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Expression of TBX2 among Breast Cancer Patients in Gazatrip

Eman Salleh Attallah

Abstract

Background: Breast carcinomas considered as the most prevalent types among
women andt is estimated thaaboutone out of eight women will develop breast
cancer in theitifetime. TBX2, a membenf the T-box transcription factorsts over
expressed in different types of carcinomasccording tocell proliferation and
metastasis.

Aim: To demonstrate thassociation between TBX2 over expression and breast
cancer in Gaza strip.

Material and Methods: This cross sectional study includédl hkreast cancer
samples and theicrossbondingnormal tissues were collected from the Gaza
EuropeanHospital in20152016 Sections for (immundistopathology) from each
sample were prepared and immtstained by antifrBX2 and suitable secamlary and
tertiary stains. TBX® level was evaluated by pathologists in both cancer and normal
samples. Clinical data for each patient wastamed from the hospital and
correlations between these data and ZBXel werestatistically analyzed

Results: TBX2 was significantly overexpressed in breast cancer tissues in
comparison to normal tissueBhe overexpressiaof TBX2 were recordedor all
types and stages of breast cancer. No significant correlagoa reportedetween
TBX2 level and other breast cancer markers such as ER, PR, HERAA5668.
Conclusions: TBX2 wasassociateé&nd over expressed in breast cancer and due to
its accuracy and specificityts value as dreast cancer biomarkeras higher than
other markers in different studieSonsequently, TBX2 mape used as potential

biomarker for breast cancer.

Keywords: TBX2, Breast cancer, BiomarkeGazaStrip, Palestine
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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)t 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 millafrcases registereas

newly diagnosed while 8.2 million deaths, @hdse ratexpected to increase by
2030 to reach 21.7 million new cancecasesand 13 millioncancerdeaths

(American Cancer Society, 2015)

The incidence of cancer globally and localhcreasedfor example 7454 new
Jordamnds cases wer e (AleSgyaideh,eNineid& Argab, 2 01 2
2012) Whereasin 2013 the estimated incidencegatere 114,985 cases among
Egyptians population (Ibrahim, Khaled, Mikhail, Baraka, & Kamel, 2014)
(Ibrahim, 2016) The Palestinian health information center indicatbdt the
mortality rate of cancer increased annually, in 20Livasreportedas 12.4%

deaths while in 2010 it was 10.8%he Palestinian Ministry of Health, 2015)

Cancer cells showed several defects in gene expression resoited various
types like Lung, prostate, colorectal, stomach, liver, breast, and ¢&nsive et

al., 2015) Ferlay et al. (2015 have been reported that 1.82 million cases
diagnosed as lung cancer, 1@iflion cases as breast carcinomas, while, 1.36
million cases as colorectalancer (Ferlay et al., 2015)Cancer cannot be
diagnosed/detected in early stage and in most cancer typessthereffective
treatment.Consequentlyunderstanding the molecular biology of the cell cycle
and its regulator may be implicated in identification effective markers for early
cancer diagnosiand treatment(Kensler, Qian, Chen, & Groopman, 2003)
Therefore this thesis focues on identification of anewly predictive and

prognostic marker especially for breast cancer patients.



T-box family of transcription factors are importaeevelopmental regulators and
have been shown to contribute to several human syndr{eshe, Harrelson,
Kelly, & Papaioannou, 2005; Jade Per& Prince, 2013)Iin addition to their key
role in development, extensive investigations suggest that overexpression of-some T
box factors, including TBX2 and TBX3 may drive can(itican & Goding, 2006;
Burgucuet al, 2012; Demayet al, 2007; Hoogaarst al, 2008; Humtsoest al,
2012; J. Perest al, 2010; Jade Peres & Prince, 2Q1Bdth transcription factors
(TBX2 and TBX3 are upregulated in a number of cancers including melanoma
(Hoek et al., 2004; Jade Peres, MowdaPrince, 2014)and breast cancéDouglas

& Papaioannou, 2013; Wat al, 2001) It was shown to be required for tumour
formation and cell migratior{Jacobset al, 2000; Jade Peres & Prince, 2013;
Redmondet al, 2010; J. Yuet al, 2010) Knocking down TBX2 and TBX3 was
shown to reverse key feature$ the melanoma and breast cancer phenotype
suggesting that it may be a useful target in the development of novelaangr
drugs to treat these cancddks Perest al, 2010; S Wansleben, Davis, Peres, &
Prince, 2013) Furthermore, silencingBX3 in rat bladder carcinoma cells rendered
the cells sensitive to doxorubicinduced apoptosis and the overexpression of TBX3
was assdated with a chemotherapgsistant phenotypéRenardet al, 2007)
knocking down TBX3 sensitized human colorectal carcinoma cells to doxorubicin
via activating the p14p53 pathwayZhanget al, 2011) These fndings suggest that
TBX2 andTBX3 are promising molecular markers and their depleting as new targets
in cances where they are overexpressed might enhance theaater activity of
chemotherapeutic drugs.



1.2 The aim of the study:

The general objectivef this studywasto test if there is a angssociation between

TBX2 over expression and breast canmasesn GazaStrip.

1.2.1 Specific objectives:
1. To determine TBX level in a population of breast cancer patient tissues in
comparison to normal tissues.
2. To determine the diagnostic value of TBXs biomarker for breast cancer.
3. To study the associatiorbetween TBX with another clinical and

pathological parameters of breast cancer.

1.3 Significanceof the study:

Breast cancer is the most comntgpein Palestinewhere it represents 17.8% of all
cancer cases and 33.76b women cancergMinisrry of health West Bank, 2015)
Late diagnosis andhortage ofdiagnostic tools are the main caugesincreasing
levelsof breast cancer death in £za This studyvasa significant contribution in the
efforts to find new diagnosticmarkers for breast cancefBX2 is a promising
diagnostic biomarker for breast candekentification of new canceargets as TBX
inspires other researchers to target $beproteinandto find newtargeteddrugs for
breast cancer. In addition, liighlights the importance of the tailored management

for cancer patients in Gaza strip.

1.4 Limitation:
1. The researchefiaced difficulties to get the required cell lines, reagents and
equipment needed for this research due to the Israeli siege onl&aga
2. The main technical difficulties were in collectisgmples from hospitals and
the absence of organized databases#&ncer patients in Gaza Strip.
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2. Literature Review

Breast carcinomais, a serious public health problett 6 s ¢ o to bathd maste d

prevalent types of cancer among women and it is estimated that one out of eight
women will develop breast cancer in their life tifidewman, 2016)and about

1,500,000 cases wemnnually reported worldwide( | va Br | i | and Mar.i
2017) The Palestinian Ministry of Health reported that 1283 case between 2009

2014 , which accounted for 18% of thetal cancer patient§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 cammsurs in one third othe

patients affecting bone, liver and lung, ultimately leading to d€kthlki, El-

Saadani, & Sultan, 2009)

2.1Breast cancer:

The glandular mass of breast tissue is a complex branching structure mostly
made up of adipose and connective tissiltes divided into 15 to 20 lobe

Many smaller segmesitalled lobules whiclare divided into alveoliare found
inside the lobesThese structures (lobes, lobules, and alveoli) are linked together
by thin tubes called ducts, which carry milk to the nipgl@sncan, 2010Fig

2.1.

First rib
Skin
Pectoralis major muscle

Opening of
lactiferous duct



Fig2.1 anatomical structure of normal breast tissug 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 BReAZ

et al, 2011)

Gene amplification play a critical role imitiation and progression of breast
cancer Amplification of certain genes like HERB seen in about 230% 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 raggd among its cytoplasmic domain and
initiates a subset of signaling pathwagsinly mitogenactivated protein kinase
(MAPK), protein kinase C (PKC), and phosphatidylinos#d-bisphosphat&-
kinase (PI3K) which in turns increase cell proliferationfedéntiation, and cell
cycle progression (Fig 2.2). Therefore, amplified HER2 in breast cancers have
been linked to poor prognosis of these pati¢Bgslundet al, 2000)(Dressman

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

BRCAL1 and BRCAZgenesappear to play a role in maintaining the genomic
stability to protect the genome from damgeully, 2000) Mutation occurs
either in BRCAL1 or BRCA2 genasausedhigh risk of developing ovarian and
breast cancer@Borg et al, 2011) The BRCAL involved in the regulation of
DNA repair, so mutations of BRCAls expected to impair the repair of
damaged DNA, thus the rrant cells may exhibitmalignant alteration(Martin

& Weber, 2000)Elstrodtet al., 2006)
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Fig2.2 HER2 activate thedownstream signaling pathwaysesulting in promoting of cell growth,

proliferation, and survival (Nida Igbal and Naveed Igbal, 2014)

Mutation in the tumor suppressor (P53) hdeenshown in about 20 to 35% of
breast cancerP53 is one of the major molecular markers of cell cycle stress
(Lacroix, 2006) The loss of p53function associatd with deregulation ofits
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 responsg@/egranet al, 2007) In breast cancemutant p53increasd the

levels of Bct2, andit found that mutanp53 have the ability to convert vitaminsD

from a proto an anti apoptotic factor, which in turn shifting the receptor spectrum
toward pro survival profileApp (1) show the effects of mutant p53 in breast cancer
(Walerych, Napoli, Collavin, & Del Sal, 2012)



2.3Molecular classification of Breast cancert

The arrays of gene expressions reflect the molecular basis of the tumor
phenotype and can be used for tumor evaluations and atasisifi(Moldovan,
2013) Breastcarcinomas classified into four main groupsg-luminal subtype

(A and B) Luminal Ais characterized by high levels of estrogen receptor (ER)/
progesterone receptor (PR) or HER2 negative and it acctarmabout 50% of
invasive breast cancersuminal B has the same character of luminalaAd
differ in variability of HER2 expression (positive or negatidpkki, 2015)

The Basalike subtypealso 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 recepté&d (HER2) subtypewhich accourd for
approximately 15% of invasive breast cancers, iniglcharacterized by strong
overexpression of HERHER2+) while ER/PR is usually negativ@etwork,
2012)(Howladeret al,, 2014)(Bergenet al, 2016)App (2).

2.4 Histological Classifications of Breast Cance(Type, Grade, and Stage):
2.4.1Breast cancer typing

Most of the breast malignancies were classified accorditigeiosite of origin. They
were deriveckither from the inner lining epidhium of the ducts oirom thelobules
(ductal or lobular carcinomp and accading to their invasive ability {nvasive or
norinvasivg. The noninvasive carcinoma cannot spread and invade the
surrounding tissueso it still inside the cells(in situ). If arises in milk ductsit is
called ductal carcinoma in situ (DCIS), or lobular carcinoma in situ (LCIS) if it
occursin the lobules (Malhotra, Zhao, Band, & Band, 2010yhe invasive or
infiltrating carcinoma have the ability to spreatb the surrounding tissues after
breakdownof the basement membrariavasive ductal carcinoma (IDGhatinitiate
from the ducts, is the most common morphological ctassaccounts for 55%f
breast cancer ratdt is dassified into several histological subtyptsat include
mucinous, cribriform, micropapillary, papillary, tubular, medullary, apocrine, and
neuroendocrine carcinomasas shown imApp (3) (Ganesh N. Sharma, RahDave,
Jyotsana Sanadya, Piush Sharma, 20@kki, 2015)



Invasive lobular carcinoma originateom the lobués, it is the next most common
type, accountingfor approximately 10% of invasive breast canc@rvenbark,

O6Connor , & Cldhése maaphalogicalClas3es akhst cancer can be
further divided into groupings depend on their molecular signatures (i.e.

expression of protein biomarkers or gene expression profiles).

2.4.2 Breast cancer grading:

Histological grading osemi quantitative evaluatiorf morphologcal characteristics

Is a routine clinical management of breast cancer and one of the dseasdr
prognostic factors which represents the morpholodeatiures assessment of tumor
It showthe clinical behavior of breast cancér@sed on the degree tfmor tissue
differentiation under microscopewell differentiation (grade 1), moderate
differentiation (grade Il), poorly or un differentiation (grade lll), based on
Nottingham grading systernuclear grading) which relies on tubule formation,
nuclearpleomorphism and mitotic coudpp (4) (Monticciolo, 2005)(Rakhaet al,
2010)

24.3Breast cancer staging:

Staging is gprocessof demonstratingvhere thetumor located,tumor progression
and tumor invasion.lt may help in deciding the best kind of treatment and in
predicting thepatient'sprognosis.There are different stage descriptions for different
types of cancer, the most commonly useduimor, node, and metastagd@i\M)
system it uses the clinical angdathological characteristics including the tumor size
(T), lymph node status (Ngnd metastec distance (M).The definitions of TNM
system for breast cancaccording tothe American Joint Committee on Cancer
(AJCC) staging manuah 2010 are shown below in table (2.1) and table (2.2).
Parameter T depeadn tumor size (cm)it rangesfrom (TO) where there isno
evidence of primaryumor to (T4) which representsumor of any size with direct
extension to the chest wall and/or to the skin. Parameter N depangathologic
lymph node metastasig rangesfrom (NO) where there ii0 regional lymp node
metastasis identified histologically to (N3) metastasigvimich 10 or more axillary
lymph nodesare affected Parameter Ms divided into (MO)in which there isno

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

10



metastasis to another organ determined by classic clinical and radiographic
screening. Tumor size, nodal spread, and distant metastNd)( used for
prognosis it was converted to anatomic stage, from early diagnosis for benign or
carcinomas in situ (age | and Il), to locally advanced disease (stage lll), to late
stage metastatic disease (stage f@3ultingin improved diagnosis and staging
(Singletary & Connolly, 2006)Edge &Compton, 201Q)

Table 2.1 TNM system for breast cancer staging (AJC@merican Joint
Committee on Cancer, 2010)

Symbol Explanation

TO No evidence of primary tumor

T1 |[Tumor O @dntesndimension

T2 Tumor > 20 mm but O 50 mm in ¢

T3 Tumor > 50 mm in greatest dimension

T4 Tumor of any size with direct extension to the chest wall and/or to 1
skin (ulceration or skin nodules)

pNO | No regional lymph nodmetastasis identified histologically

pN1 | Micrometastases or metastasesii axillary lymph nodes

pN2 | Metastases ini® axillary lymph nodes

pN3 | Metastases in 10 or more axillary lymph nodes

MO No clinical or radiographic evidence of distamé¢tastases

M1 Distant detectable metastases as determined by classic clinical an
radiographic means and/or histologically proven larger than 0.2 mn

T=tumor size pN= pathologic lymph nodeM= tumor metastesis

11



Table 2.2 Anatomic stageggroups (AJCC)YAmerican Joint Committee on Cancer,
2010)

Anatomic stage T N M
Stage 0 Tis NO MO
Stage 1A T1 NO MO
Stage IB TO N1mi MO
T1 N1mi MO
TO N1 MO
Stage IIA T1 N1 MO
T2 NO MO
Stage IIB T2 N1 MO
T3 NO MO
T0 N2 MO
T1 N2 MO
Stage IlIA 12 N2 MO
T3 N1 MO
T3 N2 MO
Stage 11IB T4 NO MO
T4 N1 MO
T4 N2 MO
Stage 1lIC Any T N3 MO
Stage IV Any T Any N M1

T=tumor size, pN= pathologigrihph node, M= tumor metastesis.
2.5 Breast cancer diagnosis.

Early detection of breast cancesffering the best opportunity to reduce mortality,
getting regular screening tests is the most reliable way to find breast cancer early,
whenit is small and has not spread, #ds easier tdoetreatd successfully. Several
assessment tools established for this purpase classifiedinto two approaches
diagnostic imagingsuch as (mammogram, Ultrasound, MRI and CT scan) and
prognostic indicatorssuch as (biopsies, hormone receptor status, HER2 receptor

status, biochemical $¢s and othetumor markers).
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2.5.1 Diagnostic imaging.

Mammograms are Xays that helpfinding changes that could be cancer before
physical symptoms devel op, ot h eirnvghts e , t he
miss some cancel&otzsche & Nielsen, 2013)Lee & Peters, 2013)Thusother
conformational testvere neededuch asultrasoundwhich is widely available test

often usedo examine breast changes that sgen on mammograms, alsasitused

in differentiation between diid-filled cysts and solid masse@f a lump is really a

cyst, and not a cancer)(Lehmanet al, 2012) Magneticresonance imaging (MRI

uses strong magnets instead of radiation to nthkee dimentionaimages 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, iis also more likely to find something that turns out not to be

a cancer (false positive indicatiorthis means more tests or biopsies were needed
(Leach, 2001)

2.5.2Biopsy for histopathology.

Biopsy is the only exact way to deteand characterizebreast cancern which,
tissues or cells from the bodyre morphologicallyidentified type, stage, grade,
receptor status and distance between the surrounding normal tissue and thareumor
all determined(Agency for Healthcare Research and Quality, 2008yee biopsy
techniques for obtaining the sample from suspicious breast tumor are ayailable
which are fine needle aspiration, core needle biopsy and surgical bideyis,

Lourenco, Dobson, & Herrtage, 2014a)
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2.6 Breastcancer 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 patlenisionmakingand

the selection of treatment a@hs. Hormone eceptor status such g@sogesterone
receptors (PR), estrogen receptors (BRRJhuman epidermal growth factor receptor

2 (HER2) were established for these purposes. Overexpression of these receptors
have been shown in most of breast candepproximately75% to 80% of invasive
breast cancers are positive for ER and PR recgptbiereas 20%re positiveHER?2
receptor(BadowskaKozakiewicz, Patera, Sobol, & Przybylski, 2015)

The ER statuss reported to predict tumor response to endocrine treatment and as a
prognostic factor for early recurrence. The actiohER and PRareinfluenced by
growth factor receptors such a@dER2 and cyclindycline dependant kinase
complexes which modulate phosphorylation and hence activity. Moreover, the
overexpression of HERhdicatespoor prognosisit also usedas a predictor of
therapy reponse with the antlER2 specific monoclonal antibody (Herceptin)
(Menard, Fortis, Castiglioni, Agresti, & Balsari, 20qHicks & Kulkarni, 2008)

2.6.2Cancer antigen 153 (CA15-3).

Thereare a subset of blood tumor markers that help in diagnosiuding CA 153
which hasbeenconsidered as tumorassociatedantigencapable of bindingvith
Mucin-1 (MUC-1) protein that is abnormally found in blood of breast cancer
patients.The MUGL1 protein is expressed in the dwdtnormal breast tissue, but
whenthe cellsare abnormalthe tissue is disrupted leading to shedding of MU
blood, the normal range of this markebelow 30 U/ml(Gautam, Verma, Pantola,
& Verma, 2015)

2.6.3Carcinoembryonic antigen CEA).

The carcinoembryonic antigen is a glycoprotdime level ofwhich is more than
7.5 €9/ L in br #&hbefptin predchocaad diagnesigkarna ¢t al.,
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2014) Unfortunately, these markehsa v ebeedasensitive or confirmed for early
diagnoss of breast canc€Bhao, Sun, He, Liu, & Liu, 2015)

2.7 T-box gene family.

The initiation and progression of breast cancan be characterizdsy deregulation
of transcription factors and their regulatory signal transductathvpays(Ruggero,
2013) Transcription factorswere 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 tHeoX family.

T-box gene is an ancient gene fantiyat 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 includirgsophila

and caenorhabditis elegans, to vertebratesluding zérafish, xenopus, mice,
chickens and humar(®Vilson & Conlon, 2002)Changet al, 2016) There are
more than 5(rotein members that have been assigned to thexTgene family

and 18 of them are found in humans. Alb®x factors share a conserved DNA
binding domain, comprising of about 180 amino acid residues referred to as the T
box domain, which recognizes andhdis the haHpalindromic core sequence
TCACACCT, called the Felement. In general, the DNBinding domain of T

box proteinswas located in their Nlermini, their transcriptional regulatory
domain located in their-@rmini (Fischer & Pflugfelder, 2015pPhylogenetic and
expression studies suggest that théok genefamily are divided into five
subfamilies referred to as Brachyurypfainl, TBX1, TBX2 and TBX6.

The TBX2 subfamily includes the TBX2, TBX3, TBX4 and TBX5 genes which
arise from duplication and recombination of a tgene cluster that was formed

by unequal crossing over of an ancestral g@abina Wansleben, Peres, Hare,
Goding, & Prince, 2014fig 2.3.
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Figure 2.3. Location of some mutations in TBX3, TBX5, TBX19 and TBX22 geneMutation
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 inhibégrs,
TBX5, TBX6, TBX1, TBX19, TBX20, and Brachyur{Gonzéalez, Manosalva,
Liu, & Kageyama, 2013)While, TBX18, TBX15, TBX22, TBX3, and TBX2
have been showto act as repressor facto(dacobst al, 2000)(Carlson, 2001)
(Prince, Carreira, Vance, Abrahams, & Goding, 2004ndreou et al, 2007)
(Farin et al, 2007) Furthermorethesefactorshave shown a synergistic action
with other transcriptional factors, the most common acti@s reported in the
heartn which TBX5 co-operate withzinc-finger transcription factor&ata4 to

monitor and improve cradiogene¢{sarget al, 2003)
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2.8 Developmental syndromes associated with-hox factors

T-box proteins have criticatoles in early embryonic development and any
mutations in them cause serious congenital problems and could be lethal. A
number of various studies concernimghuman disease have been demonstrated
the association with several mutations (Missense, nonsandedeletion) in T

box geneghat lead to deregulation dheir functional protein, for example, the
lack of TBX1 leads to DiGeorge syndrome, a disease that is characterized by
facial deformities, behavioral and learning difficulties and aplasia di¢haet and
thymus. Mutations in human TBXSBX19 and TBX22 give rise to Hebram
Syndrome, adrenal insufficiency andliXked cleft palate with ankyloglossia,
respectively(Lindsay et al, 2001) (Braybrooket al, 2002)(Yagi et al, 2003)
(Packham & Brook, 2003)Batrisic et al, 2014)( Fig2.10). Also, in humans, the
haploinsufficiency of TBX3 causes ulmsarammary syndrome (UMS), which is
characterized by forelimb abnormalities and malformations of the apocrine
glands, mammary glands, heart, dental and genitaitates(Packham & Brook,
2003)(Caiet d., 2005)

In 1999, Bamshadet al.,described a wide range of congenital deformities in a
large group of patients suffering from UM@amshadet al, 1999) This
autosomal dominant disordesascharacterized by delayed puberty in males and
genital abnormalities, mammary and apocrine glands dysfunction or/and
hypoplasia, abnormal dentition, absent axillary haand posterior limb
abnormalities, including malformed ulna and posterior di@&venport, Jerome

Majewska, & Papaioannou, 2003)

In the mouse model of UMS, Thx3 was mutated by deleting thxees (2, 2a
and 3) in the middle of the-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 M@&3venportet al.,, 2003)

TBX3 expressed in a number of tissues and organs whose develop@ent

unaffected inUMS patients.This leadsto thesuggestions that, distinct levels of
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functional TBX3 protein may be required in differelgvelopmental contexts and
that other Thox factors whose expression overlaps with TBX3, such as TBX2,
may be able to compensate for reduced TBX3 function in unaffected organs
(Bamshacket al, 1999)

The main features of DiGeorge syndrome include heart abnormalities, hearing
problems, parathyroid defency, hypocalcemia and craniofacial and palatal
defects (Emanuel, McDonalkMcGinn, & Saitta, 2001)(Aggarwal, 2010) In
addition, with mutations including nonsense and misseéyses TBX5 present

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

abnormalitiegBarisicet al., 2014)

Unluckily, no human syndromeserereportedto bespecifically associated with
mutations in human TBX2. However, two studies hdescribed patients with a
range of developmental abnormalities resulting from microdeletions on
chromosome 17 spanning a region containing TBX2 and TBX4, asasveéveral
other genegBallif et al., 2010) Although the sizes of the deletions differ, they
occur on the long arm of chromosome 17 from bands 22 to g23.2, a region
which has shown to be susceptible to amplifmatin cancer(Barlund et al,
2000)(Sinclairet al, 2002)

The phenotypes resulting from mutations in Tbhx2/TBX2 and Tbx3/TBX3 have
suggested the importance of these genes in the developmenth&atttemammary
glands and limbs. For exampl&@BX2 null mouse embryos display heart defects
(including abnormal formadn of the atrioventricular canal and outflow tract), facial

dysmorphia and digit Muplication in the hind limi§Harrelsoret al, 2004)

2.9The 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, differentiatbiferation
capacity, and tissue integrity, which are the keyuess of cancer biology. Thus,
these membesthave been implicated in carcinogendsisiche et al., 2005Briegel,

2006) Brachyuryfactorwasshownto have suppressing tumor functioiishas been
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found in reduced expression caused by epigenetic silencing ismalhcell lung
carcinoma when compared to normal lung tisgrieselliet al.,2013. On theother

hand it induces epitheliamesenchymal transition (EMT) of human pancreatic
cancer cellfFernando et al., 2010nterestingly,(Shimodaet 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 ovesiexpres

and knockdown models of Brachyury in various cancer cell lines.

Other Tbox factors, including TBX1 and TBX5, have also been shown to act as
tumor suppressor@rempuset al, 2011) For example, in a mouse skin tumor cell

line, when TBX1 was overexpressetsignificanty reduced tumor formation and

growth in vivo. TBX5 wasepigenetically silenakin 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 proliferatoor
formation and migration, as well as increased apop{dsi¥u et al., 2010)TBX4

act as tumor repressor, low levels of TBXésassociated with a decrease survival

of pancreatic ductal cell adenocar@ma patients. As well, TBX4 can be used as a
biomarker to expect the progression in bladder caandrto predictthe stage of
intrahepatic cancer&ong, Jia, & Li, 2013)TBX21 (T-bet) wasoverexpressed in a
subset of breast cancer which have a posi
elevation of expression causes resistance of bpsgdist to hormonal therapy also,

poor ppgnosi s 1 n response to disrup(Kasion of
McCuneet al, 2011)

2.10TBX2 Gene and protein

In human, TBX2was the first member of-hox2 subfamilyto be idetifiedthe main
T-box familythatinvolved another three memisaramely TBX3, TBX4, and TBX5.
Inaddtion, TBX2 was recognized as théirst repressortranscriptional factor
(Campbd et al, 1995)(Law & Arbor, 1995)

The genomic analysis of TBX2 subfamily demonstrated their origin from one
ancestral gene andntapped TBX2 and TBX4 on 17923 locus chromosome, while
TBX3 and TBX5 on 12924 locus, otherwjsenice TBX2 was located on
chromosome 1(Bollag et al, 1994) (Agulnik, Bollag, & Silver, 1996) Because of

19



replication and crossing over incidetBX2 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 sequelnm@sology withtheir respective mouse
counterpartyLaw & Arbor, 1995)(Edwardset al, 1996) both human and mice
TBX2 mRNA, consist of 7 exons which spans 3,378 bp and 3,562 bp respectively,
and encodes 712,17 amino acids, in that ordéfig24 (Campbell, Casey, &
Goodrich, 1998)The DNA binding domain of -box is located in the Nerminal at
106-289 amino acid sites, with conserved arginine amino acid at position 122 in all
T- box proteingSinha, Abraham, Gronostajski, & Campbell, 2000)

()

1 (678 bp) 2(288bp) A(147 bp) 4(77bp) € (635 bp) T (1411 bp)
s UTR 5 (164 b} A AETI

Human TBXZ mRNA {3,378 bp)

1 (B37 beh 2{268 tp) I (147 bp) 4 (77 bp) € (838 bp) T (1381 bp)
S UTR S (1684 bp) 3 uUTR

Mouse Thx2 mRNA {3,562 bp)

[_emn = imtron [_Juntransiated region (UTR) I

Figure 2.4. Human and Mouse TBX2 GendAbrahams, Parker, & Prince, 2010)

TBX2 is able to bind half site and palindromic to recognizing consensus T sequence
as monomer rather than a dinf&r et al, 1999)(Sinhaet al, 2000)(Coll, Seidman,

& Miller, 2002) TBX2 is a potent repressor because of its two transcriptional
repression dmain one at Nerminal between land 52 residues and the second
between 529 and 573 in thet&minal region. On the other hand, there is no gene
found tobeactivated by TBXZPaxton, Zhao, Chin, Langner, & Reecy, 2002)
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2.11TBX2 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 prostatieaw & Arbor, 1995)(Cho, Choi, Park, & Han, 2011)

TBX2 has related to the progress of numerous tissues and organs, the targeted
mut agenesis in human hasndét shown any
homozygousmutans in mice it appears lethatespite of normal exhibition with
heterozygous mutan{$iarrelsonet al, 2004)(Rowley, Grothey, & Couch, 2004)

TBX2 regulates embryogenesis of the brain, eye, mammary gland, bone, and
melanocytgSuzuki, Takeuchi, Koshib&akeuchi, & 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 fecinambered orga(Washkowitz,
Gavrilov, Begum, & Papaioannou, 2012)

Many membes of T box family share an essential roles in formation of myocardium
chambes (atria and ventricular), septa valves and conduction sygt8inson
Brown, I. Agulnik, Silver, & Papaioannou, 1998} hristoffelset 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, Eitele, Barron, & Schwartz, 20Q0)

TBX2 is able to repress many geneghose expression is definitely controlled to the
developing chambers like, CX43, CDKNZ2eonnexin (CX)40, Nmycl, P21, and
natriuretic precursor peptide type A (Nppa). Nppecodes atrial natriuretic factor
(ANF) which plays important role in mediating the repression of gene activity in the
atrioventricular canal (AVC), and outflow tract (OFBlcoleaet al, 1999)(Ryan &

Chin, 2003)(Christoffelset 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 futation in

heart developmerftHarrelsonet al,, 2004)(Singhet al., 2012)
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Limb development:

The early limbdevelopmentis initiated from budding out of lateral plate mesoderm
which s 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 Gtylopod), medial limb (zeugopod), and distal limb of hand and foot
(wrist/ankle) (autopod)(Capdevila & lzpisua Belmonte, @Q) (Rabinowitz &
Vokes, 2012)

The signaling pathways and transcriptional factors that monitor limb development
have been displag a number of T box factors including TBX2, TBX3TBX4,
TBX5, in which their expressioa are specific in hind limb, forelimb, and the
evolution of morphogenesigNissim, 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, andughits role in identifications and
development{Khan, Linkhart, & Simon, 2002)Horton et al., 2008)(Rabinowitz &
Vokes, 2012)

Mammary gland development:

Mammogensisjs unlike other organ# that it begins through embryogenesis and
predominantly after delivery and continues in puberty, pregnancy, and lactation
(Watson & Khaled, 2008)There are simildies in mammarygland developnent

both in human and mice including three major stages, the embryoni¢ Bydge5

day it begins to form the milk line, thickening of the ectodermal wittt10b
expression, and elucidation of signals which stimulate the genesis of five mammary
placodegChuet 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
hormonerelated protein, fibroblast growth factor 10 (FGFHDg expressed in the
placodeqFoleyet al.,, 2001)

The five placodes participate in the formation of mammary buds by invaginato
mesenchyme at 14.5 day with expression of bone morphbgemetein 4 (BMP4)
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(Hynes & Watson, 2010)Between 16.5 and 18.5 days, these buds undergoes into
severalbranching and sprout processes to form primitive structure of five ductules
that fixed in fat pad. After 18ay, the mammarydevelopnent is arrested until
puberty stage.

At the onset of puberty stage; extensive ductal elongation and branching, stimulated
by various growth factors and hormones tha¢ secreted fromthe ovary, thus
morphogenesis specification system take pl@gdéennighausen & Robinson, 2001)
Further, during pregnancy stage; differentiation, proliferatind tertiary branching
processes terminate in secretory alveblads, under the effect of progesterone and
prolactin hormones which also promote the secretion of milk during lactation
(Sternlicht, Kourosmehr, Lu, & Werb, 2006)

TBX2 and another ‘box family member like TBX3vereimplicated in both human

and mice mammogenesiRowley et al, 2004) Molecular genetic approaches
identified both factor in embryonic stage, beginning from 10.5 until 18.5 Tagy
overlapping specific spatiotemporal patterns of expression in mesodermal and
epithelial cell layers exhibit the event of TBX2 in mesodernadll while, TBX3 is
exhibited only in the epithelial cell which their interaction direct the orientation of
mammary placode@eromeMajewskaet al, 2005)(Cowin, 2012)

The function of TBX2 in the developnt of the mammary glands is currently
unidentified compared to TBX@amashackt al, 1997) Knockout studies in mice

have demonstrated the significance of TBX3 by the abnormalities seen in ulnar
mammary syndrome (UMS) whicdre characterized by inability to lactate, absence

of breast areola, hypoplasia of the breast, and deformations of n{palesnportet

al., 2003) Importantly, despite th 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 developniéetome
Majewskaet 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 developnfotton et al.,
2008) Deregulationof its expression may play an important role in carcinogenesis
(Sinclair et al, 2002) TBX2 act as a suppressor transcription factor, it has
unregulated expressian a number subset of cancers include bladder, pancreatic,
ovarian, gastric, liver, and melanor(dahlamakiet al., 2002)(Fan, Huang, Chen,
Gray, & Huang, 2004) (Lomnytska, Dubrovska, Hellman, Volodko, &
Souchelnytskyi, 2006)Also, it has beenshown to regulate the life cycle and
expression of E6, E7 genes of human papillomavirus (HE&WYy participatbn with

the virus capsid protein L2,binding and suppress of the long coding region
(Schneideret al, 2013) All the same, studies showed the correlation between
expression of TBX2 antumor prognosisincluding metastasis, size, and stage as in
laryngeal squamous cell carcinoma (LSCC)ewr studies showed poor progiss
whenevethere is aroverexpression of TBXPHuanget al, 2014)

TBX2 and TBX2lanother member of- 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 cgiM@rce, Grreira, Brosch,

& Goding, 2005a)Jade Peres et al., 2010he deregulation of TBX2 expression
play an important role in carcinogenesis but, there has been limited information
about the exactunction of TBX2 in the oncogenesis. TBXfas able to maintain
proliferation by avoiding senescence partly through its ability to repress the cell
cycle regulator genes, mouse p19ARF and(pddce et al., 2004) In addition it

was shown to repress human pl#ARy binding to a variant -€Element in its
promoter and to bind and repress p21 via-@lément in its initiator region in €o
operation with histone deacetylase 1 (HDAClingbeek, Jacobs, & Van Lohuizen,
2002)Fig 25.
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Figure2.5. Roles of TBX2 and TBX3 in carcinogenesi€Chang et al., 2016)

Additionally, a pro proliferative factor (Mi}f has been shown to directly activate
TBX2 expression by aonsensus #0x in its promoter in melanomas, but the exact
mechanism that regulate this activatiesill un known(Carreiraet al, 2006) TBX2

has the ability to synergiswith early growth response 1 (EGR1), to repress another
tumor suppressor dyc down regulated gene 1 (NDRG1), in order to increase
proliferationin MCF7 breastancer cell line¢Redmoncet al,, 2010)

2.13The 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, few signalling pathwaysereimplicated in the regulation

of TBX2 gene expression in cancers.

Growth induced factor playa role in TBX2 gene association between cell cycle
regulators and TBX2 functionsThe first role of TBX2have been revealed

in mouse embryonic fibroblasts (MEFs) by its ability to repress p19ARF and p21,
so, bypassg senescence whidk defined as programmed irrevdatg growth arrest
(Vormer, Foijer, Wielders, & te Riele, 2008Yance, Carreira, Brosch, & Goding,
2005b) Gene amplification is one of the most mechanisha causes TBX2 to
overexpress. Related to its locationchromosome 17922, TBX2 is preferentially
amplified in BRCAZX and BRCAZ2 in about 18% of primary breast car(&nclairet

25



al., 2002)(Wu et al, 2001) Thee s also evidence suggesj that amplified TBX2

is able to increase cell proliferation by inhibiting senescdhatis independenon
hormone receptoride estrogen and HER2 signaling. This wegnfirmed by
silencing TBX2 in ER+ and HER2+ MGCF cell lines which reduced substrate
dependent andndependent cell proliferatio@ade Peres et al., 201((3edmondet

al., 2010)

To regulate TBX2 in breast carcinomas thare only a few signaling pathways
including TBX2cysteine protease inhibitor Cystatin 6 (CST&egumain (LGMN)
signaling pathway(Gawenda, Traub, Lick, Kreipe, & Von Wasielewski, 2007)

( DO @etsal, 2014) CST6is considered as strong tumor inhibitor in several
tissues, importantly,it act as aarrier to breast carcinogeneés 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 apopéosls,
programed cell death, in TBX2 expressing breast cancerZeksiweret 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
( D6 Cetslf2814)

Another pathwaythat has been implicated is DNA damagimgathway, which
frequently changed in cancer cells, its approximately 10% of all breast cancer
patiens could be diagnosed by inhenig gene mutationMartin & Weber, 2000)
(Mcpherson, Steel, & Dixon, 2018Ylany studies interested in this pathway reported
that MCF7 breast cancer cell lines which exposed to UWf@uced DNA damage
displayed an up regulated expression of TBX2 protein and its mRNA levels
(Bouwman & Jonkes, 2012)(Abrahamset al, 2010) In responsdo UV treatment

the p38 MAP kinase was stimulated and phosyghte serine residues 336, 623 and
675 of TBX2, because of this phosphorylatioMBX2 geneis dislocated from
cytoplasm to nucleus/hich increass the ability of TBX2 to inhibit p21 gene. This
may help in justification of how TBX2 interrupt cell cycle ¢l (S Wansleberet

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

This pathway comprised of more than gldospholipid dependent threonine/ serine

protein kinases, which conta@ regulatory domain as well as a catalytic region
(Blanquartet al, 2004) These kinases are involved several cellular processs

including gene expressiongpoptosis, survival rate, migration, and proliferation
(Marengoet al, 2011)(Griner & Kazanietz, 2007)

PKC isoforms are lipistlependent kinases and are divided into three categories based

on their structure and requirement for additional -¢actors and calcium,
conventional' (cPKC), 'novel' (nPKC) and 'atypical' (aPKC) groupiflack &

Black, 2012) ConventionaPKCs( P K ® Uh,laln d 2) require bot h
anddiacylglycerol (DAG) for their activation.

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

C (PLC) b or PLCo, whi ch hydbisghbsphate t he
(PIP2 to generate DAG and the soluble @ed 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 tcelihe c
membrane where it interacts willAG, via itsCldomain (Kang, 2014) The
conformational change in the structure PCallows it tophosphorylatéts
substrategBorner, Wyss, Regazzi, Eppenberg&rfFabbro, 1987)Several studies

have demonstrated the significance of PKC expression in breast d@uweer,

Filipuzzi, Wartmann, Eppenberger, & Fabbro, 19@9prseGaudio, Connolly, &

Rose, 1998)( O6 Br i an, Vogel , S i .nP{Cseareats major & War d
cellular target for activation by tumorpromoting phorbol esters (:B-
tetradecanoylphorbel3-acetate (TPA)), thust is not surprising that PKC have the

ability to activate carcinogenegiGopalakrishna & Jaken, 2000)

TBX2 hasbeeninduced by TPA. In embryonic fibroblashis activation redted in

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

and stressctivated kinase 1 (MSK1) proteithis causes conformational change in

chromatin promoter of TBX2yhich in turn recruitesSP1 and activas mRNA for

TBX2 expressior{Teng, Ballim, Mowla, & Prince, 2009)
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Figure 2.6. PKC isozyme regulation and signal transductior(Kang, 2014)

2.13.3Wn t -takbenin signaling pathway

Whn t-c¢atenin pathwaylays animportant 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 coexhctivates dislocation

of the multifunctional kinase GSK b from a regul al3mmry APC
complex. Moreover, it has besnggested that it can prevahe degradation of the
transcr i pt i-cateaird thraughdta bindingoom thebcell surfaeeeptors
(Logan & Nusse, 2004)t is thereforenot surprising that deregulatianf -cafenin
degradation in treated pancreatic cancer cell line via lithium chloride can promote
TBX2 mRNA and protein level¢P. Chen, Tian, & Liu, 2008)Importantly, in
response to this pathwalyBX2 can be activated by the bone morphogenetic protein
(Bmp) 2 and bone morphogenetic protein 4 during theawdeling (Verhoeven,
Haase, Christoffels, Wiinger, & Bakkers, 2011)

In addition tothata st udy r e p ecaténia digndlifg gpathwdymay afso

be significant in Senescence bypas melanoma, even though the involvement of
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Whn t-¢atenin -encouraged activation of TBX2 in these ceks unclear(Viros,
Demirkan, Bastian, Goding, & Larue, 2007)

Frizzled
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Axin| | Dsh
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s

Cell division
DA differentiation
target genes activated

Figure27.T h e ¢ a n o n icatemih sigiating pathway(L. Chen, 2013)
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3. Materials and Methods
3.1 Study design:

CrossSectionalstudy

3.2 Study population:

The study population consisted all diagnosedvomenwith breast canceduring
20152016in Gazastrip, underwent to partial or fuBurgeryat the Gaza European

Hospital(mastectomypy Specialized doctors

3.3 Sample size:

The sample sizenclude51 diagnoseavomen withbreast canceNormal and tumor
tisste biopsies were collected by mastectomy from breast cancer pafiemtsor
tissue sample were taken froiftyf-onebreast cancer patients, whereas normal tissue

samples were taken frofaurty-four patients of them.

3.4 Ethical consideration:

The necessary appral to conduct the study was obtained from Helsinki committee
of the Palestinian Health Research Counadinder approval number
(PHRC/HCA6516) App (5). All steps were in coordination with the oncology and
pathology departments in Gaza European HospNahistry of HealthApp (6). This
study was supported financially by search grant for scientific reseaf@htar
Charity Association (Ibhath).

3.5 Materials required:

Table 3.1 Chemicals andeagents used in the study:

Item Catalog number Company
TBX2 primary antibody Ab33298 Abcam
HRP HiDef2St ep Pol y mer 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 Wa 934B Cell Marque
Buffer + Tween, 20X concentration
Permanent Aqueous Mounting Med 931B Cell Marque
Xylene Zantt
Haematoxylin Himedia
LipofectamineE 200( 11668019 Invitrogen Life
Technology
ACRYLAMIDE/BIS ACRYAMIDE -40% 01-876-1A Biological Industries
BAX antibody sG7480 Santa Cruz
Goat Anti-Mouse IgG  (H+L)HRP 115035062 Jackson immuno
Conjugate research
goat antirabbit IgGHRP SG2054 Santa Cruz
Tris(hydroxymethyhaminomethane 93352 Sigma
Tris-HCL Sigma
Glycine A1067,1000
Enhanced chemiluminescence kit SG2048 Santa Cruze
Developer
Fixer

Fetal Bovine Serum

Biological Industries
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3.6 Equipment:

Table 3.2The main equipment used in the study:

Item

Microtome

Oven

Dispenser

Water path

Safety cabinet

Digital and light mcroscops

Micropipettes

Centrifuge

Dry block

Hot plate

Vortex

3.7 Disposabiles:

Table 3.3The major disposables used in this study included:

ltem

Plade

Adhesive slides

Coverslides

tips

Eppendrof tubes
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3.8 Samples preparation:

Normal and tumorissuebiopsieswere collected by mastectomy frdoneast cancer

patients ancembedded in a paraffin blockSissues were fixeavith 10% formalin

for 24" 48 hours at room temperatuferim fixed tissues into appropriate size and

shape then placed in embedding casseltesrocess paraffin embeddingsues

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

ending with paraffin wax at 60 °Ghis process too& total 16 hours. Finally, tissues

embedded into paraffin blocks.

3.9 Immunohistochemistry:

Breast cancer tissues embedded in paraffin blocks were cut-pntotBick 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 peroxidewere used for blockingThe

sections incubated witlf1:150 dilution of primary mouse monoclonal antibody
TBX2 (ab89220, abcam, USAPrimary antibodies detected by HRP HiDeS@&p

Pol ymer

DetectiontE

JKUSA). FOrab redatjons,ctree IDAB mar g u e

chromogen Kit (957Dc¢ell marque, USAwereused.The presence of HRP polymer

and DAB chromogen produced a brown precipittdtat ould be readily visualized

using the microscope Finally, all sections counterstained with haematoxylin were

dehydrated and mounteNegative controls treatedith the same step&xcept the

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

Microscope(Version 3.3, Ventana, USAFigure (31) show negative and positive

tumor tissues fol BX2 antibody.

40X : «
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Figure (3.1) Immunohistochemistry IIC) staining for tumor tissues in breast
cancer. (aNegativecontrol tumor tissuds not staired by TBX2 primary antibody.
(b) Positive tumor tissue is staiad by TBX2 primary antibody. The blue color
haematoxylin dye and brown col@®AB chromogene.

3.10 Scoring method for TBX2 level:

The normal and tumor tisssistainedby immunehistochemistryvere scored by
pathologist did not involve in any step of immunohistochemistry protocol
preparations and without any information of clinical patients reports. breast
tissue slides were scored using scoring systeith modificatiors (Staining levels
Score) Twenty normal or tumor cells ere ramdomly chosen and score8oth
nuclear and cytoplasmic staining were classified into four gradé&3 ¥ the visual
intensity of expression in celld’he grading criteria of cytoplasmic and nuclear
stainingwere grade 0 means no staining, grade 1 meaesakwntensity, grade 2
means moderate intensity and grade 3 means strong intébsétke et al., 2000;
Sasaki et al., 2006Both nuclear and cytoplasmic proportion were classified into six
grades (D5) by the percentage of positive nucl@ad cytoplasmic stainecklls O

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 sepd&sdebki et al.,
2006; Yarosh et al., 20088y combining bothcytoplasmic and nuclear grades, the
TBX2 level scaes obtained range from 0 to 16. Theygested scoring systein

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 cytoplasmistaining
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 = 10% staining | 2 =Moderate 2 = 10% staining | 2 = Moderate
staining staining
3 = 1X33% staining | 3 = Strong staining| 3 = 1X33% staining | 3 = Strong staining
4 = 3466% staining 4 = 3466% staining
5 =#67¢100% staining 5 = 64100% staining
Adding the two scores togethgives a Adding the two scores together gives g
nuclear score of0-8) cytoplasmic scor¢0-8)
Adding nuclear score {8) and cytoplasmic sco(@-8) together gives total protein leve
of cell byscore(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 statisitalyyzed

using Statistical Package for the Social Scemn (SPSS) program (version 22.0)
Expression of TBX were comparedh normal and breast cancer tissue of patients
samples using standard statistical methd@sccentages and frequencies used to
repregnt most personal information variables, and hotake advantage of them in

the description of the study sample. Then the mean, standard deviagdmgn,

range, maximum and minimunvere calculated ér variables.T test was used for
analysing the differences of TEXprotein expression between tumor and normal
tissues.Corr el ati ons wer e perfor med by Spear |
determine the relation between TBX}vel and clinicopathologicdkaturesnclude

age, tumor size, the largest lymph node size, lymph node metastasis and common
breast cancer biomarkers include: CA35ER, PR and HERZIhis testwerebased

on the study of the relationship between two variables.

MannWhitney Uteg (MW) was applied tacomparetwo groups and used to study

the relationships between TR¢xpression and clinicopathological features include:
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IDC and ILC breast cancer typasid nommetastatic and metastatic breast cancer.
KruskalWallis H-test (KW) was applied for statistitacomparison between three
study groups or morelt was usedto study the relationships between TBX
expression and clinicopathological feasl include breast cancer stagesl(llll and

IV) and histological grades (1, 2 and Bjvalues< 0.05 were considerestatistically

significant.

Diagnostic accuracyof TBX2 levels were detected by receiver operating
characteristic curve (ROCjhe cut off value and area under a ROC curve (AUC)
were also detectetb determine the ability of nuclearytoplasmic and total TBX
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, spegcif
accuracy, positive prective value (PPV) and negative predictive value (NPV) were

calculated.
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4. Results

TBX2 is amember ofT-box transcription facrs family that plays critical roles in
organogenesifPapaioannou, 2014Many evidencs point out a functional linkage
between Tbox genes, cellular differentiation/proliferation, and tumorigenesis,
especially breast cance(slorton 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 cressctional and hospitdlased study included 51 beta
cancer patient samples. Tissues were collected by mastectomy from breast cancer
patients and embedded in a paraffin blocks. Usually, in breast cancer sdmfies
cancer cells and normal cellse found with the normal cells being locaiadthe

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

immunohistochemistry analysis in both norraatl 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.is important to note that the area entitled for

the Gaza European Hospitsfersservices to the population in abdlf the area of

the Gaza Strip from Rafah and Khan Younis to Central Governdrageefore, his

study representa significantportion of Gaza and we can build our discussion on
this. Patients are usually classifidohsed on different clinical and pathological
factors such as age, menopausi@tus, 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 oneof the common risk factors for the development of breast cancer and
breast cancer deaths generally increase in older patients. In 28&lehtynine
percent ofthe new cases and 88% of breast cancer deaths occurtiee American
womenaged50 years and oldgRick et al, 2014) The current study showed that
68.6% of the breast cancer patients enrolled in the Gaza European Hospital during
2015 and 206 weremore than 50 years o(&igure 4.1).

. EXG0year m> 50 year

Figure 4.1 Age distribution of the study population.

4.1.2 Menopausal status:

Another risk factor affecting breast cancer patienteegsmenstrual cycléGoodwin,

Ennis, Pritchard, Trudeau, & Hood, 1999%omen who started menstruating
younger than age 12 have a higher risk of breast calesaiopmentater in their

life. The increased risk may be due to longer lifetirmgposure to reproductive
hormones and has been more strongly linked to ER+ breast cancer than other
subtypes(W. Han & Kang, 201Q)In our population86.36 of the patientsare
postmenopausalvomen which cones in agreement with other studies for other
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populations(Clark, Gary Met al, 1984; Mcpherson, Kt al, 2000; Nelsoret al,

Epremenopausal @ postmenopausal

2013)Figure 4.2.

Figure 4.2: Menopausal status of the study population.

4.2 Breast cancer Staging:

Tumor staging is the princih step for breast cancer diagnosis and treatment. There
are different ways to stagreast cancein which TNM is the most common. TNM
staging system depends on T: tumor sidenumber of infected lymph nodes and M:
presence or absence of metastadasiwig & Weinstein, 2005) According to
American Joint Committee on Cancer (AJCBYeast cancer is classified inttage

0, stage IA, stage IB, stage IlA, stage 1IB, stage IlIA, stage IlIB, and stage IlIC.

4.2.1 Tumor size:

Increasing tumor size has been well established to be associdteal hgther risk of
axillary lymph node metastasis and increabeshst cancer mortalitidiang et al.,
2012) Short term survival rates are associated with tumor sizes more than 5 cm
(Jiang et al., 2012and 49% of our patients have turadarger than 5 cm, which
increases the chances for short term survival Ftese 4.3.
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T1 (>2cm) T2 (2-5cm) T3 (>5 cm) Un known

Percent of patients (%)

B Tumor size

Figure 4.3: Tumor size of the study population.
4.2.2Axillary lymph node:

Thefirst siteat whichbreast cancer is likely to spreatis the axillary lymph nodes.
When these nodes contain cancer cells, there is a higher chance for cancer
cellsspreading to other parts of the bo@ote et al, 1999) Therefore, this is an
important part of the staging apdognosis systems. While 35.3% of our cases are in
NO (noaffectedlymph nodes) stage, 43.2% of them have moderatdorskvasive

cancer (less than ldffectedlymph nodes). However, cancer cells have spread to 10
or more lymphodes in 21.5% of caséggure 4.4

40.0%

30.0% -

20.0%
0.0% . . :

NO (0) N1(1-3) N2(4-9) N30
Number lymph nodes metastasis

Percent of patients (%)

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 malignahbegresence
of tumor cells inother organs of theatients is associated with short survival
(Stopecket al, 2004). Fortunately, 82.3% of our populati@hi d hadetmetastatic
cancer cellgigure 4.5

EMO ( No metastasis)EM1 (metastasis) DUn Known

Figure 4.5: Metastasis status of the study population.

4.2.4Breast cancer stages.

According to TNM system, patients in our populatara distributed as ifigure 4.3.
Notably mostof them are in ge Il (42%) and stage Il (38%). IIA (14%)\B
(24%), 1A (22%), 1lIB (2%), IlIC (18%). While16% of thestudypopulation are in
stagelV, only 4% of them are in the early phase (stageHigure 4.6.

22%

24%

14% 4%

W stagelA Emstage IIA @ stagellB W@ stagelllA
mstagelllB @stagelllC @IV

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

The main way for prediction of axillary lymphode metastasis is lymph node size.
Therefore, it remains a significant cornerstone in breast cancer management
(Obwegesekt al, 2000) Generally, an enlarged lymph nodemore than 1 cnis
supposed to hava higher chance for meistatic involvement and short life time

survival. Unfortunately, 60.8% of the study population have lymph nodesobize
more than 1 cm.

70.0% -
$ 60.0%

a1

o

Q

>
I

40.0%
30.0% -
20.0% -
0 10.0% +
0.0%

ercent of patients (%

X .cm >1cm Un known

® Lymph nodes size

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

4.2.6Histological grade:

Morphological differentiation of tumor tissue represents another important
prognostic factor. WIl differentiatedumors (close to normal tissues organization)
tend to grow and spread at a slower rate thatifferentiatecbr poorly differentiated
tumors(Rakhaet al, 2010) Based on this, tumors are normatlgssified onto: (G1)
well differentiaed (low gradg, (G2) moderately differentiated (intermediate grade),
and (G3) poorly differentiatechigh gradg. Figure 4.8 shows that more tha@% of

our patients have moderately differentiated tumors and 27.4% of lihegenpoorly
differentiated tumors.
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Theseobservations might support the previous staging system which indicated that
most of our population are in stajeand 11l

4%

5.90%
EGrade 1 B Grade 2 @ Grade 3 B Un known

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

4.3 Breast cancer types:

Breast tumorsre classified intseveral typesn which the most commoinesare
invasive ductal carcinoma (IDC), and invasive lobular carcinoma (ILC). While
invasive ductal carcinoma (IDQ)ccurs in74.5% of our breast cancer patients,

23.5% of them werdiagnosed ohavinginvasive lobular carcinom@igure 4.9).

2%

O Invasive ductal carcinom Invasive lobular carcinoma

O Ductal carcinoma in situ

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

Biomarkersaresubstancemade by the tumarellsor by the body in response to the
cancer Commonbreast cancer biomarkers includermones (ER and PRYeceptor
status, human epidermal growth factor receptor 2 (HER2) expressidnseanm
tumor markers like CA1B (Incoronatoet al, 2014; Roset al, 2003)

4.4.1Estrogen and progesterone recept&(ER, PR)

ER and PR has been thmost important predictive biomarker of endocrine
responsiveness and as a prognostic factor for early recurrence of breast cancer
(Bardou, Arpino, Elledge, Osborne, & Clark, 200Bymors that are ER/Rpostive

are much rare likely to respond to hormong#ierapy than tumors that are ER/PR
negative which means, patients with 4gBsitive/PRnegative breast cancers have a
worse prognosis than patients whovéaPR positive tumors Hormonal therapy
significantly decreases morbidity and mortality of breast cancer pafi@atdouet

al.,, 2003; Hammondet al, 2010; Lakhaniet al, 2012) The results of the
immunohistochemistriest can be: 0 (negative), 1+ (borderline), 2+ (positive), or 3+
(also positive)Our results show that about 41.3%, 36.6f thestudy populatiorare

positive for ER, PRespectively Figure (4.0

40.0%

35.0%

S 30.0%
(2]

5 25.0%
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2 20.0%
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c 15.0%
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8 10.0%
5.0%

0.0%

Estrogen (ER) scoring Progesterone (PR)scoring
m O(negative) m 1(negative) m 2(positive) m 3(positive)

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

Similar to ER and PRHER?2 serves as an important biomarker and therapenget

in breast cancer. It is overexpressed in approximately 20% to 30% ofjtadk
invasive breast cancers and has been shown to be a valuable prognostic indicator
(Toss et al, 2017) HER-2 status also predictsesponse to anti estrogeand
cytotoxic chemotherapy. The results of the IHC test can be: 0 (negative), 1+
(borderline), 2+ (positive), or 3+ (also positive). Indedd,.80 of our study
population are positive for HER which means that most ¢iie study population
respondo hornone therapy Figure (4.11).

50.0%
45.0%
40.0%
35.0%
30.0%
25.0%
20.0%
15.0%
10.0%

5.0%

0.0%

Percent of patients (%)

HERZ2 scoring

m O(negative) M 1(negative) m2(positive) M 3(positive)

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

4.4.3CA15-3 status:

Serum level of CA18 isindependent prognostic factor for evaluating outcome or
predicting recurrence of breast can¢ecoronatoet al, 2014) Of our population,
only 15 patients have CAZ13 testresults and7.8% of them show high level of
CA15-3 (>30 U/ml) Figure (4.1
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Figure 4.12: Distribution of the study populationaccording to CA153 level.

4.5TBX2 Expression in normal and cancer breast tissues:

4.5.1 TBX2is 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.,.Z0d BPegin
toexploringthese resulten Palestinian breast cancer patients, immunohistochemistry
assay was performed on 51 Iseeancetissues 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 rabbihaméan TBX2
antibody followed by incubation of sendary antibody excefibr negative control

slides which incubated with PBS instead of primary antibody. The result of
immunohistochemistry scoring display#tht TBX2 protein level in cancer cells is

clearly overexpressed compared wittrmal cell§fP<0.001, t8.454 Figure (4.13).
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Figure 4.13 TBX2 level in normal and cancer tissues of the human breast.
Normal humarbreast 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 staing 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 negatiBXa 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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