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Expression of TBX2 among Breast Cancer Patients in Gaza strip 
 

Eman Salleh Attallah 

Abstract 

Background: Breast carcinomas considered as the most prevalent types among 

women and it is estimated that about one out of eight women will develop breast 

cancer in their lifetime. TBX2, a member of the T-box transcription factors, its over 

expressed  in different types of carcinomas, according to cell proliferation and 

metastasis. 

Aim:  To demonstrate the association between TBX2 over expression and breast 

cancer in Gaza strip. 

Material and Methods: This cross sectional study included 51 breast cancer 

samples and their crossbonding normal tissues were collected from the Gaza 

European Hospital in 2015-2016. Sections for (immuno-histopathology) from each 

sample were prepared and immune-stained by anti-TBX2 and suitable secondary and 

tertiary stains. TBX2 level was evaluated by pathologists in both cancer and normal 

samples. Clinical data for each patient was obtained from the hospital and 

correlations between these data and TBX2 level were statistically analyzed.  

Results: TBX2 was significantly overexpressed in breast cancer tissues in 

comparison to normal tissues. The overexpressions of TBX2 were recorded for all 

types and stages of breast cancer. No significant correlation were reported between 

TBX2 level and other breast cancer markers such as ER, PR, HER2 and CA15-3. 

Conclusions: TBX2 was associated and over expressed in breast cancer and due to 

its accuracy and specificity, its value as a breast cancer biomarker was higher than 

other markers in different studies. Consequently, TBX2 may be used as a potential 

biomarker for breast cancer. 

 

Keywords: TBX2, Breast cancer, Biomarker, Gaza Strip, Palestine 
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 لمرضى سرطان الثدي في قطاع غزةTBX2  النسخل لعامالتعبير الجيني 

 
 إيمان صالح عطاهلل

 

 

 ملخص الدراسة
 

 

 :البحث خلفية

فمن المحتمل اصابة سيدة من بين ثمان النساء  السرطانية المنتشرة لدييعتبر سرطان الثدي من أكثر األمراض 

وقد لوحظ زيادة ، TBOX، هو أحد عوامل النسخ التابعة لعائلة  TBX2بروتين العالم.في جميع أنحاء  سيدات

يرتبط أساسا مع تكاثر  TBX2بروتين مستوي في أنواع مختلفة من السرطانات. زيادة TBX2 بروتينمستوي 

 الخاليا السرطانية واالنتشار كما ذكرت دراسات مختلفة.

 أهداف البحث:

 .في قطاع غزة سرطان الثديومرض  TBX2الجيني لبروتين  توضيح العالقة بين التعبير

 منهجية البحث:

. 2016-2015( وأنسجتها الطبيعية جمعت من مستشفى غزة األوروبي في عامي 51عينات سرطان الثدي )

ولية األبواسطة األجسام المضادة  TBX2المقاطع ل )مناعية االنسجة( من كل عينة جهزت وصبغت مناعيا بـ 

قبل من  TBX2تم تقييم مستوى بروتين  في كل من العينات السرطانية والطبيعية المناسبة.ثالثة الثانوية والو

ودراسة العالقة  المستشفى،تم الحصول على البيانات الطبية لكل مريض من  المجال.أطباء مختصين في هذا 

 باستخدام التحليالت االحصائية المناسبة.  TBX2بين هذه البيانات ومستوى 

 :نتائج البحث

زيادة  اتضح أنحيث انه  الطبيعية،يزيد مستواه في انسجة سرطان الثدي بالمقارنة مع االنسجة  TBX2بروتين 

مستوي البروتين كانت في جميع أنواع ومراحل سرطان الثدي. اما احصائيا ال يوجد عالقة بين مستوى 

TBX2 :وغيرها من العالمات البيولوجية األخرى لسرطان الثدي مثلER , PR, HER2    و.CA15-3 

 خالصة البحث:

من هو عالمة بيولوجية محتملة لتشخيص سرطان الثدي. وهذا واضح  TBX2تشير نتائجنا الى ان بروتين 

مقارنة اعلى كانت وخصوصيته كعالمة بيولوجية لسرطان الثدي  درجة دقته االحصائي حيث ان التحليل

 خرى. األ البيولوجية عالماتبال

 

 

 المفتاحية:الكلمات 

   .البيولوجيةالعالمة  ، TBX2بروتين الثدي،سرطان 
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 1. Introduction 

1.1 Overview  

Cancer, malignant neoplasm,  is a worldwide disease characterized by metastatic 

and invasion capacity, absence of differentiation, and increased proliferation 

(American Cancer Society, 2017). It considered as the leading cause of 

morbidity and mortality in both more and less economically developed 

countries. Based on incidence rates in 2012, 14.1 million of cases registered as 

newly diagnosed while 8.2 million deaths, and these rats expected to increase by 

2030 to reach  21.7 million new cancer cases and 13 million cancer deaths 

(American Cancer Society, 2015). 

 

The incidence of cancer globally and locally increased, for example 7454 new  

Jordanian’s cases were registered in 2012 (Al-Sayaideh, Nimri, & Arqoub, 

2012). Whereas, in 2013 the estimated incidence rate were 114,985 cases among 

Egyptians population  (Ibrahim, Khaled, Mikhail, Baraka, & Kamel, 2014) 

(Ibrahim, 2016). The Palestinian health information center indicated that the 

mortality rate of cancer increased annually, in 2011, it was reported as 12.4% 

deaths while in 2010 it was 10.8% (The Palestinian Ministry of Health, 2015).  

 

Cancer cells showed several defects in gene expression resulted from a various 

types like Lung, prostate, colorectal, stomach, liver, breast, and cervix (Torre et 

al., 2015). Ferlay et al., (2015) have been reported that 1.82 million cases 

diagnosed as lung cancer, 1.67 million cases as breast carcinomas, while, 1.36 

million cases as colorectal cancer (Ferlay et al., 2015). Cancer cannot be 

diagnosed/detected in early stage and in most cancer types there is no effective 

treatment. Consequently, understanding the molecular biology of the cell cycle 

and its regulator may be implicated in identification effective markers for early 

cancer diagnosis and treatment (Kensler, Qian, Chen, & Groopman, 2003).  

Therefore, this thesis focuses on identification of a newly predictive and 

prognostic marker especially for breast cancer patients. 
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T-box family of transcription factors are important developmental regulators and 

have been shown to contribute to several human syndromes
 
(Naiche, Harrelson, 

Kelly, & Papaioannou, 2005; Jade Peres & Prince, 2013). In addition to their key 

role in development, extensive investigations suggest that overexpression of some T-

box factors, including TBX2 and TBX3 may drive cancer
 
(Bilican & Goding, 2006; 

Burgucu et al., 2012; Demay et al., 2007; Hoogaars et al., 2008; Humtsoe et al., 

2012; J. Peres et al., 2010; Jade Peres & Prince, 2013). Both transcription factors  

(TBX2 and TBX3) are up-regulated in a number of cancers including melanoma 

(Hoek et al., 2004; Jade Peres, Mowla, & Prince, 2014) and breast cancer (Douglas 

& Papaioannou, 2013; Wu et al., 2001). It was shown to be required for tumour 

formation and cell migration
 
(Jacobs et al., 2000; Jade Peres & Prince, 2013; 

Redmond et al., 2010; J. Yu et al., 2010). Knocking down TBX2 and TBX3 was 

shown to reverse key features of the melanoma and breast cancer phenotype 

suggesting that it may be a useful target in the development of novel anti-cancer 

drugs to treat these cancers (J. Peres et al., 2010; S Wansleben, Davis, Peres, & 

Prince, 2013). Furthermore, silencing TBX3 in rat bladder carcinoma cells rendered 

the cells sensitive to doxorubicin-induced apoptosis and the overexpression of TBX3 

was associated with a chemotherapy-resistant phenotype
 
(Renard et al., 2007). 

knocking down TBX3 sensitized human colorectal carcinoma cells to doxorubicin 

via activating the p14- p53 pathway
 
(Zhang et al., 2011). These findings suggest that 

TBX2 and TBX3 are promising molecular markers and their depleting as new targets 

in cancers where they are overexpressed might enhance the anti-cancer activity of 

chemotherapeutic drugs.  
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1.2 The aim of the study: 

The general objective of this study was to test if there is a any association between 

TBX2 over expression and breast cancer cases in Gaza Strip. 

 

1.2.1 Specific objectives: 

1. To determine TBX2 level in a population of breast cancer patient tissues in 

comparison to normal tissues.   

2. To determine the diagnostic value of TBX2 as biomarker for breast cancer. 

3. To study the association between TBX2 with another clinical and 

pathological parameters of breast cancer. 

 

1.3 Significance of the study: 

Breast cancer is the most common type in Palestine, where it represents 17.8% of all 

cancer cases and 33.7% of women cancers (Minisrry of health West Bank, 2015). 

Late diagnosis and shortage of diagnostic tools are the main causes for increasing 

levels of breast cancer death in Gaza. This study was a significant contribution in the 

efforts to find new diagnostic markers for breast cancer. TBX2 is a promising 

diagnostic biomarker for breast cancer. Identification of new cancer targets as TBX2 

inspires other researchers to target these proteins and to find new-targeted drugs for 

breast cancer. In addition, it highlights the importance of the tailored management 

for cancer patients in Gaza strip.  

 

1.4 Limitation:  

1. The researcher faced difficulties to get the required cell lines, reagents and 

equipment needed for this research due to the Israeli siege on Gaza dStrip.  

2. The main technical difficulties were in collecting samples from hospitals and 

the absence of organized databases for cancer patients in Gaza Strip. 

 

 



 

 

 

 

 

2. Literature Review 
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2. Literature Review 

Breast carcinomas is, a serious public health problem. It’s considered to be the most 

prevalent types of cancer among women and it is estimated that one out of eight 

women will develop breast cancer in their life time (Newman, 2016), and about 

1,500,000 cases were annually reported worldwide (Iva Brčić and Marija Balić, 

2017). The Palestinian Ministry of Health reported that 1283 case between 2009-

2014 , which accounted for 18% of the total cancer patients (The Palestinian 

Ministry of Health, 2015).  In spite of the fact that most of the patients are diagnosed 

in early and curable stages, metastatic breast cancer occurs in one third of the 

patients affecting bone, liver and lung, ultimately leading to death (Malki, El-

Saadani, & Sultan, 2009).  

2.1 Breast cancer:  

The glandular mass of breast tissue is a complex branching structure mostly 

made up of adipose and connective tissues. It is divided into 15 to 20 lobes. 

Many smaller segments called lobules which are divided into alveoli are found 

inside the lobes. These structures (lobes, lobules, and alveoli) are linked together 

by thin tubes called ducts, which carry milk to the nipples (Duncan, 2010) Fig 

2.1. 
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Fig2.1.  anatomical structure of normal breast tissue (Duncan, 2010). 

2.2 Breast carcinogenesis mechanism: 

Cytogenetic and molecular studies have effectively revealed some mechanisms 

of mammary carcinogenesis, progression and metastasis, containing gene 

amplification, mutation, and loss or defect in tumors suppressor genes, also 

identified main genes such as HER2, TP53, CCND1, BRCA1 and BRCA2 (Pan 

et al., 2011).  

Gene amplification play a critical role in initiation and progression of breast 

cancer. Amplification of certain genes like HER2 is seen in about 25-30% of 

breast and ovarian cancers with attendant overexpression up to 40 to 100 fold. 

This  cause millions of receptors exposed on the tumor cell surface resulting in 

autophosphorylation of the tyrosine residues among its cytoplasmic domain and 

initiates a subset of signaling pathways; mainly mitogen-activated protein kinase 

(MAPK), protein kinase C (PKC), and phosphatidylinositol-4,5-bisphosphate-3-

kinase (PI3K) which in turns increase cell proliferation, differentiation, and cell 

cycle progression (Fig 2.2). Therefore, amplified HER2 in breast cancers have 

been linked to poor prognosis of these patients (Barlund et al., 2000) (Dressman 

et al., 2003) (Moasser, 2007) (Nida Iqbal and Naveed Iqbal, 2014). 

BRCA1 and BRCA2 genes appear to play a role in maintaining the  genomic 

stability to protect the genome from damage (Scully, 2000). Mutation occurs 

either in BRCA1 or BRCA2 genes causes high risk of developing ovarian and 

breast cancers (Borg et al., 2011). The BRCA1 involved in the regulation of 

DNA repair, so mutations of BRCA1 is expected to impair the repair of 

damaged DNA, thus the mutant cells may exhibit  malignant alteration  (Martin 

& Weber, 2000) (Elstrodt et al., 2006).  
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Fig2.2. HER2 activate the downstream signaling pathways resulting in promoting of cell growth, 

proliferation, and survival (Nida Iqbal and Naveed Iqbal, 2014). 

 

 

Mutation in the tumor suppressor (P53) have been shown in about 20 to 35% of 

breast cancer. P53 is one of the major molecular markers of cell cycle stress 

(Lacroix, 2006). The loss of p53 function associated with deregulation of its 

downstream targets impairment of cell cycle arrest, apoptosis, and DNA repair. 

However, the presence of mutant p53 have been associated with increased 

chromosomal abnormalities and enhanced additional oncogenic layers to the cell 

stress response (Vegran et al., 2007). In breast cancer, mutant p53 increased the 

levels of Bcl-2, and it found that mutant p53 have the ability to convert vitamin D3 

from a pro to an anti apoptotic factor, which in turn shifting the receptor spectrum 

toward pro survival profile. App (1) show the effects of mutant p53 in breast cancer 

(Walerych, Napoli, Collavin, & Del Sal, 2012). 
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2.3 Molecular classification of Breast cancer: 

The arrays of gene expressions reflect the molecular basis of the tumor 

phenotype and can be used for tumor evaluations and classification (Moldovan, 

2013). Breast carcinomas classified into four main groups; two-luminal subtype 

(A and B). Luminal A is characterized by high levels of estrogen receptor (ER)/ 

progesterone receptor (PR) or HER2 negative and it accounts for about 50% of 

invasive breast cancers. Luminal B has the same character of luminal A and 

differ in variability of HER2 expression (positive or negative) (Makki, 2015).  

The Basal-like subtype also named triple negative due to its pattern expression 

ER-, PR-, and HER2-  (Cheang et al., 2008) (Blows et al., 2010). The human 

epidermal growth factor receptor-2 (HER2) subtype which accounts for 

approximately 15% of invasive breast cancers, and it is characterized by strong 

overexpression of HER2 (HER2+) while ER/PR is usually negative (Network, 

2012) (Howlader et al., 2014) (Bergen et al., 2016) App (2). 

 

2.4 Histological Classifications of Breast Cancer (Type, Grade, and Stage): 

2.4.1 Breast cancer typing 

Most of the breast malignancies were classified according to their site of origin. They 

were derived either from the inner lining epithelium of the ducts or from the lobules 

(ductal or lobular carcinoma), and according to their invasive ability (invasive or 

non-invasive). The non-invasive carcinoma, cannot spread and invade the 

surrounding tissue, so it still inside the cells (in situ). If arises in milk ducts, it is 

called ductal carcinoma in situ (DCIS), or lobular carcinoma in situ (LCIS) if it 

occurs in the  lobules (Malhotra, Zhao, Band, & Band, 2010). The invasive or 

infiltrating carcinoma have the ability to spread to the surrounding tissues after 

breakdown of the basement membrane. Invasive ductal carcinoma (IDC) that initiate 

from the ducts, is the most common morphological class and accounts for 55% of 

breast cancer rate. It is classified into several histological subtypes that include 

mucinous, cribriform, micropapillary, papillary, tubular, medullary, apocrine, and 

neuroendocrine carcinomas,  as shown in App (3) (Ganesh N. Sharma, Rahul Dave, 

Jyotsana Sanadya, Piush Sharma, 2010) (Makki, 2015).  
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Invasive lobular carcinoma originate from the lobules, it is the next most common 

type, accounting for approximately 10% of invasive breast cancers (Rivenbark, 

O’Connor, & Coleman, 2013). These morphological classes of breast cancer can be 

further divided into groupings depending on their molecular signatures (i.e. 

expression of protein biomarkers or gene expression profiles). 

 

2.4.2 Breast cancer grading: 

Histological grading or semi quantitative evaluation of morphological characteristics 

is a routine clinical management of breast cancer and one of the beast cancer 

prognostic factors which represents the morphological features assessment of tumor. 

It show the clinical behavior of breast cancers based on the degree of tumor tissue 

differentiation under microscope: well differentiation (grade I), moderate 

differentiation (grade II), poorly or un differentiation (grade III), or based on 

Nottingham grading system (nuclear grading) which relies on tubule formation, 

nuclear pleomorphism and mitotic count App (4) (Monticciolo, 2005) (Rakha et al., 

2010).  

2.4.3 Breast cancer staging: 

Staging is a process of demonstrating where the tumor located, tumor progression, 

and tumor invasion. It may help in deciding the best kind of treatment and in 

predicting the patient's prognosis. There are different stage descriptions for different 

types of cancer, the most commonly used is tumor, node, and metastases (TNM) 

system; it uses the clinical and pathological characteristics including the tumor size 

(T), lymph node status (N), and metastatic distance (M). The definitions of TNM 

system for breast cancer according to the American Joint Committee on Cancer 

(AJCC) staging manual in 2010 are shown below in table (2.1) and table (2.2).  

Parameter T depends on tumor size (cm), it ranges from (T0) where there is no 

evidence of primary tumor to (T4) which represents tumor of any size with direct 

extension to the chest wall and/or to the skin. Parameter N depends on pathologic 

lymph node metastasis, it ranges from (N0) where there is no regional lymph node 

metastasis identified histologically to (N3) metastasis in which 10 or more axillary 

lymph nodes are affected. Parameter M is divided into (M0) in which there is no 

clinical or radiographic evidence of distant metastasis, (M1) tumor which has 



11 

 

metastasis to another organ determined by classic clinical and radiographic 

screening. Tumor size, nodal spread, and distant metastasis (TNM), used for 

prognosis, it was converted to anatomic stage, from early diagnosis for benign or 

carcinomas in situ (stage I and II), to locally advanced disease (stage III), to late 

stage metastatic disease (stage IV) resulting in improved diagnosis and staging 

(Singletary & Connolly, 2006) (Edge & Compton, 2010). 

 

Table 2.1 TNM system for breast cancer staging (AJCC) (American Joint 

Committee on Cancer, 2010) 

Symbol Explanation 

T0 No evidence of primary tumor 

T1 Tumor ≤ 20 mm in greatest dimension 

T2 Tumor > 20 mm but ≤ 50 mm in greatest dimension 

T3 Tumor > 50 mm in greatest dimension 

T4 Tumor of any size with direct extension to the chest wall and/or to the 

skin (ulceration or skin nodules) 

pN0 No regional lymph node metastasis identified histologically 

pN1 Micrometastases or metastases in 1–3 axillary lymph nodes 

pN2 Metastases in 4–9 axillary lymph nodes 

pN3 Metastases in 10 or more axillary lymph nodes 

M0 No clinical or radiographic evidence of distant metastases 

M1 Distant detectable metastases as determined by classic clinical and 

radiographic means and/or histologically proven larger than 0.2 mm 

T= tumor size, pN= pathologic lymph node, M= tumor metastesis. 
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Table 2.2 Anatomic stage groups (AJCC) (American Joint Committee on Cancer, 

2010)  

Anatomic stage T N M 

Stage 0 Tis N0 M0 

Stage IA T1 N0 M0 

Stage IB T0 N1mi M0 

T1 N1mi M0 

Stage IIA 

T0 N1 M0 

T1 N1 M0 

T2 N0 M0 

Stage IIB 
T2 N1 M0 

T3 N0 M0 

Stage IIIA 

T0 N2 M0 

T1 N2 M0 
T2 N2 M0 

T3 N1 M0 

T3 N2 M0 

Stage IIIB T4 N0 M0 

T4 N1 M0 
T4 N2 M0 

Stage IIIC Any T N3 M0 

Stage IV Any T Any N M1 

 T= tumor size, pN= pathologic lymph node, M= tumor metastesis. 

2.5 Breast cancer diagnosis. 

Early detection of breast cancer, offering the best opportunity to reduce mortality, 

getting regular screening tests is the most reliable way to find breast cancer early, 

when it is small and has not spread, so, it is easier to be treated successfully. Several 

assessment tools established for this purpose, are classified into two approaches: 

diagnostic imaging such as (mammogram, Ultrasound, MRI and CT scan) and 

prognostic indicators such as (biopsies, hormone receptor status, HER2 receptor 

status, biochemical tests and other tumor markers). 
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2.5.1 Diagnostic imaging. 

Mammograms are X-rays that help finding changes that could be cancer before 

physical symptoms develop, otherwise, the mammograms aren’t accurate, it might 

miss some cancers (Gotzsche & Nielsen, 2013) (Lee & Peters, 2013). Thus other 

conformational test were needed such as, ultrasound which is widely available test 

often used to examine breast changes that are seen on mammograms, also it is used 

in differentiation between fluid-filled cysts and solid masses, (If a lump is really a 

cyst, and not a cancer) (Lehman et al., 2012). Magnetic resonance imaging (MRI) 

uses strong magnets instead of radiation to make three dimentional images of the 

breast tissue.  

MRI can detect breast cancers that are not visible by mammography, detect patients 

who have multicentric or bilateral cancer and may improve screening of certain 

patients with high risk, it is also more likely to find something that turns out not to be 

a cancer (false positive indication), this means more tests or biopsies were needed 

(Leach, 2001). 

 

2.5.2Biopsy for histopathology. 

Biopsy is the only exact way to detect and characterize breast cancer. In which, 

tissues or cells from the body are morphologically identified type, stage, grade, 

receptor status and distance between the surrounding normal tissue and the tumor are 

all determined. (Agency for Healthcare Research and Quality, 2009). Three biopsy 

techniques for obtaining the sample from suspicious breast tumor are available, 

which are: fine needle aspiration, core needle biopsy and surgical biopsy (Harris, 

Lourenco, Dobson, & Herrtage, 2014a). 
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2.6 Breast cancer biomarker. 

2.6.1 Hormone receptor status. 

Management of breast cancer relies on the availability of strong clinical and 

pathological predictive and prognostic factors to guide patient decision-making and 

the selection of treatment options. Hormone receptor status such as progesterone 

receptors (PR), estrogen receptors (ER) and human epidermal growth factor receptor-

2 (HER2) were established for these purposes. Overexpression of these receptors 

have been shown in most of breast cancers. Approximately 75% to 80% of invasive 

breast cancers are positive for ER and PR receptors, whereas 20% are positive HER2 

receptor (Badowska-Kozakiewicz, Patera, Sobol, & Przybylski, 2015).  

The ER status is reported to predict tumor response to endocrine treatment and as a 

prognostic factor for early recurrence. The actions of ER and PR are influenced by 

growth factor receptors such as HER2 and cyclin/cycline dependant kinase 

complexes which modulate phosphorylation and hence activity. Moreover, the 

overexpression of HER2 indicates poor prognosis, it also used as a predictor of 

therapy response with the anti-HER2 specific monoclonal antibody (Herceptin) 

(Menard, Fortis, Castiglioni, Agresti, & Balsari, 2001) (Hicks & Kulkarni, 2008). 

 

2.6.2 Cancer antigen 15-3 (CA15-3). 

There are a subset of blood tumor markers that help in diagnosis including CA 15-3 

which has been considered as a tumor-associated antigen capable of binding with 

Mucin-1 (MUC-1) protein that is abnormally found in blood of breast cancer 

patients. The MUC-1 protein is expressed in the duct of normal breast tissue, but 

when the cells are abnormal, the tissue is disrupted leading to shedding of MUC-1 in 

blood, the normal range of this marker is below 30 U/ml (Gautam, Verma, Pantola, 

& Verma, 2015). 

 

2.6.3 Carcinoembryonic antigen (CEA). 

The carcinoembryonic antigen is a glycoprotein, the level of which is more than 

7.5 μg/L in breast cancer patients, It help in prediction and diagnosis (Karina et al., 
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2014). Unfortunately,  these markers haven’t been sensitive or confirmed for early 

diagnosis of breast cancer (Shao, Sun, He, Liu, & Liu, 2015).  

2.7 T-box gene family. 

The initiation and progression of breast cancer can be characterized by deregulation 

of transcription factors and their regulatory signal transduction pathways (Ruggero, 

2013). Transcription factors were identified as targets in the design of novel 

therapies, one family of transcription factors that has emerged as a potentially 

important player in the genesis of cancer is the T-box family.  

T-box gene is an ancient gene family that has achieved great prominence in the 

field of developmental biology it encodes a series of transcription factors that are 

highly conserved in evolution ranging from invertebrates including drosophila 

and caenorhabditis elegans, to vertebrates, including zebrafish, xenopus, mice, 

chickens and humans (Wilson & Conlon, 2002) (Chang et al., 2016). There are 

more than 50 protein members that have been assigned to the T-box gene family 

and 18 of them are found in humans. All T-box factors share a conserved DNA-

binding domain, comprising of about 180 amino acid residues referred to as the T-

box domain, which recognizes and binds the half-palindromic core sequence 

TCACACCT, called the T-element. In general, the DNA-binding domain of T-

box proteins was located in their N-termini, their transcriptional regulatory 

domain located in their C-termini (Fischer & Pflugfelder, 2015). Phylogenetic and 

expression studies suggest that the T-box gene family are divided into five 

subfamilies referred to as Brachyury, T-brain1, TBX1, TBX2 and TBX6.  

The TBX2 subfamily includes the TBX2, TBX3, TBX4 and TBX5 genes which 

arise from duplication and recombination of a two-gene cluster that was formed 

by unequal crossing over of an ancestral gene (Sabina Wansleben, Peres, Hare, 

Goding, & Prince, 2014) Fig 2.3. 

. 
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Figure 2.3. Location of some mutations in TBX3, TBX5, TBX19 and TBX22 genes. Mutation 

color-coding: missense, blue; nonsense, red; insertion/deletion, pink; splice site, green 

(Packham & Brook, 2003) 

 

T-box factors have the ability to act as transcriptional activators or inhibitors, as, 

TBX5, TBX6, TBX1, TBX19, TBX20, and Brachyury (González, Manosalva, 

Liu, & Kageyama, 2013). While, TBX18, TBX15, TBX22, TBX3, and TBX2 

have been shown to act as a repressor factors (Jacobs et al., 2000) (Carlson, 2001) 

(Prince, Carreira, Vance, Abrahams, & Goding, 2004) (Andreou et al., 2007) 

(Farin et al., 2007). Furthermore, these factors have shown a synergistic action 

with other transcriptional factors, the most common action was reported in the 

heartin which TBX5 co-operate with zinc-finger transcription factors Gata4 to 

monitor and improve cradiogenesis (Garg et al., 2003). 
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2.8 Developmental syndromes associated with T-box factors 

 

T-box proteins have critical roles in early embryonic development and any 

mutations in them cause serious congenital problems and could be lethal. A 

number of various studies concerning in human disease have been demonstrated 

the association with several mutations (Missense, nonsense, and deletion) in T-

box genes that, lead to deregulation of their functional protein, for example, the 

lack of TBX1 leads to Di-George syndrome, a disease that is characterized by 

facial deformities, behavioral and learning difficulties and aplasia of the heart and 

thymus. Mutations in human TBX5, TBX19 and TBX22 give rise to Holt-Oram 

Syndrome, adrenal insufficiency and X-linked cleft palate with ankyloglossia, 

respectively (Lindsay et al., 2001) (Braybrook et al., 2002) (Yagi et al., 2003) 

(Packham & Brook, 2003) (Barisic et al., 2014) ( Fig2.10). Also, in humans, the 

haploinsufficiency of TBX3 causes ulnar-mammary syndrome (UMS), which is 

characterized by forelimb abnormalities and malformations of the apocrine 

glands, mammary glands, heart, dental and genital structures (Packham & Brook, 

2003) (Cai et al., 2005).  

 

In 1999, Bamshad et al., described a wide range of congenital deformities in a 

large group of patients suffering from UMS (Bamshad et al., 1999). This 

autosomal dominant disorder was characterized by delayed puberty in males and 

genital abnormalities, mammary and apocrine glands dysfunction or/and 

hypoplasia, abnormal dentition, absent axillary hair, and posterior limb 

abnormalities, including malformed ulna and posterior digits (Davenport, Jerome-

Majewska, & Papaioannou, 2003).  

 

In the mouse model of UMS, Tbx3 was mutated by deleting three exons (2, 2a 

and 3) in the middle of the T-box, heterozygote mice are relatively normal 

although females did exhibit a minor genital nomaly and ductal aplasia in 

mammary glands 1, 2 and 3 (MG1, MG2 and MG3) (Davenport et al., 2003). 

 

TBX3 expressed in a number of tissues and organs whose development was 

unaffected in UMS patients. This leads to the suggestions that, distinct levels of 
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functional TBX3 protein may be required in different developmental contexts and 

that other T-box factors whose expression overlaps with TBX3, such as TBX2, 

may be able to compensate for reduced TBX3 function in unaffected organs 

(Bamshad et al., 1999). 

 

The main features of DiGeorge syndrome include heart abnormalities, hearing 

problems, parathyroid deficiency, hypocalcemia and craniofacial and palatal 

defects (Emanuel, McDonald-McGinn, & Saitta, 2001) (Aggarwal, 2010). In 

addition, with mutations including nonsense and missense types, TBX5 present 

with Holt-Oram syndrome which is characterized by both heart and upper limb 

abnormalities (Barisic et al., 2014).  

 

Unluckily, no human syndromes were reported to be specifically associated with 

mutations in human TBX2. However, two studies have described patients with a 

range of developmental abnormalities resulting from microdeletions on 

chromosome 17 spanning a region containing TBX2 and TBX4, as well as several 

other genes (Ballif et al., 2010). Although the sizes of the deletions differ, they 

occur on the long arm of chromosome 17 from bands q22 to q23.2, a region 

which has shown to be susceptible to amplification in cancer (Barlund et al., 

2000) (Sinclair et al., 2002). 

 

 The phenotypes resulting from mutations in Tbx2/TBX2 and Tbx3/TBX3 have 

suggested the importance of these genes in the development of the heart, mammary 

glands and limbs. For example, TBX2 null mouse embryos display heart defects 

(including abnormal formation of the atrioventricular canal and outflow tract), facial 

dysmorphia and digit IV duplication in the hind limb (Harrelson et al., 2004).  

 

2.9 The role of T-BOX factors in cancer biology 

The T-box family transcriptional factors have been emerged as interesting genes that 

play dual roles in several processes like embryogenesis, differentiation, proliferation 

capacity, and tissue integrity, which are the key features of cancer biology. Thus, 

these members have been implicated in carcinogenesis (Naiche et al., 2005) (Briegel, 

2006). Brachyury factor was shown to have suppressing tumor functions. It has been 
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found in reduced expression caused by epigenetic silencing in non-small-cell lung 

carcinoma when compared to normal lung tissue (Roselli et al., 2013). On the other 

hand, it induces epithelial-mesenchymal transition (EMT) of human pancreatic 

cancer cells (Fernando et al., 2010). Interestingly, (Shimoda et al., 2012) (Du et al., 

2014) have been demonstrated that this factor can act as a tumor suppressor or 

oncogene depending on the cellular context, based on evidence of overexpression 

and knockdown models of Brachyury in various cancer cell lines. 

 

Other T-box factors, including TBX1 and TBX5, have also been shown to act as 

tumor suppressors (Trempus et al., 2011). For example, in a mouse skin tumor cell 

line, when TBX1 was overexpressed, it significantly reduced tumor formation and 

growth in vivo. TBX5 was epigenetically silenced in colon cancer cell lines and 

primary tumors due to methylate promoter. Also, it was found that the 

overexpression of TBX5 in these cells resulted in a decrease in proliferation, tumor 

formation and migration, as well as increased apoptosis (J. Yu et al., 2010). TBX4 

act as tumor repressor, low levels of TBX4 was associated with a decrease survival 

of pancreatic ductal cell adenocarcinoma patients. As well, TBX4 can be used as a 

biomarker to expect the progression in bladder cancer and to predict, the stage of 

intrahepatic cancers (Zong, Jia, & Li, 2013). TBX21 (T-bet) was overexpressed in a 

subset of breast cancer which have a positive estrogen receptor alpha (ERα+), this 

elevation of expression causes resistance of breast cells to hormonal therapy also, 

poor prognosis in response to disruption of the targeted (ERα+) receptors (Kasi 

McCune et al., 2011). 

 

2.10 TBX2 Gene and protein 

In human, TBX2 was the first member of T-box2 subfamily, to be idetified the main 

T-box family that involved another three members namely TBX3, TBX4, and TBX5. 

Inaddtion, TBX2 was recognized as the first repressor transcriptional factor 

(Campbell et al., 1995) (Law & Arbor, 1995).  

The genomic analysis of TBX2 subfamily demonstrated their origin from one 

ancestral gene and it mapped TBX2 and TBX4 on 17q23 locus chromosome, while 

TBX3 and TBX5 on 12q24 locus, otherwise, mice TBX2 was located on 

chromosome 11(Bollag et al, 1994) (Agulnik, Bollag, & Silver, 1996). Because of 
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replication and crossing over incident, TBX2 is more related to TBX3 whereas 

TBX4 is more related to TBX5. Human TBX2 shares about 90% of DNA binding 

domain, and about 96% of peptide sequences homology with their respective mouse 

counterparts (Law & Arbor, 1995) (Edwards et al., 1996), both human and mice 

TBX2 mRNA, consist of 7 exons which spans 3,378 bp and 3,562 bp respectively, 

and encodes 712, 711 amino acids,  in that order Fig2.4  (Campbell, Casey, & 

Goodrich, 1998). The DNA binding domain of T-box is located in the N- terminal at 

106-289 amino acid sites, with conserved arginine amino acid at position 122 in all 

T- box proteins (Sinha, Abraham, Gronostajski, & Campbell, 2000). 

 

Figure 2.4.  Human and Mouse TBX2 Gene (Abrahams, Parker, & Prince, 2010). 

 

TBX2 is able to bind half site and palindromic to recognizing consensus T sequence 

as monomer rather than a dimer (Yi et al., 1999) (Sinha et al., 2000) (Coll, Seidman, 

& Müller, 2002). TBX2 is a potent repressor because of its two transcriptional 

repression domain one at N-terminal between 1and 52 residues and the second 

between 529 and 573 in the C-terminal region. On the other hand, there is no gene 

found to be activated by TBX2 (Paxton, Zhao, Chin, Langner, & Reecy, 2002). 
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2.11 TBX2 and embryogenesis  

 

During growth, TBX2 achieved very significant role in the biological development 

processes such as differentiation, proliferation, cell fate decision, and organogenesis, 

it was exhibited in a wide variety of tissues including spleen, kidney, lung, heart, 

breast, ovary, and prostate (Law & Arbor, 1995) (Cho, Choi, Park, & Han, 2011).  

TBX2 has related to the progress of numerous tissues and organs, the targeted 

mutagenesis in human hasn’t shown any  developmental syndromes while, in case of 

homozygous mutants in mice it appears lethal, despite of normal exhibition  with 

heterozygous mutants (Harrelson et al., 2004) (Rowley, Grothey, & Couch, 2004). 

TBX2 regulates embryogenesis of the brain, eye, mammary gland, bone, and 

melanocyte (Suzuki, Takeuchi, Koshiba-Takeuchi, & Ogura, 2004). 

 

Heart development: 

During cardiogenesis, the ancestry of vertebrate hearts originates as a simple form of 

liner vessel, which undergoes several complex transformation, expansion, 

partitioning, and looping  to form the definitive four-chambered organ (Washkowitz, 

Gavrilov, Begum, & Papaioannou, 2012).  

Many members of T box family share an essential roles in formation of myocardium 

chambers (atria and ventricular), septa valves and conduction system (Gibson-

Brown, I. Agulnik, Silver, & Papaioannou, 1998) (Christoffels et al., 2004). TBX2 

has been involved in modification of the specific conduction system in vertebrate 

embryos, valvuloseptal progress, early cardiac lineage determination, and chamber 

specification (Yamada, Revelli, Eichele, Barron, & Schwartz, 2000).  

TBX2 is able to repress many genes whose expression is definitely controlled to the 

developing chambers like, CX43, CDKN2a, connexin (CX) 40, Nmyc1, P21, and 

natriuretic precursor peptide type A (Nppa). Nppa encodes atrial natriuretic factor  

(ANF) which plays important role in mediating the repression of gene activity in the 

atrioventricular canal (AVC), and outflow tract (OFT) (Alcolea et al., 1999) (Ryan & 

Chin, 2003) (Christoffels et al., 2004). The expression domain of TBX2 in OFT, 

AVC, and inflow tract (IFT ) regions suggest evidence that TBX2 is local repressor 

of chamber formation and differentiation. Therefore, TBX2 show a vital function in 

heart development (Harrelson et al., 2004) (Singh et al., 2012). 
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Limb development: 

The early limb development, is initiated from budding out of lateral plate mesoderm 

which is surrounded by ectodermal layer, this simple structure will undergoes several 

process of differentiation and growth to form mature tetrapod limb which consist of 

proximal limb (stylopod), medial limb (zeugopod), and distal limb of hand and foot  

(wrist/ankle) (autopod) (Capdevila & Izpisúa Belmonte, 2001) (Rabinowitz & 

Vokes, 2012).  

The signaling pathways and transcriptional factors that monitor limb development 

have been displayed a number of T- box factors including TBX2, TBX3, TBX4, 

TBX5, in which their expressions are specific in hind limb, forelimb, and the 

evolution of morphogenesis (Nissim, Allard, Bandyopadhyay, Harfe, & Tabin, 

2007). This roles is further supported by mutational and ectopic limb induction 

studies which shows defects in small patella and Holt oram syndromes manifestation 

in mutant TBX4 and TBX5 vertebrate, and thus its role in identifications and 

development (Khan, Linkhart, & Simon, 2002) (Horton et al., 2008) (Rabinowitz & 

Vokes, 2012). 

 

 Mammary gland development: 

Mammogensis, is unlike other organs in that it begins through embryogenesis and 

predominantly after delivery and continues in puberty, pregnancy, and lactation 

(Watson & Khaled, 2008). There are similarities in mammary gland development 

both in human and mice including three major stages, the embryonic stage; by10.5 

day it begins to form the milk line, thickening of the ectodermal with wnt10b 

expression, and elucidation of signals which stimulate the genesis of five mammary 

placodes (Chu et al., 2004) (Robinson, 2007).  

The mammary gland 3 (MG3), MG4, MG1 with MG5, and finally MG2 have been 

shown to appear respectively by 11.5 day, also it has been proposed that parathyroid 

hormone-related protein, fibroblast growth factor 10 (FGF10) are expressed in the 

placodes (Foley et al., 2001).  

The five placodes participate in the formation of mammary buds by invagination into 

mesenchyme at 14.5 day with expression of bone morphogenetic protein 4 (BMP4) 
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(Hynes & Watson, 2010). Between 16.5 and 18.5 days, these buds undergoes into 

several branching and sprout processes to form primitive structure of five ductules 

that fixed in fat pad. After 18 day, the mammary development is  arrested until 

puberty stage.  

At the onset of puberty stage; extensive ductal elongation and branching, stimulated 

by various growth factors and hormones that are secreted from the ovary, thus 

morphogenesis specification system take place (Hennighausen & Robinson, 2001). 

Further, during pregnancy stage; differentiation, proliferation and tertiary branching 

processes terminate in  secretory alveolar buds, under the effect of  progesterone and 

prolactin hormones which also promote the secretion of milk during lactation 

(Sternlicht, Kouros-mehr, Lu, & Werb, 2006).   

 

TBX2 and another T-box family member like TBX3 were implicated in both human 

and mice mammogenesis (Rowley et al., 2004). Molecular genetic approaches 

identified both factor in embryonic stage, beginning from 10.5 until 18.5 day. The 

overlapping specific spatiotemporal patterns of expression in mesodermal and 

epithelial cell layers exhibit the event of TBX2 in mesodermal cell while, TBX3 is 

exhibited only in the epithelial cell which their interaction direct the orientation of 

mammary placodes (Jerome-Majewska et al., 2005) (Cowin, 2012).  

 

The function of TBX2 in the development of the mammary glands is currently 

unidentified compared to TBX3 (Bamashad et al., 1997). Knockout studies in mice 

have demonstrated the significance of TBX3 by the abnormalities seen in ulnar 

mammary syndrome (UMS) which are characterized by inability to lactate, absence 

of breast areola, hypoplasia of the breast, and deformations of nipples (Davenport et 

al., 2003). Importantly, despite this fact, it is important to note that, mice 

heterozygous of TBX3 has been exacerbated with TBX2 heterozygous which suggest 

the vital synergistic action of TBX2 and TBX3 in mammary development (Jerome-

Majewska et al., 2005). 
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2.12 Overview of TBX2 in a subset of human cancers. 

 

TBX2 has been involved in normal early embryonic development (Horton et al., 

2008). Deregulation of its expression may play an important role in carcinogenesis 

(Sinclair et al., 2002). TBX2 act as a suppressor transcription factor, it has 

unregulated expression in a number subset of cancers include bladder, pancreatic, 

ovarian, gastric, liver, and melanoma (Mahlamäki et al., 2002) (Fan, Huang, Chen, 

Gray, & Huang, 2004) (Lomnytska, Dubrovska, Hellman, Volodko, & 

Souchelnytskyi, 2006). Also, it has been shown to regulate the life cycle and 

expression of E6, E7 genes of human papillomavirus (HPV)-16 by participation with 

the virus capsid protein L2,  binding and suppression of the long coding region 

(Schneider et al., 2013). All the same, studies showed the correlation between 

expression of TBX2 and tumor prognosis, including metastasis, size, and stage as in 

laryngeal squamous cell carcinoma (LSCC). Few studies showed poor prognosis 

whenever there is an overexpression of TBX2 (Huang et al., 2014).  

TBX2 and TBX21another member of T- box family  are essential to conserve 

proliferation and repress senescence, which is a protective barrier against cancer, in 

different cancer cell lines like melanoma and breast cancer (Vance, Carreira, Brosch, 

& Goding, 2005a) (Jade Peres et al., 2010). The deregulation of TBX2 expression 

play an important role in carcinogenesis but, there has been limited information 

about the exact function of TBX2 in the oncogenesis. TBX2 was able to maintain 

proliferation by avoiding senescence partly through its ability to repress the cell 

cycle regulator genes, mouse p19ARF and p21(Prince et al., 2004). In addition, it 

was shown to repress human p14ARF by binding to a variant T-element in its 

promoter and to bind and repress p21 via a T-element in its initiator region in co-

operation with histone deacetylase 1 (HDAC1) (Lingbeek, Jacobs, & Van Lohuizen, 

2002) Fig 2.5.  
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Figure2.5.  Roles of TBX2 and TBX3 in carcinogenesis (Chang et al., 2016). 

 

Additionally, a pro proliferative factor (Mitf), has been shown to directly activate 

TBX2 expression by a consensus E-box in its promoter in melanomas, but the exact 

mechanism that regulate this activation is sill un known (Carreira et al., 2006). TBX2 

has the ability to synergise with early growth response 1 (EGR1), to repress another 

tumor suppressor N-myc down regulated gene 1 (NDRG1), in order to increase 

proliferation in MCF7 breast cancer cell lines (Redmond et al., 2010). 

 

 

2.13 The signaling pathways that regulate the expression of TBX2 in cancer 

TBX2 plays essential role in the carcinogenesis process through its ability to control 

key cell cycle regulators, a few signalling pathways were implicated in the regulation 

of TBX2 gene expression in cancers.  

Growth induced factor plays a role in TBX2 gene association between cell cycle 

regulators and TBX2 functions. The first  role of TBX2 have been revealed 

in  mouse embryonic fibroblasts (MEFs) by its ability to repress p19ARF  and p21, 

so, bypassing senescence which is defined as  programmed irreversible growth arrest 

(Vormer, Foijer, Wielders, & te Riele, 2008) (Vance, Carreira, Brosch, & Goding, 

2005b). Gene amplification is one of the most mechanisms that causes TBX2 to 

overexpress. Related to its location in chromosome 17q22, TBX2 is preferentially 

amplified in BRCA1- and BRCA2 in about 18% of primary breast cancer (Sinclair et 
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al., 2002) (Wu et al., 2001). There is also evidence suggesting that amplified TBX2 

is able to increase cell proliferation by inhibiting senescence that is independent on 

hormone receptor like estrogen and HER2 signaling. This was confirmed by 

silencing TBX2 in ER+ and HER2+ MCF-7 cell lines which reduced substrate 

dependent and -independent cell proliferation (Jade Peres et al., 2010) (Redmond et 

al., 2010).  

To regulate TBX2 in breast carcinomas there are only a few signaling pathways 

including TBX2-cysteine protease inhibitor Cystatin 6 (CST6) - Legumain (LGMN) 

signaling pathway (Gawenda, Traub, Lück, Kreipe, & Von Wasielewski, 2007) 

(D’Costa et al., 2014). CST6 is considered as a strong tumor inhibitor in several 

tissues, importantly, it act as a barrier to breast carcinogenesis (Ai et al., 2006). One 

of CST6 domain action  have been suggested in asparaginyl endopeptidases (AEPs) 

like LGMN, an enzyme in charge of keeping breast cancer proliferation, thus, 

mutation in this inhibitory domain abrogated its ability to enhanced apoptosis, and 

programed cell death,  in TBX2 expressing breast cancer cells (Zeeuwen et al., 2004) 

(Ai et al., 2006). Indeed, this novel signaling pathway characterize an exciting 

chance for the improvement of new therapies to target TBX2 driven breast cancers 

(D’Costa et al., 2014). 

Another pathway that has been implicated is DNA damaging pathway, which 

frequently changed in cancer cells, its approximately 10% of all breast cancer 

patients could be diagnosed by inheriting gene mutation (Martin & Weber, 2000) 

(Mcpherson, Steel, & Dixon, 2016). Many studies interested in this pathway reported 

that MCF-7 breast cancer cell lines which exposed to UVC- induced DNA damage 

displayed an up regulated expression of TBX2 protein and its mRNA levels 

(Bouwman & Jonkers, 2012) (Abrahams et al., 2010). In response to UV treatment, 

the p38 MAP kinase was stimulated and phosphorylate serine residues 336, 623 and 

675 of TBX2, because of this phosphorylation, TBX2 gene is dislocated from 

cytoplasm to nucleus which increases the ability of TBX2 to inhibit p21 gene. This 

may help in justification of how TBX2 interrupt cell cycle control (S Wansleben et 

al., 2013) (Bouwman & Jonkers, 2012). 
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2.13.1 The protein kinase C (PKC) signaling pathway: 

This pathway comprised of more than 11 phospholipid- dependent threonine/ serine 

protein kinases, which contain a regulatory domain as well as a catalytic region 

(Blanquart et al., 2004). These kinases are involved in several  cellular processes 

including gene expression, apoptosis, survival rate, migration, and proliferation 

(Marengo et al., 2011) (Griner & Kazanietz, 2007).  

PKC isoforms are lipid-dependent kinases and are divided into three categories based 

on their structures and requirement for additional co-factors and calcium, 

conventional' (cPKC), 'novel' (nPKC) and 'atypical' (aPKC) groupings (Black & 

Black, 2012). Conventional PKCs (PKCα, βI, βII and γ) require both calcium 

and diacylglycerol (DAG) for their activation. 

Binding on growth factor or cytokine receptors leads to activation of phospholipase 

C (PLC) β or PLCγ, which hydrolyze the phosphatidylinositol 4,5-bisphosphate 

(PIP2) to generate DAG and the soluble second messenger inositol trisphosphate 

(IP3) which induces release of calcium from intracellular stores into the cytosol. 

Engagement of PKC with these calcium ions triggers its translocation to the cell 

membrane where it interacts with DAG, via its C1domain (Kang, 2014). The 

conformational change in the structure of PKC allows it to phosphorylate its 

substrates (Borner, Wyss, Regazzi, Eppenberger, & Fabbro, 1987). Several studies 

have demonstrated the significance of PKC expression in breast cancer (Borner, 

Filipuzzi, Wartmann, Eppenberger, & Fabbro, 1989) (Morse-Gaudio, Connolly, & 

Rose, 1998) (O’Brian, Vogel, Singletary, & Ward, 1989). PKCs are the major 

cellular targets for activation by tumor-promoting phorbol esters (12-O-

tetradecanoylphorbol-13-acetate (TPA)), thus  it is not surprising that PKC have the 

ability to activate carcinogenesis (Gopalakrishna & Jaken, 2000).  

TBX2 has been induced by TPA. In embryonic fibroblast, this activation resulted in 

serial processes including phosphorylation of histone3 (H3) by activated mitogen- 

and stress-activated kinase 1 (MSK1) protein, this causes conformational change in 

chromatin promoter of TBX2, which in turn recruites  SP1 and activates mRNA for 

TBX2 expression (Teng, Ballim, Mowla, & Prince, 2009). 

 

http://www.abcam.com/products?keywords=pip2
http://www.abcam.com/products?keywords=ip3
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                   Figure 2.6.  PKC isozyme regulation and signal transduction (Kang, 2014). 

 

2.13.3 Wnt/β-catenin signaling pathway 

Wnt/β-catenin pathway plays an important  role in cellular processes, through both 

embryogenesis and carcinogenesis. The Wnt ligand is a secreted glycoprotein that 

binds to Frizzled receptors, leading to the development of a larger cell surface 

complex with LRP5/6. Activation of the Wnt receptor complex activates dislocation 

of the multifunctional kinase GSK-3β from a regulatory APC/Axin/GSK-3β-

complex. Moreover, it has been suggested that it can prevent the degradation of the 

transcriptional regulator β-catenin through its binding on the cell surface receptors 

(Logan & Nusse, 2004). It is therefore, not surprising that deregulation of β-catenin 

degradation in treated pancreatic cancer cell line via lithium chloride can promote 

TBX2 mRNA and protein levels (P. Chen, Tian, & Liu, 2008). Importantly, in 

response to this pathway, TBX2 can be activated by the bone morphogenetic protein 

(Bmp) 2 and bone morphogenetic protein 4 during heart modeling (Verhoeven, 

Haase, Christoffels, Weidinger, & Bakkers, 2011). 

 In addition to that, a study reported that Wnt/β-catenin signaling pathway may also 

be significant in Senescence bypass in melanoma, even though the involvement of 
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Wnt/β-catenin -encouraged activation of TBX2 in these cells is unclear (Viros, 

Demirkan, Bastian, Goding, & Larue, 2007). 

 

 

 

 

Figure 2.7. The canonical Wnt/β-catenin signaling pathway (L. Chen, 2013). 

 

 



 

 

 

3. Materials and Methods 
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3. Materials and Methods 

3.1 Study design: 

Cross-Sectional study. 

3.2  Study population:  

The study population consisted of all diagnosed women with breast cancer during 

2015-2016 in Gaza strip, underwent to partial or full surgery at the Gaza European 

Hospital (mastectomy) by Specialized doctors.   

3.3  Sample size: 

The sample size include 51 diagnosed women with breast cancer. Normal and tumor 

tissue biopsies were collected by mastectomy from breast cancer patients. Tumor 

tissue sample were taken from fifty-one breast cancer patients, whereas normal tissue 

samples were taken from fourty-four patients of them. 

3.4 Ethical consideration: 

The necessary approval to conduct the study was obtained from Helsinki committee 

of the Palestinian Health Research Council under approval number 

(PHRC/HC/165/16) App (5). All steps were in coordination with the oncology and 

pathology departments in Gaza European Hospital - Ministry of Health App (6). This 

study was supported financially by search grant for scientific research - Qatar 

Charity Association (Ibhath). 

3.5 Materials required: 

Table 3.1. Chemicals and reagents used in the study: 

Item Catalog number Company 

TBX2 primary antibody Ab33298 Abcam 

HRP HiDef 2-Step Polymer Detection™ Kit 954D Cell Marque 

DAB chromogen Kit 957D Cell Marque 

Trilogy 20x concentration 920P Cell Marque 
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Item Catalog number Company 

Phosphate Buffer Saline (PBS) IHC Wash 

Buffer + Tween, 20X concentration 

934B Cell Marque 

Permanent Aqueous Mounting Med 931B Cell Marque 

Xylene  Zantt 

Haematoxylin  Himedia 

Lipofectamine™ 2000  11668-019 Invitrogen Life 

Technology 

ACRYLAMIDE/BIS ACRYAMIDE-40% 01-876-1A Biological Industries 

BAX antibody sc-7480 Santa Cruz 

Goat Anti-Mouse IgG (H+L)-HRP 

Conjugate 

115-035-062 Jackson immuno 

research 

goat anti-rabbit IgG-HRP SC-2054 Santa Cruz 

Tris(hydroxymethyl)-aminomethane 93352 Sigma 

Tris-HCL  Sigma 

Glycine A1067,1000  

Enhanced chemiluminescence kit SC-2048 Santa Cruze 

Developer   

Fixer   

Fetal Bovine Serum  Biological Industries 
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3.6 Equipment: 

Table 3.2 The main equipment used in the study: 

Item 

Microtome 

Oven 

Dispenser 

Water path 

Safety cabinet 

Digital and light microscopes 

Micropipettes 

Centrifuge 

Dry block 

Hot plate 

Vortex 

3.7 Disposables: 

Table 3.3 The major disposables used in this study included: 

Item 

Plade 

Adhesive slides 

Cover slides 

tips 

Eppendrof tubes 
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3.8 Samples preparation: 

Normal and tumor tissue biopsies were collected by mastectomy from breast cancer 

patients and embedded in a paraffin blocks. Tissues were fixed with 10% formalin 

for 24‐48 hours at room temperature. Trim fixed tissues into appropriate size and 

shape then placed in embedding cassettes. To process paraffin embedding tissues, 

they were hydrated using increasing concentrations of ethyl alcohol and xylene and 

ending with paraffin wax at 60 ºC, this process took a total 16 hours. Finally, tissues 

embedded into paraffin blocks.  

3.9 Immunohistochemistry:  

Breast cancer tissues embedded in paraffin blocks were cut into 6-µm thick sections. 

The sections were deparaffinised with a xylene and rehydrated using decreasing 

concentrations of ethyl alcohol. For retrieval, hydration and washing we used 

triology (Cell Marque, USA). Hydrogen peroxide were used for blocking. The 

sections incubated with (1:150) dilution of primary mouse monoclonal antibody 

TBX2 (ab89220, abcam, USA). Primary antibodies detected by HRP HiDef 2-Step 

Polymer Detection™ Kit (954D, cell marque, USA). For all reactions, the DAB 

chromogen Kit (957D, cell marque, USA) were used. The presence of HRP polymer 

and DAB chromogen produced a brown precipitate that could be readily visualized 

using the microscope. Finally, all sections counterstained with haematoxylin were 

dehydrated and mounted. Negative controls treated with the same steps, except the 

primary antibody. The slides were examined using an iScan Corea Digital 

Microscope (Version 3.3, Ventana, USA). Figure (3.1) show negative and positive 

tumor tissues for TBX2 antibody. 
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Figure (3.1) Immunohistochemistry (IHC) staining for tumor tissues in breast 

cancer. (a) Negative control tumor tissue is not stained by TBX2 primary antibody. 

(b) Positive tumor tissue is stained by TBX2 primary antibody. The blue color; 

haematoxylin dye and brown color; DAB chromogene. 

3.10 Scoring method for TBX2 level: 

The normal and tumor tissues stained by immunehistochemistry were scored by 

pathologist, did not involve in any step of immunohistochemistry protocol 

preparations and without any information of clinical patients reports. The breast 

tissue slides were scored using scoring systems with modifications (Staining levels 

Score). Twenty normal or tumor cells were randomly chosen and scored. Both 

nuclear and cytoplasmic staining were classified into four grades (0–3) by the visual 

intensity of expression in cells. The grading criteria of cytoplasmic and nuclear 

staining were; grade 0 means no staining, grade 1 means weak intensity, grade 2 

means moderate intensity and grade 3 means strong intensity (Leake et al., 2000; 

Sasaki et al., 2006). Both nuclear and cytoplasmic proportion were classified into six 

grades (0–5) by the percentage of positive nuclear and cytoplasmic stained cells, 0 

for no staining, 1 for <1% staining, 2 for 1% to 10% staining, 3 for 11% to 33% 

staining, 4 for 34% to 66% staining and 5 for 67% to 100% staining. The sum of 

these two scored 0 to 8 for nuclear and cytoplasmic staining separately (Sasaki et al., 

2006; Yarosh et al., 2008). By combining both cytoplasmic and nuclear grades, the 

TBX2 level scores obtained range from 0 to 16. The suggested scoring system is 

summarized in (table 3.1). 
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Table 3.4 Suggested scoring system for cytoplasm and nucleus. 

Score for nuclear staining Score for cytoplasmic staining 

proportion Score intensity Score   proportion Score intensity Score   

0 = No staining  0 = No staining 0 = No staining  0 = No staining 
1 = <1% staining  1 = Weak staining 1 = <1% staining  1 = Weak staining 

2 = 1–10% staining       2 = Moderate 
staining 

2 = 1–10% staining       2 = Moderate 
staining 

3 = 11–33% staining 3 = Strong staining 3 = 11–33% staining 3 = Strong staining 

4 = 34–66% staining  4 = 34–66% staining  

5 =67–100% staining  5 = 67–100% staining  
Adding the two scores together gives a 

nuclear score of (0-8) 
Adding the two scores together gives a 

cytoplasmic score (0-8) 

Adding nuclear score (0-8) and cytoplasmic score (0-8) together gives total protein level 
of cell by score (0-16) 

Score      Staining levels 
0-1        Negative staining 

2-6        Weak positive staining 

7-11       Moderate positive staining 

12-16       Strong positive staining 

 

3.11 Statistical analysis: 

Data obtained was arranged and entered to computer to be statistically analyzed 

using Statistical Package for the Social Sciences (SPSS) program (version 22.0). 

Expression of TBX2 were compared in normal and breast cancer tissue of patients 

samples using standard statistical methods. Percentages and frequencies used to 

represent most personal information variables, and how to take advantage of them in 

the description of the study sample. Then the mean, standard deviation, median, 

range, maximum and minimum were calculated for variables. T test was used for 

analysing the differences of TBX2 protein expression between tumor and normal 

tissues. Correlations were performed by Spearman’s rank correlations test to 

determine the relation between TBX2 level and clinicopathological features include: 

age, tumor size, the largest lymph node size, lymph node metastasis and common 

breast cancer biomarkers include: CA15-3, ER, PR and HER2. This test were based 

on the study of the relationship between two variables. 

Mann-Whitney U-test (MW) was applied to compare two groups and used to study 

the relationships between TBX2 expression and clinicopathological features include: 
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IDC and ILC breast cancer types and non-metastatic and metastatic breast cancer. 

Kruskal-Wallis H-test (KW) was applied for statistical comparison between three 

study groups or more. It was used to study the relationships between TBX2 

expression and clinicopathological features include breast cancer stages (I, II, III and 

IV) and histological grades (1, 2 and 3). P-values < 0.05 were considered statistically 

significant. 

Diagnostic accuracy of TBX2 levels were detected by receiver operating 

characteristic curve (ROC), the cut off value and area under a ROC curve (AUC) 

were also detected to determine the ability of nuclear, cytoplasmic and total TBX2 

levels to distinguish between those individuals with the normal and tumor breast 

tissues. The values of the maximum sum of sensitivity and specificity were 

considered as the optimal cut off values. In addition, sensitivity, specificity, 

accuracy, positive predictive value (PPV) and negative predictive value (NPV) were 

calculated. 

 

 

 

 

 



 

 

 

 

 

4. Results  
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4. Results  

TBX2 is a member of T-box transcription factors family that plays critical roles in 

organogenesis (Papaioannou, 2014). Many evidences point out a functional linkage 

between T-box genes, cellular differentiation/proliferation, and tumorigenesis, 

especially breast cancers (Horton et al., 2008). Also, it has been involved in a 

widespread range of carcinomas like, ovarian, cervical, pancreatic, bladder, liver and 

melanoma.  

The present study is a cross-sectional and hospital-based study included 51 breast 

cancer patient samples. Tissues were collected by mastectomy from breast cancer 

patients and embedded in a paraffin blocks. Usually, in breast cancer samples, both 

cancer cells and normal cells are found with the normal cells being located in the 

edge of the sample, therefore the level of TBX2 was estimated by 

immunohistochemistry analysis in both normal and cancer cells. 

 

4.1 General and clinical characteristics of the study population: 

A total of 51 paraffin embedded tissue blocks obtained from female patients who 

were diagnosed with breast cancer during 2015 and 2016 at the Gaza European 

Hospital were included in this study. It is important to note that the area entitled for 

the Gaza European Hospital offers services to the population in about half the area of 

the Gaza Strip from Rafah and Khan Younis to Central Governorate. Therefore, this 

study represents a significant portion of Gaza and we can build our discussion on 

this. Patients are usually classified based on different clinical and pathological 

factors such as age, menopausal status, anatomical stage, histological grade, and 

cancer types. These factors and others are commonly used for diagnosis and 

treatment decisions.     
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4.1.1 Age: 

Age is one of the common risk factors for the development of breast cancer and 

breast cancer deaths generally increase in older patients. In 2014, seventy-nine 

percent of the new cases and 88% of breast cancer deaths occurred in the American 

women aged 50 years and older (Rick et al., 2014). The current study showed that 

68.6% of the breast cancer patients enrolled in the Gaza European Hospital during 

2015 and 2016 were more than 50 years old (Figure 4.1).  

 

 

Figure 4.1 Age distribution of the study population. 

4.1.2 Menopausal status: 

Another risk factor affecting breast cancer patients is the menstrual cycle (Goodwin, 

Ennis, Pritchard, Trudeau, & Hood, 1999). Women who started menstruating 

younger than age 12 have a higher risk of breast cancer development later in their 

life. The increased risk may be due to longer lifetime exposure to reproductive 

hormones and has been more strongly linked to ER+ breast cancer than other 

subtypes (W. Han & Kang, 2010). In our population 86.3% of the patients are 

postmenopausal women which comes in agreement with other studies for other 

31.40% 
68.60% 

≤ 50 year > 50 year
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populations (Clark, Gary M et al., 1984; Mcpherson, K et al., 2000; Nelson et al., 

2013) Figure 4.2.  

 

Figure 4.2: Menopausal status of the study population. 

 

4.2 Breast cancer Staging: 

Tumor staging is the principal step for breast cancer diagnosis and treatment. There 

are different ways to stage breast cancer in which TNM is the most common. TNM 

staging system depends on T: tumor size; N: number of infected lymph nodes and M: 

presence or absence of metastases (Ludwig & Weinstein, 2005). According to 

American Joint Committee on Cancer (AJCC), breast cancer is classified into stage 

0, stage IA, stage IB, stage IIA, stage IIB, stage IIIA, stage IIIB, and stage IIIC.   

 

4.2.1 Tumor size: 

Increasing tumor size has been well established to be associated with a higher risk of 

axillary lymph node metastasis  and increased breast cancer mortality (Jiang et al., 

2012). Short term survival rates are associated with tumor sizes more than 5 cm 

(Jiang et al., 2012) and 49% of our patients have tumors larger than 5 cm, which 

increases the chances for short term survival rates Figure 4.3.  

 

13.70% 86.30% 

premenopausal postmenopausal
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Figure 4.3: Tumor size of the study population. 

4.2.2 Axillary lymph node: 

  

The first site at which breast cancer is likely to spread at is the axillary lymph nodes. 

When these nodes contain cancer cells, there is a higher chance for cancer 

cells spreading to other parts of the body (Cote et al., 1999). Therefore, this is an 

important part of the staging and prognosis systems. While 35.3% of our cases are in 

N0 (no affected lymph nodes) stage, 43.2% of them have moderate risk for invasive 

cancer (less than 10 affected lymph nodes). However, cancer cells have spread to 10 

or more lymph nodes in 21.5% of cases Figure 4.4. 

 

Figure 4.4: Lymph node metastasis of the study population. 
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4.2.3 Tumor metastasis: 

Metastasis is the final and fatal step in the progression of malignancies. The presence 

of tumor cells in other organs of the patients is associated with short survival 

(Stopeck et al., 2004). Fortunately, 82.3% of our population didn’t have metastatic 

cancer cells Figure 4.5. 

 

Figure 4.5: Metastasis status of the study population. 

4.2.4 Breast cancer stages.  

According to TNM system, patients in our population are distributed as in figure 4.3. 

Notably most of them are in stage III (42%) and stage II (38%). IIA (14%), IIB 

(24%), IIIA (22%), IIIB (2%), IIIC (18%). While 16% of the study population are in 

stage IV, only 4% of them are in the early phase (stage IA) Figure 4.6.     

 Figure 4.6: Anatomic stages of the study population. 
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4.2.5 Lymph nodes size.  

The main way for prediction of axillary lymph node metastasis is lymph node size. 

Therefore, it remains a significant cornerstone in breast cancer management 

(Obwegeser et al., 2000). Generally, an enlarged lymph node of more than 1 cm is 

supposed to have a higher chance for metastatic involvement and short life time 

survival. Unfortunately, 60.8% of the study population have lymph nodes size of 

more than 1 cm.  

 

 

Figure 4.7: Distribution of study population according to Lymph nodes size 

 

4.2.6 Histological grade: 

Morphological differentiation of tumor tissue represents another important 

prognostic factor. Well differentiated tumors (close to normal tissues organization) 

tend to grow and spread at a slower rate than undifferentiated or poorly differentiated 

tumors (Rakha et al., 2010). Based on this, tumors are normally classified onto: (G1) 

well differentiated (low grade), (G2) moderately differentiated (intermediate grade), 

and (G3) poorly differentiated (high grade). Figure 4.8 shows that more than 50% of 

our patients have moderately differentiated tumors and 27.4% of them have poorly 

differentiated tumors.  
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These observations might support the previous staging system which indicated that 

most of our population are in stages II and III.  

 

 

Figure 4.8: Distribution of the study population according to histological grade.        

. 

 

 

4.3 Breast cancer types: 

Breast tumors are classified into several types in which the most common ones are 

invasive ductal carcinoma (IDC), and invasive lobular carcinoma (ILC). While 

invasive ductal carcinoma (IDC) occurs in 74.5% of our breast cancer patients, 

23.5% of them were diagnosed of having invasive lobular carcinoma (Figure 4.9). 

 

  

Figure 4.9: Distribution of study population according to tumor types. 
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4.4 Biomarker status: 

Biomarkers are substances made by the tumor cells or by the body in response to the 

cancer. Common breast cancer biomarkers include hormones (ER and PR) receptor 

status, human epidermal growth factor receptor 2 (HER2) expression, and serum 

tumor markers like CA15-3 (Incoronato et al., 2014; Ross et al., 2003). 

4.4.1 Estrogen and progesterone receptors (ER, PR) 

ER and PR has been the most important predictive biomarker of endocrine 

responsiveness and as a prognostic factor for early recurrence of breast cancer 

(Bardou, Arpino, Elledge, Osborne, & Clark, 2003). Tumors that are ER/PR-positive 

are much more likely to respond to hormonal therapy than tumors that are ER/PR-

negative which means, patients with ER-positive/PR-negative breast cancers have a 

worse prognosis than patients who have PR positive tumors. Hormonal therapy 

significantly decreases morbidity and mortality of breast cancer patients (Bardou et 

al., 2003; Hammond et al., 2010; Lakhani et al., 2012). The results of the 

immunohistochemistry test can be: 0 (negative), 1+ (borderline), 2+ (positive), or 3+ 

(also positive). Our results show that about 41.3%, 36.6% of the study population are 

positive for ER, PR respectively Figure (4.10). 

 

 Figure 4.10: Distribution of ER and PR receptor among study population. 
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4.4.2 Human epidermal growth factor receptor (HER2) 

Similar to ER and PR, HER2 serves as an important biomarker and therapeutic target 

in breast cancer. It is overexpressed in approximately 20% to 30% of high-grade 

invasive breast cancers and has been shown to be a valuable prognostic indicator 

(Toss et al., 2017). HER-2 status also predicts response to anti estrogen and 

cytotoxic chemotherapy. The results of the IHC test can be: 0 (negative), 1+ 

(borderline), 2+ (positive), or 3+ (also positive). Indeed, 44.8% of our study 

population are positive for HER-2 which means that most of the study population 

respond to hormone therapy Figure (4.11). 

   Figure 4.11: Distribution of HER-2 receptor among study population. 

 

4.4.3 CA15-3 status: 

Serum level of CA15-3 is independent prognostic factor for evaluating outcome or 

predicting recurrence of breast cancer (Incoronato et al., 2014). Of our population, 

only 15 patients have CA15-3 test results and 7.8% of them show high level of 

CA15-3 (>30 U/ml) Figure (4.12). 
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Figure 4.12: Distribution of the study population according to CA15-3 level. 

 

 

 

4.5 TBX2 Expression in normal and cancer breast tissues:   

4.5.1 TBX2 is overexpressed in tumor tissues: 

Recent studies found that TBX2 protein has strong abnormal levels in breast tumors 

(Douglas & Papaioannou, 2013; Rowley et al., 2004; B. Wang et al., 2012). To begin 

toexploring these results in Palestinian breast cancer patients, immunohistochemistry 

assay was performed on 51 breast cancer tissues and 40 blocks of normal tissues (40 

patients of the main population (51) have normal tissues in their samples). For all 

reactions (blocks), the tissue slides were incubated with rabbit anti-human TBX2 

antibody followed by incubation of secondary antibody except for negative control 

slides which incubated with PBS instead of primary antibody. The result of 

immunohistochemistry scoring displayed that TBX2 protein level in cancer cells is 

clearly overexpressed compared with normal cells (P<0.001, t=8.454) Figure (4.13). 
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Figure 4.13: TBX2 level in normal and cancer tissues of the human breast. 

Normal  human breast epithelial tissues have low TBX2 Levels (a) at 10x and (b) 

40X. Breast cancer tissues (c) at 10X and (d) at 40X show high levels of TBX2. 

 

 

Of the 40 patients who have normal and tumour tissues, 25 patient (62.5%) showed 

strong positive TBX2 staining in cancer tissue and only 4 (10%) of normal tissues 

showed similar levels of TBX2. While only one cancer sample (2.5%) showed weak 

TBX2 level, 11 samples (27.5%) of normal tissues showed weak TBX2 level. 

Moreover, no tissues showed completely negative TBX2 level. The expression level 

of TBX2 in normal and tumour tissue are summarized in (table 4.1). The mean of 

TBX2 level in cancer tissues is 12.4±2.7 and in normal tissues is 6.5±4.2 (p<0.001) 

table (4.2). 
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      Table 4. 1 TBX2 expression levels in normal and tumor cells 

 

Tissues   

                      

Sample 

number 

Degrees of TBX2 expression 

Negative % Weak % Moderate % Strong % P-value 

Normal 40 0(0%) 11(27.5%) 25(62.5%) 4(10%) <0.001 

Tumor 40 0(0%) 1(2.5%) 14(35%) 25(62.5%) <0.001 

 

 

        Table 4. 2 Means of TBX2 levels in normal and tumor cells 

TBX2 protein level 
Normal cells 

(n=40) 

 

 

Tumor cells 

(n=51) 

 

 

Statistical test 

t P-value 

 

Mean± SD 

(Min  - Max) 

 

6.5±4.2 

(0-14) 

 

12.4±2.7 

(6-16) 

 

8.454 

 

< 0.001 

 

 

4.5.2 TBX2 has apparent cytoplasmic localization in both normal and cancer 

cells. 

It is reported previously that a strong expression of TBX2 was found in breast cancer 

cells (Douglas & Papaioannou, 2013). In our study, we noticed a difference between 

the tumor and control tissues. Importantly, in tumor tissues most of TBX2 protein 

was found in the cytoplasm. To determine if this observation was a result of an 

overall increase in TBX2 levels, we compared the levels of TBX2 in the cytoplasm 

to the levels of TBX2 in the nucleus in both normal and cancer cells. In both tissues 

we found that TBX2 localizes in the cytoplasm more than the nucleus and this 

difference was significant (P < 0.01).  

According to our scoring system (cytoplasmic TBX2 level (0-8)) and (nuclear TBX2 

level (0-8)), the mean of cytoplasmic TBX2 level in normal cells is 4±2.5 compared 

with 2.5±2 in the nucleus and this difference was significant with P<0.001, (table 

4.3). Similarly, the mean of cytoplasmic TBX2 level in tumour cells is 6.8±1.5 

compared with 5.6±1.9 in the nucleus and this was also significant P<0.001, table 

(4.4).  
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      Table 4. 3 TBX2 levels of Cytoplasmic and nuclear among normal cells 

 

      Table 4. 4 TBX2 levels of Cytoplasmic and nuclear among tumor cells 

 

TBX2 proteins 

TBX2 levels Statistical test 

Cytoplasm 

(n=51) 

Nuclear 

 (n=51) 
t P-value 

Proportion 

Mean±SD 

(Min  - Max) 

 

4.6±0.8 

(2-5) 

 

3.8±1.3 

(2-5) 

 

3.976 

 

< 0.001 

Intensity 

Mean± SD 

(Min  - Max) 

 

2.2±0.8 

(1-3) 

 

1.9±1.2 

(1-8) 

 

1.319 

 

0.193 

Total scoring 

Mean±SD 

(Min  - Max) 

 

6.8±1.5 

(3-8) 

 

5.6±1.9 

(3-8) 

 

3.603 

 

0.001 

 P: proportion (0-5); I: intensity (0-3); C: Total scoring (0-8); n: number of subjects; SD: 

standard deviation; C: Cytoplasmic; N: Nuclear; P-value < 0.05: Significant & P- value ≥ 

0.05: Not significant. 

 

 

Fig 4.14. Comparison of TBX2 mean between tumor and normal cells. 
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 (n=40) 
t P-value 

Proportion 

Mean±SD 

(Min  - Max) 

 

3±1.9 

(0-5) 

 

1.7±1.4 

(0-5) 

 

6.778 

 

< 0.001 

Intensity 

Mean± SD 

(Min  - Max) 

 

1±0.7 

(0-3) 

 

0.8±0.6 

(0-3) 

 

2.867 

 

0.006 

Total scoring 

Mean±SD 

(Min  - Max) 

 

4±2.5 

(0-8) 

 

2.5±2 

(0-8) 

 

6.504 

 

< 0.001 
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4.6 Association between TBX2 level and clinico pathological characterizations. 

4.6.1 TBX2 in tumor tissues and age. 

 

Increasing age is one of the most important factors that play a role in breast cancer 

development. Our result showed that the cut-off point (the limit which distinguishes 

between low tbx2, and high tbx2 levels in both normal and cancer tissue) is 10. 

Although most tumor samples (n= 27) with high TBX2 levels are taken from patients 

over 50 years, we didn’t find a significant association between age and TBX2 level 

(Table 4.5). 
 

                 Table 4.5 Association between TBX2 and age. 

 

Type of tissues Age Sum nuclear and cytoplasm TBX2 
2
 P-value 

≤10 

n (%) 

>10 

n (%) 

Normal tissues ≤50 

 

13 (28.9) 

 

3 (50) 

 

1.096 0.295 

>50 32 (71.1) 3 (50) 

 

Tumor tissues ≤50 

 

6 (42.9) 

 

10 (27) 

 

1.182 0.277 

>50 8 (57.1) 27 (73) 

4.6.2 TBX2 level and cancer stage. 

As table 4.6 illustrates, high expression of TBX2 level (TBX2>10) was found in 

stage III, followed by stage II, IV, I (47.2%, 33.3%, 16.7%, 2.8%) respectively. 

However these differences aren’t statistically significant. 

 

         Table 4.6 Association between Sum nuclear and cytoplasm TBX2 and tumor stages. 

 

Tumor stages Sum nuclear and cytoplasm TBX2 
2
 P-value 

≤10 

n (%) 

>10 

n (%) 

 

 

 

 

 

2.088 

 

 

 

 

 

0.554 

Stage I 1 (7.1) 

 

1 (2.8) 

 

Stage II 7 (50) 

 

12 (33.3) 

 

Stage III 4 (28.6) 

 

17 (47.2) 

 

Stage IV 2 (14.3) 6 (16.7) 
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4.6.3 TBX2 level and cancer type. 

Table 4.7 summarize the expression of TBX2 among cancer types. The percentage of 

high TBX2 level (TBX2 >10), in invasive ductal carcinoma, in situ ductal carcinoma, 

and lobular carcinoma were 89.2%, 2.7%, and 8.1% respectively. These results are 

statistically significant P<0.001, which suggests a significant correlation between 

TBX2 level and IDC type.   

 

Table 4.7 TBX2 levels for types of tumor among study population 

Tumor type Sum nuclear and cytoplasm TBX2 
2
 P-value 

≤10 

n (%) 

>10 

n (%) 

 

 

 

 

 

14.552 

 

 

 

 

 

0.001 

ILC 8 (57.1) 

 

3 (8.1) 

 

IDC 6 (42.9) 33 (89.2) 

DCIS 0 (0) 

 

1 (2.7) 

 

 

4.6.4 TBX2 protein level and histopathological type. 

 

We pointed out previously that , the level of differentiation is important prognostic 

factor in breast cancer. Generally, less survival life time is associated with poorly 

differentiated grade 3. Most of our population (n=32) are diagnosed in grade 2 and of 

27 of them have high TBX2 level. However, the relation between histological type 

and TBX2 level is non-significant (P-value= 0.712) table (4.8). This might be due to 

the small number of our population.  

 
      Table 4.8 TBX2 levels in differential (histopathology) type among study population 

TBX2 proteins 

Types of differential 

(Histopathology) 
Statistical test 

Grade 1 

(n=3) 

Grade 2 

(n=32) 

Grade 3 

 (n=2) 
KW P-value 

Sum (TN+TC) 

Median  

IQR (25
th 

- 75
th
) 

 

11 

(10-15) 

 

13 

(11-15) 

 

15 

(14-16) 

 

0.680 

 

0.712 

TC: Total scoring cytoplasm (0-8); TN: Total scoring nuclear (0-8); KW: Kruskal-Wallis (H) test; 

IQR: Interquartile Range; P-value < 0.05: Significant & P-value ≥ 0.05: Not significant. 
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4.6.5 TBX2 and cancer metastasis. 

As demonstrated in table 4.9, most of our patients are in M0 and no significant 

correlations between TBX2 and metastases were observed.  

 
                   Table 4.9 TBX2 levels with cancer metastasis among study population 

 
Tumor 

metastasis 

Sum nuclear and cytoplasm TBX2 
2
 P-value 

≤10 

n (%) 

>10 

n (%) 

 

 

 

0.043 

 

 

 

0.837 
M0 12 (85.7) 

 

30 (83.3) 

 

M1 2 (14.3) 6 (16.7) 

 

4.6.6 TBX2 protein level and Lymph node involvement (Tumor size, LN 

metastasis, and LN size). 

Results of high TBX2 level are statically significant with lymph node metastasis 

P<0.05, table 4.10. Importantly, 28.6% of high TBX2 pateints (tumor tissues) have 

metastasis to more than 10 lymph nodes.This might indicate a significant correlation 

between lymph node metastases (Table 4.10). Regarding  lymph node size, 77.4% of 

high TBX2 patients have lymph node size of more than 1 cm and these results are 

statistically significant P<0.05 table 4.11. However, 50% of high TBX2 patients 

show tumor size of more than 5cm and these results aren’t statistically significant 

table 4.10. 

 

 
              Table 4.10 Association between TBX2 level and Lymph node involvement among study population 

 

Characteristic Sum nuclear and cytoplasm TBX2  

         
2
 

 

 

P-value ≤10 

n (%) 

>10 

n (%) 

Tumor size  (cm) (n=48) 

≤2 

2-5 

>5 

 

1 (7.1) 

8 (57.1) 

5 (35.7) 

 

3 (8.8) 

14 (41.2) 

17 (50) 

 

1.027 

 

0.598 

LN size (cm) (n=43) 

≤1 

>1 

 

7 (58.3) 

5 (41.7) 

 

7 (22.6) 

24 (77.4) 

 

5.036 

 

0.025 

LN met (%) (n=49) 

0 

1-3 

4-9 

>10 

 

5 (35.7) 

4 (28.6) 

5 (35.7) 

0 (0) 

 

14 (40) 

8 (22.9) 

3 (8.6) 

10 (28.6) 

 

8.693 

 

0.034 



55 

 

4.6.7 TBX2 level and Hormone receptors (ER, PR, and HER2). 

Our data showed that  33.3%, 40.9%, and 47.6% of high TBX2 patients are negative 

for ER, PR, and HER2 respectively and no significant correlations were observed for 

all receptors.  

 

Table 4.11 Association between TBX2 level and Hormone receptor. 

Characteristic 

Sum nuclear and cytoplasm Tbx2 


2
 P-value ≤10 

n (%) 

>10 

n (%) 

ER (n=29) 

0 

1 

2 

3 

 

3 (37.5) 

1 (12.5) 

2 (25) 

2 (25) 

 

7 (33.3) 

6 (28.6) 

5 (23.8) 

3 (14.3) 

 

     2.088   

 

      0.554 

PR (n=30) 

0 

1 

2 

3 

 

2 (25) 

1 (12.5) 

2 (25) 

3 (37.5) 

 

9 (40.9) 

7 (31.8) 

2 (9.1) 

4 (18.2) 

 

     3.278 

 

       0.351 

HER2  (n=29) 

0 

1 

2 

3 

 

4 (50) 

0 (0) 

1 (12.5) 

3 (37.5) 

 

10 (47.6) 

2 (9.5) 

2 (9.5) 

7 (33.3) 

 

     0.847 

 

      0.838 

     0: negative, 1: borderline, 2: positive, and 3: positive. 

 

4.7 Significance of TBX2 in breast cancer diagnosis 

 

4.7.1 Diagnostic value of TBX2 protein as promising biomarker in human 

breast cancer. 

 

In present study, receiver operating characteristic (ROC) curve, Youden index, and 

area under the curve (AUC) detected the cut off value of TBX2 to show the ability of 

TBX2 to distinguish between normal and tumor tissues. In our study, TBX2 protein 

was shown to be a promising biomarker to diagnostic breast cancer (P<0.001). The 

cut off value for TBX2 level was 10 from a total score of 16, the area under curve 

(AUC) was 0.891 (P<0.001), sensitivity and specificity was 72.5% and 88.2% 

respectively. Positive predictive value (PPV) was 86%, negative predictive value 

(NPV) was 76.3%, and accuracy was 80.4% to diagnose breast cancer. The cut off 

value for cytoplasmic TBX2 was 6 from a total score of 8, the AUC was 0.833 
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(P<0.001), sensitivity was 70.6%, specificity was 80.4%, PPV was 78.3, NPV was 

73.2, and accuracy was 75.5% to diagnose breast cancer. Regarding to nuclear 

TBX2, the cut off value was 3 from a total score of 8, the AUC was 0.862 (P<0.001), 

sensitivity was 78.4%, specificity was 80.4%, PPV was 80, NPV was 78.8, and 

accuracy was 79.4% to diagnose breast cancer, (table 4.12) and (figure 4.15). 

    In conclusion, total TBX2 was valid test for breast cancer diagnosis, in which it 

has the highest accuracy of 80.4%, and highest specificity of 88.2%, and the highest 

AUC of 0.891 (P<0.001). 

 

Table (4.12) Youden index Cut-off values, sensitivity, specificity, positive predictive value, 

negative predictive value and area under the curves of TBX3 biomarker for breast cancer 

diagnoses. 

Biomarker 
Normal cells 

(n=51) 

Tumor 

cells(n=51) 

C
u

t-o
ff p

o
in

t 

S
en

sitiv
ity

(%
) 

S
p

ecificity
(%

) 

P
P

V
(%

) 

N
P

V
(%

) 

A
ccu

ra
cy

(%
) 

AUC 

(95% CI) 
P-value 

CP 
34 10 ≤4 

80.4 66.7 70.7 77.3 73.5 
0.762 

(0.668-0.857) 
< 0.001 

17 41 >4 

CI 
40 14 ≤1 

72.5 78.4 77.1 74.1 75.5 
0.826 

(0.747-0.905) 
< 0.001 

11 37 >1 

TC 
41 15 ≤6 

70.6 80.4 78.3 73.2 75.5 
0.833 

(0.756-0.909) 
< 0.001 

10 36 >6 

NP 
41 15 ≤2 

70.6 80.4 78.3 73.2 75.5 
0.844 

(0.769-0.92) 
< 0.001 

10 36 >2 

NI 
47 21 ≤1 

58.8 92.2 88.2 69.1 75.5 
0.824 

(0.745-0.903) 
< 0.001 

4 30 >1 

TN 
41 11 ≤3 

78.4 80.4 80.0 78.8 79.4 
0.862 

(0.792-0.932) 
< 0.001 

10 40 >3 

Sum (TN+TC) 
45 14 ≤10 

72.5 88.2 86.0 76.3 80.4 
0.891 

(0.83-0.953) 
< 0.001 

6 37 >10 

CP: Cytoplasmic proportion(0-5); CI: Cytoplasmic intensity(0-3); TC: Total scoring cytoplasm(0-8); NP: nuclear 

proportion(0-5); NI: nuclear intensity(0-3); TN: Total scoring nuclear(0-8); PPV: Positive predictive value; NPV: 

Negative predictive value; AUC: area under the curve; 95% CI: 95% confidence interval; P-value < 0.05: 

Significant & P-value ≥ 0.05: Not significant. 
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Figure 4.15. Receiver operating characteristic curve (ROC) for  cytoplasm and nuclear markers 

to diagnosing tumor cells in breast cancer. 

  

 



 

 

 

 

 

 

 

 

 

 

5. Discussion 
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5. Discussion 
 

Breast cancer is the most common malignancy worldwide (Ghoncheh, Pournamdar, 

& Salehiniya, 2016). In the Gaza Strip, limited success has been achieved with most 

of the current diagnostic and therapeutic strategies. An understanding of the 

molecular mechanisms underlying this disease might have important diagnostic and 

therapeutic implications. T-box family of transcription factors has emerged as a 

potentially important player in the genesis of cancer (Huang et al., 2014; Khalil, 

Sivakumar, Anthony, & Lucas, 2017; Lv et al., 2017). TBX2 was unregulated in a 

number of different cancers, including breast and prostate cancers (Abrahams et al., 

2010; Douglas & Papaioannou, 2013; B. Wang et al., 2012). To the best of our 

knowledge, the present work is first that directly investigates the association of 

TBX2 with female breast cancer patients. 

 

5.1 General and clinical characteristics of the study population: 

The target population included paraffin embedded tumor and normal tissues of 51 

females who were previously diagnosed with breast cancer, during 2015 and 2016 at 

Gaza European Hospital.  

The mean age of the patients was 55.1 ±13.7 years. Cancer can be considered an age-

related disease because of the increasing incidence of most cancers with the increase 

of age (Niccoli & Partridge, 2012; White et al., 2015). The current study showed that 

68.6% of the patients were more than 50 years old, similar results were reported by 

the Ministry of Health in Gaza strip at 2015, which revealed that 76.5% of the female 

patients ages are more than 45 years (The Palestinian Ministry of Health, 2015). In 

the united states, 80% of breast cancer patients were more than 50 years of age 

whereas 20% of them are less than 50 years (American Cancer Society, 2016). There 

was a rise in both breast cancer incidence and mortality with increasing age, which 

may be due to the time dependent accumulation of genetic and epigenetic mutations 

or due to increasing the susceptibility of older adults to oncogenic mutations (White 

et al., 2015)  

The present findings showed that 86.3% of the patients are postmenopausal women. 

Similar results showed that 29% of Indian and 33.8% of Jordanian breast cancer 

patients were premenopausal (Chauhan, Yadav, & Kaushal, 2017; Obeidat et al., 
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2017). In the United States, 78% of breast cancer patients were postmenopausal and 

22% were premenopausal (Befort & Klemp, 2011). In Egypt 48.7% of breast cancer 

were premenopausal women (Ghiasvand, Adami, Harirchi, Akrami, & Zendehdel, 

2014).  

The data showed that 7.8% of the patients have tumors with a size ≤ 2cm (T1), 

41.2% of tumor size 2-5cm (T2), and 49% of them have tumor larger than 5 cm (T3). 

These results are in according with Egyptian study made by Zeeneldin et al., in 2013 

who revealed that 11.3% of Egyptian breast cancer patients  were at T1, 59.2% at T2 

and T3 plus T4 represent 29.5% of the patients (Zeeneldin, Ramadan, Gaber, & 

Taha, 2013). Furthermore, in China, different distribution of the breast cancer 

patients was shown, in which 16% of the patients were at T1, 65% at T2 and 17.9% 

at T3 (Z. Wang et al., 2014). On the other hand, an American study showed that 

55.2% (T1), 37.9% (T2), and 6.8% (T3). The high percentage of T1 patients at USA 

might be due to the advanced early diagnosis (Dunnwald, Rossing, & Li, 2007). 

 Results showed that 35.3% of our cases are zero (N0), 27.5% have 1-3 (N1), 15.7% 

have 4-9 (N2), and 21.5% have ≥ 10 (N3). These findings were in agreements with 

Iranian study which reported that 38% (N0), 20% (N1), 23.8% (N2), and 16.2% (N3) 

(Pourzand, Fakhree, Hashemzadeh, Halimi, & Daryani, 2011). 

The main cause of death in most breast cancer patients is metastasis to distant sites. 

Fortunately, 82.3% of our population showed no metastasis, and 15.7% were 

metastatic cases. These data are similar to data published in Jordanian study which 

indicated that metastatic breast cancer cases were 12.5%, and non-metastatic cases 

were 87.5% (Obeidat et al., 2017). Conversely, the United States statistics for 

metastatic breast cancer patients showed that only 5% of their patients have 

metastatic breast cancer when they are first diagnosed (“Breast Cancer - Metastatic: 

Statistics | Cancer.Net,” 2017). 

The present study showed that 4% of the patients were diagnosed at stage I, 38% at 

stage II, 42% at stage III and 16% at stage IV. These findings are very similar with 

the Egyptian data which indicated that the percentages of patients in stages I, II, II, 

and IV are 4.3%, 37.7%, 45.1% and 12.7% respectively (Zeeneldin et al., 2013). In 

addition, Jordanian females with breast cancer diagnosed from 1997 to 2002 showed 

similar results where patients in stages II and IV were 34.6% and 16.5% respectively. 
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However, the same study  exhibited different data with stages I and III where they 

represent 17.7% and 29.5% respectively (Tarawneh, Arqoub, & Sharkas, 2011). 

In our results, patients with grade 2 tumors are the most common (62.7%). This is in 

agreement with data obtained from other countries like Pakistan, China and Italy 

which were  65.4%, 56.6% and 50% respectively (Colleoni et al., 2005; Mahmood, 

Faheem, & Mehmood, 2016; K.-D. Yu et al., 2012). On the other hand 5.9% of our 

study population are diagnosed at grade I and 4% at grade III and this is similar to 

Jordanian statistics which indicate that 6.6% are grade 1 (Tarawneh et al., 2011). 

We observed that 74.5% of patients are of IDC type, 23.5% are of ILC and 2% are of 

DCIS (figure 4.9). These results are similar with global statistics which indicated 

80% of the patients were classified as having IDC and 10% of them have ILC type 

worldwide (Arkoob, Al-Nsour, Al-Nemry, & Al-Hajawi, 2010) (Allen et al., 2013). 

The data showed that the study population includes 58.7% ER negative and 41.3% 

ER positive. Whereas, the progesterone receptors status represent 63.7% PR negative 

and 36.3% PR positive. These results are in agreement with a study carried out in 

Egypt which pointed out that ER receptors status are 38.8%  negative and 61.2%  

positive, and it showed that PR receptors status are 40.2% negative and 59.8% 

positive (Zeeneldin et al., 2013). While, HER-2 results showed that 55.2% were 

HER2 negative and 44.8% were HER2 positive. All the receptor status in our 

patients are similar to results of one study done in Pakistan, which revealed that the 

percentages of ER, PR and HER-2 positive receptors are 67.2%, 67.2% and 32.3% 

respectively (Mahmood et al., 2016). 

 

From all the study population, only 15 patients were tested for CA15-3. Of them 

73.3% have CA 15-3 level less than or equal to the normal level (30 U/ml) and 

26.7% are more than 30 U/ml. These results are similar to one study in Germany 

which showed that 82% of breast cancer patients have low level of CA15-3 (Stieber, 

Untch, Nagel, & Seidel, 2002). 
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5.2 TBX2 expression in normal and breast cancer tissues:   

TBX2 was over expressed in breast cancer tissues. Our results showed that strong 

expression of TBX2 in cancer tissue occurs in 62.5% of our patients, while just 10% 

of normal tissue showed similar level of TBX2 which confirms that TBX2 is 

overexpressed in cancer tissues. Similar data were observed in other study that 

showed evident amplification of TBX2, with dosage increases from 1.8 to 5.4 in a 

panel of 177 primary breast carcinomas (Jacobs et al., 2000). Furthermore, in situ 

hybridization of paraffin sections from sporadic and hereditary breast tumors showed 

that this amplification was associated with increased TBX2 gene expression (Sinclair 

et al., 2002). Taken together these studies and our current findings show that TBX2 

is overexpressed in breast cancer tissues where it could be used as diagnostic or 

prognostic marker (Abrahams et al., 2010; Redmond et al., 2010; B. Wang et al., 

2012; Sabina Wansleben et al., 2014). 

 

 

5.3 TBX2 has apparent cytoplasmic localization in both normal and cancer cells.  

In the present study, we showed that TBX2 localizes in the cytoplasm more than the 

nucleus in both normal and cancer tissues. An early study found that TBX2 protein 

has different levels and localizations in the different stages of cell cycle (Bilican & 

Goding, 2006).The study showed that TBX2 levels increases during G2 and peaks in 

S-phase. While the protein is both nuclear and cytoplasmic in G1 and G2, it is 

predominantly nuclear in S-phase cells. These results provide evidence that TBX2 

levels and localization regulated during the cell cycle and that it may have a more 

important role in S-phase.  

Finally, this study and ours provide evidence that TBX2 localizes differently 

depending on its role and the cell cycle phase.  
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Conclusions and Recommendations 
 

Breast cancer is the most common malignancy worldwide and it is estimated that one 

out of eight women will develop breast cancer in their lifetime (Godet & Gilkes, 

2017). In spite of the high incidence of breast cancer in the developed countries like 

Australia, the survival rate is 90% (WHO, 2014). Gaza has one of the world's highest 

rates of breast cancer and the survival rate is only 40% according to Anglican 

Overseas Aid statistics. The low survival rate among breast cancer patients in Gaza 

likely attributed to the lack of resources for screening, diagnosis and treatment. 

Therefore, there is an urgent need for more advanced diagnostic and treatment 

strategies for this disease. The determination of molecular targets in breast cancer 

cells is a useful tool for clinical management in cancer patients, assisting in the 

diagnosis and development of new treatments. Recent studies suggested promising 

candidate genes for future development of effective and targeted therapies. TBX2 

transcription factor has been confirmed to be implicated in a number of human 

diseases, particularly cancer (Acta, Kong, & Kong, 2010). The overexpression of 

Tbx2 is present in several cancer subtypes, including colorectal cancer and 

pancreatic carcinoma (Y. Han et al., 2013; Sabina Wansleben et al., 2014). Previous 

reports have established that Tbx2 plays an important role in the regulation of cell 

senescence, apoptosis and cell migration in tumor cells (Willmer, Cooper, Peres, 

Omar, & Prince, 2017). Our understanding of Tbx2 role in breast cancer has 

improved, the overexpression of this protein in human breast cancer patients and its 

possible role in cancer treatments remain unconfirmed. In summary, the current 

thesis provided significant points in this regard:  

1- TBX2 was significantly overexpressed in breast cancer tissues compared to 

normal tissues.  

2- TBX2 was overexpressed in general in almost all stages and types of breast 

cancer.  

3- Statistical analysis showed that TBX2 has a strong diagnostic value for breast 

cancer as is evident by AUC.  

4- TBX2 overexpression was not correlated with the most common biomarkers 

of breast cancer.  
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Therefore, we recommend further studies on large scale to confirm these data. We 

further recommend more investigations for TBX2 role in breast cancer treatment 

especially in vivo.    
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Mutant p53 involvement in processes associated with breast cancer development 

(Walerych et al., 2012). 

 

 



92 

 

2. Appendix 2 

 

 

 

 

 

Time line indicating when some key events occurred in the molecular classification of breast 

cancer (Vuong, Simpson, Green, Cummings, & Lakhani, 2014) 
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3. Appendix 3 

 

 

Representative morphological variants of invasive breast carcinoma: (a) invasive carcinoma 

NST, (b) classic lobular carcinoma, (c) tubular carcinoma, (d) mucinous carcinoma, (e) invasive 

micropapillary carcinoma (f) pleomorphic lobular carcinoma, (g) medullary carcinoma, (h) 

metaplastic carcinoma, (i) adenoid cystic carcinoma (Vuong et al., 2014). 
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4. Appendix 4 

 

 

 

 

Invasive breast carcinoma of no special type (IC-NST). (a) Grade I tumor, characterized by 

tubule   formations composed of small, monomorphic cells. (b) Grade III tumor consists of sold 

sheets of large atypical cells with pleomorphic nuclei and prominent nucleoli (Iva Brčić and 

Marija Balić, 2017). 
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