 0.035µM) 

(Strecker et al., 2009). 

This is very important since drugs with low IC50s on cancer cells and high 

IC50s on normal cells usually cause little side effects in vivo. 

5.5 BA compounds reduce cancer cells migration ability  

Cancer has six hallmarks which are responsible for tumour growth and 

metastasis (Hanahan, 2011). Invasion and metastasis is one of the principle cancer 

hallmarks which is considered the leading cause of death in cancer patients 

(Gandalovi9 et al., 2017). Due to the importance of this feature in carcinogenesis, 

many drugs were designed and synthesized to target and inhibit it. In this study we 

show that BA-compounds reduce migration ability of HELA cells significantly with 

21% to 28% cells.  
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Lapatinib and erlotinib anti-migration abilities were tested on C-33A and 

SiHa cervical cancer cell lines and results showed that they inhibit C-33A migration 

(around 40%) but not SiHa (Martinho et al., 2017). In compression to erlotinib and 

Lapatinib, BA-compounds have similar anti-migration abilities on cervical cancer 

cells. These findings support previous data that BA-compounds have anti-cancer 

effect against cervical cancer cells similar or better than some approved EGFR 

targeted drugs. 

6.5 BA compounds activate different anti-cancer mechanisms 

Anticancer agents usually inhibit cancer through specific mechanisms such 

as apoptosis, autophagy, inhibition of proliferation and blocking of survival and 

proliferation signaling pathways like ERK, AKT and PI3K pathways (Corkery et al., 

2009; Dasari, 2014b; Vakifahmetoglu-Norberg, 2015). However, cancer cells 

normally develop mechanisms of resistance to many of these drugs and therefore 

more than one drug (more than one mechanism of action) is used. Importantly, 

BA623 induces different mechanisms to stop cancer progression, it inhibits EGFR 

and AKT phosphorylation which results in p53 and p21 accumulation leading cell 

cycle arrest.  

Gefitinib was tested in many breast cancer cell lines and data showed its 

ability to inhibit EGFR, MAPKs, AKT and cell cycle progression in these cell lines. 

However, TNBC cell lines like MDA-MB-231 cells are gefitinib resistant as they 

show low EGFR level and gefitinib treatment showed no effect on these cells. 

(Corkery et al., 2009). In comparison to gefitinib, BA623 is more effective especially 

against the TNBC MDA-MB-231 cell line where it inhibits AKT and induces cell 

cycle arrest in G1 phase. 

Erlotinib was also tested in many breast cancer cell lines and some of these 

cell lines were sensitive and the others were resistant (Yamasaki et al., 2008).This 

drug lead to an inhibition of EGFR, ERK1/ERK2 and AKT in sensitive cell lines. 

Sensitive cells for example BT-474 also exhibited G1 cell cycle arrest after treated 

with 10µM of erlotinib and increased number of cells in subG1, however resistant 

cell line like MDA-MB-231showed similar cell cycle profile before and after 

treatment (Yamasaki et al., 2008). Similar to BA623, erlotinib induces G1 cell cycle 

arrest and apoptosis in breast cancer cells but BA623 is more cytotoxic than erlotinib 
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MDA-MB-231which makes it superior to these approved drugs. Similar results were 

also observed with lapatinib in breast cancer cells where it inhibits EGFR, AKT and 

ERK leading to G1 cell cycle arrest and apoptosis (Konecny et al., 2006).  

 

Taken together, BA623 similar to other approved EGFR inhibitors that 

induce different anticancer mechanisms including cell cycle arrest and AKT 

inhibition. However, BA623 is more effective than other approved EGFR inhibitors 

against the resistant MDA-MB-231 cells which makes it more promising compound.  
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Chapter 6 

Conclusions and Recommendations 

6.1 Conclusions 

This study describes the anti-tumour activity of BA-compounds as novel 

EGFR targeted agents. Moreover, the current study is the first study to provide the 

mechanism of action by which a pyrazolotriazolopyrimidine-based compound exerts 

cytotoxicity in cancer cells. Based on the data generated from the in vitro 

experiments of the anticancer activity of BA623, the following model is proposed 

(Figure 6.1). BA623 initially inhibits the phosphorylation of EGFR and the 

activation of AKT which activates different molecular pathways including P53 and 

p21 leading to cell cycle arrest. This study suggests that BA623 may be an effective 

EGFR targeted drug in the treatment of, at the very least, breast cancer as well as 

cervical cancer.  

6.2 Recommendations 

1.We recommend to do more researches in this field. 

2.We here recommend to study these compounds on other types of cancers. 

3. Chemical modifications are needed to improve the activity of BA-compounds. 

4. In vivo studies are also recommended.  
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Figure (6.1): A proposed model for the mechanism by which BA623 exerts its anti-

cancer activity. 
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