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ABSTRACT

The protein product of the normal tumor protein 53 (TP53) gene performs an
essential function in cell cycle control and tumor suppression, and the
mutation of a TP53 gene is an essential step in the development of many
cancers. Despite the reported association of TP53 gene mutations with many
human cancers, the comprehensive computational analysis of single
nucleotide polymorphisms (SNPs) is of paramount importance in predicting
functional and structural impacts of specific SNPs. The aim of this study was
to detect TP53 gene mutations in exon 5-8 in Sudanese patients with
esophageal cancer (EC). In this study 204 esophageal cancer specimens were
collected from different hospitals in Khartoum state, and investigated using
hematoxylin and eosin (H&E) stain for histopathologic classification of EC,
in addition to immunohistochemistry (IHC) stain to detect p53
accumulation, TP53 gene alterations were investigated using
Deoxyribonucleic acid (DNA) extraction from the same specimens followed
by polymerase chain reaction (PCR) and finally DNA sequencing were
screened in 50 formalin fixed paraffin embedded (FFPE) specimen due to
DNA scarcity or absence in part of the specimens and degradation of the
DNA in the rest of them. Computational analysis was performed using
different algorithms to screen for deleterious single nucleotide
polymorphisms (SNPs). In the 204 specimens used, their patients age ranged
from 18-93 years, mean 60 years; those who were <60 years of age were
classified as the young group which comprises 72/204 (35.3%) and
classified the other as the elderly group 132/204 (64.7%). Males were 76
(37.3%) and females were 128 (62.7%). Histopathologically, the EC

specimens were classified as squamous cell carcinoma (SCC; n= 170),
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Adenocarcinoma (AC; n= 21) and undifferentiated carcinoma (n= 13). IHC
positive samples were 56 (27.5%) and negative samples were 148 (72.5%),
the study found there is a significant relationship between sex and
histopathologic diagnosis with SCC being more prevalent in females, AC

and UDC in males.

The 50 EC specimens used for detection of TP53 gene alterations comprised
43 SCC and 7 AC. The results also demonstrated that there are synonymous
SNPs (sSNPs) (n= 4) and non-synonymous SNPs (nsSNPs) (n= 6) in the
TP53 gene that may be deleterious to p53 structure and function. The 50
specimens selected for sequencing, their age range from 20-93 years, with
(<60 years) group comprising 20/50 (40%) and (>60 years) group was 30/50
(60%), also 33(66%) of them were female and 17 (34%) were males and 43
(86%) Were diagnosed as squamous cell carcinoma (SCC) and 7 (14%) as
adenocarcinoma (AC), Additionally, TP53 gene alterations were found in
20/50 (40%) of samples. Six out of ten of TP53 gene alterations occurred in
exon 5, two in each of exons 6 and 8. Only one SNP in position E298Q was
predicted to have a neutral effect and other SNPs were predicted to be
disease related according to MutationTaster software. A total of 15/40
(37.5%) of SCC samples were found to be altered, 12/15 (80%) of them
exist in exon 5 and 1/15 (6.7%) in exon 6, whereas AC showed a higher rate
of alterations 4/7 (57.1%) with 100% involvement of exon 5, and no
involvement of exon 6 and 8. TP53 gene alterations were detected in 20
(40%) of the 50 EC cases investigated. Five out of 13 (38.5%) of SCC cases
that stained positive for p53 protein, showed TP53 alterations, only one
(14.3%) of seven AC samples was positive for p53 protein without

associated genetic alterations and 4/7 (57.1%) showed TP53 mutations only.
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Immunohistochemical stain For P53 was positive in 14/50 (28%) of EC
samples; 13 (92.9%) of them were SSC cases and one (7.1%) AC. Five out
of forty three (11.6%) of SSC and none of AC cases showed both
Immunohistochemical positive stain and alterations of TP53 gene while 8/43
(18.6%) of SSC and 1/7 (14.3%) of AC samples showed
immunohistochemical positive stain but no TP53 gene mutations were
present. Finally 15/50 (30%) of EC; 11 (73.3%) SSC and 4 (26.7 %) AC,
showed immunohistochemical negative stain and positive TP53 gene
alterations. Statistically there is no correlation or significant association
between TP53 gene alteration and sex, age of patients or tumor type. The
study concluded that alterations of exon 5 in TP53 gene of EC patients were
the most frequent. Genomic results have identified a higher TP53 mutation
rate in esophageal AC in contrast to SCC. Also Immunohistochemical
patterns of p53 were not significantly related to mutational analysis results in
the cases examined. Mutation analysis is recommended to be done on the
entire length of the gene using fresh tissue to complete the whole picture in

future studies.
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CHAPTER ONE
INTRODUCTION

1.1. Introduction

Esophageal cancer (EC) is the eighth most common cancer and the sixth
most common cause of cancer death worldwide. The vast majority of cases
occur in underdeveloped regions, and with a higher frequency in men
compared to women (Wang et al. 2010; Kim & Shah, 2017).

A high-risk area for EC is known as the so-called (Asian esophageal cancer
belt), which stretches from north central China into northern Iran, where

esophageal squamous cell carcinoma predominates (Taghavi et al. 2010).

Histologically EC can be classified into two main types: esophageal
squamous cell carcinoma (SCC) and esophageal adenocarcinoma (AC).
These two cancer types differ not only histologically, but also with respect to
their incidence trends, populations they affect, and risk factors (Kamangar et
al. 2009).

The main risk factors for AC are gastroesophageal reflux and obesity and
those for SCC are tobacco smoking and heavy alcohol drinking (Ljung et al.
2013).

Traditionally EC is considered one of the fatal cancers that has not been
studied attentively all around the world, taking in account its aggressiveness
and reduced survival rate; this is because it is largely asymptomatic in its
early stages. But the situation is improving with better diagnostic techniques

that allow for earlier detection and treatment. The overall 5-year survival



rate for EC ranges between 10% and 15%; it ranks sixth among all cancers
in mortality rate ( Corwin, 2008; Wang et al. 2012; Zhang, 2013).

About 50% of cancers extend beyond the primary local region at the time of
diagnosis and almost 75% of surgically treated patients have proximal node
metastasis (Wang et al. 2010).

The TP53 tumor suppressor gene has an open reading frame of 393 amino
acids long, located at the short arm of human 17 chromosome. This protein
plays an important role in the cellular integrity. Loss of P53 activity
predisposes cells to the acquisition of oncogenic mutations and may favor
genetic instability (Lehrbach et al., 2003; Cao et al., 2004).

P53 gene encodes a tumor suppressor protein which plays important role
inside the cell especially in DNA transcription and repair, senescence,
apoptosis, tumor suppression, treatment response and also response to
changes in metabolism (Rivlin et al., 2011). Protein domains represent
independently folding units of protein with a size between 40 to 200 amino
acids. Human P53 protein contains three domains; transcriptional activation,

DNA binding, and oligomerization domains. These domains are edged by a
connecting regions. A proline-rich region links the transcriptional activation
and DNA binding domains, a second proline-rich region links the DNA
binding and oligomerization domains and a basic region forms the C-
terminus of the protein (Stavridi et al., 2005)

Mutations in the P53 gene are quite frequent in esophageal carcinoma with
a distinct pattern reported in tumors from high risk areas compared with low
risk areas (Smeds et al. 2002).

There is now strong evidence that mutation not only abrogates p53 tumor-

suppressive functions, but in some instances can also provide mutant
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proteins with novel activities. Such neomorphic p53 proteins are capable of
dramatically altering tumor cell behavior, primarily through their
interactions with other cellular proteins and regulation of cancer cell
transcriptional programs. Different missense mutations in TP53 may confer
unique activities and thereby offer insight into the mutagenic events that

drive tumor progression (Freed-Pastor and Prives 2012).

In Sudan annually female have high incidence of esophageal cancer than
males and the cases are jumped from 140 in 2000 to 341 in 2012. Most of
the cases are comes from Khartoum, North Kordofan, and West Nile States.
(RICK 2013).

Single nucleotide polymorphism (SNP) is a significant type of genetic
variation commonly detected in human genome (Nadeau 2002). A total of
336845724 SNPs have been identified in humans and have been deposited in
NCBI dbSNP; human P53 gene share of these SNPs 3115 SNPs. SNP
arising in coding region may cause an amino acid change in the
corresponding protein and in such case it is called as non-synonymous SNP
(nsSNP) or may not change the amino acid and here it called synonymous
SNP; these nsSNPs change the protein structure and hence its function,
causing a specific disease (Ramensky et al. 2002; NCBI 2018)

There are recently a number of articles representing the association of SNPs
in the TP53 gene with different cancers type, but in silico analysis has not
yet been discussed on the functional, interactional and structural aspects of
different types of SNPs in this gene. In the current study we used different
bioinformatics prediction tools and databases for analysis of SNPs in TP53

gene.



Aloia et al. (2001) supports the prognostic value of immunohistochemical
tumor markers, specifically the expression pattern of P53 in patients with EC

treated with complete resection alone.

Taghavi et al. (2010) found that Over-expression of P53 in association with
cigarette smoking may play a critical role in esophageal squamous cell
carcinoma (ESCC) carcinogenesis among high-risk population of north-

eastern Iran.

Cao et al. (2004) suggest that the mutation and over expression of P53 may
play important roles in the development of ESCC. The changes in P53 may
reflect environmental exposure to the different combinations of mutagenic
factors and genetic instability demonstrated by the populations in Linxian

and Zhejiang in China.

The study of Shi et al. (1999) suggests that P53 mutation is an early event in
esophageal carcinogenesis occurring in most of the dysplasia and carcinoma

in situ lesions, and cells with such mutations will progress to carcinoma.



1.2. Rationale

The etiology of EC is a complex process that involves cumulative mutations
in multiple genes, but its exact pathogenesis is still unclear. (Wang et al.
2012). In Sudan, researches that discuss esophageal cancer genetics using
computational analysis seem to be limited. Therefore, this study is intended
to discuss changes in P53 gene, its functional impact and relationship with
different demographic and histopathologic features like sex, age of the
patients and type of the tumor in Sudanese patients. To the best of our
knowledge, this research will be the first in this field in Sudan according to
the published data.

1.3. Objectives

1.3.1. General objective
To sequence TP53 Gene mutations exon 5-8 in Sudanese patients with

esophageal carcinoma.

1.3.2. Specific objectives

To describe the histopathological features of EC in Sudanese patients.

To investigate TP53 mutations in EC and correlate them with age, sex and

tumor type.

To investigate the reliability of p53 accumulation as an indicator of p53

genetic alteration.

To compare the frequency and spectrum of TP53 gene mutations in

squamous cell carcinoma and adenocarcinomas of the esophagus.
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2.1 Anatomy and histology of the esophagus:

The esophagus develops from the distal part of the primitive foregut. It is a
hollow soft muscular tube approximately 10 inches (25 cm) long that runs
from the oropharynx to the cardia of the stomach. It is located posterior to
the trachea in the mediastinum of the thoracic cavity. After descending in the
thoracic cavity, the esophagus penetrates the muscular diaphragm. A short
section of the esophagus is present in the abdominal cavity before it
terminates at the stomach. The normal esophagus is indented from above
downwards by the arch of the aorta, the left bronchus and the left atrium
(Ellis and Mahadevan 2013)

The wall of the esophagus consists of four layers: mucosa, submucosa,
muscularis externa and adventitia. The mucosa is lined by stratified
squamous epithelium with underlying lamina propria consisting of blood
capillaries, lymphatics, loose connective tissue and lymphoid aggregates also
has an immunologic role making up the mucosa-associated lymphoid tissue
(MALT). In addition there is a thin muscularis mucosa of double layer
smooth muscle (Gray and Standring 2008; Betts et al. 2014).

The submucosa lies immediately under the mucosa it is highly vascularized
loose connective tissue containing mucous glands. The muscularis externa
consists of skeletal muscle in the upper esophagus, skeletal and smooth
muscle in the middle part and only smooth muscle in the lower esophagus.

The outermost layer is the connective tissue adventitia. The cervical part of
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the esophagus is supplied by the inferior thyroid artery, the thoracic part by
bronchial and esophageal branches of the thoracic aorta and the abdominal
part by ascending branches of the left phrenic and left gastric arteries (Gray
and Standring 2008).

Lymphatic drainage of the upper third of the esophagus is via deep cervical
lymph nodes, the middle third is drained by the superior and posterior
mediastinal lymph nodes whereas the lower third drainage is through the left

gastric and celiac nodes in the abdomen (Snell 2004).

The muscle of the esophageal wall is innervated by both autonomic and
somatic nervous systems. The upper esophagus is supplied by branches of
the recurrent laryngeal nerve and by postganglionic sympathetic fibers. The
lower esophagus is supplied by the esophageal plexus, and contains a
mixture of parasympathetic and sympathetic fibers. Motor fibers via the
vagus and axons from neuronal cell bodies via the recurrent laryngeal nerve
supply cricopharyngeus and the striated muscle of the upper third of the
esophagus. Axons with cell bodies in the dorsal nucleus of the vagus pass
through the esophageal plexus and supply the smooth muscle of the lower
two-thirds of the esophagus. VVasomotor sympathetic fibers also innervate
the vessels of the cervical and upper thoracic esophagus (Michael and
Wojciech 2011; D’ Antoni 2016).

2.2. Physiology of the esophagus:

The main function of the esophagus is to transport swallowed food into the
stomach by peristalsis (Krause 2005; Allen 2008; Marieb 2015). When food
enters the esophagus, the smooth muscle is stretched; this initiates a

peristaltic wave that proceeds along the length of the esophagus, propelling



the food with it. When the peristaltic wave reaches the end of the esophagus,
the smooth muscle at the opening into the stomach relaxes and food moves
into the stomach. Another important function of the esophagus is to prevent
gastroesophageal reflux. When a peristaltic wave is not passing down the
esophagus, the esophageal sphincter is in the closed position, preventing
reflux of stomach contents into the esophagus. Reflux is also prevented due
to the presence of the lower esophageal sphincter is in the abdominal cavity.
This minimizes the pressure difference between the high-pressure abdominal
zone and the low-pressure thoracic area thus preventing the backflow of
food (Corwin 2008).

2.3. Pathology of esophagus

Pathological conditions of the esophagus are variable and include
malformations, inflammatory and non-inflammatory conditions and

neoplasia.

2.3.1. Malformations

The esophagus develops from the distal part of the primitive foregut. From
the floor of the foregut also differentiate the larynx and trachea. This close
relationship between the origins of the esophagus and trachea accounts for
some relatively common malformation such as: esophageal atresia with
tracheoesophageal fistula or esophageal atresia without concomitant fistula
and opening of the upper esophagus into the trachea. Rarely,
tracheoesophageal fistula occurs without atresia (Ellis and Mahadevan
2013). Congenital strictures and congenital fibrosis at the gastro-esophageal

junction (Schatzki ring) may be encountered (Mullick and Falk 2001).


https://en.wikipedia.org/wiki/Schatzki_ring

2.3.2. Inflammation

Esophagitis or inflammation of the esophagus can be caused irritant
chemicals m medications, physical factors, food allergies and infections e.g.
bacteria and mycotic infections. Reflux of gastric juice from the stomach
causes reflux esophagitis which may lead to the development of Barrett
esophagus. The latter is characterized by metaplasia of the lining stratified
squamous epithelia of the lower esophagus to simple columnar epithelia and

may predispose to EC (Shaheen et al., 2009).

2.3.3. Circulatory disturbances

Esophageal varices are one of the important circulatory disturbances. They
form as a consequence of portal hypertension, most often associated with
alcoholic cirrhosis or hepatic schistosomiasis. Esophageal varices may
suddenly rupture causing fatal bleeding, hematemesis and shock (WEST and
MITCHELL 2009).

2.3.4. Motility disorders

Food motility can be affected by different disorders like difficulty in
swallowing (dysphagia), or painful swallowing (odynophagia). In addition to
Achalasia which is refers to a failure of the lower esophageal sphincter to
relax appropriately. This leads to megaesophagus which is a progressive
enlargement of the esophagus. Spasm of esophageal muscles may lead to
chest pain and fibrosis can cause hardening of the esophageal walls and
interfere with peristalsis (Walker and Colledge 2013; Purves et al. 2014).

Cancer causes thickening of the esophagus wall, narrowing of the lumen and

dysphagia. Treatment of esophageal cancer by surgery, radiation therapy or


https://en.wikipedia.org/wiki/Esophagitis
https://en.wikipedia.org/wiki/GERD
https://en.wikipedia.org/wiki/Gastric_acid
https://en.wikipedia.org/wiki/Metaplasia
https://en.wikipedia.org/wiki/Stratified_squamous_epithelia
https://en.wikipedia.org/wiki/Stratified_squamous_epithelia
https://en.wikipedia.org/wiki/Simple_columnar_epithelia
https://en.wikipedia.org/wiki/Esophageal_cancer
https://en.wikipedia.org/wiki/Esophageal_varices
https://en.wikipedia.org/wiki/Dysphagia
https://en.wikipedia.org/wiki/Odynophagia
https://en.wikipedia.org/wiki/Achalasia
https://en.wikipedia.org/wiki/Megaesophagus
https://en.wikipedia.org/wiki/Diffuse_esophageal_spasm

chemotherapy may have side effects which lead to swallowing problems,
such as fibrosis, narrowing of the esophagus and infection (Cancer.Net
2017).

2.3.5. Esophageal tumors:

Esophageal tumors may be benign or malignant. Benign tumors, such as
papilloma, adenoma, Leiomyoma and fibro-vascular polyp may arise from
epithelial or mesenchymal elements. They are usually slow growing and
asymptomatic found incidentally during routine endoscopy or radiography.
They may cause swallowing problems but rarely ulcerate or bleed. Of these,
leiomyoma is the most common benign tumor and usually has a favorable
prognosis (Chou & Gress 2011).

Concerning the malignant type of EC, SCC and AC are the two
morphologic variants that account for more than 95% of EC. SCC is more
common worldwide especially in nonindustrial countries, but in the United
States and other Western countries AC is on the rise (Goljan 2007; Kumar et
al. 2013).

AC is the predominant EC in developed nations and is the most common
primary cancer of the distal esophagus. Barrett's esophagus and long-
standing gastroesophageal reflux disease (GERD) are the most common
predisposing causes. Prevention of GERD and diets rich in fresh fruits and
vegetables decrease the risk for developing AC but dysplasia, tobacco use,
obesity, and previous radiation therapy are considered as risk factors
(Kumar et al. 2013).
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SCC is the most common primary cancer in developing countries and shows
marked geographical variation in incidence. It is more common in black
Americans than whites and is male dominant. Risk factors include smoking,
alcohol abuse and Lye strictures, achalasia, Plummer-Vinson syndrome. It
may be located in midesophagus (50% of cases) and lower esophagus. It
spreads to local nodes first and then to liver and lungs. Dysphagia for solids,
may be with weight loss, is the most common presenting symptom (Goljan
2007; Short et al. 2017).

2.4. Epidemiology of the esophageal cancer

EC is the eighth most common cancer worldwide, with an estimated 572,034
new cases in 2018 (3.2% of all sites), and the sixth most common cause of
death from cancer with an estimated 508,585 deaths (5.3% of all sites) (Bray
et al. 2018).

Incidence rates of EC vary internationally by nearly 16 fold, with the highest
rates found in Southern and Eastern Africa and Eastern Asia and lowest rates
observed in Western and Middle Africa and Central America in both males
and females. EC is 3 to 4 times more common among males than females
(Jemal et al. 2011).

Although SCC accounts for about 90% of cases of esophageal cancer
worldwide, the incidence of and mortality rates associated with esophageal
AC are rising and have surpassed those of esophageal SCC in several
regions in North America and Europe. EC is rare in young people and
increases in incidence with age, peaking in the seventh and eighth decades of
life. AC is three to four times as common in men as it is in women, whereas

the sex distribution is more equal for SCC (Rustgi & El-Serag, 2014).
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EC is one of the least studied fatal cancers worldwide because of its
extremely aggressive nature, poor prognosis and high mortality rate ranking

sixth among all cancers (Zhang 2013).

Epidemiological studies in high-incidence areas have indicated that a high
dietary intake of tannic acid, in the form of strong tea or sorghum wheat, or
dietary deficiencies of riboflavin, vitamin A and possibly zinc may
predispose to cancer, but other factors such as fungal contamination of
foodstuffs, opium wusage and thermal injury may also be involved. In
Western countries, cigarette smoking and drinking alcoholic spirits are
associated with a higher incidence. A factor of current interest is the possible
involvement of HPV. Some ECs contain HPV in their cells, and viruses of
similar subtype can be found in intact and apparently normal esophageal
mucosa. It is therefore possible that virus integrated into the host genome
can bring about oncogene activation and carcinogenesis. The involvement of
papilloma viruses in the development of bovine esophageal carcinoma is
well established (Underwood and Cross 2009).

Worldwide, regions with very high incidence have been identified in Iran,
South Africa, Brazil and Central China. In Henan Province in China the
mortality rate from EC exceeds 100 per 100 000 in males and 50 per 100
000 in females. The squamous epithelia show pleomorphism, disordered
maturation with immature cells and mitotic activity (Underwood and Cross
2009).

By the 1990s, AC was the predominant type of esophageal cancer in the US,
surpassing SCC. In 2014, there were approximately 18,170 incident EC in
the US, 59.9% of which were AC (Rubenstein and Shaheen 2015).
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In European countries, the annual incidence is around 5 per 100 000
population in males and 1 per 100 000 in females. However, there are some
well-defined high-risk areas, such as North-West France and Northern Italy,
where the incidence rises to 30 per 100 000 in males and 2 per 100 000 in

females (Underwood and Cross 2009).
2.4.1 Mortality

Overall factors that were associated with an increased mortality risk
included increasing age at diagnosis, black race versus white race, histologic
grade, primary tumor site in the lower esophagus and abdomen versus upper

regions, and increasing depth of invasion (Eloubeidi et al. 2002).

In previous studies, AC has had a more adverse effect on survival than SCC,
and poorly differentiated carcinoma has had a more adverse effect than well

or moderately differentiated carcinoma (Lieberman et al. 1995).
2.4.2 Survival

Poor outcome of esophageal cancer treatment remains a real problem.
Regardless of improved treatment modalities recurrence is still considered a
major problem even with improved staging and treatment options (Waraich
et al. 2011). EC five year mortality exceeds 85% to 90% (llson 2008).
Survival of patients with EC largely depends on disease stage and
progression. More than 50% of EC patients have advanced, unresectable
disease or present with distant metastases upon diagnosis, with an average of
8 to 10 months overall survival and a dismal 5%-17% 5-year survival rate
(Zheng et al. 2016).
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Patients who have EC experience very poor survival. Only 16% of patients
in the USA and 9% in Europe live for 5 years after diagnosis. This is mostly

because the diagnosis is late and after symptoms occur (Chava et al. 2012).

In a meta-analysis done by Fisher et al. they found that the patients with AC
and TP53 gene mutations have reduced overall survival compared with
patients without these mutations, and this effect is independent of tumor
stage (Fisher et al. 2016).

The fact remains that, regardless of histology, EC has a poor prognosis: only
about 1 in 5 patients survive 3 years or more beyond the date of diagnosis
(Umar and Fleischer 2008).

Unfortunately, a substantial proportion are simply intubated to facilitate
adequate nutrition. The long-term outlook is therefore very poor, with only a
5% survival at 5 years. Most patients die of local disease and
bronchopneumonia exacerbated by malnutrition. Unlike many forms of

cancer, metastases are rarely found at autopsy (Underwood and Cross 2009).

2.5. Preventive factors

Prevention of EC is of extreme importance given the limitations of screening
for esophageal SCC and the minor percentage of patients who develop
esophageal AC in the case of Barrett's esophagus. In order to prevent the
disease we should take in account the risk factors and work on regular
screening for conditions that can lead to esophageal cancer (Chung et al.
2015; Kim and Shah 2017)

In Western countries there is more incidence of AC cases which is

considered one the most predisposing factors for Barrett’s esophagus (BE).
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Eradication of predisposing factors one of the major step for primary
prevention of both esophageal AC and SCC. Primary prevention include:
Avoidance of meat and processed food, lower esophageal sphincter relaxing
drugs, increasing fruits and vegetables consumption, looking after ideal body
weight and lifestyle modification for GERD. In secondary prevention the
recommended steps are; endoscopic screening white men aged over 50 with
long term GERD symptoms approximately 5 years, proton pump inhibitors
(PPI) therapy for GERD and BE. Tertiary prevention include regular
endoscopic surveillance for Barrett's esophagus, Endoscopic treatment of
high grade intraepithelial neoplasia/carcinoma in-situ HGIN/CIS. In eastern
countries SCC more frequent than AC. The primary prevention in this case
Is the avoidance of alcohol consumption, cigarette smoking, betel quid
chewing, meat, processed food, hot drinks, high fruits and vegetables intake
and adequate oral hygiene. In secondary prevention; Endoscopic screening
of high risk population with alcohol consumption, cigarette smoking, betel
quid chewing and history of head and neck cancers. In tertiary prevention;
endoscopic treatment of HGIN, high grade intraepithelial neoplasia; CIS,

carcinoma in situ (Chung et al. 2015) .

2.6. Etiology of esophageal cancer

2.6.1. Risk factors for squamous carcinoma

In retrospective studies of EC, smoking, hot tea drinking, red meat
consumption, poor oral health, low intake of fresh fruit and vegetables, and
low socioeconomic status have been associated with a higher risk of
esophageal SCC (Zhang 2013).
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SCC is the most frequent histological type in black individuals and white
women, while AC is predominant in white men the incidence of esophageal
squamous cell carcinoma is generally higher in men than women in most
countries. Smokers have a 5-fold risk of developing this disease compared to
non-smokers, and alcohol intake relative risk (RR) increases with the
amount of alcohol ingested varying between 1.8 and 7.4 depending on the
weekly volume. The intake of certain types of drink creates worldwide “hot
spots” of squamous cell carcinoma of the esophagus. Mate has been linked
for both amount consumed and temperature. Also individuals who eat foods
rich in nitrogenous components have higher risk compared to those who do
not. Areca nut chewing sometime mixed with tobacco, have been related to
the development of SCC. In addition to deficits of minerals and vitamins,
due to low intake of fruits and vegetables (Wheeler and Reed 2012; Arnal et
al. 2015)

Tylosis is an autosomal dominant disease that are clearly related to the
development of esophageal squamous carcinoma. Familial aggregation in
population of high incidence has also been reported. Four genome wide
association studies (GWAS) conducted in Chinese and Japanese population
have shown genetic susceptibility factors in the development of squamous
carcinoma, especially in heavy alcohol and tobacco users (Zhang et al.
2012).

2.6.2. Risk factors for esophageal adenocarcinoma

Esophageal adenocarcinoma (EAC) is rapidly increasing in incidence in
Western cultures. Barrett’s esophagus (BE) is the presumed precursor lesion

for this cancer. Several other risk factors for this cancer have been described,
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including chronic heartburn, tobacco use, Caucasian race, and obesity.
Despite these known associations, most patients with EAC present with
symptoms of dysphagia from late-stage tumors only a small minority of
patients are identified in screening and surveillance programs (Rubenstein
and Shaheen 2015).

The incidence of esophageal adenocarcinoma is 8-fold more common in
men than in women and 5-fold more common in whites than in blacks in the
United States. The increased incidence of BE is correlated with an increased
incidence of AC in the same period. BE develops in 6%-14% of patients
with GERD and of which, around 0.5%-1% will develop AC. Detection of
low-grade dysplasia was associated with an incidence rate for AC of 5.1
cases per 1000 person-years compared to 1.0 case per 1000 person-years
among patients without dysplasia. These data question the rationale for
ongoing surveillance in patients who have BE without dysplasia (Arnal et al.
2015).

Obesity is a major and consistent risk factor for the development of
esophageal AC. A body mass index (BMI) > 25 was associated with an
increased risk of esophageal AC. Two main mechanisms have been
proposed for the development of esophageal AC in obese patients. First, a
physical mechanism involving an increase in the incidence of GERD, and
second a hormonal-dependent mechanism mediated by inflammatory
markers that are secreted by adipocytes (Renehan et al. 2008; Arnal et al.
2015).

Alcohol is not related to the presence of adenocarcinoma, but smoking

tobacco is a known risk factor, with an OR of 2.7 (95% confidence interval
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(Cl): 1.64-4.45) relative to non-smokers. In a United States case-control
study it was found that a diet rich in vitamins, fruits and vegetables protect

against the development of this disease (Arnal et al. 2015).

Observational studies with a large number of patients showed that the use of
non-steroidal anti-inflammatory drugs (NSAIDs), PPIs and statins in patients

with BE, reduced the progression to adenocarcinoma (Arnal et al. 2015).

Genome-wide association study (GWAS) demonstrated that risk of BE and
esophageal AC is influenced by many germline genetic variants of small
effect and that shared polygenic effects contribute to the risk of these two
diseases. Researchers found that the genetic correlation between BE and
esophageal adenocarcinoma was high. These data strongly propose that
shared genes underlie the development of BE and esophageal
adenocarcinoma. The first GWAS of esophageal AC with BE suggesting
that much of the genetic basis for esophageal AC lies in the development of

BE, rather than it’s to esophageal adenocarcinoma (Ek et al. 2013).

2.7. Signs and symptoms of esophageal cancer

Clinical Manifestations of EC include dysphagia which is one of the most
common and earlier symptom, Anorexia followed by weight loss and pain
from bone metastases often is the first symptom that stimulates a person to

seek care (Corwin 2008).

Early cancers of the esophagus generally are asymptomatic, although
ulcerated lesions may sometimes present with gastrointestinal bleeding, such
as melena, or be found during workup for occult gastrointestinal bleeding or

iron deficiency anemia. Advanced cancers can also cause bleeding, but most
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commonly present with dysphagia. Cancers usually become quite large
before compromising the lumen sufficiently to cause the sensation of
blockage of a swallowed food. Difficulty ingesting solid foods occurs before
liquids. Symptoms commonly have a very gradual onset. Weight loss is
usually present. Odynophagia, the sensation of pain with swallowing is less
common (Lightdale 1999).

Clinical Manifestations include: Dysphagia which is the most common
symptom, Anorexia followed by weight loss and pain from bone metastases
often is the first symptom that stimulates a person to seek care (Corwin
2008).

2.8. Diagnosis of esophageal cancer

Diagnostic Tools that help in the diagnosis of the disease are endoscopy
followed by tissue biopsy which is considered the primary method for the
diagnosis of esophageal carcinoma and X-ray or other diagnostic tests may
be used to identify the secondary tumors(Lightdale 1999; Corwin 2008).

2.8.1 Laboratory investigations

2.8.1.1. Histopathology

Most of esophageal lesions were found to be AC and SCC, with an
insignificant number of adenosquamous lesions and small cell carcinomas.
Whereas the type of carcinoma may have little influence on prognosis in the
majority of lesions, it may be better to have an adenocarcinoma they have
less local recurrence and fewer new primary lesions. Irrespective of the

prognostic implications, it provides useful validation of the presurgical
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diagnosis, which may be important in adjuvant therapy decisions (RCPath

Cancer Services Working Group 2013).
2.8.1.2. IHC markers

In a systematic review done by Wang et al. on immunohistochemical
prognostic markers of ESCC they identified eleven IHC markers with
reproducible results, including eight markers indicating unfavorable
prognosis [epidermal growth factor receptor (EGFR), Cyclin D1, vascular
endothelial growth factor (VEGF), Survivin, Podoplanin, Fascin,
phosphorylated mammalian target of rapamycin (p-mTOR), and pyruvate
kinase M2 (PKM2)] and 3 markers indicating favorable prognosis of ESCC
(P27, P16, and E-cadherin)(Wang et al. 2017) .

2.8.1.3. Inflammatory markers

In a study done by Hardikar et al. they found that C-reactive protein (CRP)
level above the median was associated with 80% increased risk of
esophageal AC. Persons with interleukin 6 (IL-6) levels above the median
also had almost twofold increased risk. Concentrations of tumor necrosis
factor (TNF) receptors and F2-isoprostanes were not associated with AC risk
(Hardikar et al. 2014).

In a study done on squamous cell esophageal carcinoma patients. The CRP
level was measured prior to and following the completion of neoadjuvant
Radiochemotherapy (RCT). CRP levels were high prior to treatment;
however, eventually decreased and normalized following the therapy. In
univariate analysis, pre-therapeutic CRP levels had a significant influence on
the response rate, whilst post-therapeutic CRP levels had no significant

influence. And no association was observed between CRP levels and
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survival. This preliminary data indicated that the pre-therapeutic serum CRP
level is a possible indicator of treatment response to RCT (Badakhshi et al.
2016).

A total of 283 patients 201 with EAC and 82 were found to have ESCC with
locally advanced EC were enrolled in a study done by Jomrich et al. 167
patients received neoadjuvant treatment (59.0%). Simple analysis revealed
that there were significant differences in cancer specific survival in relation

to elevated CRP, lymph node status (Jomrich et al. 2017).
2.8.1.4. Molecular Diagnosis
2.8.1.4.1. DNA extraction

Extracting DNA from (FFPE) tissue still considered as a challenge, great
effort has been made to improve the available methods for extracting DNA

from FFPE samples with higher quality (Lin et al. 2009).
2.8.1.4.2. Polymerase chain reaction

The polymerase chain reaction (PCR) revolutionized the field of molecular
biology. many copies can be generated from very small amount of DNA for
advanced analysis (Boyle 2014). This copying process consist of different
steps include consecutive cycles of heating and cooling of samples in a
thermal cycler machine for more than 30 cycles (Butler 2011). This process
lead to production of a considerable amounts of DNA sufficient for a variety
of analyses, including subsequent sequencing analysis (Boyle 2014).
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2.8.1.4.3. DNA sequencing

DNA sequencing is the technique used to determine the nucleotides
sequence within a DNA. Knowledge of DNA sequences has become an
important tool in different research aspects and has applications in wide
range of scientific fields. DNA sequencing was first introduced in mid-fifties

by Fred Sanger, to determine insulin molecule sequence (Pham 2018).
2.8.2. Imaging techniques

Most patients with esophageal cancer present with dysphagia, which is
typically a symptom of advanced disease. Barium studies are often used to
evaluate these patients and double contrast barium studies have been found
to be sensitive for the detection of carcinoma of the esophagus and
esophagogastric junction with a positive predictive value of 42% (lyer and
Dubrow 2004).

Computed tomography (CT) is considered complimentary to endoscopy and
barium studies and is used to stage and follow esophageal tumors. CT can be
used to define the local extent of tumor by showing the extent of
involvement of the esophageal wall by tumor and tumor invasion of the peri-
esophageal fat. CT cannot reliably delineate the individual layers of the
esophageal wall and therefore cannot distinguish between T1 and T2 lesions.
Infiltration of the tumor into the peri-esophageal fat as seen on CT denotes a
T3 tumor and does adversely affect prognosis, although en-bloc resection for
cure may still be attempted (Saunders et al. 1997; lyer and Dubrow 2004).

Magnetic resonance imaging (MRI) provides little advantage over CT in

staging esophageal tumors. MRI also cannot reliably distinguish the
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different layers of the esophageal wall, which is crucial for accurate local
staging. Nodal disease and distant metastases can be shown by CT or MRI
(lyer and Dubrow 2004).

2.9. Treatment

2.9.1. Surgery

The surgical approach used for esophageal resection depends on tumor
characteristics and location, the surgeon's training and experience, and
overall surgical philosophy. The most popular approaches. In the United
States are transthoracic and transhiatal. There are purported advantages and
disadvantages to each approach. The transthoracic technique permits direct
visualization of the tumor and dissection of more periesophageal and nodal
tissue. The disadvantage of this operation is the cardiopulmonary insult
imposed by a thoracotomy and the increased morbidity of anastomotic leak
in the thorax. The transhiatal approach has the potential to minimize
respiratory compromise, and anastomotic complications are usually easily
managed. Its disadvantages are the inability to perform a complete node

dissection or to always completely visualize the tumor (Reed 1999).
2.9.2. Radiation therapy
2.9.2.1. Radiation Alone

When using radiation therapy alone that results in poor local control and
poor survival. Local recurrence rates range from 52% to 77% with standard
fractionation. Five-year overall survival rates range from 0% to 21%. In the
largest review, which comprised 49 series and included 8,500 patients

with esophageal cancer treated with radiation therapy alone, 1, 2 and 5 year
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overall survival (OS) rates were 18%, 8%, and 6%, respectively (Shridhar et
al. 2013).

2.9.2.1.1. Preoperative Radiation

There is several randomized studies have confirmed the validity of
concurrent chemoradiotherapy to radiotherapy alone for surgically
inoperable patients (Aradjo et al. 1991; Herskovic et al. 1992; Kolaric et al.
1992; Al2sarraf et al. 1997).

In a trial conducted in India 1999, they found both surgery and radiotherapy
can improve the quality of swallowing significantly for patients with
operable esophageal carcinoma. Surgery is slightly superior to radiotherapy
in improving the quality of swallowing. Survival in the surgery arm was

significantly better than that in the radiotherapy arm (Badwe et al. 1999).

Many randomized trials were conducted to lower total doses and shorter
intervals from end of radiation to surgery compared with modern treatment
regimens. The 5-year OS rates ranged from 9% to 30% for surgery alone
and 9% to 45% for radiation and surgery. Time to surgery also differ,
ranging from 8 days or less to 2 to 4 weeks. A meta-analysis of randomized
trials was conducted to assess the benefit of neoadjuvant radiation compared
with surgery alone. There was increased survival with preoperative radiation
(Shridhar et al. 2013).

2.9.2.1.2. Postoperative Radiation

The Japanese Esophageal Oncology Group (JEOG) evaluated postoperative
radiotherapy versus chemotherapy. Overall survival was no different; 3-year

survival rates were 51% in radiation therapy and 52% in chemotherapy and
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local recurrence rates were also equivalent. On the other hand in a
retrospective study conducted by Chen et al of patients with SCC of the mid-
thoracic esophagus, local lymph node recurrence rates were considerably
increased with adjuvant radiation therapy compared to chemotherapy or no
adjuvant therapy group 20.4%, 32% and 42.7% respectively. In conclusion,
postoperative radiation alone should not be considered as a therapeutic
choice (OncologyGroup 1993; Chen et al. 2009).

2.9.2.2. Adjuvant and Neoadjuvant Chemoradiation

Adjuvant therapy for cancer usually refers to surgery followed by chemo or
radiotherapy to help decrease the risk of the cancer recurrence. In patients
with node-positive AC of the gastroesophageal junction, adjuvant
chemoradiotherapy is the standard approach (Shridhar et al. 2013; MFMER
2015).

Radiochemotherapy is the treatment of choice for nonsurgical patients, with
survival rates similar to those after surgery alone. Persistent disease after
synchronized radiochemotherapy indicate a locoregional failure.
Neoadjuvant Chemoradiation which involve adding surgery to definitive
concurrent radiochemotherapy has increased locoregional control without a
detectable benefit for overall survival rate. It has been shown to downstage
tumors and increase the complete resection rate. However, this treatment
method remains uncertain because there is no survival benefit recognized

with such an invasive treatment (Liao et al. 2007).
2.9.2.3. Esophageal cancer and radiation therapy side effects

Side effects of radiation therapy for esophageal cancer include: Skin

reactions which include redness, dryness, itchiness and darkening or
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thickening; fatigue triggered by anemia, poor appetite or depression and
toxic substances from cancer cells break down; nausea and vomiting which
Is occur a few hours after radiation treatment or chemoradiation; xerostomia
occurs within the first 2-3 weeks of treatment and can become worse as
treatment goes on. Radiation also can cause pharyngitis or esophagitis,
which can make swallowing difficult, it’s usually start 2—3 weeks after
radiation treatment starts. A stomatitis or oral mucositis may occur if
radiation therapy includes the mouth or after chemoradiation. A sore throat
may occur if radiation is given to the upper part of the chest, symptoms
improve a few weeks after treatment is completed. Diarrhea it may occur if
upper abdomen is being treated. Diarrhea usually goes away once radiation
therapy treatments are done. Loss of appetite which can lead to weight loss
and malnutrition. Furthermore narrowing of the esophagus which is related
to esophagitis. Also pulmonary, cardiac, and mucosal toxicities happens
especially after radiochemotherapy. Moreover fistulas may develop between
the esophagus and trachea in people treated with radiation therapy for
esophageal cancer. This may cause some food leak into the trachea, which

can lead to infection and choking (Liao et al. 2007; Society 2018).
2.9.3. Endoscopic treatments

2.9.3.1. Endoscopic mucosal resection EMR

EMR has been used since 1955. And involves a submucosal injection/lift of
the lesion to create a fluid cushion that creates a safety margin for cautery
and cutting. Advantages of EMR include simplicity of the technique, safety,

larger samples can be obtained in contrast to biopsies. Limitations include a
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higher recurrence rate and lower rates of en bloc resection than Endoscopic

submucosal dissection (ESD) provides (Balmadrid and Hwang 2015).
2.9.3.2. Endoscopic submucosal dissection ESD

ESD technique arose from the high incidence of gastric cancer in Asian
populations to reduce mortality from cancer, ESD was perfected in these
countries and applied to different parts of the gastrointestinal (Gl) tract, such
as the esophagus. ESD is a challenging technique that involves creating a
large submucosal cushion through submucosal injections, and through the
use of various cautery needle knife devices, cutting the lesion out in one
piece. Extensive training and appropriate numbers of procedures are
Important in mastering this technique. Difficulty of visualization and
positioning in addition to bleeding happens during the procedure.
Complication rates and total procedure time will be higher at the start, but
decrease with increased procedure volume and experience. In general,
curative resection and recurrence rates are better in contrast to conventional
EMR (Balmadrid and Hwang 2015).

2.9.4. Chemotherapy

Chemotherapy can be introduced at different times during treatment of EC.
Adjuvant chemotherapy is a type of chemotherapy that can be given after
surgery. The goal is to kill any cancer cells that may have been left behind
during surgery, as well as cancer cells that might have escaped from the
primary tumor and spread into other parts of the body. Another type is
neoadjuvant chemotherapy which is a type of chemotherapy given before
surgery often with radiation in order to shrink the tumor and make surgery

easier. Finally there is chemotherapy for advanced cancers; it used for
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metastasized cancers that have been spread to other organs, such as the liver,
lung or bone it helps minimize tumor size and relieve symptoms of the
disease. The goal here is not to cure the cancer but to extend overall survival
(Society 2017).

2.9.4.1. Chemo-drugs used to treat esophageal cancer

There are common drugs and drug combinations used to treat esophageal
cancer. Older single agents includes bleomycin, 5-fluorouracil (5-FU)
cisplatin, and mitomycin carboplatin. In addition to taxanes and other new
agents. taxanes are a class of anticancer their mode of action depends on
binding to tubulins/microtubules which suppress the microtubule dynamics
and results in the blockade of cell mitosis, and eventually apoptosis.
Examples of this type is oxaliplatin, paclitaxel and topoisomerase | inhibitor
etoposide. Finally there is combination chemotherapy like Cisplatin and 5-
FU, Epirubicin/Cisplatin/5-FU and Paclitaxel/Cisplatin/5-FU (llson 2008;
Ojima et al. 2016).

2.9.5. Targeted therapy

For esophageal squamous cell carcinoma and gastro-esophageal
adenocarcinoma, possible tumor targets have been described and many
targeted therapies for esophageal cancer are in various phase I and Il clinical
trials. In esophageal cancer, novel targeted treatments are in early
development, although encouraging results have been reported with
antibodies directed at the EGFR and VEGF ligand, as well as with the oral
TKIs. In the near future, new research trials will expand our treatment

options significantly (Tew et al. 2005).
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2.9.6. Immunotherapy

Also referred to as biotherapy. Complete remissions can be achieved by
inducing an immune response against a number of cancers. This type of
treatment have fewer side effects than other cancer management methods
because of its mechanism of action, and is a potential option for peoples

with cancer that is resistant to chemotherapy and/or radiation (Chen 2018).

Esophageal squamous cell carcinoma have been frustrating to treat, with
slow progress made on extending survival. Immunotherapy targeting
immune checkpoints, T cells, and infiltrating lymphocytes has shown
promise in early studies. The efficacy of pembrolizumab and nivolumab is
encouraging. Anti-chemokine receptors and oncolytic viruses are also
making headway against these stubborn tumors; improved results when
immune checkpoint inhibitors are combined with radiation therapy are
eagerly anticipated. Adoptive T cell therapy and vaccines are also under

development (Kojima and Doi 2017).
2.10. Complication of esophageal cancer

Dysphagia, difficulty or discomfort in swallowing, is one of the most
common complication of EC among patients with unresectable disease.
There are five levels of dysphagia, starting from the ability to eat a normal
diet to some solids, semisolids, liquids and to complete dysphagia (Dai et al.
2014).

Tracheoesophageal fistulas also is another EC complications which is an
abnormal opening that arises between the trachea and the esophagus due to

the close anatomical relationship; in this case advanced esophageal cancer
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can directly invade into the respiratory tract. As a result oral feeding is
compromised and the quality of life in these patients is significantly reduced.
Treatment options of tracheobronchial fistula includes both placing of

endoscopic stent and surgical bypass (Kimura et al. 2015).

Anemia is a frequent finding in cancer patients, occurring in >40% of cases.
In patients treated with chemotherapy, the incidence of anemia may rise to
90%. Anemia exerts a negative influence on the quality of life of cancer
patients as it may contribute to cancer-induced fatigue. Anemia has also

been identified as an adverse prognostic factor (Dicato et al. 2010).

Weight loss in patients with esophageal cancer occurs as a result of
dysphagia, leading to reduced food intake, increased energy consumption
caused by systemic inflammation induced by the tumor which enhances
weight loss. This systemic inflammation results from local effects of the
tumor directly or as secondary host response to tumor tissue necrosis and
hypoxia. Thus, unintentional weight loss will occur in approximately 80% of
all patients with esophageal cancer before diagnosis (van der Schaaf et al.
2014).

Metastasis is one of the common complications of EC. However, by the time
most patients present with symptoms a direct spread to adjacent and distant
organs has occurred. The most common areas of esophageal cancer
metastases is lymph nodes, liver, lung, bones, adrenal glands, and brain in
addition to other less common areas in the body (Underwood and Cross
2009; Shaheen et al. 2017).
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2.11. Bioinformatics tools used in mutational analysis:

2.11.1. FinchTV

FinchTV (https://digitalworldbiology.com/FinchTV) shows base calls and

the chromatograms displays quality values above the trace, and allow to edit
bases and save the edited file, download the file in (FASTA format) for
analysis in other computer packages, and to perform a BLAST search one
sequence, It also allows adjustment of vertical and horizontal scales and
provides with the ability to print out trace all on one page in Portable
Document Format (PDF) format (Leicester 2012; Bio-Rad [n.d.]).

2.11.2. CodonCode aligner

Sequences were assembled into contigs end clipped and edited using
CodonCode Aligner software 8.0.1 (www.codoncode.com) (Dedham, MA).
2.11.3. BioEdite

BioEdit (http://www.mbio.ncsu.edu/BioEdit/bioedit.html) is a biological

sequence alignment editor makes alignment and management of sequences
relatively easy on computer. The program allows shaded alignment figures

and automated ClustalW alignment (Theraputics 2005).

2.11.4. SIFT Program

SIFT (Sorting Intolerant from Tolerant) tool (http://sift.bii.a-star.edu.sg/)

uses sequence homology to calculate the probability of affecting protein
function in case of amino acid change. It uses the concept of evolutionarily
conserved regions which is less tolerant to mutations, and therefore amino
acid change or frame shift mutations in these regions are expected to affect

protein function the most. SIFT tool works by introducing a query protein
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into SIFT program to be searched against protein database and aligned with
homologous protein sequences. Then the program calculate SIFT score
based on amino acid changes in that position. A SIFT score ranges from 0 to
1. Score less than 0.05 is predicted to affect protein function and considered
functionally deleterious, whereas any score more than or equal to 0.05
represents a neutral substitution(Sim et al. 2012; Capriotti et al. 2013; Hepp
et al. 2015)

2.11.5. PolyPhen -2

PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/) (Polymorphism

Phenotyping v2) is a structural and functional predicting tool that predicts
the effect of amino acid change on protein characteristics based on SNPs
functional annotations, protein structural properties with sequence
annotation, and finally predicst if the coding nonsynonymous SNPs is
considered damaging or not (Adzhubei et al. 2010; Adzhubei et al. 2013).

PolyPhen-2 workflow requires protein sequence, mutational position and
substitution. The PolyPhen output is represented with a score that ranges
from 0 to 1, with zero score indicating a neutral effect of amino acid
substitutions on protein function and a higher scores representing a mutation

that is more likely to be damaging (Jia et al. 2014).
2..11.6. I-Mutant 3.0

I-Mutant 3.0 (http://gpcr2.biocomp.unibo.it/cqgi/predictors/I-Mutant3.0/1-

Mutant3.0.cqi) is a support vector machine (SVM) based tool, which was

used to calculate the stability changes of specific SNP upon protein

sequence. Information of wild and mutated residue, protein sequence,
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temperature and pH were used as input parameters to this server, and finally
the outputs reports if a point mutation is stable or not. The program
categorizes the prediction into: neutral mutation (DDG = 0.5 kcal/mol), large
decrease of stability (<— 0.5 kcal/mol) and large increase of stability
(> 0.5 kcal/mol). The output is a free Gibbs energy change value (AAG) of
protein before and after mutation (Capriotti et al. 2005; Doss et al. 2012)
2.11.7. PhD-SNP

PhD-SNP  (Predictor of Human Deleterious Single Nucleotide

Polymorphisms) software (http://snps.biofold.org/phd-snp/phd-snp.html) is a
prediction tool that predict disease association of nsSNP by dividing those
SNPs into disease related or neutral polymorphism based on a score ranged
from (0-1); SNPs with score above 0.5 are considered disease associated
according to the program algorithm. PhD-SNP outputs depend on a number
of sequences aligned, conservation index of SNP position, and frequencies

of wild and mutant residues (Capriotti et al. 2013; Hepp et al. 2015)
2.11.8. Structural analysis using Project HOPE

Structural and biochemical analysis for mutations was accomplished using

Project HOPE. HOPE (http://www.cmbi.ru.nl/hope/home) is a web-server

used to give a comprehensive report on the effect of the specific mutation on
the 3D structure of the protein using different software and sources. The user
can submit a protein sequence or an accession number of specific protein
after specifying the wild type residue and the new mutant form to create the

report.
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2.11.9. MutationTaster

MutationTaster (http://www.mutationtaster.org/) calculates the pathogenic
consequences of variations in DNA sequence. It predicts the functional
Impact of amino acid alterations, intronic and synonymous substitutions, in
addition to INDEL mutations and variants covering intron-exon connection
region. Mutation Taster prediction system divides alterations as; disease
causing: which is probably deleterious, disease causing automatic: the
alteration here is known to be deleterious, polymorphism: probably harmless
alteration and polymorphism automatic: known to be harmless (Schwarz et
al. 2014; Schwarz and Seelow [n.d.]).

2.11.10. Catalogue of somatic mutation in cancer (COSMIC)

The COSMIC (Catalogue of Somatic Mutations in Cancer)

(https://cancer.sanger.ac.uk/cosmic) database have been established to store

somatic mutation data in one place and display all information related to

human cancer (Bamford et al. 2004).
2.11.11. FATHMM

FATHMM  (http://fathmm.biocompute.org.uk/)  (Functional  Analysis

Through Hidden Markov Models) is a web-server predicts the functional
significances of both coding and non-coding variants. We selected the
cancer option to display predictions that can distinguish between cancer
promoting/driver mutations and other germline polymorphisms. It uses a
default prediction threshold of -0.75. Predictions with scores less than this

indicate that the mutation is potentially cancer associated.
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MATERIALS AND METHODS

3. 1. Type of the study

This descriptive retrospective hospital based study was conducted during the
period from July 2013 to July 2018 in different hospitals and medical centers
in Khartoum State including: The National Health Laboratory, Ibn Sina
Teaching Hospitals, National Radioisotope and Radiotherapy Center,
Omdurman Teaching Hospitals, Khartoum Teaching Hospital, Alribat
National Hospital, Alrrahma laboratory, Bahry Teaching Hospital, Military
Hospital, Total lab Care Laboratory, Alalim Laboratory and Soba Teaching
Hospital.

3.2. Study area

The study has been carried out in Khartoum State which lies between
longitudes 31.5 to 34 °E and latitudes 15 to 16 °N. Khartoum State
comprises three localities with total area of about 22,142 km2 and
population of 7,687,500 people (Geohive 2008; Central Bureau of Statistics
Sudan 2017).

3. 3 Study Samples

Patients Samples diagnosed with EC regardless of sex and age were included
in this study. Patient diagnosed with other upper digestive tract problems

were excluded.

3. 4. Samples (Materials)
A total of 204 tissue blocks belonging to EC patients were obtained from the
histopathology departments of different hospitals mentioned above after all
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ethical considerations have been fulfilled; the samples pertain to the period
2013-2017. Information about patients such as sex, age were also obtained.
The sample size was calculated according to the internet sample size
calculator based on the following data; esophageal cancer incidence rate
between Sudanese population of (rate = 5.8 per 100,000), confidence level
of 95% and 5% margin of error (SurveyMonkey 1999; Saeed et al. 2014).
3.5. Samples processing

The 204 biopsy samples collected were used for histopathology,

immunohistochemistry and DNA extraction for molecular studies.

Two serial sections 4 um thick were prepared from each paraffin block for
histopathology and immunohistochemistry using a rotary microtome.
Similarly, 3-4 sections 10 um thick were cut for molecular study. Sections
for histopathology were stained with hematoxylin and eosin as described by
(Suvarna et al. 2012).

The stained sections were initially examined twice by different pathologist
form different hospitals and then confirmed by a single pathologist and the
results briefly described and categorized as normal esophageal histology,
dysplastic changes, AC, and SCC. The slides were once more examined
under Binocular light microscope, Olympus Optical Co. Ltd, Japan),
adequately described and photographed using Sony digital camera, Model
DSC W30, Japan.

3.6. Immunohistochemistry protocol:

Immunohistochemical staining was performed on 4 um paraffin sections
prepared from biopsy samples using primary antibodies (Rabbit monoclonal
antibody, code CMC45331010) from CELL MARQUE, SIGMA-ALDRICH
company, against P53. The sections were  mounted onto poly-Llysine-
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coated slides (Dako). Positive and negative controls were run in parallel with
test slides, and included known positive p53 tissue section and negative
staining tissues controls with a test sections processed with omitted step of
primary antibody (reagent controls), and histologically matching the normal
esophageal tissue. Following deparaffinization in xylene, slides were
rehydrated through a graded series of alcohol and were placed in distilled
water. Antigen retrieval was performed by boiling slides in antigen retrieval
solution (1 mM citrate buffer) (pH 6.0), by water bath at 95° C for 30 min.
after washing with PBS for 3 min Endogenous peroxides activity were
blocked with 3% hydrogen peroxide and methanol for 10 min, and After
washing with PBS for 3 min then slides were incubated with (100 p L) of
monoclonal rabbit antihuman, against p53 for 30 min at room temperature in
a humidity chamber. Primary anti-p53 antibodies identifying both mutant
and wild-type p53. After washing with PBS for 3 min, binding of antibodies
detected by incubating for 20 min with dextrin labeled polymer (Dako).
Finally, the sections were washed in three changes of PBS, followed by
adding 3, 3 di amino benzidine tetra hydrochloride (DAB) as a chromogen to
produce the characteristic brown stain for the visualization of the
antibody/enzyme complex for 5 min. After washing with distal water for 3
min. slides were counterstained with Mayer’s haematoxylin for one min
were washed in running tap water for 10 minutes (bluing), then dehydrate
and, cleaned, mount in distyrene plasticizer xylene (DPX). Each tissue
sections were evaluated independently by two investigators. A sample was
defined positive when 10% of the neoplastic cells demonstrated nuclear
staining (Cao, et al. 2004).
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3.7. Molecular genetics:

3.7.1. Extraction of DNA from paraffin-embedded samples:

Genomic DNA for PCR analysis was extracted from FFPE tissue blocks by
commercial DNA extraction kits (blackPREP FFPE DNA Kit, Analytikjena,
Germany). Three to four (10-15 um each) sections were cut from each
paraffin block and put into 2.0 ml reaction tubes. New pair of gloves was
used for each block. The chuck, forceps and knife holder were cleaned with
xylene and rinsed with alcohol between sectioning of the blocks. To avoid
contamination, sections from each block were cut using a new or unused
area of microtome blade.

3.7.2. DNA extraction procedure:

Sections of FFPE material was put into 1.5 ml reaction tube and centrifuged
at maximum speed for 1 minute. 400 pl Lysis Solution MA and 40 pl
Proteinase K were added to the sample in the reaction tube and mixed
vigorously by vortex for 10 seconds. The reaction tube was incubated at 65
°C for 1 hour in an incubator under continuous shaking at 1,000 revolutions
per minute (rpm), to help in lysis of the sample. After lysis, the sample was
placed into an incubator pre-heated to 90 °C and incubated for 1 hour under
continuous shaking at 1,000 rpm. The sample was then incubated at room
temperature for 5 minutes. The sample was centrifuged at maximum speed
for 2 minutes and then transferred into a new 2.0 ml reaction tube avoiding
carryover of residual FFPE material. 400 ul of absolute ethanol (96-99 %)
was added to the sample, mixed vigorously by vortex for 10 seconds. The
sample was then applied onto a Spin Filter located in a 2.0 ml Receiver
Tube. After closing the cap the tube was centrifuged at 12,000 rpm for 1
minute. The Spin Filter was opened and 500 ul Washing Solution C was
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added and after closing the cap centrifuged at 12,000 rpm for 1 minute. The
Receiver tube with the filtrate was discarded and the Spin Filter placed into a
new 2.0 ml Receiver Tube. Step 9 was repeated but using 650 ul Washing
Solution BS and the Spin Filter placed into a new 2.0 ml Receiver Tube.
Step 9 was again repeated but adding 650 pl ethanol absolute (96-99 %) and
the Spin Filter placed into a new 2.0 ml Receiver Tube. The receiver tube
was then centrifuged at maximum speed for 3 min to remove all traces of
ethanol and then discarded. The Spin Filter was subsequently placed into a
1.5 ml Elution Tube and 100 pl Elution Buffer added. After incubation at
room temperature for 2 minutes it was centrifuged at 12,000 rpm for 1
minute (Analytic Jena 2017). Extracted DNA was frozen in 1.5 ml tubes at -
20°C until PCR detection of TP53 exon 5-8 commenced.

3.7.3. Polymerase chain reaction (PCR)

Four pairs of primers were used to amplify exon 5-8 DNA sequences of P53
gene. 2-5 ul of genomic DNA in 50 pl final reaction volumes was amplified
using PCR protocol as follow: amplification conditions were; 95°C for 5
min, followed by 37 cycles at 95°C for 45 sec, primer-specific annealing
temperature for 45 sec, 72°C for 45 second a final extension at 72°C for 5
min. 5 pl of the PCR products were applied on 2 % agarose gel and
remaining PCR products were sequenced directly.

3.7.4. Gel-electrophoresis:

The PCR products were visualized in 2% Agarose gel with Ethidium
bromide staining 0.5 pg/ml working solution. The gel was prepared by
dissolving 2 gm of agarose powder in 100 ml of 1X TBE buffer and heated
at microwave oven for 60 sec until the agarose completely dissolved and

clear, then left to cool at room temperature, one pl ethidium bromides was
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added. The comb was then placed appropriately in the electrophoresis tray
and then gel was slowly poured to avoid bubble formation and left to settle
down for 30 min for solidification. 4 ul of 50 bp DNA ladder and 5 ul PCR
product was loaded on the gel. Gel electrophoresis was performed at 100V
and 36 Am for 30 minutes. Final results were viewed using UV Light gel

visualization machine.

3.7.5. Interpretation of PCR results
PCR product length for exon 5 is 184 bp, exon 6, 128 bp, exon 7, 117 bp and

141 bp for exon 8 as shown in (Table.1).
Table 1. P53gene primers set.

Exon Sequence A. Temp. P.Size

Forward: 5'-TAC TCC CCT GCC CTC AAC AA-3
Exon 5: 59.7°C 184
Reverse: 5'-CAT CGC TAT CTG AGC AGC GC-3'

Forward: 5>-TTG CTC TTA GGT CTG GCC CC-3’
Exon 6: 58.2°C 128
Reverse: 5°-CAG ACC TCA GGC GGC TCATA-3’

Forward: 5°>-TAG GTT GGC TCT GAC TGT ACC-3’
Exon 7: 59.3°C 117
Reverse: 5>-TGA CCT GGA GTC TTC CAG TGT-3’

Forward: 5°-AGT GGT AAT CTA CTG GGA CGG-3’
Exon 8: 53.8°C 141
Reverse: 5>-ACC TCG CTT AGT GCT CCC TG-3’

3.8. Tools and web servers used in bioinformatics analysis of DNA
sequences

The SNP information (SNP ID, amino acid position, mRNA accession
number NM_000546.5, and protein accession number NP_000537.3) of the
human P53 gene used in computational analyses was retrieved from
Ensembl genome browser and the National Center for Biotechnology

Information (NCBI) database of SNPs (http://www.ncbi.nlm.nih.gov/snp/).
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The nucleotide and amino acid sequence of TP53 protein was obtained and
investigated using nucleotide database NCBI, Basic Local Alignment Search
Tool (BLAST) and UniProt Protein Database (http://www.uniprot.org).

Sequence data are available at GenBank under accession numbers
EUQ78744 to EU078840.

3.9. Statistical analysis

Data were analyzed using statistical package for social
science software (SPSS software v. 21.0), frequencies were calculated. The
results were evaluated using chi squire test and correlation and the

differences were considered statistically significant when P. value < 0.05.

3.10. Ethical considerations

The study was approved by Sudan University of Science and Technology
ethics committee. (No: DSR-IEC-13-05). Patients consent cannot be
obtained because most of the patients were dead and the rest cannot be
traced due to lack of contact data. Therefore all samples and medical data
used in this study have been irreversibly anonymized to ensure patients

privacy.
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RESULTS

4.1. H&E results:

Two hundred and four esophageal blocks taken in different hospitals were
diagnosed as esophageal carcinoma. The commonly diagnosed type was
squamous cell carcinoma (SCC) amounting to 94.2 while adenocarcinoma
(AC) constituted 5.8% of the cases; ratio: 16.2:1.0. The SCC was
categorized as well differentiated (18.5%), moderately differentiated (20.4%)
and poorly differentiated (9.0%) SCC. 41.2% were diagnosed only as SCC
(Table 2). Five cases (2.4%) were described as invasive carcinoma (Fig. 1)
and one case (0.5%) as in-situ carcinoma. Twenty two percent of the tumors
showed desmoplasia. Epithelial pearls were frequent in well differentiated

tumors. 25.2% of the sections were positive for IHC.

Male B Female

Fig.1. Percentage of male and female of EC patients.

42



Table 2. Histopathological classification of esophageal carcinoma.

Histopathological findings subtypes percentage Histopathologic  Total
type % %
Not specified (AC) 12/21 (5.9%)
Well differentiated (AC) 1/21 (0.5%)
Adenocarcinoma (AC) 10.4 %
Moderately differentiated (AC) 5/21 (2.5%)
Poorly differentiated (AC) 3/21 (1.5%)
Well differentiated (SCC) 36/170 (17.6%) 100%
squamous cell carcinoma Moderately differentiated (SCC) 42/170 (20.6%) 63,39
(SCC) Poorly differentiated (SCC) 9/170 (4.4%)
Not specified (SCC) 83/170 (40.7)
Undifferentiated carcinoma  Undifferentiated carcinoma 13 (6.4%) 6.4%

4.2. Immunohistochemical staining results:

Sections of EC positive for IHC staining showed diffuse brown nuclear

staining (Fig. 48 a & b) while negative sections no or faint scattered nuclear

staining was seen (Fig. 49 a & b).

'y t : "\%
s 5 NGl
\*“ ¢

g 3455

#""mf_qﬁ%ﬁf_;é:’li 34
TR o ® . Ui

sga 3 PP BAR Pl

Fig. 2 a&b IHC positive nuclear staining for P53.
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49 a. 49 b.

Fig. 3 a&b IHC negative nuclear staining for P53.

Table (3) shows TP53 affected exons and P53 protein accumulation in EC. It
can be seen from the table that exon 5 is the most mutated exon with P53
accumulation in 5 cases unlike the other exons which show no protein
accumulation at all, also 9 non-mutated samples revealed protein

accumulation.

Table 3. Distribution of TP53 mutation and p53 Protein Accumulation among different exons.

p53 accumulation

Affected exon p53 mutation cases _ _
positive negative

None 30 9 21
Exon 5 17 5 12
Exon 6 1 0 1
Exon5 &6 1 0 1
Exon 7 0 0 0
Exon 8 1 0 1
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Table 4. TP53 Mutation and p53 Accumulation with Clinicopathologic Correlations

Age group Gender Histology

>56 <56 Male  Female SCC AC UCA

IHC No 23 13 14 22 27 6 3
accumulation Yes 8 6 3 11 13 1 0
P53 No 19 11 9 21 25 3 2
mutation Yes 12 ) 8 12 15 4 1
80% 65%

60%

40%

20%

0%

>60 <60 )

Fig. 4 Age groups frequency.

Table 5. P53 protein accumulation and p53 gene mutation in esophageal cancer patients.

. IHC IHC
Histology N
(-ve) (+ve)
SCC 25 15 27 13
AC 3 4 6 1
UCA 2 1 3 0

N: normal, M: mutant.
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4.3. Mutational analysis result:

The study revealed p53 gene mutations in 20 (40%) out of 50 specimens of
esophageal carcinomas. Ten of these mutations appeared in patients samples
were caused by single-nucleotide substitutions, among them, six were
missense mutations leading to amino acid change, and the other four were
synonymous mutations without any amino acid change and no frameshift
mutation was detected. Six out of ten (60 %) p53 gene mutations occurred in
exon 5 at codons 160, 161 (twice), 163, 164 and 175, with 2 SNPs occurring
in codon 287 in the same sample. Two mutations were found in exon 6 at
codon 215 and 222. Exon 7 was found to be free from any variations
whereas two mutations were present in exon 8 at codon 298 and 305 (Fig.
52).

The results expose that only SNP in position E298V and E294D were
predicted to be neutral polymorphism. All other SNP K292K, K291M,
E287D, E287K, S215N, P153P, Y163Y, M160V, Al161D, K164E, P152R
were predicted to be disease related according to MutationTaster software.
16 out of 43 (37.2%) SSC samples were found to be mutated, 81.3% of them
existed in exon 5 and 25% in exon 6, whereas adenocarcinoma exhibited a
higher rate of mutations (57.1%) with 100%, 50% and 25% involvement of
exon 5, 6 and 8 respectively.

Deleterious nsSNPs rates predicted by SIFT were the higher (88.8%)
followed by I-Mutant suite (77.8%). PolyPhen results revealed semi-equal
results for both tolerated and deleterious nsSNPs 44.5% and 55.5%
respectively.

PhD-SNP report defines 7 of coding region SNPs as disease related

polymorphism (Table, 12), while MutationTaster classifies all detected
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SNPs as disease causing except E298V and E294D which were classified as
neutral polymorphism (Table, 13).

H missense synonymous N transitions Htransversions

Fig. 5 Distribution of different mutation types.

sSNPs
nsSNPs
INDEL
INDEL
nsSNPs
sSNPs

Percentage of SNPS

exon 5 exon 6 exon 7 exon 8

Fig. 6 Distribution of TP53 coding synonymous SNPs (sSNPs), coding nonsynonymous SNPs (nsSNPs)
and INDEL through exon 5-8 in P53 gene.
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Fig. 7 Distribution of deleterious and benign nsSNPs by SIFT, PolyPhen, and I-Mutant Suite. The
magenta cylindrical bar indicates the percentage of nsSNPs that were found to be deleterious by SIFT,
damaging (Possibly/Probably) by PolyPhen, and largely unstable by I-Mutant Suite. The pink cylinder
indicates the percentage of nsSNPs that were found to be tolerated by SIFT, benign by PolyPhen, and
largely stable/neutral by I-Mutant Suite.
Table 6: The Prediction Results of nsSNPs of human TP53 Using SIFT, PolyPhen and I-Mutant 3.0

algorithms.
SIFT PolyPhen | Mutant 3.0
Prediction Result No. of nsSNPs % No. of nsSNPs % No. of nsSNPs
Deleterious 4 66.7 % 4 66.7 % 4 66.7 %
Tolerated 2 33.3% 2 33.3% 2 33.3%
Total 6 100% 6 100% 6 100%
Table 7: List of variants that were analyzed using SIFT algorithm.
Protein ID Nucleotide AA Prediction  Score Median
change Substitution Info
ENSP00000269305 A/G M160V tolerant 0.27 2.76
ENSP00000269305 C/IA Al161D damaging 0.01 2.76
ENSP00000269305 AIG K164E damaging 0.00 2.76
ENSP00000269305 G/IC R175P damaging 0.00 2.76
ENSP00000269305 G/A S215N damaging 0.00 2.76
ENSP00000269305 G/C E298Q tolerant 0.39 2.75

SIFT: Sorting Intolerant From Tolerant. SIFT score < 0.05 considered damaging.

SIFT Tolerance Index: Ranges from 0 to 1.
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Table 8: Prediction of functionally significant nsSNPs by PolyPhen 2.0 algorithm.

COSMIC ID Amino acid change Prediction Score
COSM44328 M160V Benign 0.177
COSM44391 Al161D Probably damaging 1.000
COSM10762 K164E Probably damaging 0.997
COSM45416 R175P Probably damaging 1.000
COSM44093 S215N Probably damaging 1.000
COSM45938 E298Q Benign 0.003

nsSNPs: Non-synonymous single nucleotide polymorphisms, PolyPhen: Polymorphism

Phenotyping v2.

Table 9: Prediction of nsSNPs stability status by | Mutant 2.0 algorithm.

SNP ID’S Amino acid SVM3 Prediction RI AAG (kcal/mol)
change Effect
COSM44328 M160V Large Decrease 5 -0.60
COSM44391 A161D Large Decrease 3 -0.52
COSM10762 K164E Neutral 3 -0.08
COSM45416 R175P Large Decrease 0 -0.57
COSM44093 S215N Large Decrease 3 0.58
COSM45938 E298Q Neutral 1 -0.25

I-mutant RI1 (Reliability Index): 0-10, where 0 is the lowest reliability and 10 is
the highest reliability.

Table 10. SNPs information and frequency among different samples.

S Samples SNP
Position in AA )
Alleles Exon with the frequency
chromosome change

same SNP Percentage
AIG 7675134 5 M160V  9outof 50 18 %
C/A 7675130 5 Al161D 1 out of 50 2%
AIG 7675122 5 K164E 14 out of 50 28 %
G/C 7675088 5 R175P 1 out of 50 2%
G/A 7674887 6 S215N 1 out of 50 2%
G/IC 7673728 8 E298Q 1 out of 50 2%
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Table 11. Prediction of functionally significant nsSNPs, by PhD-SNP.

Mutation PhD-SNP

Prediction RI
K164E Disease-related polymorphism 7
Al161D Disease-related polymorphism 9
M160V Disease-related polymorphism 6
S215N Disease-related polymorphism 5
E298Q Neutral 5
R175P Disease-related polymorphism 8

Table 12. Summary of SNP Characteristics identified in TP53gene exon 5, 6 and 8.

Patient

Localization affected alleles Chaﬁge Position SNP ID Type Significance*
Exon 5 14 AIG K164E 7675122 rs879254249 Missense Disease causing
Exon 5 1 C/IA Al161D 7675130 rs1064795691 Missense Disease causing
Exon 5 9 AIG M160V 7675134  rs377274728 Missense Disease causing
Exon 5 2 CIT Y163Y 7675123 COSM44391  Coding-synonymous Disease causing
Exon 5 1 G/C R175P 7675088 COSMA45416 Missense Disease causing
Exon 5 1 CIT Al61A 7675129 COSM44119  Coding-synonymous Disease causing
Exon 6 1 G/A S215N 7674887  rs587782177 Missense Disease causing
Exon 6 1 G/C P222P 7674865 COSM43924  Coding-synonymous Disease causing
Exon 8 1 AIT E298Q 7673728 Novel Missense Polymorphism
Exon 8 1 G/A K305K 7673705 COSM46382  Coding-synonymous Disease causing

*according to MutationTaster.

Table 13. FATHMM server; cancer association predictions result of the non-synonymous changes found in

TP53 gene exon 5-8.
COSMIC ID Amino acid change Prediction Score
COSM44328 M160V CANCER -9.03
COSM44391 A161D CANCER -9.34
COSM10762 K164E CANCER -9.12
COSM45416 R175P CANCER -9.93
COSM44093 S215N CANCER -9.58
COSM45938 E298Q CANCER -8.11
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Regarding the Alanine to Aspartic Acid SNP at position 161 (Fig. 56), the
mutant residue is bigger than the wild-type residue. The wild-type residue
charge was neutral and the mutant residue charge is negative. The wild-type
residue is more hydrophobic than the mutant residue.

The mutation is located within a stretch of residues annotated in UniProt as a
special region: Interaction with CCAR2. The differences in amino acid
properties can disturb this region and its function, and this point is shared

between the six nsSNPs discussed here.

The wild-type and other residues have also been observed here. But neither
the mutant residue nor another residue type with similar properties was
observed at this position in other homologous sequences. So the mutation

might be damaging to the protein.

The mutated residue is located in a domain that is important for the activity
of the protein and in contact with another domain that is known to be
involved in TP53 binding. The interaction between these domains could be
disturbed by the mutation, which might affect the signal transduction

between them and the function of the protein.

The mutated residue is located in contact with residues in a regulatory
domain. It is possible that the mutation disturbs this interaction and thereby
affects regulation of the catalalytic activity, and this point also were shared
between all nsSNP discussed here except for SNP of Glutamic acid into
Glutamine in position 298.There is a difference in charge between the wild-
type and mutant amino acid in this SNP and all nsSNP except the SNP of

Glutamic acid into Glutamine.
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The mutant residue introduces a charge in a buried residue which can lead to
protein folding problems. The wild-type and mutant amino acids differ in
size. The mutant residue is bigger than the wild-type residue. The wild-type
residue was buried in the core of the protein. The mutant residue is bigger
and probably will not fit. The hydrophobicity of the wild-type and mutant
residue differs. The mutation will cause loss of hydrophobic interactions in

the core of the protein.

The second SNP of Serine into Asparagine at position 215 (Fig. 57). The
mutant residue is bigger than the wild-type residue. The wild-type residue is
more hydrophobic than the mutant one. The wild-type residue forms a
hydrogen bond with Arginine at position 158. The size difference between
wild-type and mutant residue makes the new residue not in the correct
position to make the same hydrogen bond as the original wild-type residue
does. Also the difference in hydrophobicity will affect hydrogen bond

formation.

On the conservation level the wild-type residue is highly conserved, but a
few other residue types have been observed at this position too. The mutant
residue was among the residues at this position observed in other sequences.
This means that homologous proteins exist with the same residue type as the
mutant at this position and this mutation is possibly not damaging to the

protein. The mutant residue is located near a highly conserved position.

Regarding amino acid properties wild-type and mutant amino acids differ in
size. The mutant residue is bigger than the wild-type residue. The wild-type
residue was buried in the core of the protein. The mutant residue is bigger

and probably will not fit. The hydrophobicity of the wild-type and mutant
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residue differs. The mutation will cause loss of hydrophobic interactions in

the core of the protein.

Concerning the mutation of Arginine into Proline at position 175 (Fig. 58).
The mutant residue is smaller than the wild-type residue. The wild-type
residue charge is positive, while the mutant residue charge is neutral. The
mutant residue is smaller and more hydrophobic than the wild-type residue.
In the 3D-structure can be seen that the wild-type was involved in a metal-

ion contact.

The size differences between the wild-type and mutant residue disturb the
interaction with the metal-ion: "ZN". The difference in charge between
wildtype (positive) and mutant residues (neutral) might also disturb the
interaction with metal "ZN" which may lead to destabilization of the
domain. The wild-type residue forms a hydrogen bond with: Methionine at
position 237, Aspartic Acid at position 184, Proline at position 191, Aspartic
Acid at position 184 and Methionine at position 237.

The size difference between wild-type and mutant residue makes the new
residue is not in the correct position to make the same hydrogen bond as the
original wild-type residue did. The difference in hydrophobicity will affect
hydrogen bond formation. The wild-type residue forms a salt bridge with:
Aspartic Acid at position 184. The difference in charge will disturb the ionic
interaction made by the original, wild-type residue. Speaking about
conservation level the wild-type residue is highly conserved, but a few other

residue types have been observed at this position too.
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Neither the mutant residue nor another residue type with similar properties
was observed at this position in other homologous sequences. Based on
conservation scores this mutation is probably damaging to the protein. The

mutant residue is located near a highly conserved position.

There is a difference in charge between the wild-type and mutant amino
acid. The charge of the buried wild-type residue is lost by this mutation. The
wild-type and mutant amino acids differ in size. The mutant residue is
smaller than the wild-type residue. The mutation will cause an empty space
in the core of the protein. The hydrophobicity of the wild-type and mutant
residue differs. The mutation will cause loss of hydrogen bonds in the core

of the protein and as a result disturb correct folding.

In the case of alteration of Lysine into Glutamic Acid at position 164 (Fig.
59). The mutant residue is smaller than the wild-type residue. The wild-type
residue charge was positive, the mutant residue charge is negative. The wild-

type residue forms a hydrogen bond with: Glutamic Acid at position 271.

The size difference between wild-type and mutant residue makes the new
residue not in the correct position to make the same hydrogen bond as the
original wild-type residue does. The wild-type residue forms a salt bridge
with: Glutamic Acid at position 271 and Glutamic Acid at position 285. The
difference in charge will disturb the ionic interaction made by the original,

wild-type residue.

The wild-type residue is very conserved, but a few other residue types have
been observed at this position too. The mutant residue was not among the

other residue types observed at this position in other homologous proteins.
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However, residues that have some properties in common with the mutated
residue were observed. This means that in some rare cases mutation might

occur without damaging the protein.

There is a difference in charge between the wild-type and mutant amino
acid. The mutation introduces the opposite charge at this position. This
possibly disrupts contacts with other molecules. The wild-type and mutant
amino acids differ in size being smaller in the mutant residue. This will

cause a possible loss of external interactions.

About the SNP of Methionine into Valine at position 160 (Fig. 60). The
mutant residue is smaller than the wild-type residue. The wild-type residue
occurs often at this position in the sequence, but other residues have also
been observed here. The mutant residue is among the other residue types that
have been observed at this position in homologous sequences. This means
that this mutation can occur at this position and is probably not damaging to

the protein. The mutant residue is located near a highly conserved position.

The wild-type and mutant amino acids differ in size. The mutant residue is
smaller than the wild-type residue. This will cause a possible loss of external

interactions.

Finally SNP of a Glutamic Acid into a Glutamine at position 298 (Fig. 61)
showed that wild-type residue charge is negative while the mutant residue

charge is neutral.

There is a difference in charge between the wild-type and mutant amino
acid. The charge of the wild-type residue will be lost, this can cause loss of

interactions with other molecules or residues (Venselaar et al. 2010).

55



M I¥YEQSQHMTEVVRRCPHHERCSD S
IYEQSQHMTEVVRRCPHHERCSD S
IYKQSQHMTEVVRRCPHHERCSD S

IYKQSQHMTEVVRRCPHHERCSD S
IYKQSQHMTEVVRRCPHHERCSD S
IYKQSQHMTEVVRRCPHHERCSD S
INKQSQHMTEVVRRCPHHERCSD S
INKQSQHMTEVVRRCPHHERCSD S

—m-
Om
—in
>m

Fig. 8 Mutation of alanine into aspartic acid at position 161.
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Fig. 9 Mutation of a serine into asparagine at position 215.
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Fig. 10 Mutation of arginine into proline at position 175.
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Fig. 11 Mutation of lysine into glutamic acid at position 164.
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Fig. 12 Mutation of a methionine into a valine at position 160.
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Fig. 13 Mutation of glutamic acid into glutamine at position 298.
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4.4. Statistical analysis:

4.4.1. H&E and IHC sample (No.= 204):

Table 22. Age group, sex, IHC result and histopathologic diagnosis frequencies of 204 EC samples.

Age IHC H.

Group Freq. & %* Sex Freq. & % Result Freq. & % Dlagfosw Freq. & %
<56 71(34.8%) Male 76 (37.3%) +ve 59 (27.6 %) SCC 169 (82.8%)
>56 133 (65.2%) Female 128 (62.7%) -ve 155 (72.4%) AC 21 (10.3%)

ubC 14 (6.9%)
Total 204 (100%) Total 204 (100%)  Total 204 (100%) Total 204 (100%)

Table 23. Immunohistochemistry Result and Histopathologic Diagnosis Crosstab and Chi-square test.

Histopathologic Diagnosis Total
scc AC uDC
. Count 53 2 1 56
. . positive
Immunohistochemistry % of Total 26.0% 1.0% 0.5% 27.5%
Result . Count 116 19 13 148
negative
% of Total 56.9% 9.3% 6.4% 72.5%
Total Count 169 21 14 204
% of Total 82.8% 10.3% 6.9% 100.0%
Pearson Chi-Square Value = 7.585a Sig. 0.023

Table 24. Age group and Histopathologic Diagnosis Crosstab and Chi-square test.

age_groups * H. Diagnosis Crosstabulation

Count
H. Diagnosis Total
SCC ADENO UDCA

<56 60 7 4 71
age_groups

>56 109 14 10 133
Total 169 21 14 204

Pearson Chi-Square value = 0.296a sig. 0. 862
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Table 25. Relation between Sex and Histopathologic Diagnosis.

Histopathologic Diagnosis Total
scc AC uDC

. Count 117 7 4 128

% of Total 57.4% 3.4% 2.0% 62.7%
Sex M Count 52 14 10 76

% of Total 25.5% 6.9% 4.9% 37.3%

Count 169 21 14 204

Total
% of Total 82.8% 10.3% 6.9% 100.0%
Pearson Chi-Square value = 17.807a sig. 0.000.

From the above table the relation between Sex and Histopathologic Diagnosis were found

to be significant, with SCC being more prevalent in females, AC and UDC in males.

4.4.2. H&E, IHC and mutation analysis of samples (No.= 50):

Table 14. Age group, sex, mutational status, IHC result and histopathologic diagnosis frequencies.

H.

Age opx 0 - 0 IHC o . . 0
Group Freq. & % Sex Freq. & % M. Status Freq. & % Result Freq. & % Dlagrosw Freq. & %
<56 19 (38%) Male 17 (34%) mutated 20 (40%) +ve 14 (28%) SCC 40(80%)
>56 31 (62%) Female 33 (66%) normal 30 (60%) -ve 36 (72%) AC 7 (14%)

UCA 3(6%)
Total 50 (100%) Total 50 (100%) Total 50 (100%) Total 50 (100%) Total 50 (100%)

Freg. & %* = frequencies and percentages
M. Status* = mutational status

H. Diagnosis* = histopathologic diagnosis
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Fig 15. Affected Exons frequency.
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Table 15. Relationship between histopathologic diagnosis and mutational status.

Mutational Status

Total
yes no
9 Count 15 25 40
2 @ % of Total 30.0% 50.0%  80.0%
% 2 Count 4 3 7
A % of Total 8.0%  6.0%  14.0%
= < Count 1 2 3
- % of Total 20%  4.0% 6.0%
s Count 20 30 50
° % of Total 40.0%  60.0% 100.0%

Pearson Chi-Square value = 1.017a

Sig. 0.601

Table 16. Relationship between Histopathologic Diagnosis and Number of Affected Exons.

Number of Affected Exons Total
none one Two
8 Count 25 14 1 43
2 7 % of Total 50.0%  28.0% 2.0% 86.0%
% 0 Count 3 4 0 7
a % of Total 6.0% 8.0% 0.0% 14.0%
9 Count 2 1 0 3
> % of Total 4.0% 2.0% 0.0% 6.0%
s Count 30 19 1 50
= % of Total 60.0% 38.0% 2.0% 100.0%

Pearson Chi-Square value = 1.444a

62

Sig. 0.837



Table 17. Relationship between Histopathologic Diagnosis and Affected Exons.

Affected Exon Total
not affected exon 5 exon 6 exon8 exon5&6
8 Count 25 12 1 1 1 40
o @ % of Total 50.0% 24.0% 2.0% 2.0% 2.0% 80.0%
[%2)
% 0 Count 3 4 0 0 0 7
a % of Total 6.0% 8.0% 0.0% 0.0% 0.0% 14.0%
T 9 Count 2 1 0 0 0 3
> % of Total 4.0% 2.0% 0.0% 0.0% 0.0% 6.0%
s Count 30 17 1 1 1 50
o
= % of Total 60.0% 34.0% 2.0% 2.0% 2.0% 100.0%
Pearson Chi-Square value = 2.448a Sig. 0.964
Table 18. Relationship between histopathologic diagnosis and immunohistochemistry result.
Immunohistochemistry Result ~ Total
positive Negative
8 Count 13 27 40
o @ % of Total 26.0% 54.0% 80.0%
[%2)
% 2 Count 1 6 7
a % of Total 2.0% 12.0% 14.0%
- LD> Count 0 3 3
- % of Total 0.0% 6.0% 6.0%
s Count 14 36 50
o
= % of Total 28.0% 72.0% 100.0%
Pearson Chi-Square value = 2.222a sig. 0.329

The association between TP53 mutation and P53 accumulation is presented

in table 19. No association were found between them.
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Table. 19. Relationship between immunohistochemistry result and mutational status.

Mutational Total
Status
yes no
2 Count 5 9 14
2 g % of Total 10.0% 18.0%  28.0%
[aed
o 2 Count 15 21 36
T 5
g % of Total 30.0% 42.0%  72.0%
= Count 20 30 50
o
= % of Total 40.0% 60.0% 100.0%
Pearson Chi-Square = 0.149a sig. 0.700.

Table 20. Relationship between immunohistochemistry result and number of affected exons.

Crosstab
Number of Affected Exons Total
none one two
% Count 9 5 0 14
3z 8 % of Total 18.0% 10.0% 0.0%  28.0%
x
Q 2 Count 21 14 1 36
—_ [+
g'? % of Total 42.0% 28.0% 2.0% 72.0%
Count 30 19 1 50
Total
% of Total 60.0% 38.0% 2.0% 100.0%

Pearson Chi-Square Value = 0.475a

sig. 0.789



Table 21. Relationship between immunohistochemistry result and affected exon.

Crosstab
Affected Exon
not exon5&  Total
offected exon5 exon6 exon8
= 2, Count 9 5 0 0 0 14
&"’3, g % of Total 18.0% 10.0%  0.0% 0.0% 0.0% 28.0%
% § a Count 21 12 1 1 1 36
= D =
< % of Total 42.0% 24.0% 2.0% 2.0% 2.0% 72.0%
I Count 30 17 1 1 1 50
= % of Total 60.0% 34.0% 2.0% 2.0% 2.0% 100.0%
Pearson Chi-Square Value = 1.243a sig. 0.871

65



CHAPTER FIVE

DJISCUSSION, CONCLUSION AND
RECOMENDATIONS




CHAPTER FIVE

DISCUSSION CONCLUSION AND
RECOMMENDATIONS

5.1 Discussion

Esophageal cancer is a common and fatal cancer with great regional and
ethnic variations in incidence and risk factors. The histopathological results
of the EC biopsies examined here in this study. Revealed that 83.3% were
SCC and 10.4% were AC, This is in line with previous reports indicating
that SCC and AC are the main subtypes of human EC. Both tumors showed
typical histological features for both subtypes as described in many reports
(Gupta et al. 2017). TP53 gene mutation and p53 protein accumulation have
been investigated in both subtyped diagnosed.

P53 protein in normal cells is a labile protein of low quantity, but cellular
stress can generate an increase in its level to compensate its main function as
a guardian of the genome (Oren 1999; Pflaum et al. 2014). Mutations of
TP53 gene can lead to loss of functional characteristics in tumor cells, as
mutant TP53 may not play the assigned role in repairing cellular machinery
leading to a loss of normal function and, subsequently, cells with mutant
gene may express uncontrolled replication which leads to accumulation of
protein 53 (IARC [n.d.]).

In the present study the presence of TP53 gene mutation were investigated
here in 50 Sudanese patients with EC. Patients mostly were females (62.7%)
with SCC constituted 84% of the cases, the predominant subtype. Twenty

66



(40%) of the patients showed p53 gene mutation. The frequency of

mutations observed was moderate in contrast to similar previous reports.

Imazeki et al. (1992) observed mutations in the TP53 gene in 80% of EC
which is very high compared to our finding, this may be attributed to false

effect of the small sample size (5 cases) they used in their study.

The reported frequencies of p53 gene mutation in EC varied widely from 17
to 84%, and there are several reasons for this variation. Including the
variation in the methods used in mutation detection and the interpretation of
the results. In this study we used the PCR direct sequencing technique,
another factor of variation is the number of the screened exons and
regulatory regions which vary between different studies.

TP53 mutations were found in 22.9% of esophageal SCCs and 14.3% of
esophageal ACs in the study reported by Zheng et al. (2016). Shi et al.
(1999), in Henan Province, China, detected p53 gene mutation in 30/43
(70%) SCC cases. In another study in Henan Province Li-Ya et al. (2005)
detected TP53 gene mutations in 40.9% of their EC specimens. On the other
hand Zheng et al. (2016) reported higher mutation rate in SCC samples
compared to 31.4% for AC samples in Qigihar city, China. In this study
TP53 gene mutations were found as 37% of the SCC specimens and 57.1%
for AC. As can be seen there are variations between the results obtained by
various authors including the present findings. This could be due to several

factors including sample size, type of exons studied and geographical zone.

Therefore, It seems difficult to compare the results of the current study

previous reports because of the differences of antibodies used, antigen
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retrieval methods and solutions used and interpretation criteria followed to

evaluate the results (Coggi et al. 1997).

Exon 5 of the TP53 gene was observed to be the most mutated among the
other exons investigated in this study; 17/20 (85%) of all mutations were
detected in exon 5 compared to 2/20 (10%) in exon 6, 1/20 (5%) in exon 8,
and no mutation in  exon 7. In comparison, Uchino et al. (1996) reported
mutation distribution of 39.3% in exon 5, 32.1% in exon 6, 17.9% in exon
7 and (10.7%) in exon 8. This partly agrees with our result in that exon 5 has
the higher mutation rate, the differences in other exons can be attributed to

difference in sample size between the two studies.

Ten percent of all detected mutations are classified as neutral polymorphism,
while 90% mutations are considered as high rate disease-causing mutation
according to MutationTaster. This rate would be less using other software
due to different algorithms used, database linked and characteristics of the

different software.

The highest incidence of EC in men has been noticed in China
(21.6/100,000), Kazakhstan (19.1/100,000) and in part of African countries
(12.5-19.2/100,000). In the USA, incidence of 2.1 and 1.2 per 100,000 in
men and women has been reported (Liao et al. 2007). Internationally, SCC is
more commonly diagnosed in blacks and white females, whereas AC is
more common among white males (Baquet et al. 2005).

Male to female ratio noticed here differs from the global statistics, more
females are affected with EC than males (62.7%) and (37.3%) respectively;
and this is consistent with the statistics from the Radioisotope Center,
Khartoum, for EC in 12 years (2000-2012) (RICK 2013) and a study done
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by Hamad et al. (2017) and Mohammed et al. (2012). Specific local risk
factors may exist predisposing females for EC more than males. Regarding
TP53 gene mutations 8/20 (40%) males had mutations versus 12/20 (60%)
females and this match well with the above statistics of female

predominance among EC patients.

In this study TP53 mutations in exons 5 - 8 were detected in 40% of the EC
patients whereas p53 accumulation was observed in 28% only. This result is
approximate to that of Uchino et al. (1996) who reported p53 mutation in
34% of EC cases. This study concludes that mutations in p53 gene are not
always associated with p53 protein accumulation, as discordant cases
reached 48%. Coggi et al. 1997 found TP53 mutations in exons 5 - 8 in
53% of the carcinomas whereas p53 accumulation was observed in 57% of
the cases. Discordant cases represented 38%, whereas 27% of the cases did

not display p53 mutation or accumulation.

Discordance of TP53 gene mutation and p53 protein accumulation,
proposing that p53 function may be affected by mechanisms other than
mutation. So P53 protein accumulation cannot be considered as indicator for

genetic alteration in esophageal tumors.

Levine et al. (1991) stated that there are at least three mutation 'hotspots'
affecting residues 175, 248, and 273 of p53 protein. The highest frequency
of mutations (13%) had been found at 273 position. In this study only one
sample was found to have mutation in 175 hotspot which represent 2% of

the sample.
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Hollstein et al. (1991) reviewed the list of mutations in the evolutionarily
conserved codons of P53 in different types of human cancer. They found
that transitions predominated in colon, brain, and lymphoid malignancies,
whereas G:C to T:A transversions are the most frequent substitutions
observed in lung and liver cancers. Mutations at A: T base pairs were more
frequent in esophageal carcinomas than in other solid tumors and this
disagrees with our finding; there was no mutation at A:T base pairs and
transitions were most frequent in this study than transversions, 6:4

respectively.

Hollstein et al. (1990) studied 4 human esophageal carcinoma cell lines and
14 human esophageal SCC and identified a mutated p53 allele (1 frameshift
and 6 missense mutations) in 2 cell lines and in 5 of the tumor specimens.
All missense mutations occurred at G: C base pairs in codons at or adjacent
to mutations previously reported in other cancers. In this study all missense
mutations occurred at A: G (33.3%), G: C (33.3%), C:A (16.7%) and G:A
(16.7%) base pairs while all silent mutations occurred at C:T (50%), G:C
(25%) and G:A (25%).

No statistical significance or correlation was found between
Immunohistochemistry, mutational status, sex, age and histopathologic type,
nor between mutational status and p53 accumulation. This seems to agree
with previous finding indicating that clinicopathological factors have no
association with p53 mutation (Shi et al. 1999) . However, Okuda et al. 2001
found that incidence of p53 gene mutation can be influenced by age, being

higher in the young.
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Molecular study of the TP53 gene can provide valuable essential data on the
biology of cancer in general and that of EC in particular, and can also help in
introducing a solid base for targeted gene therapy studies and genome wide
association studies if linked to patients clinicopathological features, survival,
and compared to control group. In conclusion TP53 gene mutation or protein
accumulation can’t be studied in a discrete way without considering the
different main players affecting tumorigenesis. By doing this in big cancer
projects more valuable data can be obtained and analyzed in order to
complete the picture and provide more reliable and consistent information
about EC.
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CONCLUSION AND RECOMMENDATIONS

5.2 Conclusion
On the base of this study, we concluded the following:
The most prevalent esophageal cancer in Sudanese patients is squamous cell

carcinoma which represents a majority of EC cases.

Sudanese females were more affected with EC than males contrary to global

epidemiologic data.

There is a significant relationship between sex and histopathologic diagnosis

with SCC being more prevalent in females, AC and UDC in males.

The majority of esophageal cancer cases were found in population over 60

years old.

Positive P53 immunohistochemical results were approximately doubled in

SCCs compared to AC cases.

Mutation of exon 5 in TP53 gene were the most frequent in EC. Genomic
results have identified a high TP53 mutation rate in esophageal

adenocarcinoma compared to SCC.

Most of nsSNPs detected in TP53 gene were found to be damaging

depending on different bioinformatics analysis tools used in this study.
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5.3. Recommendations

On the bases of this study we recommend:

Further studies using fresh tissue samples instead of FFPE samples are
recommended to obtain abundant high quality DNA for genomic based

studies and avoid short sequence problems.

Forthcoming studies of TP53 gene should scan the entire gene specially 3’
and 5° UTR regions to deeply understand the relationship between the

mutations of this gene and different pathogenesis mechanisms behind it.

National survey programs for screening of EC in populations above 60 years
should be established due to asymptomatic nature of the disease in the first

stages and its high mortality rate.
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7.2 APPENDICES

APPENBIX I: (Patients data)

No. Age sex Histological Immunochistochemistry
categories diagnosis status
1 70 MDLCK. SCC negative
2 44 PD. CA negative
3 54 F WDLCK.SCC negative
4 55 M PD. SCC negative
5 70 F ADENO. CA positive
6 60 F PD. ADENO positive
7 40 F LCK. SCC positive
8 42 M WDLCK.SCC positive
9 70 F LCN. SCC negative
10 78 M SCC positive
11 70 M ADENO. CA negative
12 67 M I.SCC negative
13 60 F MD. SCC negative
14 65 F WD. SCC positive
15 18 M WD. SCC positive
16 40 F WD. SCC positive
17 65 F MD. SCC negative
18 85 F MDI. SCC negative
19 38 M MDI. ADENO negative
20 50 F PD. SCC positive
21 75 F MD. SCC negative
22 43 F SCC positive
23 72 F WD. SCC positive
24 70 F SCC positive
25 45 F WDK. SCC negative
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26 25 M WD. SCC positive
27 43 F WDK. SCC negative
28 35 M ADENO. CA negative
29 50 M PD.CA negative
30 75 F MD. ADENO negative
31 60 F LCK. ADENO negative
32 75 M PD. ADENO negative
33 82 M MD. ADENO negative
34 20 M SCC negative
35 52 M SCC negative
36 70 F SCC negative
37 61 M SCC negative
38 70 F SCC negative
39 40 M SCC negative
40 90 F K.SCC positive
41 68 M MDI. SCC positive
42 85 F PD. CA negative
43 70 F LCN. SCC negative
44 70 F PD. CA negative
45 65 F WDIK. SCC negative
46 75 F SCC positive
47 65 F PD. CA negative
48 35 M MD. ADENO negative
49 65 F K. SCC negative
50 70 F WD. SCC negative
51 85 M/F MDNK. SCC positive
52 70 M MD. SCC positive
53 60 F SCC negative
54 75 M WD. SCC negative
55 72 F WD. SCC negative
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56 38 M WD. SCC negative
57 43 F SCC negative
58 70 F MD. SCC negative
59 44 M Infiltrating. SCC negative
60 65 F WD. SCC negative
61 70 M WD. SCC positive
62 60 M PD. SCC negative
63 70 F MDK. SCC negative
64 53 M I.SCC negative
65 65 M SCC positive
66 60 F MD.SCC negative
67 70 M WD. SCC positive
68 70 F WD. SCC positive
69 47 F SCC negative
70 60 F SCC negative
71 70 M ADENO. CA negative
72 50 M PD.CA negative
73 60 F WD. SCC positive
74 70 M PD. CA positive
75 30 M MD. SCC negative
76 26 M ADENO. CA negative
77 70 M ADENO. CA negative
78 35 F WD. SCC positive
79 60 M PD. CA negative
80 37 F MD. SCC positive
81 70 F MD. SCC positive
82 57 F MD. SCC positive
83 70 M SCC negative
84 70 M SCC negative
85 85 F SCC negative
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86 75 F SCC. In Situ negative
87 50 F WD.SCC negative
88 60 F MD. SCC negative
89 65 F SCC negative
90 45 F SCC negative
91 60 F SCC negative
92 75 F SCC negative
93 93 M SCC positive
94 55 F SCC negative
95 37 F SCC negative
96 80 M MD. SCC positive
97 35 M PD. ADENO negative
98 82 F MD. SCC negative
99 70 F WDI. SCC negative
100 60 M WDI. ADENO negative
101 40 F MDI. SCC negative
102 70 F WD.SCC negative
103 38 M WD.SCC negative
104 75 F MDI. SCC negative
105 60 F I.SCC negative
106 70 F MD.SCC positive
107 60 M WD.SCC positive
108 89 M WD.SCC negative
109 63 F ADENO. CA negative
110 60 M MD. SCC negative
111 65 F WD.SCC negative
112 60 F MD.SCC negative
113 80 F SCC Negative
114 72 UDCA negative
115 60 MD. SCC positive
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116 45 F MD.SCC negative
117 45 F MD. SCC negative
118 60 M INK.SCC negative
119 64 M INFI LTC%TIVE' negative
120 75 M PD.CA negative
121 40 F WD. SCC negative
122 55 F SCC negative
123 70 M MD. SCC negative
124 49 F WD. SCC negative
125 70 M MD. SCC negative
126 60 M UNDIFF. CA negative
127 40 F PD.SCC negative
128 68 M WD. SCC negative
129 40 F WD. SCC negative
130 38 M MD. SCC positive
131 45 F WD. SCC negative
132 55 F SCC positive
133 70 F PD. SCC negative
134 54 F WDLCK.SCC negative
135 50 F PD. SCC negative
136 50 F SCC negative
137 65 F MD. SCC negative
138 55 F SCC negative
139 55 F SCC negative
140 55 F SCC negative
141 75 F SCC negative
142 75 F SCC negative
143 36 F SCC positive
144 70 F SCC positive
145 60 F SCC negative
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146 76 F SCC negative
147 60 F SCC negative
148 80 M SCC positive
149 45 F SCC negative
150 55 F SCC negative
151 70 F SCC negative
152 60 F SCC negative
153 85 F SCC Negative
154 54 M SCC negative
155 27 F SCC negative
156 70 F WD.SCC negative
157 51 M SCC negative
158 65 F SCC positive
159 60 M SCC positive
160 60 F SCC negative
161 55 F SCC negative
162 27 F SCC negative
163 50 F SCC negative
164 65 F SCC positive
165 70 F SCC positive
166 70 F SCC negative
167 75 M SCC positive
168 50 F SCC negative
169 70 F SCC negative
170 65 F SCC negative
171 60 F PD.SCC positive
172 50 M SCC negative
173 67 M PD.C Negatiive
174 60 M MD.SCC Negatiive
175 60 F MD.SCC positive
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176 66 M MD.SCC Negatiive
177 50 F WD.SCC positive
178 60 F MD.SCC Negative
179 86 F MD.SCC positive
180 80 F MD.SCC positive
181 60 F MD.SCC positive
182 60 M SCC Negative
183 60 M SCC positive
184 65 F PD.SCC Negative
185 55 F PD.SCC positive
186 70 M ADENO Negative
187 60 M MD.SCC negative
188 60 F MD.SCC positive
189 60 F SCC negative
190 90 M SCC positive
191 40 F MD.ADENO negative
192 60 M ADENO.CA negative
193 29 F SCC positive
194 68 M NK.SCC negative
195 40 F SCC negative
196 46 M MDK.SCC negative
197 56 F ADENO.CA negative
198 52 F SCC positive
199 75 F MDK.SCC negative
200 70 M ADENO.CA Negative
201 60 F MDNK.SCC Negative
202 60 F SCC negative
203 72 = WDSCC positive
204 60 M SCC negative
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Appendix I1: (Solutions)

1% eosin
Eosin 19
DW 100 ml.

Mayer’s hematoxylin

Hematoxylin 19
Distilled water 1000 ml
Potassium or ammonium alum 509
Sodium iodate 0.2¢g
Citric acid 1g
Chloral hydrate SLR 50 gor
Chloral hydrate AR 304¢.

Intron Mastermix: Catalog no: 25178
Double distilled water

Primers (Macrogen)

Absolute alcohol: (99.89%)

Ethidium bromide: stock= (10 mg/ml), working= (5ul stock/100 ml gel).
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10X running buffer TBE

Tris base 108.0g
Boric acid 55.0g
Na4EDTA 9.34g

Add H20 to give a final volume of 1 litre

Materials and instrument used for immunohistochemistry processing

and staining:
Disposable gloves
Microtome blades
Positively charged slide
Cover glass

Dry oven

Water bath

Embedding center
Coplin jar

Humidity chamber
Ethanol (100%, 90%, 70%, 50%)

Mayer s haematoxylin (DW, K or ammonium alum, sodium iodated, citric
acid, chororal hydrate)
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Reaction buffer

Primary antibody (EBV)

Tris EDTA buffer (PH9)

Phosphate buffer saline (PH7.4)

Peroxides blocker (3% hydrogen peroxide in methanol)

Secondary antibody

DAB (3, 3 di amino benzidin tetra hydrochloride) substrate solution
Bluing Reagent (0.1MLi2 CO3, 0.5 M Na2CO3)

Xylene

DPX mounting media
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Appendix I11: (Histopathology Slides).
N n: ) W,

Fig. 16. Invasive SCC. H&E x 100.

The histopathological features of SCC showed some variations. Squamous
epithelium commonly exhibited slight to moderate dysplasia of basal cells
with occasional high grade (intraepithelial) dysplasia (Fig. 2 & 3).

Fig. 17 Dysplasia of basal cells with Fig. 18 Dysplasia of basal cells with
Subepithelial neoplastic cells. HE x 40. Subepithelial neoplastic cells. HE x 40.

101



Dysplastic cells appeared hyperchromatic, pleomorphic with nuclear

enlargement with or without vesiculation. Dysplasia was associated with

irregular border with downward projections into adjacent tissue (Fig. 4&5).

Fig. 20 Downward projections of basal cells.

Fig. 19 Downward projections of basal cells.
HE x 100

HE x 100.

Neoplastic cells exhibited different patterns. Some were arranged as sheets
of cells, proliferating cells with trabecular, papillary, glandular or cord like
pattern or as cell nests separated by scanty or dense stroma. The infiltrating
neoplastic cells were dense in some sections and scattered in others (Fig. 6-
10).

Fig. 21 Trabecular and cord-like Fig.22 Higher magnification of Fig.6. HE x
Pattern of neoplastic cells. HE x40 400
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Fig. 23. Papillary-like Pattern of neoplastic cells. HE
x40

Fig. 25. Packed neoplastic cells separated by thin
strands. He x 400.

In some sections intact squamous epithelium was seen with low basal

dysplasia; tumor cells seen infiltrating underlying tissue (Fig. 11 & 12)
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Fig. 26. Intact squamous epithelium with basal Fig. 27. Intact squamous epithelium with basal
dysplasia. He x 40. dysplasia. He x 40.

Differentiated neoplastic cells could be seen showing epithelial keratinization
of forming large squamous pearls. In some profiles squamous cells were
vacuolated with pyknotic nuclei or no nuclei, forming network of empty
cells. In some sites the proliferating keratinocytes appear large with
intercellular bridges (Fig.13-17)

Fig. 28. SCC,Epithelial keratinization HE x100. Fig, 29. SCC, Multiple epithelial pearls. HE x100.
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Fig. 30. SCC, keratinocytes with intercellular Fig. 31. SCC. Intercellular bridges HE x 1000.
bridges. HE x 100.

Fig.32. SCC vacuolated cells with pyknotic nuclei. HE x 100.

Squamous cells were seen forming groups of enlarged vacuolated cells with
pagetoid appearance. In one case the tumor cells appear to expand along the
free front opposite to the basal epithelium exhibiting what looks like an

expansile growth pattern (18-20).
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Fig. 33. Enlaged vacuolated cells, Pagetoid Fig. 34. Enlarged cells, pagetoid appearance. HE
appearance. HE x 40. x 40.

Fig.35. SCC Groups of vacuolated cells. HEx100.

Many sections showed fragments of tissue featuring pleomorphic
hyperchromatic neolastic cells with evidence of keratinzation. Some cells
appear to fuse together forming giant-like cells. In some sections necrotic
changes were noticed and in others regular globular structures were seen.

Presence of bacterial colonies was suspected (Fig. 21-24).
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Fig. 36. SCC. Necrotic tumor tissue HE x 100. Fig. 37. SCC. Necrotic tumor tissue with globules. HE x 100.

Fig. 38. Higher magnification of H&E x 400. Fig. 39.SCC. Suspected bacterial Colonies.
H&E x 400.

In poorly differentiated (PD) tumors, the cells may appear small dense or
loosely coherent (small cell carcinoma). The cells may be small and
mistaken for lymphocytes or may be small pleomorphic and spindle shaped

or may form clear cells (Fig, 25- 28).
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Fig.40. Small cell carcinoma H&E x 40. Fig.41.Small cell carcinoma, cells resemble
lymphocytes. H&E x 100

Fig. 42. PDSCC. Spindle shaped cells HE x 100. Fig. 43. PDSCC with clear cells HE x
400.

Anaplasia with bizarre cells and mitotic figures were seen. Many sections
exhibited poorly differentiated cells with tendency to form glandular
structures or tubules. Cells appeared vacuolated with more than one nucleoli
(Fig. 29, 30).
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Fig. 44. SCC Tendancy to form Glandular Fig. 45. SCC Cellular pleomorphism H&E x
structures. H&E x 100. 400.

Round or spindle shaped hyperchromatic neoplastic cells were observed
surrounding rather differentiated squamous cells (PDSCC). Some cells
formed islands surrounded by scanty or rich stroma. In other sections
stromal tissue predominated with few scattered squamous cells
(pseudosarcomatous SCC) (Fig. 31-34).

Yo T

| Fig. 46. PDSCC. H&E x 400. Fig. 47. SCC Cells nests Surrounded by scnty
stroma. H&E x 100.
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Fig. 48. SCC Cells nests Surrounded by wide Fig. 49. Pseudosarcomatous SCC H&E x 40.
stroma. H&E x 100.

Sections of adenocarcinoma (AC) showed regular or irregular glandular
(gastric or intestinal type) or cystic structures. The gland cells mostly had
basal nuclei and appeared as mucous glands. The stroma may show round

inflammatory cells (Fig. 35 — 40).

Fig. 50. Adenocarcinoma H&E x40. Fig. 51. Adenocarcinoma H&E x100.
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Fig. 54. AC Resembling gastric Fig.55. Higher magnification of Fig. 39.
Mucoa. H&E x 40. . H&E x 100.Mucoa. H&E x 40.

In one section of moderately a differentiated SCC a tissue fraction appeared
to be lined with pseudostratified columnar cells resembling Respiratory

epithelium (Fig 41, 42) and numerous underlying glands with basal nuclei

and foamy cytoplasm (Fig. 43, 44)
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Fig, 56. Fig. 57.

Both figures from SCC section. Tissue fraction lined by respiratory-like
pseudostratified columnar epithelium. HE x 100

FIG. 58. Sub-epithelial glands HE x 40. Fig. 59. Sub-epithelial glands.

Twenty two percent of the tumors showed desmoplasia. Epithelial pearls were
frequently seen mostly in well differentiated tumors. Inflammatory cells were
observed in many sections either as chronic inflammatory infiltrate or mixed with
acute inflammatory cells. In few sections PMN neutrophils were predominant and
were seen stuffing blood vessels (Fig. 45). The cellular infiltration was noticed in
the stroma and between neoplastic cells. Occasionally neutrophils were found
scattered in the surface squamous epithelium. Haemorrhage was not uncommon

and in some sections was extensive (Fig. 46, 47).
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Fig. 60. Neutrophils in tumor tissue and Fig. 61. Tumor cells in a pool of blood. H&E x
blood vessel. H&E x 100. 40.

Fig. 62. Higher magnification of Fig, 49.HE x 400.
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