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Summary

Cancer is a major medical challenge of this era. About one in every three 

persons develops cancer in his lifetime. By the time they are diagnosed, most cancers 

have already metastasized. The treatment of cancer depends upon the stage of the 

cancer. Localized cancers are best treated by surgery and adjuvant therapies. The drugs 

used to treat cancers have many toxic side effects and despite initial remission, many 

cancers recur with the passage of time.

Early diagnosis of cancer is critical to curative therapy. Thousands of 

laboratories around the world are trying hard to discover biomarkers that may indicate 

the risk or presence of cancer. Many successes have been achieved in screening cancers 

or identifying high risk individuals by testing for biomarkers e.g. PSA in prostate 

cancer, FOBT in CRC, AMAS in breast cancer etc. Individual variability of DNA 

sequence distinguishes one person from another and has been used to search for 

biomarkers for cancer susceptibility. DNA markers of cancer susceptibility could have a 

dramatic impact on the overall survival because they can identify predisposition at an 

early stage in life. Inherited BRCA-1 mutation is a good example of this.

Oesophageal cancer is the eighth most common cancer in the world and in 

Ireland its incidence is higher than in the rest of the European Union. Of the two main 

histological types of oesophageal cancer, adenocarcinoma incidence has increased by an 

alarming 500% in the last 3 decades in Ireland. The projected increase by 2020 in 

Ireland is estimated to be 84% for males and 39% for females. Because the symptoms 

due to oesophageal cancer appear at a late stage, the overall 5 year survival is low and 

post operative morbidity is high. This is an issue worthy of concern and calls for 

increased research effort directed at finding ways of early diagnosis.

The aim of this study was to examine the distribution of inflammation related 

gene SNPs in oesophageal cancer patients and controls and correlation of SNPs with 

patient clinico-pathological variables including histological type and post operative 

outcome. In this case-control study, we recruited 253 oesophageal cancer cases and 228 

controls. The cases included 165 oesophageal cancer patients undergoing treatment in 

the Department of Clinical Surgery, St. James’s Hospital, Dublin. Every effort was 

made to include successive cases. In addition 144 PETs were randomly selected from 

the archives of the Pathology Department, St. James’s Hospital, Dublin. Among the 

controls, 140 were healthy controls representing all geographical areas of Ireland and 88 

were hospital matched controls selected from outpatient clinics and free from upper GI



pathologies. The genes included were TNFA (4SNPs), IL-IB  (4SNPs), IL-IRN  (exon 2 

VNTR), IL-10 (3SNPs), TLR4 (+896 SNP), andp73 (2 SNPs). All study subjects were 

of Irish ancestory. Genotyping was performed using standard methods. SPSS was used 

for statistical analysis and procedures such as logistic regression, chi square and 

ANOVA were used for analysis.

We found a significantly higher frequency o f IL-IB  -511CC genotype in OSCC 

cases as compared with controls (p = 0.001) and OAC cases (p = 0.007). The logistic 

regression model showed that individuals carrying the IL-IB  -511CC genotype have 

double the odds (OR 2.2, Cl: 1.11, 4.37) of developing OSCC as compared with 

individuals carrying the other two genotypes at this locus (TT and CT). Similarly, in 

cases that underwent surgery with curative intent, the post operative outcome was 

associated with TNFA -308GG genotype. Among the cases who developed post 

operative infections, TNFA -308GG genotype was more common as compared with the 

cases who developed no comphcations or non-infective complications (p = 0.021), and 

the odds of developing post operative infections with GG genotype were significantly 

higher (OR = 4.2, Cl; 1.7,10.8). No significant correlations were observed in other 

SNPs.

The two genotypes described above have been shown to be relatively low 

secretors of the corresponding cytokines. The balance between pro- and anti

inflammatory cytokines in the tissue microenvironment has an influence on the strength 

of immune response. It is possible that relatively lower production of these pro- 

inflammatory cytokines, in combination with advanced ages o f patients, cachexia, stress 

of surgical trauma, and comorbidities may contribute to weakening of immune 

response, thus resulting in higher incidence of OSCC and post operative infections. 

Alternatively, the haplotype on which these genotypes are located might be related in 

some complex manner to the disease phenotype. As biomarkers the sensitivity and 

specificity o f these two SNPs is low and they caimot be used for screening purposes on 

their own, but might be useful in combination with other tumour markers. Additionally, 

validation o f these SNPs is required by larger sample sizes.
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Chapter 1 

General Introduction



1.1 Cancer

Tremendous progress has been made in the understanding o f  pathobiology and 

molecular biology o f cancer in last 2 decades, yet a cure for this major killer is hard to 

pin down. The studies o f molecules potentially promoting cancer carry the promise of 

discovering more effective therapeutic targets. The word cancer refers to about 200 

diseases that have a common feature, namely uncontrolled cell growth. Management o f 

these diverse neoplasms is multifaceted and relies on close collaboration among 

surgeons, radiation and medical oncologists, pathologists, radiologists and 

gastroentrologists. Identification o f high-risk individuals and early detection o f cancer 

remains the cornerstone o f successful treatment. Carefully designed epidemiological 

studies have contributed remarkably to our understanding o f risk factors and disease 

outcomes associated with cancers. However, because epidemiological studies are 

usually observational by design, unknown and unmeasured confounding variables often 

affect the interpretation o f results. Great resources and large sample sizes are required to 

carry out powerful epidemiological designs.

1.1.1 Role o f  Genomics in Cancer

The visible tumour is the end result o f a whole series o f changes which may 

have taken many years to develop. It is generally believed that cancer develops as a 

result o f accumulating genetic mutation load (of which CRC is a good example), hence 

functional genomics afford a powerful approach to unravel the mechanisms involved in 

oncogenesis [1]. The Human Genome Project (HGP) has achieved a major landmark in 

sequencing previously unknown genes, and has provided researchers with invaluable 

technological and data analysis tools [2, 3]. The next phase is molecular fingerprinting, 

which correlates the cDNA expression pattern and the protein repertoire with the 

functional status o f  cells or tissues. It has been suggested that only a fraction, perhaps 

10,000, o f  the total 30,000 to 40,000 genes are expressed in any given cell [4, 5], It has 

also emerged from HGP that two unrelated humans share 99.9% o f their genomic 

sequence [6]. The 0.1% o f difference, which produces unique individual phenotypes and 

differential inter-individual pathobiological patterns, is due to SNPs, insertions, 

deletions, and repetitive DNA sequences [7]. Another important area in cancer research 

is the synthesis o f proteomic information into functional pathways and circuits in cells 

and tissues. A central system o f the body that potentially interacts with and influences 

the functional pathways, directly or indirectly, o f nearly every cell o f the body is the
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immune system. Early experiments showed that growth o f tumour in mice could be 

prevented by prior immunization with the same tumour [8, 9]. Since then, the immune 

mechanisms of anti-tumour responses have been partially discovered and T cells have 

been shown to play a major role [10, 11].

1.1.2 Environment and Cancer

The hallmarks of cancer are shown in Figure 1.1 [12], The series of accumulating 

genetic and epigenetic changes that lead to malignant transformation are a sequel to 

lifelong environmental exposures. Changes in cancer frequency among migrating ethnic 

groups, high cancer rates associated with specific occupations, and the high risk of 

smoking-associated cancers confirmed that environmental and lifestyle exposures are 

major determinants o f human cancer risk. Current data indicate that changing lifestyles 

and exposures can modify cancer risk [13]. The experimental induction of tumours in 

animals and transformed cell lines by chemicals has revealed important concepts in the 

pathogenesis of cancer [14], Chemicals cause genetic damage in different ways, e.g. the 

formation of carcinogen DNA adducts, leading to base mutations, or gross 

chromosomal changes [15, 16]. Tobacco smoke is a major cause o f lung cancer [17], 

Tobacco contains more than 3500 chemicals of which 20 are carcinogens that include 

among others PAH, nicotine derived nitrosamines, ethylene oxide, and 1, 3-butadiene. 

The cancer process does not start with a fully invasive cancer cell. The carcinogenic 

environmental stimuli act upon the human body over years to bring about the malignant 

transformation via a succession o f changes in cellular mechanisms operative at genetic, 

cytoplasmic and extracellular levels. The most common environmental factors causing 

cancer are shown in Figure 1.2.
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Figure 1.2: The figure shows the percentage o f  cancers caused by the well 
known factors contributing cancer development. About 75% o f  cancers are 
caused by Tobacco and diet. (Adapted from UlCC Manual o f  Clinical 
Oncology 2004.)

1.1.3 The Cell Cycle

Many o f  the oncogenic mutations impair the crucial restriction points during the 

cell cycle in which decisions are made to go on to divide or stop dividing [18, 19], 

Through all the stages o f  development, starting from a single zygote to an adult 

consisting o f  100 trillion cells, cell division is carried out with absolute precision. The 

division process continues during life to replenish essential cells (2 million RBCs 

produced per second). Cell division rate in tissues is controlled through extracellular 

signals intercepted at the plasma membrane such as mitogens, growth factors, hormones 

and cell-cell contact, however, such controls are altered in cancer cells [20]. While 

disruption o f  apoptosis is a key event in several cancers (e.g. follicular lymphomas, p53 

mutations, and hormone dependent cancers) (Figure 1.3), loss o f  cell cycle controls are 

the characteristics o f  the majority o f  cancers. In mammals cell cycle regulatory 

functions are carried out by proteins called cyclins and CDKs. During the cell cycle 

progression these proteins have the ability to arrest the cell cycle at specific check 

points if  required and are highly regulated [21] (Figure 1.3). In cancer cells, there is 

frequent overexpression o f  positive regulators o f  the cell cycle e.g. cyclins D1 and E,



CD K s 4 and 6, and c-m yc [22] or reduced or lack o f  expression o f  negative regulators 

(e.g. p i 6, p27, and pRb). The choice between growth arrest and cell cycle depends upon 

the cell type, the extracellular stimuli, and the level o f  expression o f  p53 and its 

interaction w ith other proteins [23] (Figure 1.3). The proliferation rate in perm anently 

quiescent cells, e.g differentiated nerve and m uscle cells, is initially determ ined by the 

probability o f  sw itching from the quiescent GO to G1 phase o f  the cell cycle. O ther cells 

e.g. norm al fibroblasts, divide only when conditions are favourable and w hen stimulated 

by growth factors such as VEGF, PDGF, and TGF beta [24, 25]. The fastest rate o f  cell 

division occurs in the epithelial cells (there is a com plete turn over o f  the w hole GIT 

epithelium  every 3-6 days). In transform ed cells, the lim iting GFs are not needed 

because o f  deregulation o f  signalling pathways or the tum our cells produce their own 

GFs [26], such as VEGF or T G Fa that activate their receptors (i.e., an autocrine 

m echanism ). A lternatively, receptors may be produced in excess, as is the case for EGF 

or H ER2/Neu receptors in num erous clinical tum ors, leading to adequate stim ulation at 

the low GF concentrations [27, 28].

The neoplastic cells use multiple strategies (Figure 1.4) to m ultiply 

exponentially during the early phases o f  tum our cell growth but as the tum our mass 

increases the rate o f  growth declines [29]. An im portant lim iting factor to tum our 

growth is its nutrient and blood supply. The growth o f  tum ours in hum ans is often 

accom panied by a very striking loss o f  weight, anorexia, asthenia, and anaem ia called 

cachexia. In several instances the cachetic response to the cancer is not directly related 

to the total cancer burden o f  the animal or patient but appears to depend m ore on some 

inherent property [30]. Cachexia can often be the prim ary cause o f  death o f  the patient, 

with as m any as 30%  o f  patients succumbing to its effect rather than to  the tum our 

burden. Cachexia certainly com plicates chem otherapy o f  cancer. Progress in the 

treatm ent o f  cachetic cancer patients has been poor; wasting is predictive o f  a poorer 

survival and lower rate o f  response to chem otherapy [31]. A lthough interleukin 1 (IL-1) 

has been cast as one o f  the m ediators o f  cachexia [32], a greater role is ascribed to 

tum our necrosis factor alpha (TN Fa) also known as cachectin [33, 34].
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1.1.4 Screening and signs o f Cancer

In their earliest stages, cancers are almost always asymptomatic. Cancers cause 

symptoms as they advance because o f the change in normal function o f  the affected 

structure or organ. Nearly all the symptoms that can be caused by cancer can also be 

caused more commonly by non-malignant diseases. Often by the time cancer is 

diagnosed, it is no longer curable. Figure 1.4 shows the strategies and mechanisms used 

by cancers to achieve the hall marks described above and intense research work is being 

focused on developing reliable molecular markers based on this knowledge. Screening 

programs have achieved considerable successes in detecting certain cancers. 

M ammography has decreased mortality from breast cancer, cytology and early 

treatment have diminished cervical cancer mortality, faecal occult blood test for 

colorectal cancer and prostate specific antigen for prostate cancer have been of 

tremendous value in diagnosing cancers before they become symptomatic. Many 

symptomatic patients with cancer are still curable with today's therapies. However, 

delay cannot possibly help once an early symptom occurs that eventually proves to be 

caused by cancer. Inclusion o f cancer as a differential diagnosis is always prudent.

1.2.1 Genetics of Cancer

Pierre Paul Broca, in 1866, described a family with a high proportion o f 

members who developed breast or liver cancer and proposed that an inherited 

abnormality within the affected tissue allowed tumour development [35]. Studies over 

the past twenty five years have strongly suggested that cancer is a genetic disease [36]. 

Cancer predisposition genes have been identified for breast, ovary, bowel, and many 

other cancers [37]. Cancer is a multistage evolutionary process that results from 

accumulation o f genetic mutations in a person’s lifespan, usually in somatic cells. If the 

mutant cell has aggressive growth properties its clonal expansion might result in 

development o f  tumour [38]. In general, the accumulation o f five to nine genetic 

changes must occur within a given cell to allow the cell to acquire the characteristics 

needed to escape normal growth control mechanisms and to develop into a malignant 

tumour [37]. These genetic changes preferentially occur in a subset o f human genes 

related to cellular development, cell differentiation, cell proliferation, cell survival, 

cellular senescence, and genetic repair. The most common genetic changes that occur 

prior to tumorigenesis are single nucleotide changes in coding regions o f genes, 

translocations, amplifications, deletions, or heritable epigenetic processes [37]. While
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most commonly the mutations are acquired, the germline mutations could be inherited. 

Many genes have been identified that are mutated in cancers. However, the degree of 

penetrance and the severity o f the syndromes associated with cancer predisposition 

genes can vary widely between families and between individuals in the same family. 

Three classes of genes are targeted by mutations. These are oncogenes, tumour 

suppressor genes (TSGs) and DNA repair genes [39]. The inherited and somatic 

mutations give rise to a clone of aggressively dividing cells that are further selected by 

the loss o f less aggressive mutant cells in the tumour.

L2,2 Oncogenes

Oncogenes are pathologically altered versions o f normal cellular genes, called 

proto-oncogenes that regulate cell proliferation, differentiation, and programmed cell 

death [40]. Proto-oncogenes can be classified into five groups based on the functional 

and biochemical properties of their protein products. These are (a) growth factors, (b) 

growth factor receptors, (c) signal transducers, (d) transcription factors, and (e) 

programmed cell death regulators (Table 1.1). Proto-oncogenes are converted into 

oncogenes by the genetic mechanisms of point mutation, insertion mutation, retroviral 

transduction or retroviral integration, gene amplification and chromosomal 

rearrangements [41]. The mutations occur in the promoter or enhancer regions. 

Oncogenes exert their malignant effect by being expressed constitutively and at 

abnormally high levels in an autosomal dominant fashion (gain of function mutation). 

No single oncogene can, by itself, cause cancer. It can, however increase the rate of 

mitosis of the cell in which it is present. Rapidly dividing cells are at greater risk of 

acquiring mutation, yielding a second or third oncogene. More than 100 different 

oncogenes have been discovered by various methods [42]. Most o f these oncogenes 

have been identified in experimental animals. Only a small subset of these genes seems 

to play a role in human cancer.

Proto-oncogenes such as ras and myc families have been implicated in various 

human tumours [43]. The signal transduction cascade activated by growth factors 

receptors, cytokines (IL2, IL3, GM-CSF), and hormones (insulin, Insulin-like growth 

factor-IGF), involves the 21-kDa guanine-nucleotide-binding proteins encoded by the 

ras proto-oncogene, of which H-, N-, and K-ras 4A/4B are prototypical [44]. Ras 

activity is regulated by cycling between inactive GDP-bound and active GTP-bound 

forms. Point mutations in the ras gene at residues 12, 13 or 61, are oncogenic because 

they render Ras insensitive to GAP stimulation, resulting in permanently active GTP-
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bound Ras form, which continuously activates the downstream pathways in absence of 

upstream stimulation [45]. Myc proteins are involved in a variety of cellular processes. 

Overexpression of myc gene promotes tumorigenesis and cellular transformation [46]. 

Myc protein is a helix-loop helix (bHLH)/leucine zipper transcription factor that 

operates as a heterodimer with Max protein. Myc transactivates in part by binding to the 

TRRAP complex, recruiting histone acetylase activity to cellular promoters [47]. Whole 

genome array analysis has revealed that Myc binds to a large fraction of cellular 

promoters, weakly activating approximately 5 to 15% of genes depending on the 

cellular context and experimental system [48].

1.2.2.1 Mechanism of Oncogene activation

1.2.2.1.1 Mutation

Mutations activate proto-oncogenes through structural alteration in their encoded 

proteins. These alterations, which usually involve critical protein regulatory regions, 

often lead to the uncontrolled continuous activity of the mutated protein. Point 

mutations are frequently detected in the ras family of proto-oncogenes. It has been 

suggested that as many as 15-20% of human tumours may contain a ras mutation. K-ras 

mutations are common in lung adenocarcinomas, colon carcinomas and 90% of 

pancreatic carcinomas [49]. H-ras mutations are found in skin tumours and thyroid 

carcinomas along with mutations of K-ras and N-ras and a PTEN loss [50]. N-ras 

mutations are preferentially found in haematologic malignancies with upto 25% 

incidence in AML and myelodysplastic syndrome [51].

1.2.2.1.2 Gene Amplification

Gene amplification refers to the expansion in copy number of a gene within the 

genome of a cell. The process of gene amplification occurs through redundant 

replication of genomic DNA, often giving rise to karyotypic abnormalities called 

double-minute chromosomes (DMs) and homogenous staining regions (HSRs). Studies 

have demonstrated that three proto-oncogene families; myc, erb B, and ras, are 

amplified in a significant number of human tumours. About 10 to 20% of breast and 

ovarian cancers show c-myc amplification and an approximately equal frequency of c- 

myc amplification is found in squamous cell carcinomas [52].
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1.2.2.2 Chromosomal rearrangements

1.2.2.2.1 Gene Activation

Gene activation, also known as transcriptional activation and results from 

chromosomal rearrangements that move a proto-oncogene close to an immunoglobulin 

or T cell receptor gene. Transcription of proto-oncogene falls under control of 

regulatory elements from the immunoglobulin or T cell receptor locus. The 

t(8;14)(q24;q32) translocation, found in about 85% of cases of Burkitt’s lymphoma, is a 

well characterized example of the transcriptional activation of a proto-oncogene. This 

translocation places the c-myc gene, located at chromosome band 8q24, under control of 

regulatory elements from the immunoglobulin heavy chain locus located at 14q32 [53]. 

The c-myc gene is involved in regulation of cell proliferation.

1.2.2.2.2 Gene Fusion

The first example of gene fusion was discovered through the cloning of the 

breakpoint of the Philadelphia chromosome in CML [54]. The t(9;22) (q34;qll) 

translocation in CML fuses the c-abl gene, normally located at 9q34, with the bcr gene 

at 22ql 1. The bcr/abl fusion gene encodes a chimeric protein of 210 kDa with increased 

tyrosine kinase acvitvity and abnormal cellular localization.



Table 1.1: M ost common Proto-oncogenes*

Gene Function
Growth Factors

c-Sis gene 
int 2 gene

KGF gene (also called Hst gene)

Encodes the PDGF B chain 
Encodes an FGF related growth factor 
Encodes an FGF related growth factor 
(identified in gastric carcinoma and Kaposi's 
Sarcoma

Growth Factor Receptors
erbB
ergB2 (neu/HER-2)
Fms
Kit
Trk
Ret

Met

Sea
Ros
Mas

Tyrosine Kinase/EGF receptor 
Tyrosine Kinase
Tyrosine Kinase / CSF-1 receptor 
Tyrosine Kinase / steel receptor 
Tyrosine Kinase / NGF receptor 
Tyrosine Kinase
Tyrosine Kinase / hepatocyte growth factor
receptor
Tyrosine Kinase
Tyrosine Kinase
Angiotensin receptor

Signal Transduction
Abl
Fes
Lck
Src
Raf
Mos
Pirn
H-ras
K-ras
N-ras
Gsp
Gip

Tyrosine Kinase 
Tyrosine Kinase 
Tyrosine Kinase 
Tyrosine Kinase 
Serine / Threonine Kinase 
Serine / Threonine Kinase 
Serine / Threonine Kinase 
Binds GDP / GTP 
Binds GDP / GTP 
Binds GDP / GTP 
G protein 
G protein

Transcription Factors
erb A
Ets
Fos
Jun
Myb
c-myc
L-myc
N-myc
Rel
Ski

T3 receptor / DNA bnding 
DNA binding
DNA binding / AP-1 complex with jun
DNA binding / AP-1 complex with fos
DNA binding
DNA binding
DNA binding
DNA binding
DNA binding
DNA binding

Programmed cell death regulation
bcl-2 Membrane protein / apoptosis

• Oncogenes are pathologically altered versions of proto-oncogenes that regulate cell 
proliferation, differentiation, and programmed cell death [40]. Proto-oncogenes can be 
classified into five groups based on the functional and biochemical properties of their 
protein products
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L 23 Tumour Suppressor Genes (TSGs)

The studies of Harris and colleagues in 1969 provided compelling evidence that 

the ability of cells to form a tumour is a recessive trait [55]. They observed that the 

growth of murine tumour cells in syngeneic animals could be suppressed when the 

malignant cells were fused to non-malignant cells, although reversion to 

tumourigenicity often occurred when the hybrids were propagated for extended periods 

in culture. The recurrence of malignancy was found to be associated with chromosome 

losses. The observation that the loss of specific chromosomes was associated with the 

reversion to malignancy suggested that a single chromosome (and perhaps even a single 

gene) might be sufficient to suppress tumourigenicity. To test this hypothesis directly, 

single chromosomes were transferred from normal cells to tumour cells, using the 

technique of microcell-mediated chromosome transfer. It was found that the transfer of 

a single chromosome 11 into the HeLa cervical carcinoma cell line and Wilm’s tumour 

suppressed the tumorigenic phenotype of the cells [56, 57]. While tumourigenicity was 

suppressed by chromosome 11, other characteristics such as immortality and anchorage- 

independent growth were not suppressed by chromosome 11. Other studies found that 

human chromosome 1 caused an immortal but non tumorigenic hamster cell line to 

cease cell division [58]. These studies provided evidence for the existence of genes that 

could suppress phenotypic traits of immortal or even fully cancerous cells.

TSGs are important in protecting cells against malignant transformation. TSGs 

also control cell division but they differ from oncogenes in that they inhibit cell division 

if the conditions for growth are not met [59]. TSGs lose their ability to control cell 

division when both copies of the gene are damaged by mutation or chromosomal 

abnormalities (i.e. two mutagenic hits are necessary - first shown by Knudson et al. in 

1971 in connection with retinoblastoma [60]). In contrast to oncogenes, it is a loss of 

function of these genes that facilitates development of malignancy. Sometimes a 

mutation in one of the alleles is inherited through the germ-line cells and only one 

mutation (in the other allele) is required to promote growth of tumour e.g. 

retinoblastoma gene chromosome 13ql4. The most important TSG is p53 gene (53 kDa 

tumour protein) located on chromosome 17 and discovered in 1979. It is mutated in 

approximately 50% of cancers. About 109 proteins are so far known to be involved with 

p53 signalling. Exons 5 -  8 are evolutionarily the most conserved regions of p53 gene 

Mutations in this region have been found in 50% of oesophageal cancer tissues [61].

(



In Western Europe and the USA approximately 1 in 12 women develop breast 

cancer. The BRCA-1 gene was identified in 1994 [62]. BRCA-1 is a large gene, with 24 

exons encoding a 220 kDa nuclear protein containing 1863 amino acids (aa). Two 

recognizable motifs are found, one in the amino terminus, and the other in C-terminus. 

These motifs interact with other proteins and are involved in DNA repair, 

transcriptional co-activation and cell cycle regulation [63]. BRCA-2 was identified in 

1995 and encodes a 384 kDa protein [64]. BRCA-1 and BRCA-2 have many features in 

common most notably, a large exon 11, translational start sites in exon 2, A-T rich 

coding sequences, both expressed at high levels in testis and both are TSGs. It has been 

estimated that roughly 5% of breast cancer cases might be attributable to germline 

mutations in BRCA-1 and BRCA-2 genes. Women in such families not only have a 

markedly increased risk of breast cancer, but they often develop cancers at an earlier 

age. Tablel.2 shows other most commonly mutated TSGs.
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Table 1.2: TSGs most commonly mutated in tumours*

TSG Function Chromosomal
Location Tumor Types Observed Familial Cancer 

Syndrome

P53 cell cycle regulation, apoptosis 17pl3.1 brain tumors, sarcomas, leukemia, breast 
cancer Li-Fraumeni Syndrome

RBI cell cycle regulation 13ql4.1-ql4.2 retinoblastoma, osteogenic sarcoma Familial
Retinoblastoma

WTl transcriptional regulation llp l3 pediatric kidney cancer Wilm's Tumour

NFl protein = neurofibromin 1 
catalysis of RAS inactivation 17qll.2 neurofibromas, sarcomas, gliomas Neurofibromatosis 

Type 1

NF2
protein=merlin or neurofibromin 2 
linkage of cell membrane to actin 
cytoskeleton

22ql2.2 Schwann cell tumors, astrocytomas, 
meningiomas, ependymonas

Neurofibromatosis 
Type 2

APC signaling through adhesion molecules 
to nucleus 5q21-q22 colon cancer Familial Adenomatous 

Polyposis

TSCl
protein = hamartin
interacts with tuberin, exact function
unknown

9q34 facial angiofibromas Tuberous Sclerosis 1

TSC2 protein = tuberin
GTPase activation of RAP 1 and RAB5 16pl3.3 benign growths (hamartomas) in many 

tissues, astrocytomas, rhabdomyosarcomas Tuberous Sclerosis 2

DPC4 
also known 
as Smad4

regulation of TGF-b/BMP signal 
transduction 18q21.1 Deleted in pancreatic carcinoma, colon 

cancer

DCC transmembrane receptor involved in 
axonal guidance via netrins 18q21.3 Deleted in colorectal cancer

Table continued on next page



TSG Function
Chromosomal
Location

Tumor Types Observed
Familial Cancer 
Syndrome

BRCAI
cell cycle control, controlling protein 
degradation, DNA damage repair, and 
transcriptional regulation; interacts with 
Rads 1 in DNA repair

17q21 breast and ovarian cancer Familial Breast Cancer

BRCA2
transcriptional regulation of genes involved 
in DNA repair and homologous 
recombination

13ql2.3 breast and ovarian cancer Familial Breast Cancer

PTEN phosphoinositide 3-phosphatase 
protein tyrosine phosphatase

10q23.3
gliomas, breast cancer, thyroid 
cancer, head & neck squamous 
carcinoma

Cowden syndrome

LKBla. nuclear localized 
kinasealso called STKl 1 
(serine-threonine kinase 11)

Phosphorylates and activtes AMP-activated 
kinase (AMPK), AMPK involved in stress 
responses, lipid and glucose metabolism

19pl3.3
hyperpigmentation, multiple 
hamartomatous polyps, colorectal, 
breast and ovarian cancers

Peutz-Jeghers Syndrome

CDHI protein = E-cadherin 
cell-cell adhesion protein

16q22.1 gastric cancer, lobular breast cancer
Familial Diffuse type 
Gastric Cancer

VHL
regulation of transcription elongation 
through activation of a ubiquitin ligase 
complex

3p26-p25
renal cancers, hemangioblastomas, 
pheochromocytoma, retinal angioma

Von Hippel-Lindau 
Syndrome

p l 6 i m 4 a

also called CDKN2A
protein=cyclin-dependent kinase inhibitor 
2A
cell-cycle regulation

9p21 melanoma, pancreatic cancer, others Familial Melanoma

MEN] Unknown l lq l3
parathyroid and pituitary adenomas, 
islet cell tumors, carcinoid

Multiple Endocrine 
Neoplasia Type 1

* TSGs also control cell division but they differ from oncogenes in that they inhibit cell division if the conditions for growth are not met 
[59]. TSGs lose their ability to control cell division when both copies of the gene are damaged by mutation or chromosomal abnormalities 
(i.e. two mutagenic hits are necessary - first shown by Knudson et al. in 1971 in connection with retinoblastoma [60]).
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L2,4 DNA Repair Genes

A significant proportion of cancers of the colon, endometrium, and other organs 

have been found to exhibit a phenotype known as microsatellite instability (MSI). 

During DNA synthesis, the primer and template strands in a microsatellite region 

sometimes re-anneal incorrectly after separation. These are called IDLs (insertion 

deletion loops) [65]. IDLs are addressed by the mismatch repair system which repairs 

the error containing section of the DNA [66]. A cell’s ability to repair DNA damage is 

critical in prevention of malignancy [67, 68]. DNA mismatch repair system is composed 

of a few proteins that are conserved in eukaryotic cells. Essential components of the 

MMR system -  MutS, MutL, MutH and Uvr, were identified in Escherichia coli 

through the genetic studies of mutants that showed elevated mutation levels [69]. The 

situation in eukaryotes is more complicated than in E. coli. The Human Genome Project 

has revealed 130 genes with products that participate in DNA repair. In humans the 

most abundant mismatch-binding factor is composed of MSH2 and MSH6 [70]. MSH 

proteins are ATPases that possess the Walker ATP-binding motif which is highly 

conserved among polypeptides that are involved in DNA repair [71]. Human cells 

express four MUTL homologues: MLHl, MLH3, PMSl, and PMS 2. These proteins 

form complexes that are most important in MMR and cells lacking these proteins 

exhibit a high degree of MSI. Mlhl'^‘ and Pms2'^‘ mice do not have identical phenotypes 

(Pms2‘̂ ‘ mice, though cancer prone do not get gastrointestinal tumours [72]). In DNA 

damage repair many proteins act in concert with MMR proteins such as PCNA and 

exonuclease 1 and MMR system deficient cells are 100-fold more resistant to death that 

is induced by methylating agents than MMR proficient cells. The MMR system is 

significantly linked to HNPCC [73].

Many forms of environmental insults, e.g. radiation and chemicals, can cause DNA 

damage. DNA bases can be damaged in different ways;

• Covalent modification of bases e.g. deamination (deamination of ‘C’ will yield a 

‘U ’)

• Mismatches because of failure of proofreading

• Double stranded breaks (DSBs)

• Crosslinks -  covalent linkages between bases (interstrand or intrastrand). 

Damaged bases can be repaired by several mechanisms involving the MMR system 

described above

• Direct reversal of base damage



• Excision repair (BER -  base excision repair, NER -  nucleotide excision repair, 

MMR -  mismatch repair)

DNA repair gene defects have been implicated in a fairly broad spectrum of human 

cancers [74]. Like the TSGs, the DNA repair genes are inactivated in human cancers; 

however, they appear to differ from the tumour suppressor genes with respect to their 

normal cellular functions. Specifically, while protein products of many tumour 

suppressor genes are likely to be directly involved in growth inhibition or 

differentiation, the DNA repair pathway proteins have a more passive role in regulating 

cell growth. Their inactivation in tumour cells results in an increased rate of mutations 

in other cellular genes, presumably including proto-oncogenes and tumour suppressor 

genes.



1.3 Genetic Variation and Cancer

1.3.1 DNA Sequence Variation;
All humans would be a clone if the nucleotide sequences of their genomes were 

exactly identical. The only known human clones are identical twins. All other humans 

have nearly 99.9% identical genomic sequence [6]. The remaining 0.1% variation (i.e. 

one base in every 1000 bases) is medically very important. It is this DNA sequence 

variation or polymorphism, that is responsible for the phenotypic differences among 

individuals and races e.g. skin colour, facial features, height etc. Even in the same 

individual, corresponding loci on homologous chromosomes have variations. The 

variant DNA sequences on corresponding loci of homologous chromosomes are 

commonly known as alleles. The most common type of genetic variation is single 

nucleotide polymorphism (SNP). There are more than ten million SNPs in the human 

genome. Other less frequent polymorphisms are variable number of tandem Repeats 

(VNTRs), deletion / insertion polymorphisms (DIPs or indels), and inversions. Genetic 

variations are usually present in the non-coding regions of the genomes / genes. The 

non-coding regions could be regulatory or of unknown function. However, if SNPs are 

present in the exons of genes, they may or may not alter the aa sequence, and hence 

function, of the protein (synonymous or non-synonymous SNPs) [75]. Gathering j 

evidence suggests that polymorphisms in the flanking regions of genes, the non-coding 

regulatory regions, influence the level of gene expression, or the location or timing of 

expression. [76].

1.3.2 DNA Sequence Variation and Diseases:

An estimated 10,000+ human diseases are known to be monogenic [77]. These 

diseases are rare, highly heritable “Mendelian” disorders in which variation in a single 

gene is both necessary and sufficient. It is now increasingly apparent that these genes 

are further modified by other genes known as modifier genes, that cause intrafamilial 

variations, altered penetrance, and altered severity of disease [78]. The nature of disease 

depends on the functions performed by the modified gene. Monogenic diseases result 

from modifications in a single gene occurring in all cells of the body. Though relatively 

rare, they affect millions of people worldwide. The single-gene or monogenic diseases 

can be classified into three main categories:

• Dominant /



• Recessive

• X-linked

1.3.3 Gene Polymorphisms and Cancer:

Most of the gene polymorphisms identified so far in cancer epidemiology are 

located in genes encoding for metabolic enzymes involved in phases I and II of 

chemical metabolism and those responsible for the DNA repair, inflammatory response, 

cell adhesion and vascular growth [79]. Cancers arise from the accumulation of 

inherited polymprphisms (i.e. SNPs and mutations) and sporadic somatic 

polymorphisms in cell cycle, DNA repair, and growth signalling genes [80]. For 

instance members of certain ethnic groups have a higher risk of carrying SNPs in cancer 

genes such as BRCA-1, BRCA-2, or ARC (adenomatous polyposis coli). These SNPs 

confer an increased risk of developing breast, ovarian, prostate, or colon cancers [81]. 

Somatic polymorphisms such as those in the p53 gene, influence both clinical outcome 

and response to therapy [82].

1.3.4 The HapMap Project:

The identification of the haplotype on which the mutation is located and then 

subsequent identification of the mutation is a common research approach. This has been 

shown for several diseases e.g. in cystic fibrosis and diastrophic dysplasia [83, 84]. 

Sequence analysis of the human genome has yielded numerous SNPs, raising the 

expectation that new low-penetrance tumour susceptibility genes will be identified that 

can be used to estimate an individual’s cancer risk [85]. Several groups have worked to 

create a SNP map of the whole human genome [86]. Notable among these are the U.S. 

Human Genome Project (HGP) and SNP consortium. The International HapMap Project 

was launched in October 2002 to create a public, genome-wide database of common 

human sequence variation, providing information needed as a guide to genetic studies of 

clinical phenotypes [87]. The HapMap data have generated a genome wide variation 

resource that will have a huge impact on the investigation of evolutionary forces that 

have shaped variations in natural populations. The HapMap should be valuable in 

reducing the number of SNPs required to examine the entire genome for association 

with a phenotype from the 10 million SNPs that exist to roughly 500,000 tag SNPs. This 

will make genome scan approaches to finding regions with genes that affect cancers 

much more efficient and comprehensive; since effort will not be wasted typing more 

SNPs than necessary and all regions of the genome can be included.
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1.4 Immune System and Cancer

L4,l Immuno-editing:

In 1909 Paul Ehrlich proposed that cancer would be much more prevalent if the 

immune system didn’t identify and eliminate nascent tumour cells [88] (ref). If naturally 

occurring immune responses protect humans against cancer, the incidence of cancer in 

immuno-suppressed transplant patients may rise providing support for the cancer 

immunosurveillance hypothesis [89, 90]. Indeed, the incidence in transplant patients is 

significantly higher for cancers associated with viral infections, e.g. HIV [91]. Evidence 

is also accumulating for a higher incidence of cancers not associated with viral 

infections [92, 93]. It has also been shown that the immune system functions to promote 

or select tumour variants that are better suited to survive in an immunologically intact 

environment (tumours with reduced immunogenicity), very much like bacteria and 

viruses, thereby providing developing tumours (especially those with genetic 

instabilities) with a mechanism to escape immunologic detection and elimination [94]. 

This has been termed as immuno-editing or immuno-sculpting [90]. (Figures 1.6 and 

1.7) Each tumour tends to over-express certain proteins in either their normal or mutated 

form. These proteins are called tumour associated antigens [95]. The presentation of 

tumour antigens appears to follow the same general mechanisms used for other 

antigens, such as viral proteins. The immune response can be divided into a cellular and 

humoral response. The T cell (cellular response) plays a major role in the immune 

response against cancer. A great deal of work has established that the cellular branch of 

the immune system is particularly relevant to human tumour immunology. Tumour- 

associated antigens recognized by T cells are fragments of proteins produced by 

malignant cells that are presented by MHC molecules.

1,4,2 Immuno-protection:

Robert D. Schreiber [90] showed that the immune system often prevents

tumours from developing and thus plays a strong protective role against cancer. Using

genetically engineered mice that lacked a functional immune system, the authors

showed that lymphocytes and the immune stimulator, IFN gamma (involving STATl

pathway), cooperate to inhibit the development of both spontaneous and carcinogen-

induced tumours. This natural body defence is imperfect, and some tumour cells escape

identification and go on to cause cancer. These tumours are less immunogenic, having
/

undergone a process of immunoselection tnggered by the actions of the immune system



[96, 97]. Russell et al. have shown that C57BL/6 mice lacking perforin (perforin'^’) were 

more prone to MCA-induced tumour formation compared with their wild type 

counterparts. Perforin is a component of the cytolytic granules of cytotoxic T cells and 

NK cells that is important in mediating lymphocyte-dependent killing o f many different 

target cells including tumour cells [98]. More compelling evidence of the role of 

immune system in cancer surveillance came through the use of gene targeted mice that 

lack recombination activating gene 1 (RAG-1) or RAG-2. Like DNA-PK, these 

enzymes are involved in the repair of double-stranded breaks, but unlike DNA-PK, they 

are expressed exclusively in the lymphoid compartment. Mice deficient in either of 

these genes fail to rearrange lymphocyte antigen receptors and thus completely lack 

NKT, T and B cells [99].

1,4.3 Cancer Immunotherapy

Dr. William B. Coley is regarded as the father of cancer immunotherapy. Nearly 

a century ago, he was intrigued by the disappearance of tumours in cancer patients who 

had developed streptococcal infections. He suspected that the cause of tumour 

regression was bacterial infection so he decided to inject live streptococci into patients 

suffering with inoperable cancer. He injected four different bacterial cultures into a 

patient and observed complete disappearance of the tumour. He ultimately developed a 

mixture o f killed bacteria known as Coley’s toxin. He injected over 1000 cancer cases 

with this substance but achieved varied results. It is now known that the dead bacterial 

proteins actually acted as immune potentiators. These proteins had activated the 

immune system through release of cytokines by immune cells.
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CANCER ELIMINATION BY IMMUNE SYSTEM 
A MODEL PROPOSED BY ROBERT SCHREIBER

(a) The innate 
immune system 
cells recognize 
the “non-self 
antigens” on the 
transformed 
cells. immune 
cells secrete 
IFN-y in
response.

— ‘ IFN-y

Lymph

1 CD8*yIP-10

Lymph nodeLymph node

(c) Tumour cell 
growth is kept 
in check by the 
NK cells and 
activated 
macrophages 
while CD4" and 
CD8" T cells 
that are specific 
for tumour 
antigens
develop in 
draining lymph 
nodes.

Figure 1.6: A proposed model for the elimination of cancer cells. [Tumour cells; Blue. 
(Figure reproduced with permission from Robert D. Schreiber. Originally published in 
escape. Nat Immunol, 2002. 3( 11); p. 991-8.”)

i (b)  IFN-y starts a cascade 
of innate immune 
reactions that involve (i) 
induction of chemokines 
including
[CSCLIO(IPIO), CXCL9 
(M IG ) and C XCLl 1 (1- 
TAC)]. These
chemokines block neo
vascularization and also 
recruit NKcells, dendritic 
cells, macrophages and 
other cells, (ii) an 
antiproliferative action of 
IFN-y on the developing 
tumour and (iii) the 
activation of cytocidal
activity in macrophages 
and NK cells entering the 
tumour. Dendritic cells 
transport the peptides
from dead tumour cells to 
the lymph nodes

(d) Tumour specific
CD4^ and CD8" T cells 
home to the tumour along 
a chemokine gradient
where they recognize and 
destroy tumour cells 
expressing distinctive 
tumour antigens.

Non-transformed cells; Grev. Dead tumour cells; white periphery, dark centre] 
“Dunn, G.P., et al.. Cancer immunoediting: from immunosurveillance to tumor
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CANCER IMMUNO-EDITING
Elimination Equilibrium

Genetic instability/tumor heterogeneity

Immune selection

Figure 1.7: Cancer immunoediting encompasses three processes: (a) Elimination corresponds to immunosurveillance whereby the 
circulating immune cells recognize tumour specific antigens on tumour cells, (b) Equilibrium represents the process by which the 
immune system iteratively selects and promotes the generation of tumour cell variants with increasing capacities to survive 
immune attack, (c) Escape is the process wherein the immunologically sculpted tumour expands in an uncontrolled manner in the 
immuocompetent host. In (a) and (b), developing tumour cells (blue), tumour cell variants (red) and underlying stroma and 
nontransformed cells (grey) are shown. In (c) additional tumour variants (orange) that have formed as a result of the equilibrium 
process are shown. Different lymphocyte populations are marked. The small orange dots in (a) represent cytokines and the white 
flashes represent cytotoxic activity of lymphocytes against tumour cells. (Figure reproduced with permission from Robert D. 
Schreiber, Dept of Pathology and Immunology, Center for Immunology, Washington University School of Medicine, St. Loouis, 
MO 63110, USA. Oringinally published in “Dunn, G.P., et al., Cancer immunoediting: from immunosurveillance to tumor 
escape. Nat Immunol, 2002. 3(11): p. 991-8.”)



To date, more than 98 dendritic cell (DC) vaccine studies involving over 1000 

cancer patients have been conducted, and more that 60 clinical studies o f DC vaccines 

for cancer patients are underway [100]. There is also evidence showing a positive 

correlation between the presence of lymphocytes in a tumour and increased patient 

survival [101]. Numerous studies have investigated the loading o f MHC class I and 

class II molecules at the cell surface of exogenous DCs with peptides derived from 

defined antigens in an effort to induce endogenous T cell reponses [102]. Some clinical 

trials o f cancer vaccines based on tumour antigen-pulsed DCs have supported their 

safety and efficacy [103]. Immunotherapies are designed to enhance the immune 

response o f a particular patient against unique targets. Tumour immunotherapy could 

either be non-specific or antigen specific [104, 105]. Antigen specific therapies can be 

attained by either adoptive transfer or vaccination. In adoptive transfer the physician 

directly transfers to the patient those components o f the immune system that are already 

capable of producing a specific immune response. These include both antibodies and 

immune cells such as LAK and T cells [106]. Non-specific immunotherapy refers to 

therapies that can stimulate the immune system by using a substance that activates or 

enhances immune cell function regardless of their antigen specificity. They do so by 

enhancing the cellular communication between immune cells. One of the substances 

used for enhancing anticancer effects is BCG (Bacille Calmette Guerin), an attenuated 

mycobacterial strain (in bladder cancer). The exact mechanism is not known but BCG 

probably activates macrophages and lymphocytes. Certain cytokines such as TNFa, IFN 

(interferon) alpha and beta, IL-4 and IL-6 interact directly with tumour cells, inducing 

them to undergo apoptosis or stop further growth. The cytokines act synergistically 

when given together rather than individually. However, administration of these 

cytokines is accompanied by serious side effects. Some cytokines act indirectly on 

tumours by indirect mechanisms e.g. IL-2 promotes T cell and NK cell growth (in 

malignant melanoma and renal cell carcinoma). IFNs and GM-CSF act on APCs 

(antigen presenting cells) and increase the production o f important molecules such as 

MHC molecules and immune costimulators such as B7. Transfer o f whole live cells is 

also being used to enhance nonspecific immunotherapy against cancer. For example, in 

patients with metastatic melanoma human PBMCs can be isolated, treated with IL-2 to 

generate LAK cells and then reinjected back into the patients. Complete tumour 

regression has been achieved in 10 % of patients [107] (ref).

26



1.5 INFLAMMATION AND THE DEVELOPMENT OF 

CANCER

Rudolf Virchow, in 1863, was the first biologist to notice an association between 

inflammation and cancer. He noted leukocytes in the neoplastic tissues and suggested 

that the “lymphoreticular infiltrate” reflected the origin of cancer at sites of chronic 

inflammation [108]. Dvorak has referred to tumours as wounds that do not heal [109]. 

Inflammation involves a complex reaction to microbial, chemical, or physical agents in 

tissues, resulting in the influx of circulating leukocytes and connective tissue cells. 

Histopathologic features of chronic inflammation include the predominance of 

macrophages and lymphocytes, proliferation of hyperpermeable small blood vessels, 

fibrosis, and necrosis [110]. Table 1.3 gives some cancers where the inflammatory 

process is a cofactor.

Table 1.3: Inflammatory Conditions Associated with Cancer Risk*

Inflammatory Condition / stimulus Cancer

Papillomavirus Cervical / Oropharyngeal 
Cancer

Human herpesvirus type 8 Kaposi's Sarcoma
Schistosoma hematobium Bladder Cancer
Asbestos Mesothelioma
HP induced gastritis Gastric Cancer
HP MALT Lymphoma
Pelvic inflammatory disease Ovarian Cancer
Barrett's metaplasia Oesophageal Adenocarcinoma
Inflammatory bowel disease Colorectal Cancer
Hepatitis virus (B and C) Hepatocellular Carcinoma
Cigarette smoke, silica, asbestos Bronchogenic Carcinoma
Opisthorchis viverrini, Clonorchis 
sinensis (Liver Flukes)

Cholangiocarcinoma

Epstein-Barr virus Non-Hodgkin Lymphoma 
Hodgkin Lymphoma 
Nasopharyngeal Carcinoma

Chronic cholecystitis Gallbladder Carcinoma
Inflammatory atrophy o f prostate Prostate Carcinoma

* Underlying inflammation is a feature of many epithelial cancers. Dvorak in 1986 
referred to tumors as ‘wounds that do not heal’. Recurrent or persistent inflammation, 
due to any stimulus, may influence susceptibility to carcinogenesis by causing DNA 
damage, inciting tissue reparative proliferation, and/or by creating a stromal milieu that 
is enriched with cytokines and growth factors.
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7.5.7 Cell secretions in Tumour Microenvironment

The inflammatory microenvironment of tumours is characterized by the 

presence of host leucocytes both in the supporting stroma and in tumour areas [111]. 

Tumour associate macrophages (TAM) are a major component of the infiltrate of most 

tumours. TAMs are derived from circulating monocytic precursors and are attracted to 

the tumour microenvironment by chemoattractant cytokines called chemokines [112]. 

Many tumour cells produce cytokines called CSF that prolong survival of TAMs. 

Activated macrophages and lymphocytes interact and release a variety of inflammatory 

cytokines that amplify immune reactivity. Cytokines are also secreted by other stromal 

and endothelial cells in response to inflammatory stimuli. The network of cytokines, 

chemokines, and growth factors interact with specific cell surface receptors that signal 

target genes involved in cell proliferation and influence tumour cell survival, 

neoangiogenesis, and migration of tumour cells into the stromal matrix [110, 113].

7.5.2 Tumour Promoting Molecules o f Chronic Inflammation

Chronic inflammation and the metabolic products of phagocytosis are often 

accompanied by the excessive formation of reactive oxygen and nitrogen species that 

are potentially damaging to DNA, lipoproteins, and cell membranes. Inflammatory cells 

also release metabolites of arachidonic acid, or eicosanoids, including prostanoids or 

prostaglandins and leukotrienes [114], The cyclo-oxygenases are key enzymes that 

control rate-limiting steps in prostaglandin synthesis. The expression of the isoform 

COX-2 is induced by inflammatory and neoplastic cells, and metabolites produced by 

the action of COX-2 on arachidonic acid have been shown to affect various 

carcinogenic pathways [115]. The neoplastic transformation of proliferating stem cells 

and subsequent tumour invasion may require a microenvironment of activated 

inflammatory cells and stromal cell elements.

Recurrent or persistent inflammation, whether due to exposure to a specific 

infectious or chemical agent, radiation or physical trauma, or as a result of impaired 

immune response mechanisms, may influence susceptibility to carcinogenesis by 

causing DNA damage, inciting tissue reparative proliferation, and/or by creating a 

stromal milieu that is enriched with cytokines and growth factors. Stromal content is 

comprised of a fibrin-gel matrix, connective tissue elements, and a variable component 

of infiltrating inflammatory cells, which create a signalling microenvironment of 

proinflammatory agents such as the COX-2 enzyme and prostaglandins, chemokines,
y

and interleukins in which transformed cells prosper.



1,5.3 Proinflammatory cytokines and Cancer

The cytokine network of several common tumours is rich in inflammatory 

cytokines, growth factors, and chemokines, but generally lacks cytokines involved in 

specific and sustained immune responses [116]. There is now evidence that 

inflammatory cytokines and chemokines, which can be produced by the tumour cells 

and/or tumour-associated leucocytes and platelets, may contribute directly to malignant 

progression. Many cytokines and chemokines are inducible by hypoxia, which is a 

major physiological difference between tumour and normal tissue [117]. Examples are 

TNFa, IL-1 and 6, and chemokines.

1.5.3.1 Tumour necrosis factor alpha

TNFa is a major mediator of inflammation, with actions directed towards both 

tissue destruction and recovery. While inducing death of diseased cells at the site of 

inflammation, TNF stimulates fibroblast growth. It can destroy blood vessels but also 

induce angiogenic factors [118]. Likewise, in malignant disease, high-dose local TNF 

selectively destroys tumour blood vessels, but when chronically produced this cytokine 

may act as an endogenous tumour promoter, contributing to the tissue remodeling and 

stromal development necessary for tumour growth and spread. TNF can be detected in 

malignant and/or stromal cells in human ovarian, breast, prostate, bladder, and 

colorectal cancer, lymphomas, and leukaemias, often in association with IL-1 and -6 

and macrophage colony stimulating factor [119]. In epithelial ovarian cancer, TNF 

mRNA is found in epithelial tumour islands, where there is a positive correlation with 

tumour grade [120]. The p55 TNF receptor is found on tumour and stromal cells and the 

p75 receptor localizes to the leucocyte infiltrate in ovarian cancer, suggesting 

possibilities for both paracrine and autocrine action. TNF is also implicated in the 

induction of a chemokine called monocyte chemotactic protein-1, which can regulate 

the macrophage and lymphocyte infiltrate [111], and of matrix metalloprotease-9, in the 

ovarian tumour microenvironment. In breast cancer, infiltrating macrophages are a 

major source of TNF, which may regulate thymidine phosphorylase, a key angiogenic 

enzyme in the tumour epithelium [121]. In prostate cancer, tumour cell TNF production 

correlates with loss of androgen responsiveness. In non-Hodgkin lymphoma, 

myelogenous leukaemia, and chronic lymphocytic leukaemia, high circulating levels of 

TNF and its soluble receptors are associated with poor prognosis [122]. There is also 

evidence for pro-cancer actions of TNF in animal models [123]. For example, treatment 

of ascitic ovarian cancer xenografts with TNF promotes adhesion of free-floating



tumour cells to the peritoneum and solid tumour formation, and overexpression of TNF 

confers invasive properties on some tumour cell lines [124]. Direct evidence for the 

involvement of TNF in malignancy comes from the observation that mice lacking the 

gene for TNF are resistant to skin carcinogenesis. TNF may be involved in the early 

stages of skin tumour promotion in normal mice, being transiently but extensively 

induced in keratinocytes after apphcation of tumour promoter [125]. Pentoxifylline (an 

inhibitor of inflammatory cytokine production) inhibits papilloma development in skin 

carcinogenesis models [126] and intraperitoneal injection of TNF enhances papilloma 

development and vascularization of tumours.

1.5.3.2 Interleukins 1 and 6

In mouse models of metastasis, treatment with an IL-1 receptor antagonist 

(which inhibits the action of IL-1) significantly decreased tumour development, 

suggesting that local production of this cytokine aids the development of metastases. 

Moreover, mice deficient in IL-1 were resistant to the development of experimental 

metastases [127]. In human multiple myeloma the malignant cells home to the bone 

marrow where they stimulate stromal cells to secrete the inflammatory cytokines IL-1, 

IL-6, and TNF. The cytokines stimulate myeloma cell growth and promote resistance to 

therapy [128]. Intraperitoneal injection of mineral oil in mice induces chronic 

inflammation followed by myeloma. IL-6 deficient mice resist these changes, showing 

defective recruitment of macrophages to the peritoneum and a reduced incidence of 

myeloma.

1.5.3.3 Chemokines

Inflammatory cytokines are major inducers of a family of chemoattractant 

cytokines called chemokines that play a central role in leucocyte recruitment to sites of 

inflammation. Most tumours produce chemokines of the two major groups, CXC and 

CC [129]. Typically CXC chemokines are active on neutrophils and lymphocytes 

whereas CC chemokines act on several leucocyte subsets including monocytes, 

eosinophils, DCs, lymphocytes, and natural killer cells but not neutrophils. Evidence 

from murine models and human tumours suggests that CC chemokines are major 

determinants of macrophage and lymphocyte infiltration in melanoma, carcinoma of the 

ovary, breast, and cervix, and in sarcomas and gliomas [112, 129]. In Hodgkin’s disease



the malignant Reed-Stemberg cells express two chemokines, the macrophage-derived 

chemokine and thymus activation-regulated chemokine [130], that attract Th2 

lymphocytes. Production of the chemokine eotaxin by stromal cells correlates with 

eosinophil infiltration in Hodgkin’s lymphoma. Eosinophils are fi*equently present in 

tumours such as colorectal cancer. Human and murine tumours also frequently secrete 

CXC chemokines such as interleukin-8. Both IL-8 and a related chemokine called “gro” 

induce proliferation and migration of melanoma cells. When the gro gene was 

overexpressed in a non-malignant melanocyte cell line, the cells could form tumours in 

mice [131]. This effect probably involved both direct growth stimulation and promotion 

of an inflammatory response, hiflammation and wound healing have been implicated in 

the initial steps of melanocyte oncogenesis [132]. IL-8 production is also associated 

with the tumorigenic and metastatic potential of pancreatic cancer cells and this 

chemokine is strongly inducible by hypoxia.

1,5,4 Role o f Pro-inflammatory Cytokines in Tumorigenesis

1.5.4.1 DNA damage

TNF is a transforming agent for carcinogen-treated fibroblasts. Two weeks of 

exposure to the cytokine in vitro is sufficient to render cells capable of tumour 

formation in nude mice [133]. The molecular basis may involve induction of ROS. ROS 

in the form of NO is often generated by inflammatory cytokine induction of NO 

synthase [134]. NO can directly oxidize DNA, resulting in mutagenic changes, and may 

damage some DNA repair proteins [134]. Furthermore, inducible NO synthase has been 

detected in gynaecological carcinomas. Inflammatory cytokines may also affect genome 

integrity via inhibition of cytochrome p450 or glutathione S-transferase isoenzymes.

1.5.4.2 Bypassing p53

Another link between inflammatory cytokines and DNA damage comes from 

recent studies of the regulation of the tumour-suppressor protein p53. In tumours, p53 is 

often functionally inactivated even though the p53 gene remains intact. A search for 

negative regulators of p53 activity highlighted an inflammatory cytokine known as MIF 

[135]. Treatment of cells with this factor overcame p53 activity. It is not clear whether 

other cytokines can also inactivate p53 but chronic bypass of p53 function could 

enhance the proliferation of initiated cells, extend lifespan, and create a deficient
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response to genetic damage. Migration inhibitory factor gene is also strongly induced by 

hypoxia [117].

1.5.4.3 Actions as growth and survival factors

Cytokines and chemokines have the potential to stimulate tumour-cell 

proliferation and survival and some of them may also act as autocrine growth and 

survival factors for malignant cells. IL-6 is a growth factor for haematological 

malignancies [136]. IL-1 has growth stimulating activity for gastric carcinoma that may 

be related to genetic predisposition and for myeloid leukaemias [130]. Growth of 

melanomas is promoted by IL-8 and related chemokines [131].

1.5.4.4 Angiogenesis

Angiogenesis is important in the evolution of both cancer and inflammatory 

diseases that may predispose to cancer [137]. Once a tumour is established it may attain 

further characteristics, via mutations or hypoxia, which stimulate the formation of new 

blood vessels. The inflammatory cell infiltrate, particularly TAM, may contribute to 

tumour angiogenesis, and there are many reports of associations between macrophage 

infiltration, vascularity, and prognosis [138]. Moreover TNF, IL-1, and IL-6 can 

stimulate production of angiogenic factors such as VEGF. Inflammatory macrophages 

also produce TGF-jSl which is itself angiogenic and induces production of VEGF.



1.6 Cancer of the Oesophagus

There is an old saying in China:

“A person who develops difficulty swallowing in autumn would not see

winter”

Knowledge o f a disease of the food pipe causing obstruction to food and 

starvation dates back to Galen’s time in the 2"  ̂ century. Canon of Avicenna also 

described oesophageal tumour and a thousand years ago, in the high incidence areas of 

Iran, cancer of the oesophagus was a known malady. Efforts to treat Oesophageal 

cancer were made as early as the beginning o f the 19*̂  century. The first 

oesophagectomy was performed in 1913 by Frank Torek and in the 1930s the first 

successful 1-stage transthoracic oesophagectomy was performed with reconstruction

[139].

Oesophageal cancer is unique because its two main histologic types are 

associated with different geographical, racial, socioeconomic and environmental factors. 

Oesophageal cancer remains one of the leading causes of cancer mortality in men, and 

is one of the top five causes of cancer-related mortality in black males [140]. The 5-year 

survival rates for oesophageal cancer have doubled over the last four decades. However, 

survival is still one o f the poorest along with survival from cancers of the liver, lung and 

pancreas. The 5-year survival rate for white patients has improved from 5% to 13%

[140]. The incidence o f oesophageal cancer differs in different ethnicities [141] (Figure 

1.8). A large variety o f benign and malignant neoplasms (myomas, sarcomas and 

carcinomas) can involve the oesophagus, but most o f these are rare. Oesophageal 

squamous cell carcinoma (OSCC) and oesophageal adenocarcinoma (OAC) are the 

most common histologic types of oesophageal cancers. The striking geographical 

distribution and the racial disparity in the incidence of oesophageal cancer suggest the 

role of environment as well as genes in its causation (Figure 1.9).
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W hite 13% Hispanic 20%
Aslan 15%

Native American 13%

African-American 39%

Figure 1.8: In the USA, of all the oesophageal cancer cases, African- 
Americans account for the highest proportion o f hospitalizations for 
oesophageal cancer among veterans. This figure shows the distribution of 
oesophageal cancer cases among different ethnic groups in the USA. (Adapted 
from “Gastrointestinal Cancers” by Anil K Rustgi, 2003.)

/. 6. /  Risk Factors 

1.6.1.1 Age

There is an age related increase in the incidence of both OSCC and OAC [142]. 

The incidence is very low under the age of 40. After age 40, an increase in incidence is 

seen with each decade o f life.

1.6.1.2 Gender

Both the histologic types of oesophageal cancer are more common in males than 

females for all races and ages. The most striking predominance is for OAC where male 

female ratio is 6:1 [142]. These gender differences might be attributable to alcohol 

intake and smoking.

1.6.1.3 Ethnicity

The incidence in races depends upon tumour histology. For OAC the White to African- 

American ratio is 3:1, while for OSCC the white to African-American ratio is 1:5 [143]. 

Mortality from oesophageal cancer is higher among blacks than among all other races 

[144]. African-Americans also present with later stage of disease and have poorer 

survival for similar stages o f disease [143].
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1.6.1.4 Alcohol and Tobacco

Alcohol and tobacco use are the two most important risk factors for OSCC in 

Western Europe and North America. These two factors account for up to 90% of the 

incidence [145]. A multiplicative effect has been demonstrated for exposure to both 

agents and these risk factors act independently [146]. (Figure 1.10) In alcoholics 

nutritional deficiencies resulting from low food intake or poor absorption of nutrients 

may increase the risk. A relationship between p53 and alcohol consumption and 

cigarette smoking has been described [147, 148].

iSii

■  150
t ^ / 5 0  -149

25 - 49 Average number 
/  <24 of cigarettes
None smoked per day

None <7 8-14  1 5 - 24 >25

Average amounts of pure ethanol consumed per day (ml)

Figure 1.10: Joint and independent effects of cigarette smoking and ethanol 
consumption on the risk o f developing squamous cell oesophageal cancer in 
men. The risk o f developing oesophageal cancer increases exponentially with 
a combined increase in alcohol intake and cigarette smoking. (From 
“Gastrointestinal Cancers” (2003) by Anil K. Rustgi, p 218.)

1.6.1.5 Nutrition and Socio-economic status

Nutritional factors were first implicated in the aetiology o f oesophageal cancer 

when Ahlbom noted the association with Plummer-Vinson syndrome that is caused by 

iron deficiency anaemia [149]. Fresh fruit and vegetables contain micronutrients which 

have a protective effect against oesophageal cancer while low intake of fruits and 

vegetables and high intake of red meat and diets high in fat and calcium may increase 

the risk [150]. Ingestion of pickled vegetables containing N-nitroso compounds may be 

potential risk factors [151]. Foods containing antioxidant such as vitamin C, E, thiamine 

and carotenoids may also be protective. It has been proposed that low socioeconomic
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status and its consequences i.e. unhygienic living conditions, poor nutritional status, 

workplace hazards, limited access to healthcare, exposure to infectious agents and poor 

immunity may contribute to the development of OSCC. In the US, many African 

Americans fit into this category and the highest risk is for those who have an annual 

income of less than $10,000 [152].

1.6.1.6 Occupational Exposure

Increased risk for OSCC has been reported for people working in warehouses, 

food services and rubber factories where they are exposed to carbon black, nitrosamines 

and sulphuric Acid [153, 154]. Two studies from Sweden have identified vulcanization 

workers and chimney sweeping as potentially hazardous occupation [155, 156].

1.6.1.7 Obesity

Obesity can confer an increase risk for oesophageal cancer in many ways. First it 

predisposes to gastrooesophageal reflux by increasing the intra-abdominal pressure. 

Second it may reflect changes in dietary habits predisposing to reflux or increased 

cancer risk. An association between BMI and OAC has been shown by Lagergren et al. 

[157, 158].

1.6.1.8 GORD and Barrettes Oesophagus (BO)

BO is a metaplastic change from normal oesophageal squamous epithelium to 

intestinalized columnar epithelium. BO is an important risk factor for OAC. It reflects 

an injury to oesophageal mucosa as a result of acid and bile reflux (Figure 1.5) and is 

associated with GORD [159]. Chow et al. found a two-fold increase in the risk of 

developing OAC among patients with a history of GORD more than one year before the 

diagnosis of cancer [160] while an OR of 7.7 (95% Cl, 5.3-11.4) was observed in a 

population based study when the frequency, severity, and duration of reflux were 

increased [161]. Gastrooesophageal reflux disease, obesity, eradication of HP, and 

allocation of adenocarcinomas of the oesophago-gastric junction to oesophagus have 

been cited as causes for the observed increased incidence of OAC. A nationwide 

population-based case-control study performed in Sweden found an odds ratio of 7.7 

(95% confidence interval, 5.3-11.4) for adenocarcinoma among persons with recurrent 

symptoms of reflux, as compared with persons without such symptoms, and an odds 

ratio of 43.5 (95% confidence interval, 18.3-103.5) among patients with long-standing 

and severe symptoms of reflux [162]. Longstanding bile and acid reflux leads to 

proximal extension from gastrooesophageal junction of columnar epithelium in the
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lower oesophagus. This epithelium may be o f gastric or intestinal type. When this 

extends beyond 3 cm, it is called Barrett’s oesophagus. BO is an important premalignant 

condition that increases the risk o f OAC by about 40-fold. The cellular differentiation 

may progress from hyperplasia, metaplasia, dysplasia, to adenocarcinoma. However, a 

clear biological link is yet to be established between Barrett’s oesophagus and OAC. 

One o f the mechanisms by which obesity increases the risk o f adenocarcinoma could be 

increasing intra-abdominal pressure leading to greater gastrooesophageal reflux and 

associated transformation o f distal oesophageal epithelium.

(The above paragraph has been moved from section 1.8.13 to this section as 

instructed in examiner’s report.)

7.6.1.9 Medications

The mechanism by which medications such as anticholinergics may cause a risk 

o f provoking reflux, is by the relaxation o f lower oesophageal sphincter [163]. Calcium 

blockers can relax lower oesophageal sphincter as well as have antiapoptotic effect 

[164]. Other drugs implicated are H2 receptor antagonists (H2RA) but no association 

was found either with anticholinergics or H2RAs by Chow et al. [160]. A protective 

effect o f aspirin has been observed perhaps due to its immunosuppressive effect by 

prostaglandin synthesis inhibition [165].

1.6.1.10 Helicobacter pylori (HP) and HPV

Most evidence with regards to HP in GORD and oesophageal cancer is indirect 

and conflicting [166]. Epidemiological evidence suggests that eradication o f HP may 

result in the onset o f GORD [167]. The downward trend noted in the Western world in 

ulcer disease has been accompanied with a rise in GORD and OAC [168]. Human 

Papilloma Virus has also been implicated in the aetiology o f OSCC [169, 170].



1.7 Epidemiology of Oesophageal Cancer

Oesophageal cancer constitutes 7% of all gastrointestinal cancers [171], is the 

third most common GIT cancer, the eighth most common cancer in the world (sixth 

most common in men and ninth most common in women) [172] with about 300,000 

cases diagnosed each year and the sixth most common cause of cancer-related death 

(5.5% of cancer-related deaths). In developing countries it ranks fifth [172]. 

Oesophageal cancer has the widest regional variation in incidence of any GIT cancer 

and has a greater than 200-fold difference in incidence between the high and low risk 

areas of the world. Whereas the majority of patients presenting with Oesophageal 

cancer in Asia and Middle East have OSCC, in the individuals of European descent the 

incidence of OAC has increased over the last 3 decades. A rise of 9 -  16% per year has 

been reported in Scandinavian countries and a rise of 20% has been reported in 

Australia and the USA. Since 1970, there has been an increase of 350% in these two 

continents in OAC [173]. The large increase in OAC has been associated with 

increasing recognition of BO and GORD [160].

The epidemiology of oesophageal cancer has provided insights into genetic, 

nutritional, and other environmental factors that may modify the susceptibility of the 

oesophageal epithelium for neoplastic development. About half the cases of 

oesophageal cancer occurring in the world each year are estimated to occur in China. 

There is a marked variation in the geographical distribution of the two main histologic 

types of oesophageal cancer [174]. OSCC accounts for 70% of oesophageal cancer 

worldwide. The incidence in Western world ranges 5-6 cases per 100,000, while in 

Asia, particularly from Iran to Russia, it is 500 cases per 100,000 [175]. Table 1.4 gives 

a distribution of incidence in areas of high incidence (Figure 1.11). This area forms a 

geographical crescent starting form the Caspian Sea in Iran, extending through 

Afghanistan and the former Soviet Union to North-western China and as far as Japan 

[176]. Within each of the geographic areas in Table 1, there are specific regions with 10 

to 50 times higher incidence rates. These include Lin Xian district in China, Southern 

Thailand, northern Italy, mountainous regions of Japan, coastal parts of Iran, Brittany 

district in France and the Trans Kei region in South Africa. In the US there is a higher 

incidence in the District Columbia and South Carolina [177].
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Table 1.4: Areas of high incidence of oesophageal cancer

Area Incidence per 100,000 *
Iran 165.5 / 195.5
China - Linxian 161 / 103**
China - Shanghai 14.9/6.4
Brazil (Puerto Alegre) 2 6 /7
Zimbabwe (Bulawayo-African) 5 8 /8
Southern Africa 12
Uganda (Kyadondo) 13/7 .2
Swaziland 11.5/2.4
Japan 14/2 .4
Kyrgyzstan 11.8/5.5
India (Bombay) 11.4/8.4
Bermuda - African descent 24 .9 /1
Bermuda - European descent 2 .7 / 1.7
Martinique (Africa) 13.7/2.5
Puerto Rico 9.8/2.1
Paraguay (Asuncion) 11.2/1.7
USA - African descent 14.2/3.6
USA - European descent 4 /1 .3
Hong Kong 18.1/3.6
Singapore - Chinese 10.9/2.7
Singapore - Malay 1.2/0.9
France (Calvados) 26.5/1 .7
Russia (St. Petersburg) 11.1/3.7
Spain - Basque country Granada 10.3/0.7
North Scotland 9 .4 /4 .7
England and Wales 6 .5 /3 .2
Ireland 4 .5 /4 .2
Italy (Varese) 7 .6 /0 .8
Italy (Ragusa) 1.6/0.2
Geneva 7 .5 / 1.5
Zurich 3 .5 /0 .8
Australia - Victoria 5 .0/2 .3
Australia - Western 3 .9 /1 .7
New Zealand - Maori 7 .0 / 1.0
New Zealand - Non Maori 5 .3 /2 .4

* Expressed as crude incidence male / female per 100,000 
** Mortality Rate [178]
OSCC accounts for 70% of oesophageal cancer worldwide. The 
incidence in Western world ranges 5-6 cases per 100,000, while in 
Asia, particularly from Iran to Russia, it is 500 cases per 100,000 
[175].
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Figure 1.11: Global map showing areas o f high incidence o f  oesophageal cancer. W estward from high incidence area in northern Sinkiang, high incidence areas include 
Kazakhastan, Uzbekistan, and Turkmenistan, north-east Iran and northern Afghanistan. These areas form the center o f  the Old Ottoman empire. There is also a high 
incidence in Chinese immigrants in Malaysia and Singapore. A noteworthy feature o f incidence in central Asia is the parallel between male and female rates. Also note 
the high incidence in southeast Brazil, Uruguay and north east Argentina. (Statistics obtained from “Cancer Epidemiology and Prevention”, 2"̂ * Edition by David 
Schottenfeld and Joseph Fraumeni.)
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Developed countries o f Europe and North America have a higher incidence of 

oesophageal adenocarcinoma. In fact oesophageal adenocarcinoma has the fastest 

growing incidence in Switzerland, Sweden, Norway, Denmark, England, Canada and 

the US [179].

OSCC, the more common histologic type worldwide, occurs more commonly in 

Asians and Africans [180]. Studies in the US have shown that among African 

Americans the incidence o f OSCC is five-fold higher than in European Americans (16.8 

vs. 3 per 100,000) [181]. Conversely, among the European Americans the incidence of 

OAC is four-fold higher than in African Americans. Overall, in the populations of 

European descent, while the incidence of OSCC has remained stable over the last three 

decades, the incidence o f OAC has risen from 0.7 to 3.2 per 100,000 during this period. 

[182]. In Europe the incidence of OAC now roughly equals that o f OSCC.

Both the histologic types occur rarely before the fifth and sixth decades of life and both 

are more common in males. The incidence peaks at age 75-80. Compared with females, 

males have three to four fold greater risk of developing OSCC and tenfold greater risk 

of developing OAC [183].

42



7. 7.7 Oesophageal Cancer in Ireland

In Ireland, rates of oesophageal cancer are higher than in the rest of the 

European Union for both males and females [184]. The male / female ratio of incidence 

in Ireland and Britain is 2:1, while in the rest of European it is 4:1. In France and Spain 

there is a ten-fold difference between sexes. In Ireland the rates of incidence of 

oesophageal cancer are significantly higher in urban areas as compared with rural areas. 

The annual average incidence/ death rate of oesophageal cancer in males is 185/191 

while it is 120/118 in females [185]. The projected increase by 2020 is estimated to be 

84% for males and 39% for females [186]. On average, females are estimated to have a 

1-in-240 chance of developing this cancer by age 74, and males have 1-in-103 chance. 

In Ireland, diagnosis of oesophageal cancer below age 35 is extremely rare, but 

increases after age 45. Mean age of diagnosis is 74 years for females and 68 years for 

males [187].

According to the report published by Association of Upper Gastrointestinal Surgeons 

(AUGIS) of Ireland and Britain in 2004 [188], the hospital mortality rate after resection 

of oesophago-gastric cancer has dropped to 5% from 9% in the previous year. However, 

this report ought to be interpreted with caution as it is based on 612 operations only. 

These might not be representative of all the surgeries performed in these two countries 

and the sample size might be too small [188].

Compared with other cancers, such as breast, lung or colorectal cancers, 

oesophageal cancer is a less common malignancy. Nevertheless, because of its detection 

at an advanced stage and poor prognosis, it remains a difficult medical and scientific 

challenge. In the European Union, mortality (per 100,000) from most cancers has either 

decreased (barring lung cancer in women) or remained stable in the last 50 years. This is 

attributable to screening programmes and increasing awareness about risk factors. 

Unfortunately, this decrease has been relatively less in oesophageal cancer, partly 

because of widespread alcohol abuse and partly because less attention has been paid to 

this cancer by the scientific community. Indeed the incidence of OAC has risen sharply 

in the last 3 decades [189].
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1.8 Molecular Biology of Oesophageal Cancer

The sharp changes in incidence characteristics of oesophageal cancer reflect its 

multifactor causation. Environmental factors observed to be implicated in oesophageal 

cancer have already been discussed. The molecular events involved in development of 

oesophageal cancer are shown in Figure 1.12. The development of oesophageal cancer 

is a multi-step phenomenon involving genetic events that result in key abnormalities of 

cell cycle regulation, growth factor activity and intercellular adhesion mechanisms 

[190].

L8,l p53 mutations

The most commonly mutated gene in cancers is the p53 TSG which is mutated 

in half of the oesophageal cancers [191]. In OSCC p53 mutation occurs at an early stage 

[192, 193]. It is subject to both LOH and other mutations. Ramel et al. have 

demonstrated that only 5% of patients with Barrett’s metaplasia without associated 

dysplasia were positive for p53 mutation, whereas 15%, 45%, and 53% of patients with 

low-grade dysplasia, high grade dysplasia, and OAC respectively were positive for p53 

overexpression [194]. To date, more than 100 mutations of OSCC have been added to 

the lARC TP53 mutation database [195]. More than 92% of these mutations are located 

in the four evolutionary conserved domains of p53 gene, exon 5 to exon 8 with hot spots 

at Argl75, Cysl76, Arg248, Arg273, and Arg282. More than 80% are point mutations 

including 46% transition mutations and 36% transversion mutations. Sixty eight percent 

result in missense mutations, 9.8% in nonsense (stop codon), and 13% in frameshift 

(insertions / deletions). p53 has been shown to induce the CDK inhibitor p21, which 

negatively regulates the cell cycle [196, 197]. p53 also can induce apoptosis through the 

regulation of pro-apoptotic genes such as Bax [198].

L8,2 Epigenetic mechanisms

Epigenetic mechanisms such as hypermethylation result in suppression of gene 

expression. Altered methylation patterns have been reported in 92% of OAC, 39.5% in, 

BO and 50% in OSCC. The gene most commonly implicated is pl6/CDKN2. It is a 

growth suppressor gene on chromosome 9, that produce S-phase to G-phase transition 

in cell cycle [199]. In one report of hypermethylation assay of 20 genes, a greater 

number of genes were found to be hypermethylated in more advanced and less 

differentiated OACs and BO [200].
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one genotype. This cause and effect diagram showing a summary o f the potential molecular events involved in the pathogenesis o f oesophageal 
cancer. (Adapted from “ Gastrointestinal Oncology”  2004. Editors: Abbruzzese JL, Evans DB, W illett CG, and Preiser CF).
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L8,3 LOH

The molecular progression of benign Berrett’s metaplasia to invasive cancer 

appears to take place as a result o f accumulating genetic mutations within the 

oesophageal mucosal cells. The cells are mobilized from GO to G1 resulting in an 

increase o f 4n or G2/tetraploid cells. A LOH in chromosomes 5q, 9p, 13q, 17p, and 18q 

has been identified. The loss of 17p (p53 locus) is an early event in Barrett’s 

progression to malignancy [201]. In OSCC LOH and point mutations of TSGs, p53 and 

RB are found in 30-40% of cases [59, 202].

1,8,4 Aneuploidy and protooncogene activation

Aneuploidy is defined as abnormal DNA content. It is usually associated with 

gross structural and numeric abnormalities involving many chromosomes. Aneuploidy 

has been observed in both OSCC and OAC [203, 204]. The frequency of protooncogene 

activation in both OSCC and OAC is low. Less than 5% of OAC and OSCC cases show 

K-ras mutations, which occur in 50% of sporadic colorectal cancers [205].

L8.5 Germline mutations

The best example of germline mutation as a cause of oesophageal cancer is focal 

nonepidermolytic palmoplantar keratoderma (NEPPK), or tylosis. This is an autosomal 

dominant disorder o f the skin that manifests as focal thickening o f the palmer and 

plantar surfaces. Recently, envoplakin, a protein component o f desmosomes in 

oesophageal keratinocytes has been implicated as a possible candidate gene product for 

NEPPK localizing to region D17S1839 [206]. Germline E-cadherin mutations have also 

been identified in diffuse adenocarcinoma o f the gastrooesophageal junction [207].

L8.6 Cell Cycle pathways

Cell cycle is controlled through two major pathways, the p53 (p i4, MDM2, p53, 

p21) and pRb (p i6, cyclin D l, pRb). Loss of function of both these pathways plays a 

role in development o f OSCC. MDM2 protein functions in negative regulation of p53. 

Overexpression o f MDM2 has been shown in 55% of OACs [208]. Cyclin Dl 

overexpression and pRb inactivation as a result of INK4a / p l6  suppression results in 

deregulated cell proliferation [209]. Deactivation o f p53 pathway is caused by p53 

mutation, overexpression of MDM2 or p i4"^^ (which suppresses MDM2).

I
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1.8.7 Cyclin D1

Cyclin D1 which contributes to cell cycle progression through the G1 to S 

phase, is overexpressed in 92% of OSCCs [210], while another study reported 

overexpression of cyclin D1 nuclear staining in both 64% OACs and 71% OSCCs 

[211]. The consequence of this overexpression may be increased cellular proliferation. 

These observations are supported by an experiment that showed shortened G1 phase and 

a rapid entry into S phase in cultured cells overexpressing cyclin D1 [212].

1.8.8 EGFR

EGFR overexpression and gene amplification have been found in 70% and 20% 

of cases of OSCC [213, 214]. The EGFR family comprises erbB-1, erB-2, erbB-3, and 

erbB-4, all of which are tyrosine kinase receptors. The binding of EGF or TGF-a to 

EGFR results in downstream signalling via MAPK and phosphatidylinositol 3-Kinase 

leading to increased DNA synthesis and cellular proliferation [215]. EGFR 

overexpression is also found in normal tissue surrounding OSCC [176]. The ligands 

that bind EGFR, i.e. EGF and TGF-o: are also overexpressed in OAC [216]. TGF-o: is 

thought to be more important because its incomplete cleavage of prepro TGF-c^ in 

dysplastic tissue allows juxtracrine oHgogenic stimulation [217]. TGF-a overexpression 

is important in progression of BO to OAC [218, 219].

1,8,9p73 Gene

A case control study carried out in this lab investigated the presence of 

noncoding p73 polymorphism (denoted AT or GC) in the p73 gene that is a p53 

homologue. AT/AT homozygotes were significantly less prevalent in the oesophageal 

cancer population compared to controls (OR, 0.11; 95% Cl, 0.02-0.6), with a ninefold 

reduced risk, which suggests that AT/AT homozygotes may be protected against the 

development of OAC [220].

1,8,10 Apoptosis 

1.8.10.1 Bcl2 and Bax

Oesophageal cancer evades apoptosis to grow and progress. It has been observed 

in Barrett’s mucosa that the number of apoptotic cells in the upper zones in dysplastic 

and neoplastic glands is much less than that in benign metaplasia [221]. In the context 

of oesophageal cancer three molecules involved in apoptosis are important. These are 

Bax, Bcl2, and Fas. p53 is a transcriptional activator of Bax gene whose product is a
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classic pro-apoptotic molecule. Bcl2 is an apoptosis suppressing gene of which Bax is a 

dominant inhibitor. Bax expression is abundant in normal oesophageal mucosa and 

markedly reduced in preneoplastic OSCC [222].

1,8.10,2 Fas

Fas is a cell surface receptor that mediates apoptosis when it reacts with its 

ligand FasL. Fas and FasL belong to the TNF super family of membrane and secreted 

proteins. Gratas et al. have reported that whereas Fas and FasL are expressed in normal 

oesophageal mucosa, this is not the case in OSCC [223]. The down regulation of Fas 

helps the OSCC cells to escape attack by activated cytotoxic T cells, which are 

frequently present in these tumours [224]. A similar observation has been made in an 

OAC cell line where an inability of cells to translocate Fas to the cell surface has been 

observed [225].

1.8.11 Telomerase

There is also emerging evidence of the importance of telomerase activity in 

oesophageal cancer development. Telomerase is a ribonucleoprotein enzyme that 

synthesizes the telomeric DNA located at the ends of chromosomes (telomeres) by 

using an internal RNA template. Telomeres are specialized structures that consist of 

tandem repeats of TTAGGG. With every cell division chromosomes lose 50 to 200 base 

pairs of telomeric sequence and thus shorten with age. This shortening is a mitotic clock 

by which cells count the number of their cell divisions. It has been shown that in OSCC 

cancer tissues there is a massive up regulation of telomerase activity compared with 

normal tissue [226]. Additionally, it has been shown that OACs are also positive for 

telomerase RNA and that telomerase up-regulation was markedly increased in the 

transition from low to high grade dysplasia [227].

1.8.12 Adhesion

The detatchment of cells from the primary tumour and re-attachment to other 

distant structures are essential for any cancer to metastasize. The main intercellular 

junctions that mediate strong cell-cell adhesion are the adherens junctions (consisting 

calcium dependent E-cadherins -  adapters o; /3, and 7 catenins) and desmosomesj' 

(consisting of two transmembrane cadherin glycoproteins, desmoglein and desmocolliri 

-  adapters plakoglobin, plakophilin, and desmoplakin). In both OSCC and OAC a 

downregulation of E-cadherins has been observed [228, 229]. Interestingly, Jankowski



et al. have also shown an increase in expression o f P-cadherin in OAC [228]. 

Dysregulation o f desmosomal cadherins and their adapter molecules also appears to be 

implicated in oesophageal cancer [230]. A number o f studies have also indicated down- 

regulation o f a-catenin in up to 80% of OSCCs. This downregulation was significantly 

correlated with that of E-cadherin [231-233].

1.8.13 Matrix Metalloproteinases

For tumour invasion to occur, there must be degradation o f the extracellular matrix and 

connective tissue surrounding the tumour cells. The matrix metalloproteinases (MMPs) 

are a family o f enzymes that collectively are able to degrade most components of the 

extracellular matrix. Murray et al. have shown an overexpression o f MMP-2 and MMP- 

9 in more than 70% of oesophageal tumours. MMP-1 was detected in only 24% of the 

tumours [234, 235]. The first step in the invasion process is the degradation of the 

epithelial basement membrane which has collagen IV as its main component. MMP-2 

and MMP-9 are most effective in breaking down collagen IV. MMP-1 plays a role in 

invasion of the site o f metastasis [236].
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1.9 Embryology and Anatomy of Oesophagus

Striking parallels exist between stem cells and cancer cells. According to the 

theory of epithelial mesenchymal transition (EMT) cancer cells are characterized by 

morphological and molecular changes in epithelial cells as a result o f differentiation 

towards a mesenchymal cell type. This encompasses all changes in cell morphology 

from epithelioid to mesenchymal / fibroblastoid / spindle-shaped [237, 238]. EMT 

occurs in several stages o f embryonic development and can be readily induced in cancer 

cell lines in vitro. In human cancers EMT might be a potential event, providing an 

additional survival advantage in all types of carcinoma [239].

1,9,1 Embryology

The oesophagus and trachea derive from the primitive foregut during the fourth 

and fifth weeks o f intra-uterine development when the embryo folds and incorporates 

the dorsal part of the yolk sac (figure 1.14). [240].
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Figure 1.14: Lateral view of a 4-week embryo showing the relationship of 
primordial gut to yolk sac. {Source: Moore KL, Persaud TVN. The Developing 
Human, 7th ed. Philadelphia: Elsevier, Inc., 2003:256).
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1,9,2 Anatomy

The difficult anatomy and anatomical relations of the oesophagus make it 

difficult for both the surgeon and radiation oncologist to treat oesophageal cancer 

(Figure 1.15). Throughout its length the oesophagus lies in close proximity to vital 

structures, making surgical resection less effective and accompanied with greater 

morbidity and mortality. Knowledge of the lymphatic drainage o f the oesophagus is 

critical to understanding how the numerous surgical approaches for oesophageal cancer 

have evolved and explains why some surgeons recommend specific procedures based 

on tumour location. The oesophagus bridges three anatomic compartments, the neck, 

thorax, and abdomen. It functions almost exclusively as a conduit for the food and 

salivary secretions from the oropharynx to the stomach. The lumen of the alimentary 

tract, specifically the oesophagus, is contiguous with the external environment so a 

primary function o f the epithelial lining is to act as a barrier. The epithelial cells o f the 

oesophagus do not have any absorptive or major secretory functions.

The oesophagus is a muscular tube that propels the bolus of food by its 

peristaltic movements. The food that passes through the oesophagus is minimally 

processed (though broken by chewing) in terms o f texture and temperature. The 

proximal one third o f the oesophagus is composed of striated muscle (reflecting its 

embryonic origin from branchial arches), followed by a transition zone and the distal 

half to one third has smooth muscle. Proximally it has the upper oesophageal sphincter 

and distally at the junction with the stomach it has the lower oesophageal sphincter 

(LOS). The innervation o f the oesophagus is by the vagus and fibres from the T l-T lO  

spinal segments.
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THE DIFFICULT ANATOMY OF OESOPHAGUS
Figure 1.15:
Oesophagectomy is a 
major surgery.
Oesophagus has a rich 
lymphatic drain-age and 
lies within the rib cage in 
close proximity to the 
trachea, aorta and heart. 
Tumours o f the cervical 
and upper third o f the 
thoracic oesopha-gus 
drain to the cervical and 
superior mediastinal 
lymph nodes (Yellow 
circle). Tumours o f the 
middle third o f the 
oesophagus drain both 
cephalad and caudal to 
para-tracheal, hilar, sub- 
carinal, perioeso-phageal 
and peri-cardial nodal 
basins (blue circle). The 
Lesions in the distal 
oesophagus pri-marily 
drain to lymph nodes in 
the lower mediastinum 
and coeliac axis region 
(red circle). However, 
due to the extensive 
lymphatic network, skip 
metastases have been 
noted in as many as 30 % 
o f tumours.
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The blood supply from proximal to distal end is via inferior thyroid, 

oesophageal, bronchial, and left gastric arteries, respectively. The venous drainage is 

clinically important because in the distal third the azygos and the portal systems 

interconnect. The lymphatic drainage is into the deep cervical, superior and posterior 

mediastinal, gastric and celiac lymph nodes from the proximal to distal direction. 

Histologically, the oesophagus consists of mucosa, submucosa and muscularis propria. 

The majority o f the oesophageal cancers arise from the epithelium, which is a part of the 

mucosa. The epithelium is mostly stratified squamous except in the distal 1-2 cm where 

columnar cells coexist.

1.10 Histology of the Oesophageal Epithelium and Wall

The mucosa o f the oesophagus consists of three parts: an inner lining of non

keratinized stratified squamous epithelium, a thin underlying layer o f connective tissue 

called the lamina propria and the muscularis mucosae containing longitudinal smooth 

muscle fibres. Squamous cells form the outermost layers o f the epithelium, intermediate 

layers are formed by polyhedral cells and low columnar cells form the basal layer. 

Mitotic activity can be seen in the deeper layers. The lamina propria contains immune 

cells, small blood vessels and diffuse lymphatic tissue that could be a site of early 

metastasis o f malignant cells. The submucosa is a relatively wider layer of dense 

irregular
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CROSS-SECTION OF OESOPHAGUS
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Figure 1.16: Histological slides showing layers o f oesophageal wall. E = epithelium; LP = lamima propria; SM = submucosa; CM = 
circular muscle layer; LM = longitudinal muscle layer; MM = muscularis mucosae (composed from Di Fiore’s atlas of histology, 10 
ed, Gray’s anatomy, www.bu.edu/ histology/p/10801ooa.htm and University o f Texas Medical Branch website.)
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connective tissue that contains adipose tissue and mucous acini o f oesophageal glands 

present at intervals throughout the length o f oesophagus. The excretory ducts of these 

glands pass through the epithelium. The submucosa has relatively larger blood vessels. 

The next layer is the muscularis externa which is composed of an inner circular and 

outer longitudinal muscle layer. It also contains the myenteric plexus of neurons. The 

major difference between the lower and upper oesophagus is in the muscularis externa, 

which has skeletal muscle in the upper third and smooth muscle in the lower third. The 

middle third has a mixture o f smooth and skeletal muscle. The outermost layer o f the 

upper oesophagus, the adventitia, is loose connective tissue that blends with the 

adventitia o f trachea and surrounding structures. The lower oesophagus has serosa or 

visceral peritoneum lined by simple squamous mesothelium.

1.11 Clinical Aspects

Oesophageal carcinoma arises in the mucosa and because o f the rich venous and 

lymphatic drainage through upper, middle and distal oesophagus, the primary tumour 

infiltrating the submucosa has a propensity for rapid regional and systemic spread. The 

primary tumour eventually infiltrates the contiguous structures commonly the 

tracheobronchial tree, the aorta, or the recurrent laryngeal nerve and commonly 

metastasizes to the draining lymph nodes (cervical, mediastinal or celiac), the liver or 

the lungs. Figure 1.15. The elasticity o f the oesophageal smooth muscle allows most 

patients to be asymptomatic until the oesophageal lumen is narrowed to one-half to one- 

third o f normal. The first symptom of oesophageal cancer is usually progressive 

dysphagia and weight loss. A complaint of dysphagia in an adult should prompt an 

endoscopy. Unfortunately by the time the first symptom appears, the cancer has often 

already spread to the draining lymph nodes. Palliation of dysphagia in incurable cases 

impacts most on patients’ quality o f life. Weight loss is the second most common 

symptom. There could also be epigastric pain or hoarsness of voice due to involvement 

of the recurrent laryngeal nerve.

Patients presenting with symptoms of oesophageal cancer usually undergo endoscopy to 

determine the presence of a mass and for taking biopsies. A complete workup to rule out 

oesophageal cancer in patients with the above symptoms includes endoscopy [241] and 

biopsies o f the suspected sites, endoscopic ultrasound for T and N staging [242] and 

abdominal CT scan for M staging [243, 244].
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CARCINOMA IN SITU

Normal epithelium M alignant epithelium

•v»

S.'S?

o
Oi'

%

. "s

'H& f . O  ^
<3 G «i t  ™ ; ' o^i'v
eO"j) e ©J4

<9

&

#£• © o

V. M 4  ■•«="'

^ . 4 t  ^  V '  *
• , > f . , ' ' ' ‘.»»vri
• ; . i"  '

Irregular
pleomorphic
nuclei
throughout
mucosa

Figure 1.17; Histologic stages o f oesophageal squamous cell carcinoma are shown in this figure and in the next two figures. This 
figure shows carcinoma in situ. Full thickness biopsy specimen shows nuclear abnormalities but no invasion. The figure on the left 
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Histology, 2002.)



EARLY INVASIVE OSCC
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Figure 1.18: A comparison ot normal oesophageal epithelium with early invasive squamous cell carcinoma. In this case the 
carcinoma has penetrated the basement membrane and extended into the submucosa. (Figure compiled from Textbook of 
Gastroenterology and University of Texas Medical Branch website.)
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Bone scan, laparoscopy [245] and PET [246] may be performed at the discretion 

of the treating physician. Barium swallow X-ray is no longer required in this era of 

flexible endoscopy, but is still useful in third world countries where endoscopic 

facilities are not accessible to all patients. Analysis of specimens from biopsies 

combined with cytologic brushings has a diagnostic accuracy that approaches 100% 

[247, 248]

OSCC may take several forms e.g. malignant ulcer, circumferential stricture, or a 

growing mass within the lumen. Primary tumours may be observed at two or more sites 

in at least 10% of patients at the time of diagnosis. The neoplasm spreads by direct 

invasion through the layers o f the oesophagus, by cephalocaudal spread in the 

submucosal layer, which may extend up to 10 cm before penetrating the muscular wall, 

and by spread to local and regional lymph nodes. In advanced cases the tumour may 

metastasize systemically to a variety of organs, including lung, liver, and bone as 

common sites. The oesophagus is rarely a site of metastasis from other tumours except 

for direct extensions from lung and breast cancers.

The majority o f adenocarcinomas are located in the distal oesophagus, and 

presumably arise from the normal columnar lining or Barrett’s epithelium; however, 

adenocarcinoma occurs in the midoesophagus in patients with more extensive Barrett’s 

epithelium, and in the cervical oesophagus arising from islands o f ectopic gastric 

mucosa. In adenocarcinoma arising from BO, multifocal sites o f high-grade dysplasia 

are frequently seen. Like OSCC, OAC may present as malignant ulcers, strictures, 

masses within the lumen, or sites of oesophageal haemorrhage. Disease extends locally, 

in the submucosa, to local and regional lymph nodes, and systemically in patterns 

similar to those for OSCC.
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Figure 1.20: Endoscopy is the primary investigation for diagnosis o f oesophageal 
cancers. The top figure shows a comparison of endoscopic images o f normal oesophagus 
(left) and OSCC (right). If endoscopic facilities are not available (e.g in third world 
countries) a barium swallow X-ray may be helpful. The bottom figure shows a filling 
defect in barium swallow X-ray due to narrowing o f the oesophageal lumen. (Taken from 
Atlas o f Gastroentrology 2006. Lippincott Williams and Wilkins and NCI PDQ, 
Esophageal Cancer: Treatment. NCI website).
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1.12 Staging and Management of Oesophageal Cancer

Despite great advances in the management of oesophageal cancer, the outcome of 

treatment remains very poor. The treatment modality of oesophageal cancer depends upon 

tumour histology, tumour site, and the stage of the disease (Figures 1.21 and 1.22 and 

Tables 1.5 and 1.6) [249]. Only a small proportion of patients have sufficiently limited 

disease to allow a realistic attempt at curative treatment.

A detailed discussion of optimal treatment in every major stage of disease is beyond 

the scope of this thesis. Primary treatment modalities include surgery alone or combined 

modality therapy (chemotherapy plus surgery, or chemotherapy and radiation therapy plus 

surgery) [250-253]. While preoperative radiation therapy alone is not considered curative 

[254, 255], the potential benefits of induction chemotherapy include down-staging of the 

disease to facilitate surgical resection, improvement in local control, and eradication of 

micrometastatic disease [256]. However, lack of precise preoperative staging poses a major 

problem in allocating treatment modality and staging technique is critical to assessment of 

neoadjuvant therapies. The non-invasive tumour staging accuracy depends upon the 

imaging modalities used. Surgery is the mainstay of therapy while combined modality 

therapy, is still under critical clinical evaluation [257]. For advanced cases that are non- 

resectable, palliative therapy is usually given, which includes external beam radiation, 

palliative surgeries, stents, and photodynamic or laser therapy [258].

Oesophageal cancer is a treatable disease, but is rarely curable. The overall 5-year 

survival rate in treatable patients ranges from 5% to 30%. Patients with very early disease 

have a better chance of survival (though such patients are not very common). Patients with 

severe dysplasia in the distal oesophageal Barrett’s mucosa often have in situ or even 

invasive cancer within the dysplastic area. Following resection, these patients usually have 

an excellent prognosis [259, 260].
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Figure 1.21: The treatment o f oesophageal cancer depends upon accurate staging and risk stratification of the 
patient. The TNM staging system is used for Oesophageal Cancer. Blue arrows point to primary tumour 
infiltration and yellow arrows to lymph node involvement, muc = mucosa; sub = submucosa; mus = muscularis 
propria; adv = adventia. (Adapted from Fuda Cancer Hospital, Guangzhou, Malaysia, website).
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Table 1.5: 2002 TNM Staging System for Oesophageal Cancer

Primary Tumour (T)
TX Primary tumour cannot be assessed
TO No evidence of primary tumour
Tis Carcinoma in situ
T1 Invades lamina propria or submucosa
T2 Invades muscularis propria
T3 Invades adventitia
T4 Invades adjacent structures

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant metastasis (M)
MX Distant metastasis cannot be assessed
MO No distant metastasis
Ml Distant metastasis

Tumours of the lower thoracic oesophagus
M ia Metastasis in coeliac lymph nodes
M lb Other distant metastasis
Tumours o f the mid thoracic oesophagus
M ia Not applicable
M lb Non regional lymph nodes or other distant metastasis
Tumours of the upper thoracic oesophagus
M ia Metastasis in cervical lymph nodes
M lb Other distant metastasis

Table 1.6: 2002 TNM - Based Staging System for Oesophageal 
Cancer*

Stage 0 Tis NO MO
Stage I T1 NO MO
Stage Ila T2 NO MO

T3 NO MO
Stage Ilb TI N1 MO

T2 N1 MO
Stage III T3 N1 MO

T4 Any N MO
Stage IV Any T Any N M l
Stage IVa Any T Any N M ia
Stage IVb Any T Any N M lb
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Figure 1.22: Lymphatic spread of oesophageal tumour correlates with pathologic T category of the primary tumour. A. Normal oesophageal epithelium, 
[mu = mucosa consists of epithelium (ep), lamina propria and muscularis mucosa (mm). sm = submucosa. ext = muscularis externa; consists of circular 
and longitudinal layers. B. Grades of infihrating primary tumour. [D = dysplasia (remains above basement membrane) Tis = Carcinoma in situ (basement 
membrane is involved.) T1 = Primary tumour breaks through the basement membrane in lamina propria. T2 = Primary tumour has invaded muscularis 
propria but not the adventitia. C. Advancing stages of oesophageal cancer. (Figure compiled from NCI website).
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1.13 Molecular Markers of Prognosis

Oesophageal cancer is one of the most lethal of all cancers [261]. The prognosis 

of oesophageal cancer depends in large part on the stage of the cancer at the time it is 

diagnosed Table 1.5. From 80% to 90% of patients with the earliest stage of 

oesophageal cancer can expect to be alive and cancer free 5 years after treatment. 

However, since the typical oesophageal cancer is discovered at a relatively advanced 

stage, the overall 5 year survival rate is less than 10% [262].

The HER-2/neu (C-erbB2) oncogene, localized to chromosome 17q21, encodes 

a transmembrane tyrosine kinase growth factor receptor that has significant homology 

with EGFR. For OAC patients (n=475), the HER-2/neu positive rate (“between” 

deleted) ranged between 11% and 73% [263]. In multivariate analysis from two reports, 

HER-2/neu overexpression has a statistically significant stage independent negative 

impact on survival [264]. For OSCC patients (n=406), HER-2/neu overexpression 

ranged from none to 52% and has been linked to poor response to chemotherapy [265, 

266].

Hirai et al. noted that the 5-year survival rate of Japanese patients with OSCC 

was much lower with a high expression of EGFR (erbBl) in tumours, and was also 

associated with a minimal response to chemo/radiation therapy [267]. In a recent study 

[268], analysis of 17 oesophageal adenocarcinomas revealed two cases (11.7%) with a 

somatic heterozygous EGFR mutation. Both mutations were previously reported as 

“ recurrent”  mutations, the in-frame deletion delE746- A750 and the missense L858R, 

which are predictive of EGFR-TKI responsiveness in non small cell lung cancer. 

Neither case had amplification of the mutant EGFR as measured by quantitative real

time PCR analysis. However, one additional oesophageal cancer had 16- fold 

amplification of the wild-type EGFR. The two oesophageal cancers with an EGFR 

mutation had not responded to gefitinib treatment, but the case with amplification had a 

partial response.

Studies on alteration in the p53 gene and its relationship with tumour 

progression, prognosis, chemoradio-sensitivity, and use as biomarkers are being 

conducted. At present its prognostic ability is controversial. Some studies indicate a 

poor prognosis with p53 mutations [269, 270], while other studies found no correlation 

[271, 272].

The E-cadherin-catenin complex is important for cell-cell adhesion of epithelial 

cells. A reduced expression of E-cadherin-catenin complex in oesophageal
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adenocarcinoma correlates with poor prognosis. Reduced expression of E-cadherin and 

alpha-catenin also correlate significantly with stage and grade of OACs [273]. 

Moreover, reduction of O'-catenin expression also correlates more with invasive 

phenotype and lymph node metastases than with E-cadherin expression in OSCC [233].

Murray et al. have demonstrated that although MMP-1 was detected in only 

24% of oesophageal tumours, it was associated with poor prognosis. They have also 

shown an overexpression of MMP-2 and MMP-9 in more than 70% of oesophageal 

tumours that play a role in tumour metastasis [234],

1.14 Post Operative Complications

Surgery for oesophageal cancer is a major invasive procedure that involves 

approach to the abdomen and thorax through thoracotomy (cutting of chest wall), 

midline laparotomy (opening of abdomen), and neck incisions. The safety of 

oesophageal resection has become an important consideration and some techniques, 

such as transhiatal oesophagectomy and thoracoscopic oesophagectomy, exclude 

thoracotomy. The basic aim of limiting the extent of the operation is to decrease post 

operative morbidity and mortality. However, more common techniques such as 

transthoracic oesophagectomy, Ivor Lewis oesophagectomy, en bloc oesophagectomy 

etc. require all three of the above mentioned incisions. These techniques offer a better 

access to the oesophagus and involved lymph nodes, and hence a better chance of 

dissecting potentially involved structures. At the same time, studies have shown that the 

transthoracic approach is associated with higher rate of post operative complications, 

and longer hospital stay, although there is no difference in mortality [274].

Over the years, post oesophagectomy morbidity has reduced as a result of more 

accurate staging and allocation of treatment modality, improved surgical techniques, 

and better quality of post operative care. Nevertheless, morbidity as a result of 

infectious complications is still a major cause of concern. Post operative infections in 

oesophageal surgery result in increased patient suffering, greater risk of future 

complications, longer hospital stay and increased costs of treatment. Pneumonia is the 

most common infection post-oesophagectomy. Other common post oesophagectomy 

complications are shown in Table 1.2. Many factors including number of invading 

bacteria, bacterial virulence factors, and patient phenotypic characteristics (e.g. 

nutritional status) contribute to development of post operative infections.
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Table 1.7: Common Complications of Oesophageal Surgery

Medical Complications
Pulmonary Complications 
Cardiac Complications 
Sepsis and others

Surgical Complications
Anastomotic Leakage 

Hemorrhage 
Loop Gangrene 
Thracic Empyema 
Mediastinitis 
Chylothorax 
Intestinal Obstruction 
Wound Infection

* Surgery for oesophageal cancer is a major trauma to the body 
o f an aged and frail individual. The safety o f oesophageal resection has 
become an important consideration and the basic aim o f limiting the 
extent o f the operation is to decrease post operative morbidity and 
mortality. However, m ost often, at diagnosis the cancer has already 
metastasized, and extensive surgery is unavoidable that leads to post 
operative complications commonly.

1.15 Genetics of Pneumonia and Sepsis

Infections, specifically pneumonia and sepsis are significant challenges afletj 

oesophagectomies. Sepsis results from the body’s uncontrolled systemic response to 

infection. There is a wide variability between individuals in the inflammatory response 

to infections and other injurious physical insults to body. This calls to our attention th' 

genetic differences that might be responsible for outcomes o f infections. Clinicians, i* 

general, do not have an awareness o f the genetic risk o f  pneumonia, sepsis and otW 

infections. Studies that provide the strongest evidence o f  genetic influence on infectW"'jj 

are twin, family and adoptee studies. Sorenson et al. have linked the cause o f death 

adoptees to the cause o f death in both the natural parents and their adoptive parents. V 

excess genetic risk for early death from infection if  either natural parent die^ ‘’j



infection by age 50 was nearly six times greater [275, 276]. Another source of evidence 

for the role of genetics is association studies that compare cases with healthy controls. 

The greatest interest has been in polymorphisms in the inflammation related genes for 

such studies. The nucleotide sequences of genes and their regulatory regions in all 

humans are identical except at certain loci where a single nucleotide differs in different 

individuals. These SNPs are the commonest source of variation in the genome and bring 

about differences in the physical and behavioural characteristics of individuals. An A 

allele at TNFA gene -308 locus has been associated with septic shock in surgical trauma 

cases [277-279]. LTA +250 AA genotype and HSP70A1B+1267 was also found to be 

associated with septic shock [280, 281]. Similarly, researchers have found a higher 

frequency of the IL-IRN  allele2 in sepsis patients, and an increased mortality in sepsis 

patients carrying this allele [282, 283]. IL-10 is an anti- inflammatory molecule. Its 

three most commonly studied SNPs are at positions -1082, -819 and -592. Gallaher et 

al. have found an association of IL-10 -1082 G allele with patients of community 

acquired pneumonia [284]. Other studies show that IL-6 and interferon gamma 

genotypes are associated with either development or outcome of sepsis [285, 286]. 

Marshall et al. have reported an association of a 250 bp insertion deletion polymorphism 

in angiotensin-converting enzyme (DD genotype) with increased risk for development 

of acute respiratory distress syndrome [287], and Miromoto et al. have found that 

elderly patients carrying the DD genotype are more likely to develop pneumonia in long 

term care facilities [288]. Lorenz et al. studied the TLR4 receptor and found a higher 

distribution of the +896G allele in a septic shock cohort (A being the wild type at this
« tV ilocus). The G allele at this position causes an aspartic acid to glycine transition at 299 

residue of the protein which makes it less effective [289].
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1.16 Cytokines -  Biology and Genetics

It was suggested about 50 years ago that host factors were responsible for fevei 

because certain substances purified from inflammatory exudates had fever inducing  ̂

activities [290, 291]. In 1971, studies on macrophages showed that antigen stimulated 

lymphocyte cultures produce macrophage activating factor [292]. Gradually more 

molecules were discovered that had lymphoproliferative and immuno-modulating 

activities. Today more than 100 cytokines are known and have been structurally 

identified. They are described as protein messenger molecules produced by cells 

involved in inflammation, immunity, differentiation, cell division, fibrosis repair etc, 

Some cytokines have immmuno-enhancing effects while others have 

immunosuppressive actions. These molecules are active in soluble form as well as oj 

the cell surface. Some molecules such as CD40 are predominantly active in the cell 

surface form and are considered cytokines because they share the same signalling 

pathways. Gene cloning has revealed that cytokines with varying degrees of aa 

sequence homology belong to a number of cytokine families [293]. A large family of 

cytokines is involved in chemotaxis. These are called “chemokines”. These have a low 

molecular weight of 8 -  10 kDa. The cytokines are biologically active as single chain 

peptides (IL-1), homodimers (IFN gamma) or trimers (TNFa). Many of the cytokines 

are glycosylated. An important characteristic of cytokines is that they are not 

constitutively active but are produced in response to appropriate stimulation [294, 295], 

They are produced as long as the stimulation persists which might be prolonged in 

diseased state. Cytokines are usually very potent molecules and are biologically active 

at concentrations as low as 10‘'° to 10''^ M (i.e. Ing-lpg/m L). In contrast to hormones 

and growth factors which are released into the blood stream and act at a distance from 

their source (endocrine fashion), cytokines act locally in a paracrine or autocrine 

fashion. Hence only a few cytokines can be measured in the blood stream. Nearly all 

cells can produce cytokines but some cell types such as macrophages, T cells, and rtiasi 

cells make a very wide spectrum of cytokines. Most cytokines are released from the cell 

as soon as they are synthesized but sometimes they are stored. They can be stored cel 

surface bound (TNF a, TGF j3) or remain in the cytoplasm as precursor molecules (IL’ 

1/5). Most cytokines are prevented from diffusing far away by binding o f receptors oi, 

the neighbouring cells, internalization and degradation. ^

Cytokine genes are highly inducible, and a number of transcription factors, such 

NFlcB, NF-AT, and AP-1 are involved in regulating the production of the mRNAs [29̂1



297]. The health of an individual requires precise regulation of all the genes of the 

genome. Cytokines are involved in nearly all biological processes, and hence are 

involved in a multitude of pathological processes.

1.17 Inflammatory cytokines as cancer-modifier genes

“It m il only be a matter o f  time before physicians can screen patients fo r  

susceptibility to a disease by analyzing their DNA fo r  specific SNP  

profiles. ”

(NCBI_ http://www.ncbi.nlm.nih.gov/About/primer/snps.html)

There are many common features between developing tumours and rheumatoid 

arthritis, which is characterized by an inflammatory stromal tissue or ‘pannus’ invading 

synovial joints, and exhibits hyperproliferation, angiogenesis, and leucocyte infiltration, 

all of which are features of a developing tumour. Cytokine genes are highly 

polymorphic and since polymorphisms are frequently in regions of DNA that regulate 

transcription or posttranscriptional events, they may be functionally significant. Studies 

of such polymorphisms and cancer susceptibility and severity suggest that some 

cytokine genes may be cancer-modifier genes. Systemic release of TNF and 

lymphotoxin contributes to the severity of non-Hodgkin lymphoma [122]. In a study of 

273 lymphoma patients, the TNF-308 polymorphism was associated with high plasma 

levels of the cytokine at presentation of disease [298]. Associations have also been 

found between genotype changes in the promoter regions of TNF and prostate cancer. 

The relative risk of incidence for prostate cancer was 14-fold higher in men with the 

genotype GA at TNFA-308 locus and 17 times higher in patients with genotype GA at 

TNFA-488 locus [299]. Patients with extensive corpus gastritis, hypochlorhydria, and 

gastric atrophy as a result of H  pylori infection have the greatest risk of gastric 

malignancy. IL-1|3 is upregulated during H  pylori infection, is important in the 

inflammatory response of the gastric mucosa, and is a potent inhibitor of gastric acid 

secretion. A decreased flow of gastric secretions may increase damage by allowing 

accumulation of bacterial toxins and inflammatory mediators. IL-1 gene cluster 

polymorphisms, thought to enhance IL-1/3 production, confer an increased risk of 

chronic hypochlorhydria in response to H pylori and of gastric cancer. Pancreatic cancer 

patients homozygous for allele 2 of the IL-ljS gene had significantly shorter survival
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(144 vs 256 days), higher IL-1|8 production and higher C-reactive levels than other 

patients or controls [300].

1.18 TNF alpha

The anticancer activity of TNFa was first described more than a century ago 

[301] (ref). However, it wasn’t until 1984 that human TNF was purified and its 

encoding cDNA was cloned and expressed [302]. The subsequent availability of 

recombinant TNF led to a rapid cataloguing of TNF’s pleiotropic activities. 

Inappropriate or sustained production of TNF has been implicated in the pathogenesis of 

a variety of human diseases, including sepsis, cerebral malaria, diabetes, cancer, 

osteoporosis, allograft rejection, and autoimmune diseases such as multiple sclerosis, 

rheumatoid arthritis, and inflammatory bowel diseases [303]. TNF family members play 

important roles in various physiological and pathological processes, including cell 

proliferation, differentiation, apoptosis, modulation of immune responses, and induction 

of inflammation [304]. TNFo! plays a major role in protection against bacterial, fungal 

and parasitic infections.

L I8,1 TNF signalling:

The caspases involved in TNFa apoptosis pathway are shown in Figure 1.23. 

Activation of the TNF receptor-1 [TNFR-1 (CD120a, or p55)] by the ligand TNFa 

initiates two major intracellular signalling pathways that lead to the activation of thej 

transcription factor NFkB and the induction of cell death, which also elicits a variety of 

biological responses, including antiviral activity, cytotoxicity, and modulation of gene 

expression [305]. The binding of TNFa (cachectin) or TNF/3 (lymphotoxin a) trimers 

leads to trimerization of TNFR-1. The trimerization of TNFR-1 allows for the 

recruitment of an adapter protein named TNFR-asociated death domain protein 

(TRADD) through death domain-death domain interaction. TRADD recruits the 

signalling molecules TNFR-associated factor-2 (TRAF-2) through interactions with thf 

N-terminal domain, Fas-associated death domain protein (FADD) through death domaii 

interactions, and the receptor interacting protein (RIP) through death domaii 

interactions to form the TNFR-1 signalling complex [306]. Based on similarities in thei 

cysteine-rich extracellular domains, TNFR-1 and TNFR-2 (CD 120b, or p75) belong to| 

receptor superfamily which besides a number of death inducing receptors, includffi 

CD40 and the low affinity nerve growth factor receptor. Although most cell types'



express both TNF receptors, TNFR-1 appears to play a predominant role in the 

induction of gene expression and induction of cell death by TNFa [307, 308].

1.18.2 TNFA gene

The TNFA gene is located on chromosome 6 within the major histocompatibility 

complex (MHC), in 6p21.3 region of the HLA class III zone. The genes coding for 

alpha and beta lymphotoxin flank it on the 3’ and 5’ positions, respectively. The 

structural similarities between these 3 genes suggest that they arose by gene duplication 

events. The TNFA gene has 3,634 base pairs distributed into 4 exons and 3 introns. 

(intron 1; 606 bp, intron 2; 186 bp, intron 3; 300bp). The fourth and last exon encodes 

for over 80% of the protein. The cDNA is 1,585 bp and translates into 230 aa protein 

precursor. The TNFa gene promoter contains consensus sequences for transcription 

factors such as AP-1, AP-2, C/EBP/3, CRE, EGR-1, Ets, NF-AT, NFkB and SP-1 [302, 

309].

1.18.3 Functions

TNFa exists in both soluble and transmembrane form. TNFa is produced by many cell 

types, including macrophages, lymphocytes, fibroblasts and keratinocytes in response to 

stresses. The inhibitors of TNFa synthesis are prostaglandins, corticosteroids, IL-4, and 

IL-6. The 3’UTR region of the TNFa gene controls the mRNA half-life and is crucial 

for silencing the gene [310]. The transmembrane form is a 233 aa long type II protein 

(25 kDa, amino-terminal end intracytoplasmic and C-terminal end extracellular). The 

transmembrane form is cleaved between Ala76 and Val77 residues. The enzyme 

responsible for this cleavage is an MM? called TACE (TNF converting enzyme) [311]. 

The soluble form is a 157 aa long non-glycoprotein containing a single disulphide bond. 

The biologically active form of TNFa is a homotrimer joined at the C-terminal ends, 

with a subunit molecular mass of 17 kDa. It is a strongly proinflammatory cytokine that 

is secreted in response to injurious stimuli primarily by the macrophages. It got its name 

because of its property to cause tumour necrosis when injected into tumours by 

scientists in early 1960s. TNFa is involved in immune system regulation, cell growth, 

septic shock, autoimmune diseases, rheumatoid arthritis, lipid metabolism, coagulation 

and cancer. LPS (lipopolysaccharide) from Gram negative bacteria is a major inducer of 

TNFa. TNF superfamily members include the cytokines: TNFa, LT (lymphotoxin- 

alpha, TNF-beta), CD40 ligand, Apo2L (TRAIL), Fas ligand, and osteoprotegerin 

(OPG) ligand. These proteins generally have an intracellular N-terminal domain, a short
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transmembrane segment, an extracellular portion which is a globular TNF-like domain 

of about 150 residues [312]. They initiate apoptosis by binding to related receptors, 

some of which have intracellular death domains. They generally form homo- or hetero-
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Figure 1.23: TNFa induces an array o f biological effects according to the cell type. 
TNFa acts by binding to its receptors on the cell surface. Most cells express TNFRl, 
which is believed to be the major mediator o f cytotoxicity o f TNFa. Binding of TNFa 
to its two receptors results in recruitment o f signal transducers that activate at least 
three distinct effectors. These effectors lead to the activation of caspases and two 
transcription factors, AP-1 and NFkB. Binding of TRADD, FADD, RAIDD, MADD, 
RIP leads to recruitment of caspase 8. Activated caspase 8 subsequently initiates a 
proteolytic cascade that includes other caspases (3,6,7) and ultimately induces 
apoptosis. SODD is a 60 kDa protein, associated with the DD of TNFRl. It suppresses 
TNF-induced cell death and NFkB activation demonstrating its role as negative 
regulator protein. (Figure taken from: http://www.proteinlounge.com)
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trimeric complexes. Trimerization (TNFa homotrimer mass of 51 kDa) is a requisite for 

binding the receptors which is also a trimer [313].

1,18,4 TNFA gene polymorphisms

TNFA gene is highly polymorphic and hundreds of SNPs have so far been 

identified in the TNF gene locus (http://www.ncbi.nlm.nih.gov/ 

SNP/snp_ref.cgi?locusId=7124). Some TNFa alleles are associated with increased risk 

for certain diseases [314-316]. The most widely studied TNFa promoter region allele is 

-308 G-A. The “A” allele is the rare allele with 20% prevalence among the white 

population. It is strongly associated with the A1-B8-DR3-DQ2 HLA haplotype which is 

associated with higher TNFa production and autoimmune diseases. The gene accession 

numbers for TNFA are X02910 and X02159 and protein accession number is PO1375.

1,19 IL-IB and ILIRN

IL-ip is associated with enhanced growth of haematological and solid cancers, 

in addition to influencing cancer associated phenomena such as cachexia, fatigue, and 

fever. IL-1 and IL-6 are involved in autocrine/paracrine loops, and are driven by 

oncogenic mutations in some cases, e.g Ras activation of IL-1 (3 in leukaemia [317, 318]. 

Several organ systems which undergo cellular remodelling appear to have an IL-1 

cycling system. For instance, ovulation is characterized by peak levels of IL-lra, with 

both IL-1 and IL-lRl also being expressed in ovarian tissue. Furthermore, for IL-lra to 

downregulate IL-1 activity, the former needs to be produced in relative excesss due to 

the so-called spare receptor effect. Clinically, a high IL-lp:IL-lra ratio is observed in 

several proinflammatory conditions, such as inflammatory bowel disease and 

rheumatoid arthritis. Similarly, in malignancy an imbalance of IL-1 and IL-lra may be 

present, favouring the protumorigenic effects of the former. Studies of patients with 

CML and AML, for instance, have indicated an inverse relationship between IL-1 levels 

and the low levels of its endogenous inhibitor, IL-lra. Indeed, proliferation of both cell 

types may be inhibited in vitro by the addition of IL-lra into the culture medium. A 

similar anticancer role of IL-lra has been observed in B16 melanoma, with a reduction 

in the size and number of hepatic metastases, but the story changes with respect to 

several other tumour types.
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L19,l IL-1 gene cluster

The lL-1 cluster o f genes consists o f IL-IB, IL-1 A, ILIRN  and the two receptors 

genes, IL-IRI  and IL-IRII  genes. Other members of the IL-1 superfamily are 

interleukin-18 (on chromosome 1 lq22.2-22.3), FILIS, and FILlrj^. All members o i  IL-1 

family have conserved intron and exon patterns and share similar tertiary structure, 

suggesting that they evolved from a common ancestor. The IL-1 gene cluster is 

localized to the long arm of chromosome 2 from ql3-q21. They map to a common 

fragment o f 430 kb, distributed over the following intervals: IL-1 A between 0 and 

+35kb, IL-IB  between +70 and +110 kb, and IL-lRN  between +330 and +430 kb. The 

promoter region o f IL-IB  gene contains a clear TATA box which is typical o f inducible 

genes. The promoter sequence between -131 and +14 contains a binding sequence for 

NFkA [319]. The regulatory regions for the IL-IB  gene are distributed over thousands 

o f base pairs both upstream and downstream of the coding sequences for the gene [320].

IL-1 gene cluster

r
2q12 2q13-

IL-IRN- IL-IB -
----------- -S

IL-1A*

ch ro m o so m e  2

N N N  -  - -  -  -  - - - -  -  ir> (n n  'T. (0  <r>

Figure 1.24: IL Ibeta is a strongly pro-inflammatory cytokine and the IL 1 gene 
cluster on long arm of chromosome 2 consists o f 8 genes o f which IL-1 A, IL-IB and 
IL-IRN are notable. These genes transcribe three related proteins IL-1 a, IL-lp and IL- 
Ira (receptor antagonist) respectively. IL-1 (3 is the main secreted protein. The two 
receptors for IL-lp are on the same locus.
IL-lp gene accession number: X02532 and X56087. IL-lp protein accession number: 
P01584. ILIRN gene accession number: X64532. ILIRN protein accession number 
(SwisProt): P 18510. Taken from: 
www.ihwg.org/components/cytokine/tues 1 slavcevfiles
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1.19.2 IL-1 signalling

After IL-1 (3 is bound to its receptor, a complex is formed between the type 1 

receptor and the receptor accessory protein. The cytosolic proteins MyD88 and TOLLIP 

are recruited to this complex, where they function as adapters, recruiting IRAK and in 

turn IRAK 1, a serine threonine kinase, activates and recruits TRAF6 to the IL-1 

receptor complex. Eventually, phosphorylated IRAK is ubiquitinated and degraded. 

TRAF6 activates two pathways, one leading to NFkB activation and the other leading to 

c-Jun activation. The TRAF associated protein ECSIT leads to c-Jun activation through 

the MAPK/JNK signalling system [321]. TRAF6 also signals through the TABl/TAK 

kinases to trigger the degradation o f I-kappa B, and activation of NFkB, TAKl and two 

interacting proteins, TABl and TAB2 play important role in IL-1 signalling. TAB2 

translocates to the cytosol upon stimulation with IL-1, where it functions as an adapter, 

linking TRAF6 to TAKl and TABl. Activated TAKl activates NIK directly, leading to 

the activation o f IKK and thus to the phosphorylation and degradation o f I-KappaB. 

NFkB is then translocated to the nucleus to activate transcription [322]. Binding of IL- 

1 (3 to its cell surface receptor also activates a pertussis toxin-sensitive G- protein, which 

in turn stimulates AC activity, and thus increases the intracellular level of cAMP. cAMP 

activates cAMP dependent protein kinases which induce the activation of NFkB which 

plays an important role in the transcriptional regulation o f the HIV-LTR and the Kappa 

Ig gene in pre B cells [323].

1.19.3 IL-lp production and actions

IL-1 is a proinflammatory cytokine that stimulates a broad spectrum of immune 

and inflammatory responses. IL-1 is produced by activated macrophages, endothelial 

cells, B cells and fibroblasts. It induces inflammatory responses and oedema, promotes 

the production o f prostaglandins, IL-2, and the growth of leukocytes [324]. The half life 

of IL-lp mRNA depends upon the cell type and the microenvironment. Untranslated 

mRNA of IL-lp is degraded unless an additional signal is provided. IL-ip and IL-1 a  are 

initially synthesized as precursor
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Figure 1.25: IL-ip is a strongly proinflammatory cytokine. It is produced by 
activated macrophages, endothelial cells, B cells and fibroblasts. It induces 
intracellular signaling cascade that leads to the translocation o f NF-kB into the 
nucleus. It binds to to its receptor, IL -lR l, with the help o f ILlRAcP (IL-IR 
accessory protein). Many intracellular proteins involved in IL-1(3 signaling are 
also involved in TLR-4 signalling pathway. (Figure taken from 
www.proteinlounge.com)

molecules, both approximately 31 kDa. 269 aa without a signal peptide. The precursor 

for IL-ip remains cytosolic until it is cleaved. Many proteases can cleave the IL-lp 

precursor into an active cytokine (17.5 kDa, 153 aa), but the main intracellular cleavage 

is done by the IL-lp converting enzyme (ICE, also known as caspase 1) [153, 299], 

while proteinase 3 processes the IL-ip precursor extracellularly [300]. The X-ray 

structure o f IL-lp shows that both IL-ip and IL -la  have a trefoil-like 3D structure 

composed o f 12 to 14 folds o f P sheets. IL-lp has two sites for binding IL -lR l [301].

The biological activities o f IL-ip are similar to those o f IL-la, the main 

difference being the extracellular secretion o f IL-ip, while IL -la  remains cell



associated. These two proteins show a moderate level of homology (45% identical at 

nucleic acid level and 26% identical at amino acid sequence level). However, IL-lp is 

more closely related to IL-lra than to IL-la. All the three members o f the IL-1 family 

bind to same receptors.

IL-ip production is induced by nearly all microbial products. IL-ip is produced 

mainly by blood monocytes, tissue macrophages and DCs. Fibroblasts and epithelial 

cells generally do not produce IL-1 (3. It mediates the acute phase response. IL-lp 

protein shows strong synergism with TNFa and induces the expression of a number of 

proinflammatory cytokines. These are the two major cytokines that drive the 

inflammatory process of rheumatoid arthritis. IL-lp is a potent endogenous pyrogen and 

inducer of the acute phase response in humans. It lowers the threshold of pain and 

causes sleep disturbances. It causes stimulation of T-helper cells, maturation and clonal 

expansion o f B cells, NK cell activity, proliferation o f fibroblasts, collagen synthesis 

and chemotaxis of macrophages and neutrophils.

1.19.4 IL-IRN

The ILIRN  gene is assigned to chromosome 2ql4.2. IL-lra is a competitive 

inhibitor o f IL-lp, the biological effects of which are dependent upon the ratio of these 

two cytokines in the microenvironment [329]. The IL-lra protein has three known 

isoforms. The soluble glycosylated form is known as sIL-lra. There are two 

intracellular non-glycosylated forms, known as icIL-lra I and icIL-lra II. Both the 

soluble and intracellular forms are transcribed from the same gene by alternative 

splicing o f the first exon [330]. IL-lra, like IL-ip and IL-la, has a p trefoil structure 

[331]. Processing includes cleavage of the leader sequence, glycosylation and secretion. 

Production o f IL-lra is induced by many factors, including other cytokines, viral 

products and acute phase proteins. The most potent stimulants are LPS, IL-4, and GM- 

CSF. The physiological inhibition of IL-lp by IL-lra protects the organism from 

overreaction to inflammatory stimuli but at the same time might impair the host’s ability 

to control infection.

1.19.5 Receptors

There are two receptors that bind IL-1 p. The type I receptor (IL-IRI) induces 

signal transduction while IL-IRII is a decoy receptor. It sequesters IL-lp without 

initiating downstream signalling. A necessary component o f IL-1 p signalling complex is 

the IL-1 receptor accessory protein (IL-lRAcP). Some receptor-like proteins have been
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identified during the Human Genome Project [332]. Soluble forms of the two receptors 

are released by proteolytic cleavage of extracellular domains. These act as inhibitors 

and prevent IL-ljS from binding to membrane receptors.

1.20 IL-10

Numerous studies have suggested the importance of anti-inflammatory effects of 

IL-10 and its ability to act as a main suppressor of cellular immunity in tumorigenesis

[333]. Both overexpression (e.g., in lymphoma) as well as IL-10 deficency (e.g., in 

inflammatory bowel disease, psoriasis) seem to have a pathophysiological significance

[334]. There are also reports on the overexpression of IL-10 in basal cell and squamous 

cell carcinoma [335]. Cytotoxic T cell lines recognizing these tumours proliferated in 

the presence of the tumour cells only when IL-10 was neutralized by monoclonal 

antibodies. On the other hand, the injection of IFN-a into tumours resulted in regression 

that was associated with the down-regulation of IL-10 mRNA level. IL-10, therefore, 

seems to be an important mediator in evading the T cell-mediated immune response in 

cutaneous mahgnancies [335]. The Stricter group described increased levels of IL-10 

protein in tissue homogenates of human bronchogenic carcinomas compared with 

normal lung tissues. Staining of these tumours illustrated the primary localization of IL- 

10 to cancer cells. Furthermore, IL-10 was present in supernatants of several 

unstimulated human bronchogenic cell lines [336]. Interestingly, a correlation between 

IL-10 and higher vascular endothelial growth factor expression in oesophageal cancer 

was demonstrated, suggesting a relation between IL-10 and tumour-promoting 

angiogenic factor gene expression [337].

1,20,1 IL-10 Gene

IL-10 gene is located on chromosome 1 between lq31 and lq32. It has five 

exons and four introns. It spans a length of 4.7 kb. A TATA box is located 84 bp 5’ of 

the first methionine codon [338]. A number of transcription factor binding sequences 

have been identified using transcription factor databases. These include CCAAT motifs 

at various locations in the promoter region. In addition, glucocorticoid response 

elements (GRE) and cyclic AMP response elements (CRE) are located at -250 and -311 

positions, respectively [339]..

The IL-10 gene translates into a protein of 178 aa, which includes 18 aa signal 

sequence. The mature form consists of 160 aa, the N-terminal residue being Ser 1 [340]. 

The protein contains 4 cysteine residues which form two intramolecular disulphide
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bonds (Cys 12 with Cys 108, and Cys 62 with Cys 114). It has a molecular mass of 17 

IcDa and exists as noncovalently linked homodimer (37 kDa). Homologues o f IL-lo 

have been found in Epstein Barr virus (EBV) and equine herpes virus type 2 (EHV2) 

[341, 342]. Human IL-10 shows 90% aa sequence homology with viral IL-10 and 73% 

with murine IL-10. Human IL-10 is active on murine cells but murine IL-10 is not /  

active on human cells [338], IL-10  is expressed by naive and memory T cells, T h l, Th2, 

NK cells, B cells [343].

SNPs in the promoter region o f IL-10 gene have a significant effect on the level 

o f expression o f this cytokine. Stimulation o f whole blood w ith bacterial LPS shows 

considerable lower expression in individuals carrying an ‘A ’ nucleotide at position - 

1082 from the transcription start site [344]. The IL-10  promoter SNPs -1082A, -819T, 

and -592A define the low IL-10  producer haplotype, or ATA [345]. The gene accession 

numbers fo r /Z -i (9 are U 16720 and A F418271 and the protein accession number is 

P22301.

1.20.2 IL-10 signalling

IL-10 is a pleiotropic cytokine with important immunoregulatory effects on 

many o f the cell types in the immune system (Figure 1.26). It is a cytokine with potent 

anti-inflammatory properties, repressing the expression o f inflammatory cytokines such 

as TNFo!, IL-6 , and IL-ljS by activated macrophages. Functional IL-1 OR complexes axe 

tetramers, consisting o f two ligand binding subunits and two accessory signalling 

subunits. Binding o f IL-10 to the extracellular domain o f IL-lO Rl activates 

phosphorylation o f  the receptor associated JA K l and TYK2, which are constitutively 

associated with IL-lO Rl and IL-10R2, respectively. These kinases then phosphorylate 

specific tyrosine residues (Tyr446 and Tyr496) on the intracellular domain of the 

IL-lO Rl chain. Once phosphorylated, these tyrosine residues (and their flanking peptide 

sequences) serve as temporary docking sites for the latent transcription factor, STAT3. 

STAT3 binds to these sites via its SH2 domain and is, in turn, phosphorylated by the 

receptor associated JAKs. STAT3 then homodimerizes and translocates to the nucleus 

where it binds with high affinity to SBE in the promoters o f various IL-10 responsive 

genes. Constitutively active forms o f  STAT3 increase transcription o f anti apoptotic and 

cell cycle progression genes such as BCL-Xl, Cyclin-D l, Cyclin-D2, Cyclin-D3, and 

Cyclin-A, Pim 1, c-Myc, a n d p l9  INK4D [346].

IL-10 has also been reported to activate another major survival pathway, 

consisting o f PI3K and its downstream substrates p70S6K and Alct/PKB. Although



anti-inflammatory effects of IL-10 are not mediated via PI3K, tiie ability of IL-10 to 

promote survival of astrocytes or to induce proliferation of mast cells depends upon the 

activation of PI3K [347]. IL-10 also interferes with the activation potential of the 

p38/MAPK pathway, which is required to activate TNF translation. IL-10 mediated 

signals primarily target TNF-mRNA translation. This process is clearly dependent on 

TNF-3’ARE. IL-10 also leads to ARE dependent destabilization of GM-CSF, and G- 

CSF.

1.20.3 Biological actions of IL-10

IL-10 belongs to the long chain cytokine family, which includes IFNo/p and y. It is 

characterized by a 4 alpha helix bundle. The biologically active form of IL-10 is a non- 

covalent homodimer. IL-10 is intricately involved in inflammatory responses and 

immune reactions. Its overall effect is anti-inflammatory and immunosuppressive. It can 

also affect many patho-physiological processes such as angiogenesis, tumorigenesis and 

infection by its modulating effect on other cytokines and growth factors. IL-10 acts on 

both haematopoietic and nonhaematopoietic cells. It mainly suppresses 

proinflammatory cytokines such as TNFa and IL-ip by monocytes and macrophages, 

and other cytokines secreted by neutrophils. IL-10 increases the production of IL-lra 

[348, 349] and soluble TNF receptors p55 and p75 [350]. IL-10 also inhibits the 

expression o f MHC class II molecules, ICAM-I, CD-80 and CD86 on monocytes. It 

also down-regulates the cytokines produced by Thl cells and enhances B cell survival, 

proliferation and antibody production. It can block NFkB activity and is involved in the 

regulation o f the JAK-STAT signalling pathway. Down regulation of these molecules 

significantly affects the T cell activating capacity of antigen presenting cells (APCs) 

[349]. IL-10 is produced by DCs derived from Peyer’s patches but not from DCs 

derived from spleen [351].

1.20.4 Receptors

The IL-10 dimer interacts with two heterodimeric receptor complexes, each 

consisting o f IL-lORa and IL-lORp subunits. This results in intracytoplasmic binding of 

STAT 3 to IL-lORa and phosphorylation by JAKl and TYK2 kinases. It then 

translocates to the nucleus where it binds to IL-10 responsive genes. IL-lORa chains are 

expressed on cells o f haematopoietic origin, including T cells, B cells, and mast cells. In 

addition, certain cells like myeloma cells and BCLL (B cell chronic lymphocytic
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leukaemia) also express these receptors [322]. IL-10 Rp chains are expressed 

ubiquitously.
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Figure 1.26: IL-10 activates a number of signaling pathways including
phosphorylation of receptor associated JAKl (Janus kinsae-1) and PI3K 
(phosphoinositide-3 kinase). IL-10 is strongly anti-inflammatory. It interferes with the 
activation of p38/MAPK pathway that is required to activate TNFA gene. S0CS3, 
which is an IL-10 responsive gene, inhibits JAK/STAT dependent pathways, thus 
further modulating the immune response. (Figure taken from 
WWW. proteinlounge. com).

1.21 Toll like receptor 4 (TLR4)

The Toll protein in Drosophila regulates dorsal ventral patterning during 

embryogenesis, and participates in antibacterial and antiflingal host defense. 

Mammalian homologues are termed Toll-like receptors. They are characterized by 

extracellular leucine-rich repeats and a cytoplasmic domain similar to the interleukin I 

receptor. TLRs are transmembrane proteins expressed by cells of the innate immune 

system, which recognize invading microbes and activate signalling pathways that 

launch immune and inflammatory responses to destroy the invaders [323]. The innate 

immune system recognizes only a few highly conserved structures that are present in 

different microorganisms rather than recognizing every possible antigen. These are 

known as ‘Pathogen associated molecular patterns’, (Table 1.8 below). When organisms
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carrying these molecules encounter immune cells in the body an immediate response is 

intitated. This recognition is achieved through receptors such as TLRs which are known 

as ‘pattern recognition receptors’ and are present on most immune cells [354, 355].

The role of TLRs in the recognition of pathogens gives them a key role in the 

activation of both innate and adaptive immune responses during sepsis. Furthermore, 

recent studies suggest that the regulation of the TLR pathway fulfils a central role in 

anticancer immunotherapy and in organ rejection after transplantation [356]. Other 

disease processes in which TLRs play a role are asthma, acute respiratory distress 

syndrome, cardiac ischaemia, coronary artery disease, ventricular remodelling, vascular 

collapse, inflammatory bowel disease, acute tubular necrosis, psoriasis, rheumatoid 

arthritis, pre-term birth, fertility, cancer angiogenesis and transplant rejection [357]. 

TLRs also interact with a variety of endogenous human ligands and influence the 

activity of a wide range of tissues and cell processes.

Table: 1.8: Pathogen Associated Molecular Patterns (PAMPs)*

PAMP Source TLRs
LPS (Lipopolysaccharide) Gram negative bacterial cell wall TLR4
Peptidoglycan Gram positive cell wall TLR2
Lipotechoic acids Gram positive cell wall TLR2/6/4

Sugar mannose Microbial glycolipids and 
glycoproteins

Bacterial CpG DNA Bacteria / viruses TLR9
N-formylmethionine Found in bacterial proteins
Single-stranded viral RNA Viruses TLRS
Uracil rich single-stranded 
Viral RNA e.g HIV Viruses TLR7

Double-stranded RNA Viruses TLR3
Zymosan Fungal cell walls TLR2/TLR6
Filin From bacterial pili TLR5
Flagellin From bacterial flagella TLR5
* The innate immune system recognizes only a few highly conserved structures that 
are present in different microorganisms rather than recognizing every possible 
antigen. These are known as ‘Pathogen associated molecular patterns’. When 
organisms carrying these molecules encounter immune cells in the body an 
immediate response is intitated.

L2L1 TLR 4 gene

The TLR4 gene maps to chromosome 9q32 -  9q33. The gene spans over 18 kb 

and consists of 2 introns and 3 exons. It is expressed as 4 and 5 kb transcripts in a tissue 

specific pattern and consists of 841 aa [358]. Human TLR4 is a type I transmembrane 

protein with an extracellular domain consisting of a leucine rich repeat region and an



intracellular domain homologous to that of the human interleukin-1 receptor. SNPs in 

the TLR4 gene have been associated with differences in LPS responsiveness [289]. 

Human TLR4 protein is a homologue of the Drosophila Toll protein. The Protein 

primary accession number is 000206 and the gene accession number is A Fl77765.

1,21,2 TLR4 signalling

TLR4 has been highly conserved from Drosophila to humans and shares structural and 

functional similarities. Mammalian TLR4 is the signal transducing receptor activated by 

the bacterial LPS and LTA (lipoteichoic acid) [359]. Both LPS and LTA first bind to the 

CD 14 receptor which then transfers them to TLR4. TLR4 homodimerizes and forms a 

complex with the protein MD2, and this complex is then transported to the cell surface. 

The LTA can bind directly to CD 14, but LPS must be delivered to CD 14 by LBP (LPS 

binding protein). Cells need both MD2 and TLR4 in order to recognize LPS. TLR4 

activation engages a set of MyD88 adapter family members, including MyD88, TIRAP, 

TRIP, and TRAM. BTK also participate in TLR signalling, although their precise role 

has yet to be defined [360]. The MyD88 adapter protein links TLR4 to the IRAK 1 and 

IRAK 4 serine/threonine kinases, leading to MyD88 dependent pathway. Upon 

activation of TLR4 with LPS, MyD88 recruits IRAK 4, thereby allowing the association 

of IRAKI. IRAK4 then induces the phosphorylation of IRAKI. TRAF6 is also recruited 

to the receptor complex, by associating with phosphorylated IRAKI, (ubiquitin 

conjugating enzyme 13). This leads to the ubiquitinylation of TRAF6 which induces the 

activation of TAKl by interacting with ECSIT (an evolutionary conserved signalling 

intermediate in Toll pathways). TAKl in turn phosphorylates both p38 kinases and 

JNKs by activating MKK3, MKK6 and MKK7. p38 and JNKs then enter the nucleus 

and induce the expression their target genes. TRIP and TRAM link TLR4 to pathways 

that lead to TBKl (Tank binding kinase 1) and IRF3 activation [361, 362]

TLR4 induces activation of many genes that express immunomodulatory molecules and 

initiate a coordinated immune response including fever, inflammation and phagocytosis. | 

TLR4 is abundantly expressed on the surface of monocytes, macrophages and I 

neutrophils, along with CD 14. TLR4 signalling leads to increased expression and 

secretion of pro inflammatory cytokines such as IL-lj8, TNFo; IL-6, IL-8, and PAF. 

TLR4 is also heavily expressed in placenta and TRAF6 then dissociates from the 

receptor and forms a complex with TAKl, TABl (TAKl binding protein) and TAB2, 

which involves the phosphorylation of TAB2 and TAKl. TRAF6, TAKl, TABl and 

TAB2 associate with the ubiquitin ligases UbC13



Figure 1.27: TLR4 is receptor for gram negative LPS. It has been highly conserved 
in evolution. This figure shows the important intracellular proteins involved in 
TLR4 signalling leading to NFkB activation. TLR4 is rich in leucine-rich-repeats. 
(www.proteinlounge.com)
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Figure 1.28; TLR4 is highlighted in a pink circle. The human gastrointestinal (GI) tract is 
colonized by non-pathogenic commensal microflora and frequently exposed to many 
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from www.proteinlounge.com).



1.22 TP73

TP73 protein was identified in 1997 as a protein with high sequence homology to p53 

[363]. TP53 is a well known TSG and a mutation in p53 gene is found in about 50% of 

cancers. It encodes the p53 protein in response to DNA damage, which inhibits cell 

growth by activating transcription of cell cycle inhibitor p21 or leads to apoptosis. The 

DNA binding sequences of p53 are conserved in p73 (63% identity), and high 

expression of p73 can activate transcription of p53 responsive genes and inhibit cell 

growth. Indeed p73 has been shown to activate p53 responsive promoters in p53 

deficient cells. Marin et al. 2000 have shown that inactivation of p73 may mimic the 

biologic properties of p53 mutants [364].

1.22.1 P73 Functions

Mice deficient in p73 produced by targeted gene disruption show various 

developmental defects including hippocampal dysgenesis, chronic infections, and 

malformation of pheromone sensory pathways. In humans p73 is monoallelically 

expressed in many tissues. However, unlike p53, it is not activated following DNA 

damage resulting fi-om agents like actinomycin D and UV irradiation [365]. The p73 

protein shows the three typical domains of a transcription factor. These are the acidic 

amino terminal transactivation domain, the central DNA binding domain, and a 

C terminal oligomerization domain [363]. Nine named isoforms of p73 protein are listed 

in UniProtKB/Swiss-Prot entry 015352 (as of May 2006). Isoform beta interacts 

homotypically and with TP53, whereas isoform alpha does not. Isoform gamma 

interacts homotypically and with all p73 isoforms. Isoform delta interacts with isoform 

gamma, and with isoform alpha. The subcellular location of p73 is in the nucleus. p73 

binds one zinc ion per subunit.

1.22.2 P73 gene and Cancer

The P73 gene is over 60 kb, has 14 exons and 13 introns and gives rise to multiple 

splice variants. The truncated isoform (missing its amino terminus) of p73 has an anti 

apoptotic role in the neurons as it rescues neurons from undergoing apoptosis when 

NGF (nerve growth factor) is withdrawn. Theoretically p73 may act as a TSG by 

compensating for loss of p53. However, overexpression of p73 has been reported in 

head and neck cancer, where it may function as an oncogene [366]. An association 

between p73A4T14 and cervical cancer has been reported [367].
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Figure 1.29: Schematic p53 family members pathways. Besides specific 

developmental and physiological functions, p63 and p73 participate in p53 

genomic guardian function. Upon genotoxic stresses induced by ultraviolet (UV), 

irradiation (IR) or cisplatin, the two homologues interact with p53 to achieve 

growth arrest and apoptosis functions. It is now established that p53 as well as TA 

p73 induce a direct activation of DN-pZJ, thus creating thus a feedback loop to 

negatively control these functions. (Reproduced with permission from Jean 

Benard, Setha Douc -  Rasy and Jean Charles in “TP53 Family Members and 

Human Cancers (2003) Human Mutation 21:182-191”.)
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Figure 1.30: Comparison of gene architecture of the three p53 family genes. The p53 
family includes the three genes p53, p63, and p73. They have a modular structure 
consisting of the TA, the DBD, and the oligomerization domain. All genes are 
expressed as two major types: flill-length proteins containing the TA domain and DN 
proteins missing the TA domain. The products of p73 and p63 are more complex than 
p53 and contain a COOH-terminal SAM domain and a transactivation inhibitory 
domain in their a isoforms. p63 and p73 also contain two promoters. The PI promoter 
in the 5’ untranslated region produces TA proteins that are transcriptionally active, 
whereas the P2 promoter produces DN proteins with dominant-negative functions 
toward themselves and toward wild-type p53. In addition, extensive COOH-terminal 
splicing and, in TP73, additional NH2-terminal splice variants of the PI transcript 
further modulate the p53-like functions of the TA proteins. (Reproduced with 
nermission from Prof Ute M Moll from “Mol Cancer Res 2004:2(7). .Julv 2004.”')
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At the C-terminal of the p73 protein is a ‘sterile alpha motif (SAM) which is involved 

in protein-protein interactions. A remarkable feature of the p73 gene is the presence of 

two promoters that express two different proteins [368, 369]. The PI promoter 

expresses a protein with transactivation (TA) domain while the P2 promoter, located in 

intron 3 about 30 kb downstream, produces an N-terminal truncated isoform with 

distinct biological properties and lacking a TA domain [370]. The C-terminal 

oligomerization domain binds to the ABLl tyrosine kinase SH3 domain. The lp36 

locus is known to be subject to recurrent loss of heterozygosity in various human 

cancers including prostatic carcinoma [371], neuroblastoma [372], lung cancer [373], 

and oesophageal cancer [363, 374]. In contrast, another member o fp53 family, p63 (or 

TP73L), located on 3q27 is subject to gain in cancers. However, unlike p53, p73 and 

p63 genes are not mutated in a large number of cancers [375].

Kaghad et al. (1997) reported a monoallelic expression of p73 gene based on 

expression patterns found in all human cell lines and 5 normal peripheral blood samples. 

They also found that p73 was predominantly expressed from the maternal allele, 

suggesting that p73 could be paternally imprinted. However, more recent work shows 

that the monoallelic expression was limited to normal lung and renal tissues but 

biallelically expressed in cancers of the same tissues, showing a loss of imprinting to be 

associated with cancer development [376]. The same researchers have shown that p73\s  

biallelically expressed in normal bladder tissue as well in bladder cancers. This suggests 

that monoallelic expression is not maintained in all tissues and may depend on tissue 

origin and physiological conditions. However, in case of bladder cancer, p73 is 6- to 20- 

fold overexpressed in cancer tissue as compared with normal tissue [365]. Locus lp36 is 

deleted in about 40% of cases of oesophageal cancer [377].

L22J P73 gene SNPs

At least 17 different SNPs have been identified in p73 gene both in introns and 

exons but none cause an aa change. Two linked polymorphisms at positions 4 (G/A) and 

14 (C/T) in exon 2 (rs2273953) are thought to affetct p73 gene expression (G4 always 

occurs with C l4 and A4 with T14) [363]. A  case control study carried out in this 

laboratory investigated the presence of a noncoding p73 polymorphism (denoted AT or 

GC) in the p73 gene. AT/AT homozygous were significantly less prevalent in the 

oesophageal cancer population compared to controls (OR, 0.11; 95% C.I., 0.02-0.6), 

with a ninefold reduced risk, which suggests that AT/AT homozygotes may be 

protected against the development of OAC [220].
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1.23 Aims and Objectives

1.23.1 General Objectives

1. To examine the distribution of a panel of SNPs in the selected

immunomodulating genes in patients of oesophageal cancer and a group of 

controls. The histological types of interest were

i. Oesophageal Squamous Cell Carcinoma

ii. Oesophageal Adenocarcinoma

2. To examine the distribution of a panel of SNPs in the selected

immunomodulating genes in the following three post oesophagectomy groups

i. No complication group

ii. Post operative infections group

iii. Other complications group

1.23.2 Specific Objectives

1. To design a case-control study to carry out the above mentioned general 

objectives.

2. To recruit patients with oesophageal cancer from the Department of Clinical 

Surgery, St. James’s Hospital, Dublin, with the help of research MD students.

3. To recruit controls representing the healthy population from various

geographical locations in Ireland

4. To recruit non-malignant hospital matched controls to represent the hospital 

from which cases were selected.

5. To identify and collect paraffin embedded tissue blocks of the patients selected 

for the study from the archives of the Department of Pathology, St. James’s 

Hospital Dublin.

6. To retrieve patient information from the electronic databases of the Department 

of Surgery and the Department of Pathology and verify 20% of these by 

crosschecking with written patient records.

7. To develop PCR, restriction digest and Taqman® allelic discrimination assays 

for the investigation of the SNPs given in the Materials and Methods section

8. To develop a logistic regression model and other statistical analyses to 

investigate the association of these genotypes and other confounding variables 

(given in the Materials and Methods section) on the outcomes of primary interest



i.e. histological type of oesophageal cancer and development of post operative 

infections.

To construct best recombination haplotypes using the Phase programme and 

statistically analyze the association of thses haplotypes with outcomes of 

primary interest using the Arlequin, Hitagene and Genepop softwares.



Chapter 2 

Materials and Methods



2.1 Study Design

Genetic studies for common diseases fall into many broad categories: family- 

based linkage studies across the entire genome, Hnkage disequihbrium mapping studies, 

and population-based association studies of individual candidate genes. Genetic 

association studies in cancer are complex because of the multi-stage process of cancer 

and difficulties in analysing genetic variants in population and family studies. This 

study fell under the last category and the basic question this study was designed to 

answer was “whether the suspected genetic factor was associated with the outcome of 

interest?” Prospective Studies are considered to be the most powerful and reliable 

because by randomization they are able to balance the unknown prognostic factors. 

However, since oesophageal cancer is comparatively a less frequent cancer and given 

the time and logistical constraints of this study, it was not possible in this study setting 

to achieve a sufficient sample size or proper follow up required in a prospective study. 

A case-control study was therefore designed to assess the relationship between exposure 

and the outcome event. The Exposure of primary interest was the presence or absence of 

the genotypes or haplotypes determined by the chosen set of inflammation related 

genes. The outcome events in this study were the development of a particular histologic 

type of oesophageal cancer and outcome of oesophagectomy. The objective was to 

compare exposure history between the case and the control groups.

The strengths of this case-control study were:

• It was less constrained by the natural frequency of the disease.

• It greatly shortened the waiting time generally required by cohort studies.

• It was low cost and it had fewer practical problems.

• It was ideal for the assessment of the chosen disease etiology.

The drawbacks of this retrospective case-control study were:

• Randomization was not possible and population at risk was undefined

• Selection biases were unavoidable and causal interpretation was unattainable 

due to presence of confounding factors

• Since a baseline had not been defined there was no absolute measure of many 

confounding variables.
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2.2 Study population

The aim of the study was to obtain the information about and apply the result to 

the Irish population. For both the study groups (cases and controls) the study subjects 

were individuals of Irish ancestry who had been resident in Ireland for most of their 

lives.

2.2,1 Case definition

A case was defined as:

An individual of Irish ancestry diagnosed with histologically proven 

oesophageal cancer and undergoing treatment at St. James’s Hospital Dublin, Ireland or 

deceased but having paraffin embedded tissues available in the archives of the 

Pathology Department and having relevant patient information available in the hospital 

records either in electronic or paper form in the Department of Pathology and/or 

Department of Surgery, and having the primary tumour located at or below the upper 

oesophageal sphincter and at or above the gastrooesophageal junction.

2.3 Outcome of Interest
• Oesophageal Squamous Cell Carcinoma (OSCC)

• Oesophageal Adenocarcinoma (OAC)

• Post oesophagectomy complications

2.4 Diagnostic and Staging Criteria

These were based on the following protocol followed in the department:

• Clinical history (especially dysphagia)

• Barium swallow or upper gastrointestinal X-rays

• Endoscopy

• Computed Tomography (CT) Scans.

• Positron Emission Tomography (PET)

• Histopathology reports written by the hospital histopathologist.
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2.5 Sources of Cases

All cases were registered in the Department of Clinical Surgery, St. James’s 

Hospital Dublin Ireland. St. James’s Hospital is a tertiary care hospital and specializes 

in upper GIT surgery. Between 2002 and 2005 every effort was made to select 

consecutive cases. In the case of deceased cases paraffinized tissues were obtained from 

the archives of the Pathology Department. 150 block numbers were randomly selected 

from a database of 270 blocks dating between 1991 and 2001.

2.6 Bias considerations

In designing the study the following sources of bias were considered.

• Recall bias: It did not affect this study because the main variable under study did 

not depend upon the memory of the cases under study. Most of the data were 

obtained from the database maintained in the Department of Surgery and patient 

records.

• Confounding bias: This is an inherent bias of case-control study, and could not 

be avoided because oesophageal cancer patients are diagnosed at a late stage in 

life when co-morbidities are generally present, and there is no available 

technique at present to measure the stepwise DNA damage that occurs with 

advancing age. However, care was taken at analysis stage to handle this issue 

wherever possible.

• Berkson’s Bias: A Berkson’s bias is introduced if subjects who are both exposed 

and diseased are more likely to be admitted to the hospital. The proportion of 

exposed in the disease groups can be inflated artificially. E.g. in a study for an | 

association between low birth weight and cerebral palsy, infants having both low 

birth weight plus palsy are more likely to be admitted as compared with cerebral 

palsy alone. This would distort the real effect of exposure when cases are 

selected only from the hospital. Berkson’s bias did not affect this study because 

the exposure under study did not by itself increase the chances of admission to a 

tertiary care hospital.

• Neyman’s Bias: A Neyman’s bias is introduced when the study base does not 

capture all the cases it is supposed to capture, thus distorts the true prevalence of 

the disease e.g. if the disease is very transient (or leads to early death) or this 

could also happen to studies of asymptomatic diseases (HPV). Neyman’s bias \  

could noV be avoided because Wve study was doue m  a smg,le centre and missed (



the cases that were representative of other centres. However, the results of the 

study ware not affected by this bias because an exact measure of prevalence was 

not required.

2.7 Selection of Controls

Two types of control groups were used. Population controls and hospital 

matched controls.

2. 7.7 Population Controls

Most of the healthy controls were selected from the staff working in the Institute 

of Molecular Medicine and St. James’s hospital, Dublin and from the blood bank. These 

controls belonged to different geographical locations within Ireland. Hence genetic 

material representing random geographic location in Ireland was available for study. 

Since the exposure of primary interest was (genotypes and haplotypes) prenatally 

present in the study subjects, the selection of controls from one particular setting would 

not introduce a selection bias for this specific exposure. Whereas a selection bias for 

characteristics such as social status, income group, education etc. might arise by 

selecting controls from a tertiary care hospital setting, nevertheless, it is highly unlikely 

that an individual carrying an exclusive combination of inflammation related gene 

polymorphisms / haplotypes would be more likely or less likely to be employed in a 

tertiary care hospital. No genotype or haplotype in inflammation related genes has so far 

been reported to be more common in persons seeking professional education.

2,7,2 Hospital matched Controls,

Hospital matched controls were selected to balance the hospital related 

confounding factors. Selection of hospital matched controls also allows measuring the 

presence of exposure of primary interest in morbidities other than the disease of primary 

interest. Additionally it helps in excluding the possibility that the exposure itself is a 

cause of admission to hospital (please refer to definition of Berkson’s bias in previous 

section). It also reduces the cost of the study. However, the inferences drawn from the 

hospital controls would not be valid if the distribution of exposures are significantly 

different from population controls. The controls in this study were selected from the 

endoscopy clinic and vascular surgery outpatient clinics. The patients from the vascular 

surgery clinic were mostly cases of leg varicose veins and the patients from endoscopy
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suite had upper GIT complaints. Oesophageal pathologies were excluded by endoscopic 

examination from endoscopy clinic patients.

2.8 Exposure of controls to risk factors
The Irish population is genetically and environmentally homogenous as 

compared with the rest of the populations of European descent. Dietary habits, 

smoking/drinking habits and levels of physical activity are almost identical [378, 379].

2.9 Study setting
The study was a Ph.D. project carried out in the department of Clinical Surgery 

St. James’s Hospital, Dublin Ireland. St. James’s Hospital is tertiary care university 

hospital and is a major centre for treatment of oesophageal cancer patients. All the cases 

were registered, treated and followed up in the same centre.

2.10 Inclusion Criteria

• Proven Cases of oesophageal cancer

• Irish ancestry for both cases and controls

• Availability of medical records of cases

• Controls free from malignancies

• Cases operated upon and followed up in St. James’s hospital for post operative 

complications (POC)

• Archival post oesophagectomy tissue available as PET.

2.11 Exclusion Criteria

• Presence of DNA from tumour tissue

• Malignancy in controls

• Non amplification in PCR

• Non-reproducibility of genotyping result



2.12 List of Variables

2.12.1 Dependent Variables

o Tumour histology 

o Post operative outcome

2.12.2 Independent Variables

2.12.2.1 Variables of Primary Interest

1) TNF alpha gene -308 G/A, -238 G/A, -863 A/C, -857 C/T

2) TLR4 gene +896 G/A

3) IL-lbeta -511 C/T, -31 T/C, +3953 C/T, +5200 G/A 

(SeattleSNPs database)

4) IL-lRA  86 bp tandem repeat polymorphism in intron 2

5) IL-10 gene -1082 G/A, -819 C/T, -592 C/A

6) gene-14 C /T ,-4 G/A

7) TNF alpha haplotypes

8) IL-lbeta haplotypes

9) /Z-70 haplotypes

10) Post operative complications

2.12.2.2 Other Variables

11) Gender

12) Age

13) Tumour size

14) Tumour differentiation

15) Tumour stage

16) Pre operative Chemo-Radio Therapy (CRT)

17) Smoking

18) Alcohol intake

19) Body weight / BMI

20) Height

21) Weight loss

22) Dysphagia
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23) Gastrooesophageal Reflux

24) Barrett’s oesophagus

25) Co-morbidities (pre-existing respiratory disease, cardiac

disease etc)

26) Blood loss during surgery

27) Tumour location

28) Forced expiratory volume -  1 second (FEVl)

2,12.2,3 SNP rs numbers

■ TLR 4 +896 (rs4986790)

■ IL-10-\0?>1 (rs 1800896)

■ IL-10-U 9 (rs 1800871)

■ IL-10 -592 (rs 1800872)

■ IL-IB-5W (rs3087258)

■ IL-lB-31 (rs 1143627)

■ IL-IB  +3953 (rsl 143634)

■ IL-IB  5200 (rsl 143633)

■ TNFA -308 (rsl 800629)

■ TNFA -238 (rs361525)

■ TNFA -863 (rs464836)

■ TNFA -857 (rsl 799724)

■ P73 4G/A and 14C/T in exon 2 (rs2273953)

2.13 Sample Size Calculation

The aim of sample size calculation for this study was to enable a judgement that 

is accurate and reliable, to get a precise estimate of proportions in the two groups and at 

the same time not waste resources and time by choosing a larger than required sample 

size. The sample size calculation related to fmal achieved sample allowing for response 

rates and loss to follow up. The calculation was based on a power of 80%, an effect size 

of 20 percent and an alpha of 0.05 (5%).

Since this is the first study in Irish population that undertook to examine the distribution 

of genotypes in oesophageal cancer patients and post oesophagectomy patients, no 

previous data were available to presume a proportion of outcome in a particular! 

genotype or haplotype or vice versa. Moreover, a number of genotypes and haplotypes]
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were included in the study and it was not possible to calculate the sample size based on 

the proportion o f each genotype in each group or vice versa. So for the purpose o f  

calculating sample size proportions p i and p2 o f  60% and 40%, respectively, were 

assumed and an effect size o f 20 % was taken as clinically significant difference in 

outcomes (http://www.sgul.ac.uk/index.cfm7DD25D103-C079-6609-F78D-

BC005970DCD9).

_ [^+firx[(p,x(i-p,))+(;7jx(i-pj)] 

n = required sample size for each group

A = depends on desired significance level. 1.96 for 5% significance level 

B = depends on desired power. 0.84 for a power o f 80%.

Pi = High risk allele frequency in cases (primary outcome variable in this study was 

either presence or absence o f  oesophageal cancer, a histological type o f oesophageal 

cancer or the presence or absence o f  post operative infection. 

p2 = High risk allele frequency in controls.

_  [l .96 + 0 .8 4 f X [(0.6 X (l -  0.6)} + (0.4 x (l -  0.4))]

[0 .6 -0 .4 f

n = 94 in each group
Power calculation done on Genetic power calculator is given in Appendix J.

2.14 Ethical Considerations

In designing this study, the fact that genetic susceptibility biomarkers could have 

an impact not only on the study subjects but also on their families was fully recognized. 

Biomarkers that are obtained from the individual person have the potential for providing 

important information about exposures, biological effects o f exposures, and 

susceptibility for disease for that individual and his family. No medical interpretation o f  

the genotyping result was provided to the patients or any other individual however, it is 

recognized that study subjects have rights to appropriate information before, during and 

after the study.
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Ethical approval was obtained from The Federated Dublin Voluntary Hospitals 

and St. James’s Hospital Joint Research Ethics Committee at the start o f the study. The 

Committee operates according to the general principles o f medical ethics including the 

Declaration o f Helsinki. The Committee also complies with the relevant provisions of 

the International Conference on Harmonisation Guidelines on Good Clinical Practice 

and with Clinical Trials legislation enacted in Ireland. The study was approved through 

letter number 020506 / 8002 dated 28th Jun 2002. Since the Institute o f Molecular 

Medicine is affiliated with Trinity College Dublin, this study also complied with “Good 

practice Guidelines” issued by Trinity College.

Written assurance was provided to the Ethical committee that the leftover 

genetic material would not be used in any other study without fulfilling legal and ethical 

requirements. The stored genetic and biological material is neither identifiable nor 

traceable back to the donor. Care was taken to inform the participants of their freedom 

to refuse participation in the study. The information leaflet was provided to each 

participant and given enough opportunity to carefully peruse the leaflet. Informed 

consent form was approved by the ethical committee (attached as appendix A). Written 

informed consent was obtained from all alive participants. Use of Patients 

records/histological records has been explained elsewhere in the material and methods 

section. Confidentiality o f data was ensured and access was limited to directly 

concerned researchers only. The data were stored and reported in a way that did not 

identify the study participants to a third party. After obtaining relevant information 

about the study subjects they were anonymized and could not be traced back to subject 

identification.

2.15 Data collection

A comprehensive clinicopathological database o f all patients is maintained in the 

Department o f Surgery and the Department o f Pathology. In the Clinical Surgery 

Department, clinical information from the patients’ charts is entered into the electronic 

database by the data manager o f the department. The upper GI database is on a package 

called PATS - Patient Analysis and Tracking System (Dendrite Clinical Systems 

Limited, UK). The information is retrievable through the given queries in excel format. 

After obtaining Head of Department’s permission and ethical approval, researchers are 

allowed to access the patient database.

Information for the required variables was obtained about the study subjects '  

with the help o f data managers o f the Surgery and Pathology departments. To exclude
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the possibility of mistakes in data entry, 20% of the records in surgery department were 

cross checked with the patients’ charts.

Genotyping and haplotyping data were entered into SPSS, as and when it 

became available, throughout the duration of the study.

2.16 Sample collection and Storage

Data collection was started in February of 2002 and continued up to Jun 2005. 

Departmental SOPs were followed and relevant information about oesophageal cancer 

patients was continually updated.

The blood samples for both cases and controls were collected in a purple top 

tubes (vacutainer) by the research MDs working in the department of surgery and 

Institute of Molecular Medicine. Blood samples were either refrigerated or frozen until 

extraction of DNA. 50 control DNA samples were obtained from the DNA bank 

maintained by the Genomics lab. Written Liformed consents were duly obtained from 

the study subjects.

Collection of paraffin embedded tissue was done between Jan and Mar 2003. 

After obtaining a list of all available blocks (n = 270), dating between 1991 and 2001, 

from the Department of Pathology, patients’ identification details were removed from 

the list and the blocks were re-numbered from 1 -2 7 0 . 150 numbers were picked up 

randomly, (one sentence deleted here) Four 10 /xm sections were cut from each block 

and placed in separate 1.5 ml autoclaved plastic micro tubes at room temperature.

DNA was extracted from whole blood or PET. DNA was stored in AE buffer 

(Qiagen) at 20°C. The composition of AE buffer was lOmM Tris-Cl, 0.5 mM EDTA 

and pH 9.0. DNA extracted from PET was stored in PUREGENE DNA hydration 

solution (TE buffer: lOmM Tris, ImM EDTA, pH 7.0 -  8.0).

2.17 DNA extraction
DNA purification from whole blood was done using QIAamp DNA Blood Mini 

Kit (Cat. No. 51106 Qiagen Ltd Ireland). The Qiagen method requires no phenol / 

chloroform extraction and DNA was eluted in AE buffer or water. The purified DNA 

was free of proteins, nucleases, and other contaminants and inhibitors. Protocol for 

DNA purification using QIAamp mini columns is given as Appendix B.

DNA from PET was extracted using PUREGENE DNA purification system 

(Centra Systems, Minneapolis, Minnesota, USA). The PET was first dewaxed using 

xylene and alcohol and 5-10 mg of tissue was used for DNA purification. The
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PUREGENE system works via alcohol and salt precipitation. RNA and proteins are 

digested and removed along with other contaminants by salt precipitation. The DNA is 

then alcohol precipitated and dissolved in a DNA stabilizer. This kit provided very 

consistent results and produced high yields of DNA. Protocol for DNA purification 

using PUREGENE kit is given as appendix C.

2.18 Quality Control / instrument calibration / validation / 

reproducibility of results
There is a dedicated room in the institute for the instruments for genetic analysis. 

The design of the building minimizes the risk of contamination by environmental 

pollutants. The Taqman machines are regularly serviced and calibrated by the 

manufacturers. To prevent change of concentration, reagents and chemicals were 

prepared and stored at temperatures and conditions recommended by the manufacturers. 

All the reagents were used within their date of expiry. The precision of the instruments 

were checked by repeating the genotyping of 20 % of whole blood DNA samples by 

Taqman technology as well as the traditional PCR and restriction digest methods. The 

results were reproducible in 100% of cases. Genotyping of all the PET samples were 

repeated 3 times (or more if amplification was not achieved in any Taqman run.)

2.19 Bioinformatics

Using the NCBI Entrez databases (National Center for Biotechnology 

Information) and the ExPASY proteomics server (Expert Protein Analysis System of 

Swiss histitute of Bioinformatics), searches were done to find information about the 

sequence of genes, to download the entire sequences of the genes and pin point the , 

location of primers and SNPs within the gene of interest and information about the 

proteins. Protein databases were searched to get information about the homologues in 

other species and to check for splice variants. Searches were also made to find the rs 

numbers of the SNPs and gene and protein IDs. Since the sequences of primers were 

available, SNP rs numbers were mostly searched using BLAST SNP. Homologene and 

unigene were used to find the homologues and expression profiles of proteins. Most of 

the information about proteins was also obtained from Swissprot and the links provided 

therein. OMIM was used to review findings in publications about the proteins and genes |  

in this study. /



2.20 Genotyping Methods

2.20.1 PCR/Restriction Digest/ Gel electrophoresis

For this study PCR was used to genotype the genes given in Appendix D. The 

primers sequences were obtained from published literature (Appendix D). The amplicon 

sizes ranged between 150 and 500 bps. All the reactions were optimized for 

concentrations of individual reactants, cycle timings and tempratures. 30 -  100 ng of 

DNA and 1-2 units of Taq (Thermus Aquaticus) Polymerase along with the buffer 

supplied by the manufacturer (Promega Corporation UK Ltd or Qiagen Hotstar Taq, 

Qiagen Ltd UK). To prevent premature amplification the PCR tubes were kept on ice 

during preparation of Master Mix. The thermocycling conditions and concentrations of 

reactants are given in Appendix E.

Agarose gel electrophoresis was used to separate and analyze DNA. The DNA 

was visualised in the gel by addition of ethidium bromide (EtBr). EtBr binds strongly to 

DNA by intercalating between the bases and is fluorescent. 2% agarose gels were made 

in all cases. Different sizes of gels (with varying numbers of wells) and gel tanks were 

used. 10 jLil of PCR product along with 2 of loading dye was used to load the wells. 

Since the size of the DNA fragments ranged between 100 and 500 bps, a 100 bp ladder 

was used to identify the sizes of fragments. Protocol for making Agarose Gel is given as 

Appendix F

2.20.1.1 Restriction Enzyme Digest

The purpose of Restriction Enzyme digest of the amplified PCR product was to 

run an analytical gel and see (under UV light the EtBr stained gel) the sizes of the 

fragments that indicated the presence or absence of the particular SNP. The preparation 

of DNA to be cleaved was free of contaminants such as phenol, chloroform, alcohol, 

EDTA, detergents, or excessive salts, all of which can interfere with restriction enzyme 

activity. The details of enzymes, reaction and storage conditions are given in 

Appendix G.

2,20,2 TaqMan Chemistry®

The sensitivity of Taqman genotyping is 96% and the specificity is 98% [380]. 

Genotyping for TNFA -238, -308, TLR4 +896, IL-IB  -511, -31 and +3953 SNPs was
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done using TaqMan PCR. Mainly the paraffin embedded tissues were genotyped using 

TaqMan technology.

2.20.2.1 Introduction to TaqMan Technology

TaqMan assay (as described in the AppUed Biosystems manual) is also referred 

to as kinetic PCR or 5’ exonuclease based PCR assay. It exploits the 5’-3’ exonuclease 

activity of Taq polymerase (AmphTaq Gold DNA polymerase). The assay developed by 

Perkin Elmer Applied Biosystems, Foster City, CA, integrates fluorogenic PCR with a 

laser-based computerised system. The sequence detection systems used for this study 

were ABI PRISM 7700 and ABI PRISM 7900HT.

For the allelelic discrimination assays two oligonucleotide probes are used, one 

probe for each allele in the di-allelic SNP. Each probe used in this study had a 

covalently linked 5’ reporter dye and a 3’ quencher dye. The reporter used for allele 1 of 

each SNP was TET (6 carboxy-4,7,2’,7’-tetrachloro fluorescein) and for allele 2 the 

reporter molecule was FAM (6-carboxy fluorescin). The quencher used in all cases was 

TAMRA (6-carboxy-N,N,N’,N’-tetramethyl rhodamine).

When the probe is intact, fluorescence of the reporter dye is suppressed due to 

the proximity of the reporter dye to the quencher dye (Forster, 1948; Lakowicz, 1983) 

[381]. During PCR, forward and reverse primers hybridize to a specific sequence of the 

target DNA. The TaqMan probe hybridizes to a target sequence within the PCR 

product. The AmpliTaq Gold enzyme cleaves the TaqMan probe with its 5 '-3 ' nuclease 

activity. The reporter dye and quencher dye are separated upon cleavage, resulting in a 

fluorescent signal (Figure 2.1). The 3' end of the TaqMan probe is blocked to prevent 

extension of the probe during PCR. The Amplicon size for all the assays was between 

100 and 150 bps.

2 .20 .2 .2  A ssa y  O p tim iza tio n .

Assays were carried out on two TaqMan sequence detection systems (SDS) as 

described earlier. The ABI PRISM SDS 7700 took 96 well plates and the ABI PRISM 

SDS 7900 HT took 384 well plates. Different reaction volumes were used in the two 

thermocyclers and assays had to be optimized for both the machines and for all the 

SNPs. Each plate included 7 “No Template Controls” (NTCs) and 1 “No Amplification 

Control” (NAC). In case of NTC, sterile water was used in place of DNA to ensure no
1
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TaqMan

in Taqman allelic discrimination assay, two probes are used. Each is specific 
for one SNP at the blallelic locus

5' \  3'
The SNP

^  i"iii rK
5- \  3'*

The SNP

Perfect complementarity. The probe 
is tightly bound to template strand

The SNP

The probe is loosely bound to the 
template strand due to a mismatch

ITT f t  I i i r & ‘
\
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5'

The SNP specific probe is cleaved in the extension 
process due to the 5’ to 3' exonuci«ase activity of The probe is displaced by AnDpliTaq DNA polymerase
the AmpllTaq DNA polymerase The reporter molecule loosely bound No signal is generated
is separated from the quencher molecule and a signal the reporter and querKher are still together
is generate.
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Figure 2.1: Each SNP Genotyping Assay Mix contains Sequence-specific 
forward and reverse primers to amplify the SNP of interest. AmpliTaq Gold 
DNA polymerase cleaves only probes that are hybridized to the target. 
Mismatches between a probe and target reduce the efficiency of probe 
hybridization. Furthermore, the enzyme is more likely to displace a mismatched 
probe without cleaving it, which does not produce a fluorescent signal. 
(http://www.bio.davidson.edU/Courses/Molbio/MolStudents/spring2003/Pierce/r 
ealtimepcr.htm)
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The NAC used 0.25 M SDS (Sigma-Aldrich, Germany), in place o f DNA to check 

contamination in the components of the reaction cocktail. An assay is optimized in two 

steps. In the first step the concentrations of both the primers and the probes are 

optimized. In the second step the thermocycling conditions are optimized.

2.20.2.3 Probe Optimization

The purpose of probe optimization is to balance the emission of signal from the 

TET and FAM fluorophores. Thermocycling is not required. The probes were 

reconstituted to a final concentration of 5 |xM. The probes were stored in darkness 

(containers wrapped in aluminium foil) at -20°C. For optimization, TET labelled probes 

was kept at a concentration o f 200 nM, while the concentration o f FAM labelled probe 

ranges from 50 to 200 nM. The layout of the optimization plate is shown in Table 2.1.

Table 2.1: Layout of the plate for probe optimization

Universal 
Master 
Mix 2X 
(ul)

5uM
FAM

(ul)

5uM
TET
Probe
Wf"/'

Deionized 
Water (ul)

Total
Volume
per
Well
(ul)

FAM
Probe
Cone.
(nM)

TET
Probe
Cone.
(nM)

mimw:
A3,4,

6.25 0.125 0.5 5.625 12.5 50 50

6.25 0.25 0.5 5.5 12.5 50 100

A 6,7, 6.25 0.375 0.5 5.375 12.5 50 150

A9i
10, it 6.25 0.5 0.5 5.25 12.5 50 200

2.20.2.4 Thermal cycling conditions

The thermal cycling conditions o f different Taqman reactions are given in 

appendix E and the protocol used for maintaining record in lab book is given as 

Appendix H

2.20.2.5 Primer Optimization

The aim of primer concentration optimization was to get the best amplification 

of PCR product. Primers were reconstituted in sterile water to a concentration of 10|o,M 

and stored at -20°C. Both the forward and reverse primer concentrations were altered to 

find the best combination o f concentrations. Primer optimization needs full performance 

o f a PCR under thermal cycling. 2 |xl o f template DNA is added to the selected total
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PCR volume and each reaction is run in 4 replicates. 4 NTCs (2/xl of water) and 4 NACs 

(2/xl of 0.25 M SDS) are also included.

The following table shows a plate setup for primer optimization.

Table 2.2: Plate setup for primer optimization

Forward Primer (nM)

50 300 900

Reverse 
Primer (nM)

50 5 0 /5 0 50 / 300 50 / 900

300 300 / 50 300 / 300 300 / 900

900 900 / 50 900 / 300 900 / 900

2,20,3 Amplifluor Assay ®

The IL-10, p73 genes and a portion of samples for other genes were genotyped 

commercially by Kbiosciences UK using Amplifluor technology. Figure 2.2 shows 

schematically the steps in Amplifour PCR reaction. Amplifour genotyping technology 

has been developed by Chemicon International Inc. CA USA, which is a division of 

Serologicals Corporation USA. Their website, www.chemicon.com, was consulted to 

write the steps of Ampliflour PCR below.

2.20.3.1 Introduction to Amplifluor Technology

The Amplifluor SNP genotyping system is based on a fluorescent (energy 

transfer) hairpin primer. The primer has little fluorescence in the native closed state, but 

upon incorporation into an amplicon during PCR, the hairpin unfolds separating the 

fluor and quencher producing a signal which can be easily detected. The amplifluor 

primer consists of four parts.

2.20.3.1.1 Hairpin

The hairpin structure in the SNP primer has been designed to provide optimal 

thermodynamic stability for the molecule. The thermodynamics of the hairpin 

contribute to the high signal to noise ratio of the fluorophores, the effectiveness of the 

quencher, and the amplicon yield.
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2.20.3.1.2 Fluorophore

The fluorophore (FAM for one allele specific primer and SR [sulforhodamine] 

for the other allele specific primer) is attached to the 5’ end of the primer at the base of 

the hairpin structure and is in close proximity to the quencher in the hairpin 

conformation.

2.20.3.1.3 DABSYL Quencher

The quencher in the SNP primer is dimethylaminoazosulfonic acid. This non- 

fiuorescent azo dye effectively quenches a variety of fiuorophores, while allowing Taq 

polymerase to read through it. Linkage of the quencher to nucleotides is proprietary to 

Chemicon.

2.20.3.1.4 “Z” Tail

The Z tail is a unique sequence of 21 bases at the 3’ end of the primer. In a 

single reaction for a biallelic SNP two distinct Z tails are used, one on the 3’ end of the 

Green Amplifluor and another on the 3’ end of the red Amplifluor. Unlabelled, allele 

specific ologonucleotides are synthesized with the same green or red Z tails on their 5’ 

end. Once the Z tail is incorporated into the amplicon, the primer is able to prime the 

amplification by Taq. (Figure 2.2)
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Figure 2.2: First, the two Z-tailed, unlabeled, allele-specific primers with the common 
reverse primer initiate a competitive allele specific PCR reaction. During early rounds 
of PCR, the allele specific primer with its unique “Z” tail is incorporated in the 
amplicon. The corresponding amplifluor SNP primer recognizes the complement of the 
“Z” tail sequence and is able to prime off that sequence. Incorporation o f the 
Amplifluor primer into an allele-specific amplicon melts its hairpin structure, thus 
separating the fluorophore from the quencher and generating the fluorescent signal. 
(Figure taken from Chemicon International manual, www.chemicon.com).
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2.21 Genepop

Genepop [382] (version 3.4 iittp://wbiomed.curtin.edu.au/ genepop/) was used to 

perform Hardy-Weinberg exact tests to see if the distribution o f genotypes was in 

Hardy-Weinberg equilibrium (HWE). All the genotypes in the case control groups, and 

the post operative groups were tested. Genepop computes exact test for HWE for 

population differentiation and for genotypic disequilibrium among pairs of loci. 

Genepop also estimates several parameters such as classical Fst (F statistic) and other 

correlations, allele frequencies, allele based statistics for microsatellites, and analysis of 

isolation by distance. Briefly, two distinct algorithms are available:

• The complete enumeration method [383] has been written in Quick Basic from a 

Fortran listing. This program works for less than five alleles. As an exact P- 

value is calculated by complete enumeration, no standard error is computed. 

This method was used for this study.

• A Markov chain method to estimate without bias the exact P-value o f this test 

[384, 385]. This procedure has been written in Pascal following the algorithm of 

Guo and Thompson (1992), plus minor modifications. Markov chain method is 

used to estimate the P-value.

The input format for genepop provided data about file in the first line, names of 

the loci in the next lines (one locus each line), the word “pop” in the line after the last 

locus and cases with genotypes in following lines. Alleles are numbered from 01 to 99 

however there was a maximum of 5 alleles in any given file in this study. The case / 

control group was defined by the position of “pop” separator. Missing data were 

indicated with 00. The programme requires the name o f the locus as well as the 

corresponding genotype in each row of the populations. Empty lines cause errors in the 

program.

2.22 Arlequin

Arlequin is an integrated software package for population genetics data analysis. 

Arlequin provides a large set o f basic methods and statistical tests, however, for this 

study Arlequin was used only to convert files from genepop format to PHASE format. 

Selecting the “Import Data” tab opens a window for converting data files from one
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format to another. The Genepop data files were imported and converted to Arlequin 

format and then further processed to make them ready for running on PHASE software.

2.22.1 Haplotyping using Stephen, Smith, Donelly algorithm

Though many algorithms exist for haplotyping the genotypic data, e.g. 

Expectation Maximization algorithm [386], Clark’s algorithm [387], for this study 

“hnproved Stephen, Smith, Donelly (SSD) algorithm” in PHASE version 2.1.1 was 

used. Haplotyping was done for genes where more than two SNPs were typed. This 

included TNFA, IL-IB, and IL-10 genes. IL-IB gene contained 3 tag SNPs that covered 

a haplotype block spanning 12.5 kb region [388]. Whereas in homozygotes it is known 

that the same allele is present on both the chromosomes, in the heterozygotes 

haplotyping becomes an issue because it is difficult to assign a chromosome to an allele 

i.e. it is not known whether a particular allele is derived from the maternal or the 

paternal chromosome. Haplotypes can be obtained by sequencing the whole stretch of 

haplotype block or by genotyping of additional family members. Both of these methods 

involve considerable cost and may not be feasible for late-onset conditions. For this 

study the SSD PHASE algorithm was used to construct haplotypes [389, 390]. The 

programme PHASE implements a Bayesian statistical method for reconstructing 

haplotypes from population genotype data. The software can deal with SNP, 

microsatellite, and other multi-allelic loci in any combination and missing data are 

allowed. Experiments with the software on both real and simulated data indicate that it 

can provide an improvement over other existing methods for reconstructing haplotypes, 

for example, in simulation experiments by Stephens et al. the mean error rate using 

PHASE was about half that obtained by EM algorithm [391].

2.22.1.1 Input file

The input file provided the number of study subjects that were there to be 

analysed, the number of loci/sites each individual had been typed at, the sort of loci / 

sites these were (e.g SNPs or VNTRs), and the genotypes for each study subject. The 

details of the typed SNPs are detailed in appropriate sections of the thesis. The file also 

specified a group label for each individual (e.g. case / control status), and the relative 

physical positions of the SNPs.

2.22.1.2 Output files

The programme gives a number of output files. The first, which has the user 

specified name, and a similar format to previous versions of PHASE, contains a
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summary o f the individual haplotype estimates o f each individual. The other files 

contain more details of the results including estimates of sample haplotype frequencies, 

list of most likely pairs of haplotypes, estimates o f recombination parameters across the 

region, and goodness o f fit o f the estimated haplotype to the underlying model.

2.23 Statistical Analysis

2.23.1 Statistical software and Data entry

SPSS was used for all data entry purposes. The original data were obtained in 

Excel format. The data were transferred to SPSS data editor from excel and variables 

were labelled in the variable view of the SPSS data editor. Some statistical tests were 

performed in other softwares that have been mentioned at relevant places.

At the analysis stage all the cases that had their DNA extracted from tumour tissue were 

excluded. The histological types other than OAC and OSCC were included while 

analyzing the cases for oesophageal cancer as a whole only. Outliers, if  any, were 

removed from analysis.

2.23.2 Descriptive Statistics

Tables were made using Ctables in SPSS. Summary of data e.g frequency 

counts, percentages, was obtained using the Descriptive and graphs menu in SPSS. 

Means, Medians, Standard deviations, and Ranges were given in case of continuous 

variables. Characteristics of groups have been described in appropriate sections.

2.23.3 Univariate Analysis

Univariate analysis was used as a precursor to further multivariate analysis. The 

degree of variation present for the variables was given special attention. Each 

independent variable was cross tabulated separately against the histological type of 

oesophageal cancer as well as post operative outcome. Each gene was cross tabulated 

against one variable at a time to see any association if present. A Chi Square test was 

performed in case of categorical variables and a t-test was performed if the variable was 

continuous.

2.23.4 Model development for Multivariate analysis

The suitability of the method for multivariate analysis depends upon the patterns ■ 

that exist within the data. The aim of multivariate model building was to obtain a model I



that would enable the interpretation of the influence of genotypes, in combination with 

other signs and symptoms, on the development of oesophageal cancer and post 

operative infections. The other aim was to obtain a robust and parsimonious model that 

would contain all predictor variables. The univariate approach provides only a 

preliminary idea as to which variable has prognostic importance. The simultaneous 

effects of the independent variables were investigated by multivariate techniques. 

Regression methods are the conventional techniques for investigating the relationship 

between fmal outcome and possible prognostic variables. In developing regression 

model, it was attempted to choose the minimum number of predictors to explain the 

maximum amount of variation in the outcome. No transformation of the data were 

required.

A heuristic approach was adopted to select the predictor variables from the 

patient characteristics. The variables selected are discussed in relevant sections. To test 

the validity of the data model and calculate the amount of error in the model, 

boostrapping, rather than partitioning of data, was done. To test the prediction success, 

smaller random samples were drawn from the original sample.
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Association of the IL-IB Gene -511 SNP with Oesophageal
Squamous Cell Carcinoma

3.1 Introduction

3.1.1 Histological types o f oesophageal cancer

The two main histologic types of oesophageal cancer are OAC and OSCC. 

There has been a significant increase in incidence of OAC in the western world with a 

particularly high incidence in Ireland [184], and prolonged gastrooesophageal reflux 

disease, BO, and obesity are principal risk factors [242]. Tobacco use, alcohol and age 

are the dominant risk factors for OSCC [183], though to some extent they also 

contribute to aggravation of risk for OAC. Additionally, a diet high in green vegetables 

and fruits protects against both histological types [392]. OSCC is less common in 

individuals of European descent as compared with people of African and Asian descent, 

and its incidence is either stable or has decreased in European population in the last 

three decades. One large US study of 5044 patients showed a diagnosis of OSCC in 

51.6% of cases and OAC in 41.9% of cases[180, 182, 393]. Socioeconomic status and 

its associated conditions i.e. unhygienic living conditions, poor nutritional status, 

exposure to infections and weak immunity may also be the underlying factors in OSCC 

[180]. Males are 3 - 4 times more commonly affected than females for both histological 

types.

3.1.2 Early detection o f cancers

Cancer is caused by both external factors (chemical compounds, infectious 

organisms etc.) and internal factors (inherited predispositions and hormones). Some of 

the factors that lead to development of cancer are avoidable for example smoking, 

nutritional deficiencies, obesity, and physical inactivity. However, the inherent risks 

contributed by genetic variation cannot be eliminated and may enhance the effects of 

prevalent environmental factors thus leading to different outcomes in individuals 

sharing the same environment. For common cancers such as breast, cervix, prostate, and 

colorectal cancers, screening examinations are available for early detection but no cost 

effective screening examinations are available for oesophageal cancer. Most of patients 

are diagnosed at a late stage and hence the 5 year survival rate of oesophageal cancer 

remains poor [394]. A continuing search for biomarkers and risk factors to facilitate
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early diagnosis is essential to improve the dismal outlook for the patients with 

oesophageal cancers.

3,1,3 Role o f IL-IB gene in cancer immunity

The immune system carries out continual surveillance for anomalous proteins 

expressed on the surface of cells and its optimal functioning plays an important role in 

killing in situ cancers. Cytokines modulate the immune response to chronic injurious 

agents. Pro-inflammatory cytokines initiate and amplify the immune response while 

anti-inflammatory cytokines regulate and fine-tune the intensity of the immune 

response. lL-\(3 is a strongly pro-inflammatory cytokine and the IL-1 gene cluster on 

the long arm of chromosome 2 consists of 8 genes [395] of which IL-1 A, IL-IB and IL- 

IRN  are notable. These genes transcribe three related proteins IL-lc^ IL-l/5 and IL-lra 

(receptor antagonist) respectively. IL-1/3 is the main secreted protein [396]. It is known 

that IL-IB gene SNPs may play a role in pathogenesis of oesophageal inflammation 

[397] and gastric cancer [398]. IL-IB gene polymorphisms have been shown to alter 

expression of IL-1/? protein and hence potentially impact on inflammation. In addition 

IL-ljS is known to suppress gastric acid secretion and polymorphisms associated with 

high expression of IL-1/? (i.e. greater suppression of acid secretion) have been 

associated with gastric cancer [398]. Furthermore, chronic inflammation in the presence 

of an external carcinogen could increase the risk of malignant transformation [399] and 

it is possible that genetically mediated variability in IL-ljS secretion could impact on 

this process. We have surprisingly discovered that SNPs in the IL-IB are not associated, 

unlike gastric cancers, with adenocarinoma, but are significantly associated with 

squamous tumors.

3.2 Objectives

In the light of the evidence from gastric adenocarcinoma [398], this chapter 

examines the frequency of IL-IB gene polymorphisms in patients with both OAC and 

with OSCC.

3.3 Materials and Methods
The Study, including use of paraffin embedded tissue of deceased patients, was 

approved by St. James's Hospital and Federated Dublin Voluntary Hospitals Joint 

Research Ethics Committee. Informed consent was obtained from all living participants ■ 

in line with the requirements set forth by the ethical committee (based on Generali



Principals of Medical Ethics, Declaration of Helsinki and relevant provisions of the 

International Conference on Harmonization Guidelines on Good Clinical Practice).

This was a retrospective case-control study, included 481 participants comprising 228 

controls and 253 with oesophageal cancer (151 OAC, 93 OSCC, 9 other types). 

Controls included 140 healthy and 88 hospital matched controls. The healthy controls 

samples were drawn from hospital and lab staff representing nearly all geographic 

regions of Ireland. Hospital matched controls were included to balance the hospital 

related confounding factors. The hospital matched controls excluded relatives of the 

cases and and have been explained in the materials and methods section. Of the cancer 

cases, 161 consecutive cases were selected in the Department of Clinical Surgery, St. 

James’s Hospital, Dublin Ireland between 2001 and 2004, and 150 paraffin embedded 

tissues were selected randomly from the electronic database of the Pathology 

Department archives of 270 esophagectomies between 1990 and 2001. Six of selected 

paraffmized blocks could not be located in the archives and 20 blocks were excluded 

from the study because they contained tissue from the tumour mass. Of the remaining 

124 paraffmized tissues, another 32 were excluded from analysis because they did not 

amplify in PCR or did not give consistent results on triplicate genotypings.

All study subjects were of Irish ancestry. DNA was extracted either from fresh 

blood or paraffin embedded tissue using Qiagen (Qiagen Ltd. UK) [400] and Puregene 

(Gentra systems, Minneapolis, Minnesota) [401] kits, respectively, according to the 

manufacturer’s protocols. Genotyping was done using PCR RFLP, Taqman allelic 

discrimination assays [367] and amplifluor SNP genotyping technology. Details of 

primers and PCR conditions have been described in appendices D and E. DNA 

extraction was successful in all samples as confirmed by spectrophotometery. All 

samples were genotyped for IL-IB -51IC/T (rs3087258), IL-IB  -31T/C (rsl 143627) and 

IL-IB +3953C/T (rsl 143634) biallelic SNPs. Where appropriate, genotyping was done 

in duphcate or triphcate to ascertain consistency of results. IL-IB -511 and IL-IB -31 

SNP results were further validated by established patterns of linkage disequilibrium 

[398].

3.3,1 Statistics

The distribution of alleles/genotypes in cases and controls was analyzed using a 

two tailed Pearson chi-square and likelihood-ratio chi-square tests of independence. 

Cramer V and Goodman’s and Kruskal’s lambda were used to check the strength of 

relationship and predictive power of genotype on histological category membership,
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respectively. Epi Info Version 3.3.2 (http://www.cdc.gov/epiinfo/) was used to calculate 

odds ratios at successive exposure levels using Extended Mantel-Haenszel Chi square 

and p value. Hardy-Weinberg equilibrium was determined using Genepop software 

(http://wbiomed.curtin.edu,au/genepop/). To assess the predictive power of genotypes 

on group allocation of oesophageal cancer cases (the groups being OAC and OSCC), a 

binary logistic regression was performed. The three genotypes were converted into 

dichotomous variables by assigning the candidate genotype (CC) to one category and 

the other two genotypes to the other category. A hierarchical blockwise entry method 

was used because literary evidence shows that some features are more common in 

certain histological types e.g. BO and high BMI (body mass index) are associated with 

OAC. Appropriate tests were used to test multicollinearity (this is the spelling of 

“multicollinearity”, given in “The Cambridge dictioinary of Statistics in the Medical 

Sciences”, by B.S. Everitt. Cambridge University Press, Great Britain. 1995) and 

assumptions. SPSS vl2.0 (SPSS hic. Apache Software Foundation USA) was used for 

statistical analysis.

It was estimated from other studies that the distribution of IL-IB CC genotype 

was around 40% among the Caucasians [402]. We presumed that an effect size of 0.2 in 

the two populations under comparison would be biologically significant. The power of 

study was fixed at 0.80 and alpha was fixed at 0.05. Using this data, sample size was 

calculated for a two sided test which turned out to be 97 for each group.

3.4 Results 

3,4,1 Descriptives

There were 151 patients with OAC, median age 62 years (mean 61.5, range 29- 

88), and 93 with OSCC, median age 64 years (mean 63.3, range 38-81). The mean ages 

of the controls and cases were 42.81 years and 61.82 years respectively. Patients’ 

characteristics for OSCC and OAC are shown in Table 3.1. In the control population the 

alleles at the loci under study were in Hardy-Weinberg equilibrium (HWE, p > 0.4 for 

all). However, among cases, the -511 locus showed a pronounced trend away from 

HWE with excess of homozygotes, the p value being 0.018. The HWE p values for -31 

and +3953 loci in cases were 0.07 and 0.12, respectively. Within the control group, 

there was no difference in the distribution of genotypes/alleles between the healthy 

controls and the hospital controls. There was also no difference in the distribution of 

genotypes between males and females within either cases or controls. We found a near
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complete linkage disequilibrium between IL-IB  -51IC/T and -31T/C SNPs (-511C with 

-3IT and -51 IT with -31C). The proportion of IL-IB -511 genotypes was significantly 

different between OSCC cases and control population as well as between OSCC and 

OAC patients with a Pearson chi square test p value of 0.001 and 0.007, respectively 

(Tables 3.2 and 3.3).

3,4,2 Logistic Regression

The Cramer’s V value was 0.202 (p = 0.007), for genotype distribution between 

OAC cases and OSCC cases. Though this indicates a moderate degree of strength of 

relationship, the Goodman’s and Kruskal’s lambda value was 0.25 (p = 0.8), which 

warranted a logistic regression analysis to determine the prediction ability of IL-IB -511 

genotype. The Extended Mantel-Haenszel Chi square for linear trends showed a 

significantly higher trend of OSCC with IL-IB -511 CC genotype (Tables 3.2 and 3.3). 

p values for allelic distributions in different groups are shown in Tables 3.6, 3.7 and 3.8. 

The Pearson chi square showed no difference in distribution of genotypes between 

controls and OAC patients (Table 3.4).

The power of the study was 0.78 (Alpha = 0.05, P(OAC) = 0.42, P(OSCC) = 

0.62 and sample size of 93 in each group). There was no association between the TNM 

(Tumour, Node, Metastases) stage of the cancer and the genotypes. In the multiple 

logistic regression model BO, BMI, smoking status, alcohol intake, age, weight loss, 

reflux, heartburn, gender and IL-IB -511 genotypes were entered in the model. BO, 

BMI and IL-IB -511 genotype had a significant influence on the predictive power of the 

model. However, BO and BMI were highly correlated (point-biserial correlation 

coefficient 0.234, p = 0.002). Moreover, there is enough biological evidence showing a 

strong correlation between the two, so BMI being the weaker of the two predictors in 

the model, was removed. A history of BO and IL-IB genotype were retained in the final 

model. The Hosmer and Lemeshow test for goodness of fit, gave a significance of 0.43, 

suggesting the model fitted the data well. The -2 log likelihood dropped from 243.5 (in 

the constant only model) to 194.2 in the final model. The classification accuracy 

improved from 65.2% to 69.6% in the final model. The Negelkerke R square was 32% 

in the final model. This suggests that BO and IL-IB -511 genotype together account for 

32% of variance in histology of oesophageal carcinoma while 68% of variance is still 

unaccounted for and other factors that were not observable or measured in this study 

were in operation. In a simple regression model IL-IB -51 ICC genotype accounted for 

5% variance in histological type. The final model showed that both Barrett’s (p =
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0.0001) and IL-1B-5W genotypes (p = 0.024) were significant predictors of histological 

type. Controlling for other risk factors, IL-IB -511 CC genotype increased the odds of 

developing OSCC by 2.2 fold (Cl: 1.11, 4.37) while having BO was strongly associated 

with risk of OAC. Its predictive ability was negatively related to OSCC i.e. when 

included in the logistic regression model the odds of prediction of OSCC were lower 

than OAC (OR = 0.050, Cl; 0.015, 0.17). However, this does not imply the presence or 

absence of a biologic relationship between BO and OSCC. Other SNPs included in the 

study are shown in the table below

List of SNPs

TLR 4 +896 

/L-70-1082 

IL-10-U9  

IL-10-592 

IL-IB -511 

IL-IB -31 

IL-IB +3953 

IL-IB 5200 

TNFA -308 

TNFA -238 

TNFA -863 

TNFA -857

p73 exon 2 +4 and +14

Please see appendices D, 
primers, PCR conditions 
enzymes

(rs4986790) 

(rsl 800896) 

(rs 1800871) 

(rsl 800872) 

(rs3087258) 

(rsl 143627) 

(rsl 143634) 

(rsl 143633) 

(rsl 800629) 

(rs361525) 

(rs464836)

(rsl 799724) 

(rs2273953)

E, and G for
and restriction

1

1 2 4 ,



PCR minus 511 SNP 
Fragment S iz e  304 bp

minus 511 SNP Restriction Digest 
T a l l e l e  304 bp 
C allele 190 bp 

and 114 bp

Fig. 3.1: PCR and restriction digest for IL-IB -511 SNP. A 394 bp flanking region 
was amplified using condition described in appendix E. The primers are given in 
Appendix D. The amplified fragments were then digested using Aval restriction 
endonuclease (Appendix G). The amplicon was digested only if ‘C ’ allele was 
present. A single 304 bp band in a lane showed a TT homozygote as the amplified 
fragment on both chromosomes remained uncut. Two smaller bands in one lane (190 
and 114 bp) showed a CC homozygote as both chromosomal amplified products 
were cut in presence o f ‘C ’ allele. Three bands in a lane showed CT heterozygote as 
amplified product from one chromosome (T allele) remained uncut (304bp) while 
the amplified product from the other chromosome (C allele) was cut by Aval.
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+ 3 9 5 3  PCR

SDQi

400
30Q
2 0 0

+3952 Restriction. Digest 
T allele 249 bp 
C allele 114 bp and 135 bp

500 bp

200 bp 

100 bp

Fig. 3.2: PCR and restriction digest for IL-IB +3953 SNP. A 249 bp flanking 
region was amplified using condition described in appendix E. The primers are 
given in Appendix D. The amplified fragments were then digested using Taq 
alpha I restriction endonuclease (Appendix G). The amplicon was digested by 
endonuclease only if  ‘C ’ allele was present. A single 249 bp band in a lane 
showed a TT homozygote as the amplified fragment on both chromosomes 
remained uncut. Two smaller bands in one lane (135 and 114 bp) showed a CC 
homozygote as both chromosomal amplified products were cut in presence o f 
‘C ’ allele. Three bands in a lane showed CT heterozygote as amplified product 
from one chromosome (T allele) remained uncut (304bp) while the amplified 
product from the other chromosome (C allele) was cut by Aval.
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Fig 3.3: TaqMan PCR for IL-IB -31 SNP. The details of primers and 
PCR conditions are given in Appendix D and E. ABI prism HT9700 
DNA sequences was used for perfoming most of the genotyping. PCR 
conditions and master mix concentrations were optimized prior to 
carrying out the actual genotyping on the samples. Automatic calls were 
made by the machine. Undetermined called were allocated genotypes 
manually when they showed consistent lean towards a certain group in 
repeated assays.
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Fig. 3.4: Result of TaqMan allelic discrimination assay for IL-IB -511 in PETs. 
The details of primers and PCR conditions are given in Appendix D and E. ABI 
prism HT9700 DNA sequences was used for perfoming most of the genotyping. 
PCR conditions and master mix concentrations were optimized prior to carrying 
out the actual genotyping on the samples. Automatic calls were made by the 
machine. Undetermined called were allocated genotypes manually when they 
showed consistent lean towards a certain group in repeated assays.
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Table 3.1: A comparison of patient characteristics in the two histological 
types of oesophageal cancer*

OAC OSCC

Mean Age (Range) 61.5 (29-88) 63.2 (38-81
Gender

Male 119(79.3%) 50 (53.8%)
Female 31 (20.7%) 43 (46.2%)

Tumour Locations
Lower third 146 (97.3%) 48 (52.2%)
Middle third 2(1.3%) 31 (33.7%)
Upper third 2(1.3%) 13 (14.1%)

Preoperative Chemotherapy
Yes 76 (60.3%) 33 (44.0%)
No 50 (39.7%) 42 (56.0%)

Tumour Stage (Pathological)
Ila or below 50(41.7%) 46 (65.7%)
Ilb or above 70 (58.3%) 24 (34.3%)

Node Involvement
No 58 (44.6%) 47 (63.5%)
Yes 72 (55.4%) 27 (36.5%)

Associated Co Morbid Conditions
Barrett's Oesophagus

Yes 54 (47.0%) 3 (4.3%)
No 61 (53.0%) 66 (95.7%)

Respiratory Diseases
No 118(82.5%) 64 (83.1%)
Yes 25 (17.5%) 13 (16.9%)

Cardiovascular Disease
No 91 (63.6%) 58 (75.3%)
Yes 52 (36.4%) 19 (24.7%)

Smoking
No 45 (31.3%) 17(22.4%)
Yes 99 (68.8%) 59 (77.6%)

Alcohol Intake
Non Drinker 46 (31.9%) 22 (28.6%)
Social Drinker 67 (46.5%) 37 (48.1%)
Heavy Drinker** 31 (21.5%) 18 (23.4%)

Mean Weight (kg) 77.8 63.2

*The two histological types of esophageal carcinomas are distinct pathologies. They are derived from 
different types of precursor cell, have different etiologic and epidemiological characteristics, and their 
predominant sites within the esophagus are different. In addition, it has been suggested that human 
papilloma virus infection may also play a role in ESCC. Hence the dissimilarities in the two groups. 
**more than 3 drinks per day
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Table 3.2: Genotype distribution in OSCC Cases and Controls*

Locus Genotype Controls OSCC

Extended Mantel-Haenszel
Chi
Square

Odds Ratio and P 
(95% Cl) value for

Linear
Trend

Pearson 
Chi Square 

p value

CT 110 24 1.00 (baseline) Chi Sq =

I L - I B - 5 \ \ TT 27 11 1.87 (0.82 -4.28) 15.0 0.001
P =CC 91 58 2.92(1.68 -5.07) 0.0001

CT 111 26 1.00 (baseline) Chi Sq =

I L - I B - 3 \ CC 27 12 1.9 (0.85-4.24) 11.7 0.003
PTT 90 54 2.56(1.49-4.41) 0.0006

CT 68 23 1.00 (baseline) Chi Sq -
I L - I B  +3953 CC 149 53 1.05 (0.59- 1.85) 1.65 p = 0.11

TT 8 8 2.96 (0.99 - 8.78) p = 0.199

* The proportion of IL-IB  -511 genotypes was significantly different between OSCC 
cases and control population with a Pearson chi square test p value of 0.001. Loci 
-511 and -31 were in near complete linkage disequilibrium.

Table 3.3: Genotype distribution in OSCC and OAC*

Locus Genotype OSCC OAC

Extended Mantel-Haenszel
Chi
Square

Odds Ratio and p 
(95% Cl) value for

Linear
Trend

Pearson chi 
square p 

value

CT 24 67 1.00 (baseline) Chi Sq =

I L - I B - 5 \ \ TT 11 20 1.54 (0.64-3.67) 9.94 0.007
P =

CC 58 64 2.53 (1.41 -4.55) 0.0016

CT 26 68 1.00 (baseline) Chi Sq -
I L - I B - 3 \ CC 12 17 1.85 (0.77-4.39) 6.9 0.028

TT 54 65 2.17(1.22 -3,87) p = 0.009

CT 23 42 1.00 (baseline) Chi Sq =
I L - I B  +3953 CC 53 86 1.13(0.61-2.08) 2.06 0.118

TT 8 4 3.65 (0.99 - 13.44) p = 0.15

* The proportion of IL-IB -511 CC genotypes was significantly higher in OSCC as 
compared with OAC cases with a Pearson chi square test p value of 0.007. Loci -511 
and -31 were in near complete linkage disequilibrium.



Table 3.4: Genotype distribution in OAC Cases and Controls*

Locus Genotype Controls OAC

Extended Mantel-Haenszel

Chi
Square

Odds Ratio and P 
(95% Cl) value for

Linear
Trend

Pearson 
Chi Square 

p value

CT 110 67 1.00 (baseline) Chi Sq =
I L - I B - 5 \ \ TT 27 20 1.22 (0.63 -2.34) 0.418 p = 0.75

CC 91 64 1.15 (0.74- 1.79) p = 0.52

CT 111 68 1.00 (baseline) Chi Sq =
I L - I B -31 CC 27 17 1.03(0 .52-2 .02) 0.533 p = 0.76

TT 90 65 1.18(0.76- 1.83) p = 0.47

CT 68 42 1.00 (baseline) Chi Sq =
I L - I B  +3953 CC 149 86 0.93 (0.58 - 1.49) 0.14 p = 0.93

TT 8 4 0.81 (0.23 -2.85) p = 0.71

*There was no difference in the distribution o f genotypes between OAC cases 
and healthy population controls.

Table 3.5: Logistic Regression Predicting the Risk of OSCC*

Predictor B Wald Chi Square P Odds Ratio Cl for OR

I L - I B - 5 \ \  CC 0.79 5.07 0.024 2.20 1.11 -4.37

Barrett's Oesophagus 2.99 22.95 0.000 0.05 0.015-0.171

*In the multiple logistic regression model BO, BMI, smoking status, alcohol 
intake, age, weight loss, reflux, heartburn, gender and IL-IB  -511 genotypes 
were entered in the model. BO, BMI and IL-IB  -511 genotype had a significant 
influence on the predictive power of the model. However, BO and BMI were 
highly correlated so BMI being the weaker of the two predictors in the model 
was removed. The final model showed that both Barrett’s (p = 0.0001) and IL- 
75-511 genotypes (p = 0.024) were significant predictors o f histological type. 
Controlling for other risk factors, IL-IB  -511 CC genotype increased the odds 
o f developing OSCC by 2.2 fold (Cl: 1.11, 4.37) while having BO was strongly 
associated with risk o f OAC. Its predictive ability was negatively related to 
OSCC i.e. when included in the logistic regression model the odds o f prediction 
of OSCC were lower than OAC (OR = 0.050, Cl; 0.015, 0.17).
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Table 3.6: Allele Distribution in OSCC and OAC Cases*

Locus Allele OSCC Cases OAC Cases Significance

IL-IB  -511 C
T

138
44

183
107

Chi Sq = 8.32 
p = 0.004

IL-IB  -31 C
T

46
136

102
184

Chi Sq = 5.55
p = 0.018

IL-IB  +3953 C
T

119
35

209
43

Chi S q=  1.98
p = 0.16

* The proportion o f IL-IB  -511 C allele was significantly higher in OSCC
cases as compared with OAC cases with a Pearson chi square test p value
of 0.004. Loci -511 and -31 were in near complete linkage disequilibrium.

Table 3.7: Allele distribution in OSCC Cases and Healthy Controls*

Locus Allele Controls OSCC Cases Significance

IL-IB  -511 C 292 138 Chi Sq = 8.23
T 164 44 p = 0.004

IL-IB  -31 C 165 46 Chi Sq = 6.99
T 291 136 p = 0.008

IL-IB  +3953 C 366 119 Chi S q= 1 .19
T 84 35 p = 0.27

* The distribution o f IL-IB  -511 C allele was significantly different 
between OSCC cases and the healthy control population with a Pearson chi 
square test p value o f 0.004. Loci -511 and -31 were in near complete 
linkage disequilibrium.

Table 3.8: Allele Distribution in OAC Cases and Healthy Controls

Locus Allele Controls OAC Cases Significance

IL-IB  -511 C 292 183 Chi Sq = 0.067
T 164 107 II o bo

IL-IB  -31 C 165 102 Chi Sq = 0.021
T 291 184 p = 0.88

IL-IB  +3953 C 366 209 Chi Sq = 0.28
T 84 43 p = 0.59

*There was no difference in the distribution o f alleles between OAC cases 
and healthy population controls.



3.5 Discussion

3.5.1 OSCC and OAC are distinct pathologies

This study revealed a significantly higher distribution of IL-IB -511 CC 

genotype exclusively in patients with squamous cell but not in adenocarcinoma of the 

oesophagus. The Wald statistic and confidence interval for odds ratio confirm that IL- 

IB -51 ICC genotype is a significant, predictor of OSCC with a two-fold increase 

compared with other genotypes. BO and BMI are also strong predictors of tumour 

histology. Not surprisingly, the model also shows that other unknown and hence 

unmeasured factors play a role in the development of histological type of oesophageal 

carcinoma. The two histological types of oesophageal carcinomas arise from different 

cell types and should be considered independently because of their different etiologic 

and epidemiological characteristics, their predominant sites within the oesophagus, and 

the contrasting association of tumour incidence with environmental and possibly genetic 

factors in the western world. OAC, located commonly in the lower third of oesophagus 

and arising fi'om columnar glandular cells, in most cases reflects longstanding acid and 

sometimes bile reflux leading to the recognized phenotype of specialized intestinal 

metaplasia which may progress to dysplasia and cancer. Conversely, OSCC, most 

frequently located in the middle and upper third of the oesophagus, arises from 

squamous epithelial cells, following tobacco-induced inflammation in many cases. In 

addition, it has been suggested that viral infection with human papilloma virus may also 

play a role in OSCC [403]. Lastly, the autosomal dominantly inherited disorder of 

Tylosis Palmaris (chromosome 17q25) [404] has long been associated with squamous 

cell hyperproliferation and OSCC, and the higher incidence of OSCC in Africans and 

Asians also points to genetic predisposition.

3.5.2 Demographic variables and distribution of genotypes

This study had a higher proportion of females in the controls and the mean age 

of controls was considerably lower than the cases. However, since the alleles under 

consideration are on autosomal chromosomes, they have an equal probability of being 

transmitted to the offspring irrespective of the gender (as opposed to inheritance of 

alleles on sex chromosomes). Similarly, allele distribution is not affected by age. This 

however, does not preclude other confounding effects of these two demographic 

variables. Nevertheless, in the logistic regression analysis, the odds ratio was adjusted
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for age and gender and these two variables did not affect the distribution of alleles in the 

two distinct populations.

3.5.3 SNPs and OSCC

Inheritance of phenotypic traits is not a simple phenomenon. Processes like 

incomplete dominance/recessiveness, co-dominance, control by multiple alleles in non

overlapping timeframes, and penetrance and expressivity of alleles are in operation in 

vivo and complicate the situation to a great extent. Hence it is difficult to identify all the 

genetic confounding variables influencing development of a disease. Nevertheless, the 

most common form of genetic variation are SNPs, which at times cause substantial 

phenotypic distinction as in sickle cell disease, and SNPs are being increasingly 

associated with complex diseases like diabetes and hypertension [405]. Polymorphisms 

at the IL-1 gene cluster have previously been associated with other squamous 

malignancies. For example, in cervical cancer cases, IL-IRN  allele 2 has a significantly 

higher distribution [406] while in non small cell lung cancer, IL-IB gene -511 CC 

genotype is significantly prominent [40]. Increased risk of OSCC has moreover been 

observed in association with Fas gene-1377G/A SNP (AA genotype) [407]. In smokers 

base excision repair gene XRCC1-77C/T SNP (CC genotype) is a significant risk factor 

for OSCC [408]. Thus these observations suggest a subtle relationship between 

nucleotide sequence variations in genes and development of OSCC.

3.5.4 IL-IB -511 genotypes in Caucasians

In this study we have shown that the IL-IB -51 ICC genotype is associated with 

OSCC. Although this genotype is associated with lower production of IL-ip than the 

TT genotype [409], a strong force influencing gene expression is the environment itself, 

One previous study in 53 patients with OSCC in a study from the U.S. [398] did not 

detect a similar association, in this study there was however a significant difference in 

CC genotypes of the two control populations (50% versus 39.9% in our study). The 

genotype distributions in controls in the Irish study were similar to those found in 

Scottish; 36.0%CC [406], Norwegian; 35.3%CC [410], and Austrian; 38.6%CC [398] 

control populations, although they differ from reported fi*equencies in Polish (50.6%CC) 

[411] and Japanese (27.0%CC) controls [378, 412]. In comparison with the rest of the 

European populations. The Irish population is relatively homogenous with little 

variation in dietary habits, climatic conditions, landscape and socioeconomic factors 

[294,413,414].
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The balance o f pro- and anti-inflammatory cytokines in the tumour microenvironment 

shapes the immunologic response to non self entities. In the tumour microenvironment, 

functional SNPs may alter the levels and ratios o f multiple cytokines thus possibly 

influencing the course o f events consequent on an external inflammatory insult [408, 

415] . IL-IB gene promoter region SNPs also alter the level o f expression o f lL-\(3 

protein [416] and might have a similar effect. Alternatively, it is possible that these 

SNPs are part o f an extended haplotype with potential effects on inflammation in the 

squamous-lined oesophagus. The functional significance o f these changes requires 

further research before the clinical implications are realized.
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Chapter 4

Genetic Polymorphisms and the Risk of Infection

Following Esophagectomy



Genetic Polymorphisms and the Risk of Infection Following 

Oesophagectomy

4.1 Introduction

4.1.1 Surgery for oesophageal cancer

Treatment modality for oesophageal cancer depends upon tumour histology, 

tumour site, and stage of disease. Surgical resection is the mainstay of treatment for 

oesophageal tumors. Surgery for oesophageal cancer is a major invasive procedure that 

involves approach to oesophagus through thoracotomy (cutting of chest wall), midline 

laparotomy (opening of abdomen), and neck incisions. The safety of oesophageal 

resection has become an important consideration and some techniques, like Transhiatal 

and Thoracoscopic oesophagectomies, exclude thoracotomy. The basic aim of limiting 

the extent of operation is to decrease postoperative morbidity and mortality. However, 

more common techniques like Transthoracic oesophagectomy, Ivor Lewis 

oesophagectomy, En Bloc oesophagectomy etc. require all the three above mentioned 

incisions. These techniques offer a better access to the oesophagus and involved lymph 

nodes, and hence a better chance of dissecting potentially involved structures. At the 

same time, studies have shown that transthoracic approach is associated with higher rate 

of post operative complications, and longer hospital stay, though there is no difference 

in mortality [417].

In recent years neodjuvant therapy with chemotherapy alone or combined with 

radiation therapy is increasingly utililised. The outcomes of surgery have improved 

through increasing sub-specialisation, improved perioperative care, and the trend toward 

greater centralization of complex cancer surgery in centers achieving the optimum 

outcomes. Notwithstanding these advances, there remains no other elective cancer 

operation that carries the same risk of morbidity and mortality, particularly relating to 

infection and sepsis [200, 408, 418].

4.1.2 Post operative infections

The development of infection postoperatively is influenced by many factors, 

including the size of the bacterial or fungal challenge, specific bacterial virulence 

factors, and patient phenotypic characteristics such as age and nutritional status. A key 

host determinant is the response of an individual’s immune system to invasion by
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pathogens. The activation and chnical effect of an immune response to invading 

organisms is orchestrated by a number of pro-inflammatory and anti-inflammatory 

cytokines and receptors. Following severe trauma, including major surgery, the immune 

cell and cytokine balance is predominantly pro-inflammatory in the early stage, often 

clinically manifest as a systemic inflammatory response syndrome (SIRS), and later by 

an anti-inflammatory response, the so-called compensatory anti-inflammatory response 

syndrome (CARS). Many factors impact on the magnitude and balance of cytokine 

responses in these clinical scenarios, but there is emerging consensus that gene 

polymorphisms mediate inter-individual variation that may be clinically relevant [282],

4.1.3 The role of inflammation related cytokines I

TNFa and IL-1 j3 are major mediators and amplifiers o f the immune response to 

infectious challenge. These c)4okines are produced in large quantities by monocj^es and 

macrophages throughout all phases of infection. TNF-a amplifies the inflammatory 

response by upregulating the expression of endothelial adhesion molecules, recruiting 

and priming macrophages and neutrophils for phagocytosis and modulating the release 

of other cytokines, some o f which in turn modulate TNF-a activity. The gene encoding 

TNF-a, TNFA, (accession number X02910) is located on the short arm of chromosome 

6 in the HLA Class III locus of the Major Histocompatibility Complex (MHC). IL-ip 

acts synergistically with TNF-a and channels a variety o f cellular activities towards 

initiating and sustaining the immune response, including cell proliferation, 

differentiation, and apoptosis. The IL-1 gene cluster maps to chromosome 2ql4 and 

contains 8 genes of which IL-IB  (accession number AYl 37079) and IL -IR N  (accession 

number AY 196903) genes have been associated with a number of medical disorders, 

IL-lreceptor antagonist (IL-lra) blocks the biological activities of IL-1 beta by binding 

to the IL-1 receptor I, hence IL-lra is anti-inflammatory. Allele A2 (consisting of 2 

copies of 86 bp tandem repeat in the polymorphic intron 2) of IL -lR N  gene has been 

associated with sepsis [198, 419]

The IL-10 gene (accession number AF418271) is located on c h ro m o so m e  H 

spaning a 7.8 kilo base region. IL-10 belongs to long chain cytokine family resembling 

interferon alpha, beta and gamma. It is a pleiotropic cytokine that is centrally involvetl 

in the regulation of inflammation and influences the infectious process by its overall 

anti-inflammatory effect. It acts on both hematopoeitic and non-haematopoeitic cells bu* 

has dominant effects in the suppression of pro-inflammatory cytokines. In ani®̂ ' / 

models it has been shown that neutralization of IL-10 with monoclonal antibodis® I



increases antigen specific interferon gamma production by CD4 T cells[341, 346, 348]. 

IL-10 inhibits the production of IL-lbeta and TNF-a and enhances the production of IL- 

Ira and soluble TNF-a p55 and p75 receptors, thus resulting in a reversal of 

inflammatory activity in the microenvironment [362]. Toll like receptor 4 (TLR4) (gene 

accession number A F l77765) is an ancient pattern recognition receptor of the innate 

immune system that has been evolutionarily conserved (26% aa sequence identity with 

Drosophila melanogaster Toll protein and 68% aa identity with Mus musculus TLR4). 

This important component of innate immunity initiates an intracellular signaling 

cascade following the binding of gram negative lipopolysaccharide [202], resulting in 

the activation of NF/cB and the production of a spectrum of cytokines including TNF-a, 

IL-1 and IL-6 [289]. A mutated variant of the TLR4 gene with a G nucleotide at position 

896 (rs4986790) has been associated with a higher risk of gram-negative septic shock 

[289]. Another study has shown that individuals carrying the mutated form of TLR4 

show hyporesponsiveness to inhaled LPS[420].

4.2 Objective

The purpose of this chapter is to assess whether polymorphisms in genes for the 

key regulatory cytokines were associated with postoperative infection, and we highlight 

herein the significant impact of polymorphisms in the TNFA gene on these outcomes.

4.3 Patients, Materials and Methods

4.3.1 Study design

Patients (n=197) who underwent esophagectomy for localized cancer were 

studied. One hundred and five who underwent esophagectomy were recruited 

prospectively between 2002 and 2004, and 92 cases were selected randomly from the 

pathology department archives of 270 paraffin-embedded tissue blocks dating between 

1990 and 2001. In all cases the diagnoses of oesophageal cancer were confirmed 

preoperatively on the basis of histopathologic reports, and all patients had localized 

disease treated with curative intent. \

A prospective oesophageal cancer data-base (Dendrite, UK) records all 

demographic, staging and clinical parameters, including all complications from surgery 

to discharge. Respiratory failure was defined as the requirement for mechanical 

ventilation beyond 24 hours after surgery. ARDS and multiple organ failure (MOF) 

were defined as per Bone et al.[421, 422], sepsis required evidence of SIRS with

139



microbiological evidence of infection, and the diagnosis of pneumonia required either 

positive culture or clear clinical or radiologic evidence of consolidation.

Patients were divided into three groups; No post operative (PO) complications 

group (also used as control), non-infectious PO complications group, and infectious PO 

complications group. A postoperative infection was defined as a systemic response to 

the presence of an infectious agent or toxin that was not present preoperatively and 

supported by clinical and laboratory evidence of the same. Laboratory evidence means 

positive culture results [4, 410, 423] Pathological and clinical data were obtained from 

the Pathology Department database and patients’ documents and electronic database 

maintained in the Unit by a full-time data manager. To ensure accuracy o f the electronic 

database, 20% o f the records were cross-checked with the original patients’ records. The 

control cohort has been described in the previous chapter.

4.3.2 DNA preparation and analysis

Please see chapter 3 for details [389].

4.3.3 Statistical Analysis

The distribution of alleles/genotypes in the three PO outcome groups and the 

healthy control group was analyzed using Pearson chi-square and likelihood-ratio chi- 

square tests of independence. 2 x 2  tables were used to compare allele / haplotype 

distribution between any two groups and Fisher’s Exact Test was used where expected 

frequency was less than 5 in any cell. Epi info Version 3.3.2 

(http://www.cdc.gov/epiinfo/) was used to calculate odds ratios at successive exposure 

levels using Extended Mantel-Haenszel Chi square and p value. Hardy-Weinberg 

equilibrium was determined using Genepop software

(http://wbiomed.curtin.edu.au/genepop/). Hitagene (www.hitagene.com) and Phase 

software (v 2.1.1)[276], which allows for missing genotype data, was used for haplotype 

inference. Best reconstructions were assumed as correct and used for further analysis, 

SPSS version 12.0 (SPSS Inc. Apache Software Foundation USA) was used to develop 

a binary logistic regression model. Forward likelihood ratio (LR) and hierarchical 

blockwise entry methods were used to identify the predictive factors for PO outcome, 

PO outcome was dichotomized using PO infections as one group and merging the other 

two groups. Since there was no TNFA-30S AA genotype in the PO infection group, a 

combined AA and GA genotype was used as a reference category against GG genotype, 

Hosmer and Lemeshow’s test was done to check the goodness of fit of the model. /



4.4 Results

All SNP loci were in Hardy Weinberg equilibrium (p > 0.3 in all cases). There 

was near complete linkage disequilibrium between IL-IB  -51 IT (rs3087258) and -31C 

(rsl 143627) alleles and vice versa, and IL-10 -819 (rs l800871) and -592 alleles 

(rs l800872) (-819C with -592C and -819T with -592 A). Along with the third SNP at 

position -1082 (rsl 800896) three haplotypes (GCC, ACC, and AT A) in IL-10 gene 

represented 100 % of the chromosomes.

In all 197 patients were studied, of whom 114 (58%) did not develop any 

postoperative complication, 55 (28%) patients developed infections (pneumonia 33, 

Sepsis 17, and Wound Infection 5) and 28 (14%) had other complications [cardiac 

complications (12; arrythmias, cardiac failures), anastomotic leaks (4), atelectasis (6), 

Organ failure (3), Others (3; seizures, bowel obstruction)]. The three groups under study 

did not differ from the healthy population of 226 study subjects in the distribution of 

genotypes and haplotypes.

4.4.1 Patient characteristics

The patient characteristics in the 3 groups are shown in Table 4.1. Patients in the 

group with postoperative infective complications were significantly (P<0.05) older than 

the other groups. Tumour site, stage, neoadjuvant therapy, smoking or alcohol intake 

history or existing respiratory or cardiac function did not impact on the risk of infection.

4.4.2 Chi square test

The distribution of alleles and genotypes for TNFA is shown in Table 4.2. 

Pearson chi square analysis of the genotypes revealed a significantly (p=0.021) higher 

distribution of GG genotypes in the group developing postoperative infections. Analysis 

of the allele distribution in the no complication group versus the group developing 

infections showed a significantly higher frequency of the G allele among those 

developing infections (p = 0.017), and this was also significantly (p=0.013) more 

common than in the group developing other complications. Table 4.3 shows the 

increasing linear trend of developing PO infections in GG genotypes as compared with 

AA and AG genotypes. The genotypic pattern and allele distribution for IL-ip, IL-10 

and TLR4 is shown in Tables 4.4 and 4.5, and no significant patterns of difference 

emerged.
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4.4.3 Haplotype distribution

The haplotype frequencies for TNFa, IL-1(3, and IL-10 are shown in Table 4.6. 

The permutation based haplotype association test implemented in Hitagene did not 

show any significant difference in TNFA haplotypes (p = 0.103) in the groups under 

study. No patterns emerged ^or IL-IB ov IL-10 genes.

4.4.4 Logistic regression

Multivariate logistic regression coefficients, Wald test and the odds ratio for a 

number of factors is shown in Table 4.7. Only age, BMI and TNF alpha -308 genotype 

were significant. The Hosmer and Lemeshow’s test statistic was 0.367 implying that the 

model’s estimates fitted the data at an acceptable level. TNF alpha GG genotype 

significantly increased the odds of developing postoperative infections with an odds 

ratio (Cl) of 4.2 (1.7, 10.8).

The SNPs included in the study are shown below

List of SNPs

TLR 4 +896 

/L-; 0-1082 

IL-10-U 9  

IL-10-592 

IL-IB  -511 

IL-IB  -31 

IL-IB  +3953 

IL-IB  5200 

TNFA -308 

TNFA -238 

TNFA -863 

TNFA -857

(rs4986790) 

(rs 1800896) 

(rsl800871) 

(rs 1800872) 

(rs3087258) 

(rsl 143627) 

(rsl 143634) 

(rsl 143633) 

(rsl 800629) 

(rs361525) 

(rs464836) 

(rsl 799724) 

(rs2273953)p73 exon 2 +4 and +14

Please see appendices D, E, and G for 
primers, PCR conditions and restriction 
enzymes



A
ilQ

lc
 

^<
FA

M
 

lA
M

H
A

)

! C a t r p  -  ' ' ■ _ j  >t | |
________________________________Allelic D isci wiirMtiun Wat

• S7

92

■57

1 5  1 J 4  “ 6 ' 6‘. I T  t 7« I S  1 »

A l l c t e X ( l t l  TAMKA>

Figure 4.1: TaqMan allelic discrimination PCR for TNFA -238 SNP. The details 
o f primers and PCR conditions are given in Appendix D and E. ABI prism 
HT9700 DNA sequences was used for perfoming most of the genotyping. PCR 
conditions and master mix concentrations were optimized prior to carrying out 
the actual genotyping on the samples. Automatic calls were made by the 
machine. Undetermined called were allocated genotypes manually when they 
showed consistent lean towards a particular cluster in repeated assays.
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Figure 4.3: PCR and restriction digest for TNFA -308 SNP. A 147 bp flanking 
region was amplified using condition described in appendix E. The primers are 
given in Appendix D. The amplified fragments were then digested using Ncol 
restriction endonuclease (Appendix G). The amplicon was digested by endonuclease 
only if  ‘G ’ allele was present. A single 147 bp band in a lane showed a AA 
homozygote as the amplified fragment on both chromosomes remained uncut. Two 
smaller bands in one lane (126 and 21 bp) showed a GG homozygote as both 
chromosomal amplified products were cut in presence o f ‘G ’ allele. Three bands in 
a lane showed GA heterozygote as amplified product from one chromosome (A 
allele) remained uncut (304bp) while the amplified product from the other 
chromosome (G allele) was cut by Ncol.
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Table 4.1: Patient Characteristics in the three Post Operative Groups*

Mean Age (Range)
Gender 

Male 
Female 

Tumour Locations 
Lower third 
Middle third 
Upper third 

Preoperative Chemotherapy 
Yes 
No

Tumour Stage (Pathological) 
Ila or below 
lib or above 

Tumour Histology 
Adenocarcinoma 
Squamous Cell Carcinoma 
Other 

Node Involvement 
Yes 
No

Associated Co Morbid 
Conditions

Barrett's Oesophagus 
Yes 
No

Respiratory Diseases 
Yes 
No

Cardiovascular Disease 
Yes 
No 

Smoking 
Yes 
No

Alcohol Intake 
Non Drinker 
Social Drinker 
Heavy Drinker

Mean Weight (kg)_________

No
Post-Operative 
Complications 

N (%)

58.6 (29 - 77)

Other 
Complications 

N (%)

62.7 (30 - 84)

Post
operative 
Infections 

N (%)

64.4 (38 - 83)

p value 
(Pearson 
Chi Sq)

0.001

88 (78.6%) 
24 (21.4%)

24 (85.7%) 
4(14.3%)

40 (72.7%) 
15 (27.3%)

0.391

95 (84.8%) 
11 (9.8%)
6 (5.4%)

22 (78.6%) 
6(21.4%)
0

47 (85.5%) 
7(12.7%)
1 (1.8%)

0.283

58 (55.2%) 
47 (44.8%)

9 (37.5%) 
15 (62.5%)

21 (43.8%) 
27 (56.3%)

0.183

52 (48.1%) 
56(51.9%)

13 (46.4%) 
15 (53.6%)

25 (45.5%) 
30 (54.5%)

0.731

81 (72.3%) 
29 (25.9%) 
2(1.8%)

20 (71.4%) 
7 (25.0%)
1 (3.6%)

40 (72.7%) 
15 (27.2%) 
0

0.792

53 (49.1%) 
55 (50.9%)

13 (46.4%) 
15(53.6%)

30 (54.5%) 
25 (45.5%)

0.73

34 (30.1%) 
79 (69.9%)

5 (17.9%) 
23 (82.1%)

23 (41.8%) 
32 (58.2%)

0.062

14(12.4%) 
99 (87.6%)

6(21.4%) 
22 (78.6%)

11 (20.0%) 
44 (80.0%)

0.262

28 (26.2%) 
79 (73.8%)

10(38.5%)
16(61.5%)

17(30.9%) 
38 (69.1%)

0.443

74 (66.1%) 
38 (33.9%)

17 (65.4%) 
9 (34.6%)

37 (67.3%) 
18(32.7%)

0.98

33 (29.5%) 
51 (45.5%) 
28(25.0%)

8 (30.8%) 
13 (50.0%) 
5 (19.2%)

17(30.9%) 
30 (54.5%) 
8(14.5%)

0.63

72.7 73.4 70.6 0.71
*The patient characteristics in the 3 groups are shown in the table. Patients in the group with 
postoperative infective complications were significantly (P < 0.05) older than the other groups. As 
regards the other characteristics, the three goups were similar. Tumour site, stage, neoadjuvant 
therapy, smoking or alcohol intake history or existing respiratory or cardiac function did not differ 
in the three groups.
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Table 4.2: TNF A Genotype and Allele distributions in the three Post Operative Groups*

No
Post Operative 
Complications

Other
Complications

Post Operative 
Infections p value

TNF alpha
-308 (rsl800629)

Genotypes
GG
GA
AA

Alleles
G
A

-238 (rs361525)
Genotypes

GG
GA
AA

Alleles
G
A

-863 (rs464836)
Genotypes

CC
CA
AA

Alleles
C
A

-857 (rsl799724)
Genotypes

CC
CT
TT

Alleles
C
T

58 (50.9%) 
50 (43.9%)
6 (5.3%)

166 (72.8%) 
62 (27.2%)

80 (88.9%) 
1 0 ( 11.1%)
0

170 (94.4%) 
10(5.6%)

52 (77.6%) 
14 (20.9%)
1 (1.5%)

118
16

58 (86.6%)
9 (13.4%)
0

125 (93,3%)
9 (6.7%)

14 (50.0%)
10 (35.7%)
4 (14.3%)

38 (67.9%) 
18 (32.1%)

16(80.0%)
3 (15.0%)
1 (5.0%)

35 (87.5%)
5 (12.5%)

13 (86.7%)
2 (13.3%)
0

28
2

11 (73.3%) 
4 (26.7%)
0

26 (86.6%)
4 (13.4%)

38 (69.1%) 
17 (30.9%)
0

93 (84.5%)
17 (15.5%)

26 (76.5%)
1 (5.0%)
0

60 (88.2%) 
8 (11.8%)

16(69.6%)
6(26.1% )
1 (4.3%)

38

20 (87.0%)
3 (13.0%)
0

43 (93.5%)
3 (6.5%)

0.021

0.024+
0.017**
0.013*

0.054

0.144

0.714

0.37

0.412

0.44

* The distribution o f alleles and genotypes for TNFA is shown in this table. Pearson chi square analysis of 
the genotypes revealed a significantly (p=0.021) higher distribution o f  GG genotypes in the group 
developing postoperative infections. Analysis o f the allele distribution in the no complication group versus 
the group developing infections showed a significantly higher frequency o f the G allele among those 
developing infections (p = 0.017), and this was also significantly (p=0.013) more common than in the group 
developing other complications.

t  2 X 3 table
* * 2 x 2  table No Complications v PO infections
I 2 X 2 table Other Complications v PO infections



Table 4.3: Linear Trend Test for TNF alpha -308 Genotypes Comparing Post Operative Infections with 
Other Groups*

Locus 
TNFA -308

AA GA GG

Extended Mantel- 
Haenszel 

Chi Square and P value 
for Linear Trend

Post Op Infections 0 17 38 Chi Sq = 6.35
No Complications 6 50 58 p = 0.012

Post Op Infections 0 17 38 Chi Sq = 6.002
Other Complications 4 10 14 p = 0.014

Post Op Infections 0 17 38 Chi S q =  1.88
Healthy Controls 10 82 134 p = 0.17

* A A genotype used as baseline.

This table shows the increasing linear trend of developing PO infections in GG genotypes as compared with 
AA and AG genotypes. This test was performed using the programme “Epi info” and was significant in post 
operative infections group compared with “No complication” and “Other complications” groups. However, it 
was not significant when compared with healthy controls.
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Table 4.4: Distribution o i lL - lB  genotypes/alleles and ILIRN alleles in Post Operative groups*

No
Post Operative 
Complications

Other
Complications

Post Operative 
Infections

p value

IL 1 beta
-511 (rs3087258)

Genotypes
CC 
CT 
TT 

Alleles 
C 
T

-31 (rsl 143627)
Genotypes 

TT 
CT 
CC 

Alleles 
T 
C

+3953 (rsl 143634)
Genotypes 

CC 
CT 
TT 

Alleles 
C 
T

5200 (rs l143633)
Genotypes 

AA 
AG 
GG 

Alleles 
A 
G

ILIRN**
Allele 2 
Other Alleles

55 (51.4%) 
37 (34.6%) 
15 (14.2%)

147 (68.7%) 
67 (31.3%)

55 (50.9%) 
41 (38.0%) 
1 2 ( 11. 1%)

151 (69.9%) 
65 (30.1%)

63 (65.6%) 
30(31.3%)
3 (3.1%)

156(81.3%) 
36 (18.7%)

7(10.6%) 
37(56.1%) 
22 (33.3%)

51 (38.64%) 
81 (61.36%)

40 (29.8%) 
94 (70.2%)

16(55.2%)
9(31.0%)
4(13.8%)

41 (70.7%) 
17 (29.3%)

16(55.2% )
9(31.0%)
4 (13,8%)

41 (70.7%) 
17 (29.3%)

14 (63.6%) 
7(31.8%)
1 (4.5%)

35 (79.5%) 
9 (20.5%)

4 (26.7%)
7 (46.7%)
4 (26.7%)

15 (50.0%) 
15 (50.0%)

8 (26.7%) 
22 (73.3%)

22 (43.1%) 
21 (41.2%) 
8(15.7%)

65 (63.7%) 
37 (36.3%)

22 (44.0%) 
19 (38.0%) 
9(18.0%)

63 (63.0%) 
37 (37.0%)

24 (55.8%) 
14 (32.6%) 
5 (11.6%)

62 (72.1%) 
24 (27.9%)

3 (13.0%) 
9(39.1%)
11 (47.8%)

15 (32.6%)
31 (67.4%)

14 (30.4%)
32 (69.6%)

0.845

0.586

0.723

0.427

0.359

0.225

0.312

0.313

0.46

* The genotypic pattern and allele distribution 
of difference emerged. Due to limited amount 
varies for some loci.

** Variable number of 86 bp tandem repeats in 
allele 2 represent 95% of all alleles and allele 2

for IL-IB and IL-IRN is shown here. No significant patterns 
of DNA from paraffin tissue the number of cases genotyped

intron two forms 5 different alleles. Allelle 1(4 repeats) and 
has been associated with sepsis.



Table 4.5: Genotype and Allele distributions for TLR-4 and IL-10 Genes in the three PO Groups*
No

n . ^  Other Post Operative ,Postoperative „ . t p value^  1 - Complications InfectionsComplications ^

TLR 4 +896 (rs4986790)
Genotypes

AA 69 (84.1%) 18(90.0%) 30 (83.3%) 0.87
GA 10(12.2%) 2 (10.0%) 4(11.1% )
GG 3 (3.7%) 0 2 (5.6%)

Alleles
A 148 (90.2%) 38 (95.0%) 64 (88.9%) 0.555
G 16(9.8%) 2 (5.0%) 8(11.1%)

IL-10
-1082 (rsl800896)

Genotypes
GG 20 (30.3%) 6 (40.0%) 8 (36.4%) 0.926
GA 32 (48.5%) 7 (46.7%) 10(45.5%)
AA 14(21.2% 2 (13.3%) 4(18.2% )

Alleles
G 72 (54.5%) 19 (63.3%) 26(59.1%) 0.641
A 60 (45.5%) 11 (36.7%) 18(40.9%)

-819 (rsl800871)
Genotypes

CC 42 (66.7%) 11 (73.3%) 16(76.2%) 0.541
CT 20 (31.7%) 3 (20.0%) 5 (23.8%)
TT 1 (1.6%) 1 (6.7%) 0

Alleles
C 104 (82.5%) 25 (83.3%) 37 (88.1%) 0.696
T 22 (17.5%) 5 (16.7%) 5 (11.9%)

-592 (r s l800872)
Genotypes

CC 44 (65.7%) 11 (73.3%) 18 (78.3%) 0.42
CA 22 (32.8%) 3 (20.0%) 5 (21.7%)
AA 1 (L5%) 1 (6.7%) 0

Alleles
C 110(82.1%) 25 (83.3%) 41 (89.1%) 0.533
A 24(17.9%) 5 (16.7%) 5 (10.9%)

* The genotype pattern and allele distribution for IL-10 and TLR4 genes are shown in this table. There 
were no significant differences in any group.



Table 4.6. Haplotype Frequencies in Post Oesophagectomy Cases and Healthy Controls

No
Complication

Other
Complications

Post
Operative
Infections

Total Post Op 
(Chromosomes)

Healthy
Controls

TNF alpha^
1111 ( 5 'C r  G G 3 ') 67 (50.0%) 14 (46.7%) 26 (56.5%) 107 (51.0%) 266 (58.3%)
1112 (5 'C r  G A 3 ') 8 (5.9%) 4 (13.3%) 3 (6.52%) 15(7.1%) 19 (4.2%)

1121 (5 'C  r  A G 3 ') 15 (11.2%) 2 (6.7%) 8 (17.4%) 25(11.9% ) 51 (11.2%)
2111 (5 'A r  G G 3 ') 37 (27.6%) 8 (26.7%0 5 (10.9%) 50(23.8% ) 102 (22.4%)

Number of Chromosomes 
(% represented) 127 (94.8%) 28 (93.3%) 42 (91.3%) 197 (93.8%) 438 (96.1%)

IL-IB^

111 (5’ C..G ..C3') 11 (8.2%) 0 6(13.0% ) 17(8.1%) 61 (13,3%)

112(5 'C ..G ..T 3 ') 24 (17.9%) 6 (20.0%) 10(21.7%) 40 (19.0%) 78(17.1%)

121 (5 'C ..A ..C 3') 49 (36,6%) 15 (50.0%) 13 (28.3%) 77 (36.7%) 153 (33.6%)

211 (5 'T ..G ..C 3') 45 (33.6%) 9 (30.0%) 13 (28.3%) 67 (31.9%) 150 (32.9%)

Number of Chromosomes 
(% represented) 129 (96.3%) 30 (100.0%) 42 (91.3%) 201 (95.7%) 442 (96.9%)

IL-10**

111 (5 'G ..C ..C 3')

211 (5 'A ..C..C3')

222 (5 'A ..T..A3')

Number of Chromosomes 
(% represented)

Total number of 
chromosomes

74 (55.2%) 

36 (26.9%) 

24 (17.9%)

19(63.3%) 

6 (20 .0%) 

5(16.7% )

134(100.0%) 30(100.0% )

134 30

27 (58.7%) 120 (57.1%)

14 (30.4%) 56 (26.7%)

5 (10.9%) 34 (16.2%)

46(100.0% ) 210(100.0% )

46 210

245 (53,7%) 

134 (29.4%) 

77(16.9%)

456 (100%)

456

This table shows the distribution o f haplotypes in the three post operative groups and the healthy controls. 
No significant differences were found in the distribution of haplotypes.

*The SNPs that make up the haplotype have been mentioned in 5' to 3' orientation. On all instances, 1 
represents the common allele of the diallelic SNP.
 ̂Haplotype shows SNPs in the following sequence; rs464836, rsl799624, rsl800629, rs361525. R e p r e s e n t  

positions in 5’ to 3 ’ direction i.e. -863, -857, -308 and -238 respectively
t  Haplotype shows SNPs in the following sequence; rs3087258, rs l 143633, rsl 143634. Represent 
positions in 5’ to 3 ’ direction i.e. 794, 5200, and 5277 respectively
** Haplotype shows SNPs in the following sequence; rsl800896, rs 1800871, rsl800872 representing 
positions in 5’ to 3 ’ direction i.e. -1082, -819, and -592 respectively



Table 4.7: Logistic Regression Predicting development of Post Oesophagectomy Infections

Predictor B Waid Chi Sqp Odds Ratio (95% Cl)

TNF alpha -308 genotype 1.441 9.682 0.002 4.2 (1.7, 10.5)

Age 0.065 8.768 0.003 1.1 (1.02, 1.11)

Weight -0.031 3.862 0.049 0.97 (0.94, 1.0)

Smoking -0.496 0.834 0.36 0.61 (0.21, 1.76)

Alcohol 0.482 0.72 0.39 1.62 (0.53,4.9)

Stage^ -0.082 0.035 0.852 0.92 (0.39, 2.2)

Blood loss during operation 0 0.33 0.57 1.0(0.99, 1.0)

All the variables that have been shown to have biological significance in other studies were entered in the 
logistic regression model. Only TNFA -308 genotype and Age turned out to be significant predictors of 
post oesophagectomy infection. The table shows that the odds of “having” post- operative infections, 
given the person has GG genotype, are 4.2 times the odds of ‘not having” the disease, given the person 
has GG genotype.

 ̂Categorized as stage 2a or less and 2b or more
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4.5 DISCUSSION:

This study revealed that there is a significantly higher distribution of TNFA 

-308GG genotype in a cohort o f  patients that developed infections following 

esophagectomy compared with other groups. No association with any other SMPs for 

IL-IB , IL-IRN , IL-JO, or TLR4 was evident. Adjusting for age, TNF alpha -308 GG 

genotype individuals are 4.2 times more likely to develop infections following 

esophagectomy compared with other genotypes. The study thus supports the hypothesis 

that inter-individual variation in the T N Fa gene may impact on the risk o f infection 

following complex major surgery.

4.5.1 Biological role o f TNF-a

T N Fa has been highly conserved across mammalian species during evolution, 

underscoring its critical role in innate immunity, with approximately 80% aa identity 

between human, Mus musculus. Bos taiirus and Canis fam iliaris  TN Fa proteins. TN Fa 

is a pro-inflammatory cytokine that is important in the defence against infection and is 

produced in large amounts in response to an infectious insult. Gram-negative bacterial 

lipopolysaccharide is a major inducer o f T N Fa [424] and T N Fa knockout mice show 

an increased susceptibility to Candida albicans challenge [425]. An increasing clinical 

experience with antibodies to TN Fa in conditions including Crohn’s disease, 

rheumatoid arthritis and sepsis underscores the risks associated with lower 

bioavailability o f  TN Fa. An increased risk, for instance, o f  pulmonary tuberculosis has 

been observed in patients receiving infliximab (Remicade) [426]. Many studies have 

suggested a link between TNF alpha promoter polymorphism and infections[200, 383, 

427, 428]. Moreover, the functional significance o f TNFA -308 SNP in transcriptional 

regulation is recognized, and the -308A allele in the TNFA gene has been shown to be 

associated with higher levels o f TNFA protein by a number o f  studies [413, 429]

4.5.2 Effect of differential expression of TN Fa

In healthy individuals, the difference in levels o f  expression o f T N Fa due to 

genotypes in the promoter region would be expected to be within physiological limits in 

response to stress situations. This may not pertain however to conditions o f  significant 

immune cell perturbations that may follow major injury such as oesophageal cancer 

surgery which is often undertaken in patients somewhat compromised immunologically 

by advanced age and comorbidities, poor nutrition, and weakened physiological
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responses. In this scenario an impaired T N Fa response to an infectious challenge might 

differentiate an adequate as opposed to a clinically relevant suboptimal response to 

infection. This has not been addressed in this study, as T N Fa production was not 

measured, nor was T cell or phagocyte function, and this is the subject o f current 

research.

Pneumonia and sepsis are important post esophagectomy challenges. Early 

identification o f  risk factors and aggressive management may improve patient outcome. 

However, this study was limited to a single center and the incidence o f  post 

esophagectomy infections was not very high hence further large scale multi-center 

studies o f post esophagectomy cases are needed. This will enable us to match a greater 

number o f confounding factors and thus achieve higher degree o f  confidence in 

interpreting the results. We can then identify more accurately the risk factors for 

developing PO infections in oesophageal surgeries and take preventive measures at an 

earlier stage reducing the burden o f  ill health caused by PO infections.

4.5.3 Causal relationship or linkage?

It is also acknowledged that the presence o f  a single SNP might itself be 

unrelated to the specific endpoint and represent instead linkage with other genes and 

gene variants in close physical proximity within the MHC. The T N Fa gene shows 

strong linkage disequilibrium with HLA class I and class II genes and other 

immunoregulatory genes in the MHC region. The A allele for instance is strongly 

linked to A1-B8-DR3 HLA haplotype which is associated with increased TNF 

production [176]. What can be stated from this study is that a pattern emerged 

specifically in polymorphisms o f  the T N Fa gene that supports the paradigm that inter

individual variation o f  response may determine important clinical outcomes, specifically 

in this case, the risk o f infection. Many groups o f genes are involved in forming an 

overall defense against infections. These include the genes in the MHC region, genes 

associated with phagocytosis and intracellular destruction o f pathogens like NRAMP, 

the complement receptor genes, the cytokine receptor genes and perhaps others. It is not 

possible to identify all the genefic confounding variables that might predispose to 

infecfions, nevertheless, in light o f  studies showing association o f  G allele with a lower 

production o f  T N Fa and TNF blocking studies showing higher rate o f infections 

associated with decreased bioavailability o f TNFa, we believe these data support the 

hypothesis that the GG genotype could be a predictive factor for post operative 

infections after oesophageal resection or equivalent complex major surgery. Moreover,
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Ihe study, with no pattern emerging for other cytokines, suggests that efforts to 

understand and apply polymorphisms in TNFa within elmical trials and novel treatment 

approaches may have the greatest rationale in infection prophylaxis m the high-&k

surgical patient.



Chapter 5

Role of TP73 and TLR4 genes in GIT and 

Oesophageal Cancer
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Role of TP73 and TLR4 genes in GIT and Oesophageal 

Cancer

5.1 Introduction

The understanding o f the pathogenesis, epidemiology and behaviour o f 

oesophageal cancer is still evolving. Recently enormous advances have been made in 

many aspects o f oesophageal cancer including, role o f cancer susceptibility genes, 

keratins, oncogenes, TSGs, genes involved in metastasis and apoptosis, proliferation- 

related factors e.g. nuclear proteins and factors related to metastases (cell adhesion 

molecules and enzymes related to degradation o f extracellular matrix) [363]. Continued 

efforts are required to increase the predictability o f disease risk, prognosis and response 

to anticancer therapy through search for biomarkers.

5.2 P73 in oesophageal cancer

The chromosomal region o f p73  gene location, lp36, is subject to loss o f 

heterozygosity in many cancers e.g neuroblastoma, colorectal cancer, melanoma and 

breast cancer [430]. Over expression o f p72  has been detected in many cancers e.g 

neuroblastomas, ependymomas, hepatocellular, lung, prostate, colorectal, gastric, breast, 

bladder, ovarian and oesophageal cancers [431]. In oeosphageal carcinogenesis, cancer 

cells generally arise from a stem cell or transient amplifying cells that have undergone 

genetic or epigenetic alterations in oncogenes and TSGs [432]. In histologically normal 

squamous epithelium, p73  and p53 show similar basal and/or parabasal expression 

profiles on immunohistochemistry, but that o f p53 is weaker and discontinuous [374]. 

P72 activates many p53 responsive genes including which is an important

inhibitor o f  cyclin D l.

5.2.7 P73 expression in oesophageal cancer

Immunohistochemical studies o f the oesophagus show that p73  and p21 are 

strongly positive in the nuclei o f basal cells and suprabasal cells o f normal oesophageal 

epithelium, respectively. The expression o fp73  was decreased with increasing degree of 

cancer invasion, so inactivation o f p73  may be attributed to cancer invasion or 

progression , A high frequency o f  loss o f  imprinting (LOI) and loss o f  heterozygosity 

(LOH) has been reported in oesophageal cancer in one study in China [433]. In this 

Chinese study, no mutations o f p73  gene were found in exons 4-7 which has high
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homology to DNA binding domain o f p53. All the samples showed monoallelic 

expression o fp73. Another study has shown that the ANp73 isoform that interferes with 

the normal p53 and p73 functions is overexpressed in upper gastrointestinal cancers 

[434], The same study has further shown that the p  7i-ANp73 interaction can lead to T 

cell factor dependent transcriptional activations through the upregulation of jS-catenin in 

the gastrointestinal cells. p73 protein is also resistant to human papillomavirus (HPV) 

E6, which together with E6-AP mediates hyperactive degradation of p53 in HPV 

infected cells [363, 369],

5.2.2 TP 73; a p53 homologue

TP73 belongs to the TP53 family of genes. Three genes of this family, TP53, 

TP73, and TP73L (also called p63), have so far been described [435]. It is well known 

that p53 gene plays a vital role in cell cycle control and tumour suppression. It is 

activated in response to DNA damage and leads to cell cycle arrest and apoptosis [436]. 

The gene structures o fp53  and p73 genes are strikingly similar and an Entrez Pubmed 

homologene search shows that the p73 gene is conserved in Amniota (animals whose 

embryos are surrounded by amniotic membrane) [363]. The DNA binding region o f the 

p53 protein, which is the hotspot for p53 mutations, has been highly conserved in the 

p73 protein with more that 60% aa identity. The p73 protein has three typical 

transcription factor domains namely; N-terminal transactivating domain, a central DNA 

binding domain, and a C-terminal oligomerization (OD) domain [375]. The TA domain 

is a hallmark o f tumour suppressor activity of transcription factors [191]. While the N- / 

C-terminal domains may be truncated in certain isoforms, the central DNA binding 

domain is always expressed.

5.2.3 P73 vsp53: Factions and expression

Whereas a mutated p53 gene is found in more than 50% of tumours [375, 437], 

p73 gene mutations are rare in cancers if at all present. [368] and although p73 protein 

can bind to consensus p53  DNA binding sites and induce cell cycle arrest and apoptosis 

[438], there are notable dissimilarities in the functions of p53 and p73 proteins [368]. 

The most striking difference is that p73 knockout mice show profound defects in 

neuronal development, but do not develop spontaneous tumours like the p53 deficient 

mice [363, 368, 439-441], Another major difference in p53 and p73 genes is that p53 

gene has little splicing diversity whereas p73 gene shows nine C-terminal splice 

variants, four N-terminal splice variants, and two promoters [442]. Of the multiple C-
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terminal splice variants, only one, the r] isoform, has been exclusively found ’ 

neoplastic tissues and not in normal tissues [370, 443, 444]. However, of the four ls[ 

terminal splice variants, the three lacking the transactivation domain (ATA-p7i) act a 

dominant negative forms. These TA domain truncated isoforms paradoxically have 

oncogenic properties and have been found in cancers and also have antiapoptotic 

activity [444]. The N-terminal truncated isoforms can either lack exon 2 or both exon 2 

and 3 [411]. The transcriptional activity o f p73 proteins depends upon the isoform and 

cell context, some isoforms being more potent transcriptional activators than other 

[445]. The domains of p73jS (the most potent form in transactivation and growth arrest) 

necessary for inducing cell cycle arrest are the TA domain, the DBD, and the 

tetramerization domain. However, unlike p53, p73-mediated apoptosis does not require 

a PXXP (proline rich) region adjacent to the TA domain or the entire COOH-terminal 

region. Interestingly, PXXP motifs, although dispensable for p73 function, render p73 

inactive in transactivation when deleted [446]. In sharp contrast to p53, p73 degradation 

is not mediated by MDM2. The molecular basis for the MDM2 resistance of p73 was 

found by systematic motif swapping. Region 92-112 of p53, which is absent in p73, was 

identified to confer MDM2 degradability to p53 [447].

5.2.4 P73 gene polymorphisms

At least 17 SNPs have been identified in p72  (some in exons and others in 

introns), but none cause an aa change [448]. However, two linked SNPs are located in 

exon 2 upstream of initial AUG at positions 4 (G/A) and 14 (C/T). These 

polymorphisms are located in a region of the transcript that could theoretically form a 

stem-loop structure, possibly an indication of regulatory function (Figure 5.1). They are 

thought to affect p73  function by altering gene expression, perhaps by altering the 

efficiency of translational initiation (14). Given the roles o f p72  and p53 in early 

development of OSCC, thisp73 pol]/morphism may contribute to the risk of OSCC.



5’ exon 2

c c
C-G
A-U

A/G-C/U
G-C start

5’-AG GAGGCCGGCGUGGGGAAGAUG-3
1 20 30

Figure 5.1: The figure shows the sequence o f exon 2 alleleic variants o f 
p73a transcripts deduced from RT-PCR product sequencing. The two 
alleles, which represent dinucleotide substitutions at position 4 and 14 of 
exon 2, are G4/C14 and A4/ T14 and appear at a region o f the 5’ 
untranslated sequence that might form a stem-loop structure. (Cell Vol. 90, 
809-819, August 22, 1997.)

The lumen o f the GIT is outside the body. At birth the intestinal tract is sterile, 

but bacteria enter with the first feed. The normal flora o f the GIT is influenced by age, 

diet, cultural conditions, and the use o f antibiotics. The most common viable bacteria 

found in the feces o f the adult humans are E. coli (gram negative), C. perfringens, 

Enterococci, Bacteriodes, and Lactobacilli [449]. In the upper GI tract o f adult humans, 

the oesophagus contains only the bacteria swallowed with saliva and food. Because o f 

the high acidity o f  the gastric juice very few bacteria (mainly acid-tolerant lactobacilli) 

can be cultured from the normal stomach [450]. However, at least half the population 

o f  the world is colonized by HP, which is gram negative and has LPS in its outer 

membrane. The small intestine has a relatively sparse gram positive flora consisting o f 

Lactobacilli and Enterococcus faecalis. The population o f bacteria in the large intestine 

is large (10"/m l feces). The predominant forms are anaerobic Bacteroides (gram 

negative) and anaerobic lactic acid bacteria o f the genus Bifidobacterium  [451, 452].

5.3 TLR4 in GIT

5.3.1 The normal GIT flora
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5.3.2 TLR4 and GIT flora

Although the normal flora o f the GIT keeps a check on invasion by pathogenic 

organisms, the GIT is still vulnerable to invasion by pathogens in food and the ability of 

enterocytes to discriminate between pathogenic and non pathogenic organisms is vital. 

Toll like receptors are members o f the pathogen recognition receptor (PRR) family that 

play an important role in initiation o f innate immune response and the subsequent 

adaptive immune response to microbial invasion. Binding o f  microbial molecules to 

TLR receptors promotes the synthesis and secretion o f intracellular regulatory 

molecules such as cytokines that are crucial to initiating innate immunity and adaptive 

immunity. The important inflammatory cytokines genes that are induced as a result o f 

TLR signaling are IL-IB, TNFA and IL-8, which trigger innate immune defenses such as 

inflammation, fever and phagocytosis in order to limit the spread o f harmful bacteria.

5.3.3 GIT as a lymphoid organ

Besides its other functions, the GIT is a lymphoid organ and the lymphoid tissue 

within it is collectively called GALT (gut associated lymphoid tissue). The number o f 

lymphocytes in the GALT is roughly equivalent to those in the spleen. These are 

distributed in three basic populations. Located in the mucosa (and submucosa in ileum) 

are the Peyer’s patches where the B lymphocytes predominate. In the lamina propria are 

numerous scattered IgA secreting lymphocytes. At the basolateral surface o f the 

epithelial cells are lymphocytes known as intraepithelial lymphocytes. Another 

important component o f the GI immune system are the M cells that endocytose a variety 

o f proteins and present the peptide antigens to underlying DCs and macrophages [353].

5.3.4 Role o f  TLR in GIT inflammation

The inflammatory process is delicately controlled in the GIT by the 

lymphocytes, macrophages, and DCs in the lamina propria to protect the epithelial cells 

from destructive molecules generated by persistent inflammation as in inflammatory 

bowel disease. Emerging evidence has shown that TLR expression and activation is 

specially regulated in the GIT. It is essential that TLRs do not react to PAMPs 

expressed by commensal microflora. Intestinal epithelial cells have very low levels o f 

TLR4 and MD-2 expression and are poorly LPS responsive [353]. Even when 

stimulated by cytokines resulting in increased TLR4 and MD-2 expression, the response 

to LPS as measured by IL-8 secretion is quite modest as compared with stimulation by 

TNFa. The finding o f  low mRNA expression o f  TLR4 and MD-2 by intestinal epithelial
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cells isolated from colonic surgical resections corroborates the findings in intestinal 

epithelial cell lines [453], Several species o f commensal bacteria produce hypoacylated 

LPS, which m ay contribute to the down-regulation o f  TLR4 activities [279]. In vitro 

studies o f an intestinal epithelial cell (lEC) line have show'n that LPS or peptidoglycan 

stimulation relocates the constitutive surface expression o f TLR2 and TLR4 into 

intracellular compartments near the basolateral membrane [454], It is important to note 

that intracellular TLR4 retains its full signaling capability, and detects both internalized 

LPS and intracellular bacteria [279], This mechanism allows the host to detect the 

pathogenic organisms that have penetrated the intestinal epithelium without 

overreaction to commensal bacteria on the surface o f intestinal epithelium.

5.3.5 TLR4 expression in GIT

TLR4 expression was reported to be elevated in colonic tissue o f ulcerative 

colitis (UC) and crohn’s disease (CD) [455]. TLR4 polymorphisms at Asp299Gly and 

Thr399Ile have been linked to the development o f both Crohn’s disease and ulcerative 

colitis [456]. Several researchers have also shown an apical and basolateral expression 

o f TLR4 in HP infected gastric epithelial cells [457] although others suggest that 

detection o f  HP is through TLR2 rather than TLR4. Invasion o f lEC by S. typhimurium  

leads to bacterial replication in intracellular vacuoles and TLR4 plays a crucial role in 

host defence [453]. Interestingly, recognition o f LPS by TLR4 is unlikely to be a major 

contributing factor in diarrheagenic E. coli infection because lipid A, the structure 

within LPS which activates TLR4, is highly conserved, and is therefore common to both 

pathogenic strains and non-pathogenic commensal strains o f E. coli. Although the O 

antigen o f E. coli LPS is more variant between strains, this antigen does not activate 

TLR4 [363].

5.4 Objectives

In view o f high incidence o f the p72  gene AT allele in the neuroblastoma cell 

lines [220] and the a paradoxical low incidence o f  AT/AT homozygotes in oesophageal 

cancer [220], the goal o f this chapter was to further explore the role o f p73  exon 2 

polymorphisms in oesophageal cancer and post oesophagectomy patients. The earlier 

study, carried out by scientists in this laboratory, also showed a LOH o f the p73  locus in 

37.8% o f (AT/GC heterozygote) oesophageal cancer cases. There was an exclusive loss 

o f AT allele in all instances o f LOH. A number o f  previous studies have reported LOH 

o fp72  locus but none have reported exclusive deletion o f  the AT allele [289],
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It is known that the incidence o f  OAC has increased by about 500 % over the 

last three decades in Ireland and this increase has occurred simultaneously with 

eradication o f HP in the western world. Moreover, there is a close relationship between 

chronic inflammation and oesophageal cancer, especially OAC. HP is a gram negative 

bacterium that has LPS as it outer membrane constituent. LPS is the only known ligand 

for TLR4. A mutated variant o f the TLR4 gene with a G nucleotide at position +896 

(rs4986790), resulting in Asp299Gly change in protein, has been associated with a 

higher risk o f gram-negative septic shock [289]. Another study has shown that 

individuals carrying the mutated form o f TLR4 show hyporesponsiveness to inhaled 

LPS [458], This study attempted to explore the possible role o f TLR4 +896 GA 

polymorphism in patients o f  oesophageal cancer and post oesophagectomy patients.

The other SNPs included in the study are shown below

List of SNPs

TLR 4 +896 (rs4986790) IL-IB  +3953 (rsl 143634)

1 1 o 00 K) (rs 1800896) IL-IB  5200 (rsl 143633)

IL -1 0 -U 9 (rs 1800871) TNFA -308 (rsl 800629)

71-70-592 (rsl 800872) TNFA -238 (rs361525)

IL-IB  -511 (rs3087258) TNFA -863 (rs464836)

IL-IB  -31 (rsl 143627) TNFA -857 (rsl 799724)

p73 exon 2 ,+ 4  a n d +14 (rs2273953)
Please see appendices D, E, and G for primers, PCR conditions and 
restriction enzymes

5.5 The specific objectives o f this chapter were

1. To determine the distribution o f p73  exon 2 +4G/A and +14C/T SNPs in 

oesophageal cancer patients and population controls.

2. To determine the distribution o f  p73  exon 2 +4G/A and +14C/T SNPs in the 

three post oesophagectomy patient groups described in methods and materials 

section.

3. To determine the distribution o f TLR4 +896 A/G SNP in oesophageal cancer 

patients and population controls.

4. To determine the distribution o f TLR4 +896 A/G SNP in the three post 

oesophagectomy patient groups described in methods and materials section.



5.6 Results:

Out o f  a total o f  228 controls and 253 cases that were available for the study, 

DNA was available for 215 cases for TLR4 genotyping and 157 cases (no PETs) and 

192 controls for p73  SNPs. For TLR4 +896 SNP Taqman PCR was used for genotyping 

(Figure 5.2) and fo rp73  Amplifluor technology was used for genotyping (Figure 5.3).

— I c a l : |  3

Altefc Discrimination Plot

TLR 4 *8%  Sf#> 
CASES 1 92

% /

% i

2.1 2 2 2.3 2 4 2 5 2,6 2 7 2 « 2 d  3.0

A H eleX (T L R 4T E T )

Figure 5.1: Result o f  Taqman PCR for TLR4. The details o f  primers and PCR 
conditions are given in Appendix D and E. ABl prism HT9700 DNA 
sequences was used for perfoming most o f  the genotyping. PCR conditions 
and master mix concentrations were optimized prior to carrying out the actual 
genotyping on the samples. Automatic calls were made by the machine. 
Undetermined called were allocated genotypes manually when they showed 
consistent lean towards a particular cluster in repeated assays.
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Figure 5.2: Result o f Am plifluor Genotyping for p73 SNPs. The primer details 
and reaction conditions for the assays are given in appendix D and E 
respectively. Am plifluor SNP assays are fluorescence based assays. The 
especially designed SNP specific primers are proprietary to Chemicon Inc. The 
assays were designed in collaboration with Kbio sciences UK. A ll assays were 
repeated in duplicate.
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5.6.1 Statical analysis

Various statistical analyses were performed to check the potential impact o fp73 

and TLR4 genotypes on development of oesophageal cancer or the post operative 

outcome. These included Pearson chi square tests of independence, logistic regressions 

and comparison of various subgroups including histological types, gender, BMI, dietary 

habits, age etc. No positive association was found in any group. The relevant findings 

are discussed below.

5.6.2p73  alleles

For the p73 gene, the distribution of homozygotes and heterozygotes are shown 

in Table 5.1 below. Heterozygotes o fp73  GC and AT alleles ware found in about 32.4% 

of study subjects as shown in Table 5.1 below.

Table 5.1: Distribution of p73 gene GC and AT alleles in Cases and Controls*

Controls Cases

GC homozygotes 108 (56.25%) 90 (57.3%)
AT homozygotes 15 (7.8%) 10(6.36%)
GC / AT heterozygotes 60 (31.25%) 53 (33.8%)
GC / GT heterozygotes 6(3.1%) 0
AT / AC heterozygotes 3 (1.5%) 4 (2.5%)

* There was no difference in the distribution o f GC homozygotes, AT homozygotes, 
or GC/AT heterozygotes in cases and controls. GC/GT and AT/AC homozygotes 
were found in less than 5% of study subjects. No association of any genotype was 
found in this study.

A Pearson chi square test of independence was done to examine the distribution 

o f the two p73 gene SNPs in the cases and the histological types as compared with the 

healthy controls. No association was found of any genotype or allele with the cases in 

general or the two histological types o f oesophageal cancer. Table 5.2 shows the 

distribution of genotypes in various groups. Similar tests were performed for the post 

operative outcome groups and the results are shown in Table 5.3. The logistic regression 

analysis and the ANOVA done for continuous variables e.g. age, blood loss etc. also did 

not reveal any association. The difference in the number o f subjects in various groups 

depends upon the rate of success of genotyping in the particular group.
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Table 5.2: Distribution of p73 exon 2 +14 CT genotype in cases, controls, adenos, 
and squames*

p73 gene exon 2 + 1 4  genotype
CC CT TT p value

Control 109 (50.7%) 85 (39.5%) 21 (9.8%)
Cases 91 (56.2%) 61 (37.7%) 10(6.2% ) 0.36
OAC 60 (57.7%) 37 (35.6%) 7 (6.7%) 0.44
OSCC 21 (61.8%) 12 (35.2%) 1 (2.9%) 0.31

p73 gene exon 2 +4 genotype
GG GA AA p value

Control 120 (60.6%) 60 (30.3%) 18(9.1% )
Cases 92 (57%) 54 (33.7%) 14 (8.8%) 0.78
OAC 61 (58.1%) 33 (31.4%) 11 (10.5%) 0.88
OSCC 20 (62.5%) 11 (34.4%) 1 (3.1%) 0.51

* p73 is a homologue o f p53 gene, which is mutated in more the 50% o f oesophageal 
cancers. The p73 gene was not investigated for mutations in this study. However, the 
genotypes that have been shown to affect the transcription o f the nrotein were assayed. 
The genotypes were evenly distributed between all the comparison groups and this study 
did not show any significant affect o f  p73 gene on development o f any histological type 
o f oesophageal cancer.

Figure 5.3: Distribution of p73 genotypes in the three Post Operative Groups*

No Other Post
Complications complications Op Infections

p73 exon 2 +4 GA
SNP
AA 9(14.1% ) 0 1 (4.5%)

AG 20 (31.3%) 6 (40.0%) 9 (40.9%)

GG 35 (54.7%) 9 (60.0%) 12 (54.5%)

p = 0.421 64(100% ) 15 (100%) 22 (100% )
P73 exon 2 +14 CT
SNP
CC 35 (53.8%) 9 (64.3%) 12 (52.2%)

CT 24 (36.9%) 5 (35.7%) 10(43.5% )

TT 6 (9.2%) 0 1 (4.3%)

p = 0.701 65 (100%) 14 ( 100%) 23 (100%)

* Post operative morbidity is common in surgeries for oesophageal cancers. 101 patients 
who underwent oesophagectomies were investigated for polymorphisms in exon 2 o f the 
p73 gene. They were divided into three groups; those who did not develop any 
complications, those who developed post operative infections, and those who developed 
non-infective post operative complications. No association o f  p73 gene polym orphism  was 
found with any group.
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5.6.3 TLR4 alleles

The table below shows the distribution of TLR4 genotypes in the cases and the 

controls. A Pearson chi square test of independence showed no difference in the two 

groups (p = 0.56). The GG genotype which is responsible for hyporesponsiveness to 

LPS was found in a very low percentage.

Table 5.4: Distribution of TLR4 genotypes in oesophageal cancer 
patients and the control group*

T ^R4 genotype
AA GA GG Total

Control 197 (87.2%) 25 (11.1%) 4(1.8% ) 226 (100%)

Case 182 (84.7%) 26(12.1%) 7 (3.3%) 215 (100%)

Total 379 (85.9%) 51 (11.6%) 11 (2.5%) 441 (100%)

* There was no difference in the two groups. The candidate genotype was 
found in a very low frequency.

The next table shows the distribution of TLR4 genotypes in the post operative 

groups. As described previously these were the cases that underwent oesophagectomies 

and were treated with a curative intent. Most of these patients had comorbidities and 

were above 60 yeares of age. A total of 138 cases were available for analysis. This 

number differs from the number available for IL-IB  and TNFA because of the DNA 

unavailability from the PETs.

Table 5.5: Distribution of TLR4 genotypes in the three post operative outcom e groups*

TLR4 plus 896 genotype

AA GA GG Total

No Complications 69 (84.1%) 10(12.2%) 3 (3.7%) 82 (100%)

Other
Complications 18(90.0%) 2(10.0%) 0 20 (100%)

Post Operative 
Infections 30 (83.3%) 4(11.1% ) 2 (5.6%) 36 (100%)

Total 117(84.8%) 16(11.6%) 5 (3.6%) 138 (100%)

* No difference was observed in the distribution o f genotypes in any group. P = 0.86
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On analysis o f  histological types o f cancer and comparison with the control 

group, again no difference was found in distribution o f TLR4 +896 alleles (p = 0.42). A 

further analysis was performed to see the combined effect o f genotypes and TLR4 

alleles. Table 5.6 shows the distribution o f TLR4 alleles in gender and the groups under 

study. No significant difference was observed.

Table 5.6: Distribution of TLR4 genotype in cases and controls and 
further subdivision by gender’*'

TLR4 plus 896 genotype

Gender AA GA GG Total

Male
Contr
ol

78 (83.0%) 14 (14.9%) 2 (2.1%) 94 (100%)

Case
122
(85.9%)

15 (10.6%) 5 (3.5%) 142 (100%)

Total
200
(84.7%)

29(12.3%) 7 (3.0%) 236 (100%)

Female
Contr
ol

119
(90.2%) 11 (8.3%) 2 (1.5%) 132 (100%)

Case 55 (80.9%) 11 (16.2%) 2 (2.9%) 68 (100%)

Total
174
(87.0%)

22 (11.0%) 4 (2.0%) 200 (100%)

* Subgroup analysis was done to see the distribution of genotypes in the 
genders. No positive association was found with a p value of 0.52

Table 5.7: Distribution of p73 genotypes in males and females in cases and controls*

14n upstream Exon 2 4n upstream of Exon 2

CC CT TT AA AG GG

Control
Male 42 28 8 9 23 46
Female 66 41 7 9 37 68

Case
Male 60 42 10 12 40 60
Female 29 15 0 2 13 29

* In view o f absence o f  significantly different distribution o f  exon 2 genotypes in 
the two genders in our study (table), it is not possible to suggest any role o f p73 
in the observed disparity o f occurrence o f oesophageal cancer in genders.



5.7 Discussion

5.7.1 P73 gene

No difference was observed in the distribution o f exon 2 genotypes in the groups 

under study. The distribution o f GC alleles in both the controls and cases was below 

60%  and more than 40% cases showed AT alleles. The regulation o f  p73  gene is not 

fully understood. Unlike many other genes where it has been shown that SNPs in non

coding regions o f  genes might contribute to level o f  expression, the SNPs in exon 2 o f 

p73 gene have not been shown to have such an effect. Nevertheless, the G /C-A /T 

polymorphism occurs in a region that could theoretically form a stem loop structure 

(Figure 5.1) which might be an indication o f regulatory function. This study 

investigated the relationship o f these SNPs with oesophageal cancer in a case-control 

study design.

Many works have shown that the various isoforms o f p73 are overexpressed in 

tumours. An exception to this observation is lymphoid malignancies although an 

overexpression has been reported in B-cell chronic lymphocytic lymphoma [374], Over 

expression o f p73  has been found in tumours o f  breast, colon, stomach, ovaries and 

neurobloastoma. Indeed an overexpression o f p7S  has also been found in oesophageal 

cancers [374]. Cai et al. studied 16 informative cases o f  oesophageal cancer and found 

GC allele in 14 (87.5%) samples and AT alleles in 2 (12.5%) samples. Their data also 

suggested that p73  is imprinted in normal oesophageal tissue. They also showed LOH in 

9 samples and biallelic expression o fp73  in 4 samples. [220].

In this study we found 56.3% GC/GC, 35.9% GC/AT, and 7.8% AT/AT 

genotypes. In an earlier study in our laboratory, Ryan et al. found genotype frequencies 

o f  47.3% for GC/GC, 42.8% for GC/AT and 9.9% for AT/AT among 152 Irish non

cancer controls [367]. Ryan et al. also observed a significantly lower frequency o f 

AT/AT homozygotes in the oesophageal cancer cases (p = 0.01). They also reported a 

LOH in the tumour tissues o f 37.8% o f AT/GC heterozygotes exclusively for AT 

alleles. They concluded that AT allele might be protective against development o f 

oesophageal cancer. In the present study we did not find a difference in AT/GC allele 

frequencies between cases and controls. The possible expiation for this discrepancy 

could be the small number o f cases in Ryan’s study (84 compared with 157 in our 

study). A moderately significant p value o f  0.01 reported in Ryan’s study combined 

w ith low power o f the study can readily become insignificant as sample size increases. 

In a Japanese study Hamajima reported 55.3% for GC/GC, 40.4% for GC/AT and 4.3%
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for AT/AT among 241 Japanese non-cancer controls [459], whereas Li et al. found that 

their 1229 controls had a higher proportion of the GC/GC genotype (62.9%) but a lower 

proportion of the GC/AT genotype (31.5%) [363]. In Kaghad’s work, the sequencing of 

p73 transcripts from a wide variety o f non-neuroblastoma cell lines revealed only the 

G/C allele, while three of the eight neuroblastoma lines possessed an A/T allele [363]

The discovery of p73  gene in 1997 by Kaghad et al. generated a great deal of 

interest because of the similarities with p53 gene and because the chromosomal region 

of its location is commonly deleted in neuroblastomas, breast and colon cancers [364] 

H o w e v e r , i s  not a typical Knudson-type TSG. It has been suggested thatp75, unlike 

p53, is not induced following exposure of cells to DNA-damaging agents such as 

ultraviolet irradiation [210]. Thus it is plausible that p73  and p53, despite their 

homology of genes and proteins, are induced by different signals and play 

fundamentally different roles with respect to the maintenance o f cell homeostastis.

5. 7.2 Physiological role o f TP73

The physiological role o fp73  gene depends upon the cell type, imprinting status 

and the expressed isoform. Since this study did not examine the isoforms or the 

expression of the p73 gene, the implication of exon 2 SNPs on the signaling of p73 

protein cannot be construed. Although the stem loop structure formed by the AT and 

GC alleles might have physiological implications, the same have not been suggested by 

this study as they are equally distributed in all groups under study. Other researchers 

have studied the p73 gene in many tissues both with a view to find the monoallelic vs 

the biallelic expression as well as the particular isoform e x p re s se d .73 gene expression 

occurs at very low levels in all normal human tissues studied inducing oesophagus 

[407]. p73 signalling involves interaction with p21W AFl, 14-3-3a, GADD45, BTG2, 

and PIG3 [368]. In mice, the normal physiological role o f TP73 is critical for 

development. [460],

We included the analysis of gender in this study because of the m a r k e d

difference in incidence of oesophageal cancer in the two sexes. TP73 e x p r e s s io n

increases during retinoic acid-induced differentiation o f neuroblastoma cells [374].

Retinoic acid receptors are nuclear receptors related to the steroid and thyroid

hormones. Theoretically, presence o f SNPs in regulatory regions might affect binding o*

transcription factors. However, it is unclear whether there is any relationship between

steroid hormones and p73 expression. Additionally, in view of absence of signifi*"̂ ’̂ ' ^
< 7̂  it '

different distribution of exon 2 genotypes in the two genders in our study (Table



is not possible to suggest any role of p73 in the observed disparity of occurrence of 

oesophageal cancer in genders.

5.73  LOI and LOH of p 73 gene

LOI and LOH of TSGs and protooncogenes are two important mechanisms in 

carcinogenesis. A high frequency of LOI and LOH of p73 gene has been reported in 

oesophageal cancer [363]. gene LOH has also been shown in many other cancers 

e.g neuroblastoma, colorectal cancer, melanoma and breast cancer [363]. In Kaghad’s 

work, the sequencing of p73 transcripts from a wide variety of non-neuroblastoma cell 

lines revealed only the G/C allele, while three of the eight neuroblastoma lines 

possessed an A7T allele in the exon 2 [220]. Ryan et al. also reported an exclusive LOH 

for AT allele [371]. A high percentage of heterozygotes of p73 gene exon 2 SNPs were 

observed in both cases and controls in this study. However, since tumour tissue was not 

assayed for LOH or LOI in the present study, an association of the AT and GC alleles 

cannot be inferred. Nimura et al. have demonstrated that p73 is rarely mutated in 

oesophageal carcinomas. In addition, the LOH for p73 localized at chromosome lp36.3 

has been observed only in 8% of the oesophageal tumours. This suggests that as a 

putative TSG thep73 does not match Knudson’s 2-hit theory for oesophageal carcinoma 

[461].

Although SNPs in our study did not have any association with oesophageal 

cancer and their association with protein expression was not examined, other studies 

have provided evidence that the dominant negative form of p73, ATAp73, might be 

physiologically relevant component of tumour associated p73 overexpression [39S].p73 

has been suggested as a target for regulation by the tyrosine kinase c-Abl. c-Abl is 

activated as a response to DNA damage and may stimulate /?7J-mediated apoptosis 

through phosphorylation of p73 [462]. p73 may also be induced by the transcription 

factor E2F1 which also activates p53. The cellular and viral oncogenes E2F1, c-Myc, 

and El A can induce and activate the endogenous TAp73a and TAp73/5 proteins for 

target gene transactivation, apoptosis, and growth suppression in p53- deficient human 

tumour cells [399].

5. 7.4 TLR4 and GIT inflammation

It is known that chronic or recurrent inflammation plays a causative role in the 

development of cancers in many organs, including liver, oesophagus, stomach, large 

intestine, and urinary bladder [420]. The first molecules in the GIT to interact with the
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ligands on foreign microorganisms are the PRRs, the most important of which are TLRs 

including TLR4. These receptors cause the host cells to produce cytokines both to 

specifically activate innate immunity and to control adaptive immune reactions. TLR4 

stimulation by the bacterial LPS leads to initiation of immune response and production 

of proinflammatory cytokines. DNA sequence variation in the genes of PRRs can cause 

alteration in response to bacteria and contribute to chronic inflammation. It has been 

shown that a loss of function mutation in N0D2  gene (gene for a PRR called 

nucleotide-binding oligomerization domain 2 protein), is present in some Crohn’s 

disease patients [289]. Likewise, the A to G mutation at position +896, results in 

Asp299Gly change in TLR4 causing hyporesponsiveness to LPS exposure [463]. An 

individual carrying this mutation may be at a greater risk of developing infections or 

prolonged inflammation due to its reduced ability to clear the antigen. In the GIT gram 

negative bacteria such as E. coli make up the majority of bacteria by weight [464]. GIT 

epithelial cells form a tight junction that does not allow the passage of LPS or bacteria 

[353, 465]. However, these bacteria have an opportunity to invade the circulation after 

oesophageal surgery thus providing a nidus for infection at a distant site such as lungs 

or may even lead to septicemia. The GIT epithelium participates in generating an 

immune response against pathogenic bacteria through its secretion of IL-lj8, TNFo, IL- 

8, and NF/cB activation [353]. Although there is a low expression of TLR4 and its co

receptor MD-2 in the GIT [466], expression of wild type TLR4 in other tissues may be 

important in restricting post operative infections and a so called mutant TLR4 may lead 

to weaker inflammatory response and higher risk of infections.

5. 7.5 TLR4 gene polymorphism and infection

The results of this study suggest that TLR4 +896A/G SNP does not predispose an 

individual to a greater risk of developing any of the major histological types of 

oesophageal cancer. OAC, in many instances, is preceded by prolonged inflammation of 

lower oesophagus that has many progressive stages namely esophagitis, specialized 

intestinal metaplasia, dysplasia and finally malignancy. It is unlikely that TLR4 would 

play a role in these inflammatory conditions which are mainly due to chemical irritation 

by acid and bile. It has been suggested that eradication of HP might be related to 

increased incidence of OAC [467], as the rise in OAC in the West has been 

accompanied by eradication of HP in the last two decades. HP gastritis leads to 

achlorhydria thus protecting the oesophagus from acid reflux. Whether TLR4 plays a 

role in signalling for HP LPS is controversial as TLR2 is the main PRR expressed in the



stomach [183]. Similarly, the incidence of OSCC has been linked to smoking and 

alcohol intake [468]. The role of inflammation is less well defined in OSCC than OAC. 

Some studies suggest Human papilloma virus infection may be a possible factor 

contributing to development of OSCC [279]. Whereas TLRs 3, 7 and 8 have the ability 

to recognize viral RNA, TLR4 is primarily a receptor for gram negative LPS and it is 

unlikely to have any role in HPV inflammation. However, TLRs do have some role in 

CRC where TLRs induce NF/cB [469].

The even distribution of the TLR4 exon 2 SNPs in the three post operative groups 

indicates that this SNP has no role in increasing risk of post operative infections. Out of 

a total of 55 cases with post operative infections in this study, 50 had either pneumonia 

or sepsis. Gram negative bacilli are an important cause of post operative pneumonias in 

oncologic surgeries [470]. Additionally, empiric coverage for Gram-negative bacilli is 

essential because following gastrointestinal surgeries; gram-negative sepsis is associated 

with a high mortality [358, 471]. In gram negative sepsis, LPS elicits a severe 

proinflammatory response mostly through NF/cB in macrophages and monocytes, which 

may ultimately lead to shock and even death. The PBMCs express both TLR2 and 

TLR4 [472]. However, based on the result of this study, we conclude that the TLR4 

+896 SNP does not contribute in any way to the increased risk of post operative 

infections after oesophagectomy.

Littlle information is available in the literature about the expression of TLR4 in 

the oesophagus. At the time of inception of this study in 2001, it was controversial 

whether TLR4 or TLR2 was important as signaling molecule for LPS in the gut [467]. It 

has now been established that the cytokine response to the whole HP bacteria is 

mediated by TLR2 rather than TLR4 [108]. It has also been shown by RT-PCR that 

TLR2 mRNA but not TLR4 mRNA was found in the human intestinal epithelium. We 

suggest that polymorphisms of all the TLR genes should be typed to understand the role 

of PRR gene polymorphisms in oesophageal cancer.
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Chapter 6 

General Discussion



General Discussion

6.1 Variations in inflammatory responses

“I f  genetic damage is the match that lights the fire o f cancer, some types o f  

inflammation may provide the fuel that feeds the flam es”. (Fran Balkwill 

and Alberto Mantovani [473])

Similar to variations in height, weight, and colour, variations exist among 

individuals in organizing an inflammatory response against injurious agents. These 

variations depend upon a variety of factors, among them host genetics. Inflammation 

produces radical changes in the tissue micro-milieu e.g. immune cells become abundant 

and a variety of new molecules are expressed, simultaneously or sequentially, including 

immuno-regulatory cytokines. In this mixture of molecules different cytokines are 

present in different concentrations and cells integrate the multiple signals they receive 

and translate them into biological effects. The proinflammatory/anti-inflammatory 

cytokine ratio determines the strength of the inflammatory response [474]. The level of 

expression of cytokines by cells depends, among many factors, upon the morphology of 

the regulatory regions of their genes which affect the binding of transcription factors. It 

is known that cytokines are encoded by highly polymorphic genes [276, 344], and SNPs 

in the regulatory regions of the genes have been shown to affect the level of production 

of cytokines [409, 410, 475]. A higher proinflammatory/anti-inflammatory cytokine 

ratio will generate more severe inflammation and genetic high producers of 

proinflammatory cytokines may evoke a stronger inflammatory response. Although 

inflammatory responses may vary in strength among individuals, they fall within the 

normal limits of physiological variance and, in healthy individuals, adequately protect 

the body against insults in most situations. However, inflammatory responses closer to 

the lower limit of normal range, under some conditions e,g. advanced age and debility, 

may fail to clear the injurious agent resulting in chronic inflammation and a risk of an 

inauspicious outcome.

6.2 Study objectives

This study had multiple objectives. The first was to compare a group of 

oesophageal cancer patients with a group of healthy controls for the distribution of 

inflammation related gene SNPs listed in section 2.12.2.3 of this thesis. The genes 

chosen for this study are known to be associated not only with inflammation but with 

many cancers [363]. The genes were TNFA, IL-IB, IL-IRN, IL-10, TLR4, andp73. The
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first five genes play a central role in the initiation and/or modulation of the 

inflammatory response to noxious stimuli in the GIT and elsewhere in the body. The 

p73  gene, which belongs to the well known p53 tumour suppressor gene family [220], 

was included to supplement the finding of an earlier study done in this laboratory by 

Ryan et al. [398, 476],

El Omar et al. and other researchers [409] had previously shown that the IL-IB 

gene -51 IT allele is more proinflammatory (i.e. high producer o f IL-1/5) than the IL-IB 

-511C allele. They had also shown an association o f this allele with HP related gastric 

cancer [324]. Since IL-1|8 is a strong suppressor o f gastric acid secretion, the 

proinflammatory genotype enhances the hypochlorhydria caused by HP infection, thus 

facilitating the persistence o f infection. The acid suppressing effect o f IL-1|8 may also 

have a protective effect on oesophageal inflammation secondary to acid reflux. Hence 

the second objective was to examine the distribution o f the IL-IB  gene SNPs, in the two 

major histological types o f oesophageal cancer. The third objective of this study was 

related to the outcome of oesophageal surgery. Resection of the tumour, whenever 

possible, is the treatment o f choice for all cancers. Oesophagectomy is a major 

surgery/trauma, particularly for a debilitated cancer patient above 60 years of age and 

often suffering from comorbidities. Post-operative infections such as pneumonia and 

sepsis are significant causes o f morbidity and mortality after oesophagectomy. This 

study examined the impact o f the above mentioned immuno-modulatory gene SNPs on 

the outcome of oesophagectomy particularly infections. In addition to these objectives, 

about 20 clinicopathological variables of the cases were included in the analysis. We 

tested associations for all possible combinations of variables, SNP pairs, and 

haplotypes. The data from this study did not reveal any positive association between any 

of these variables and the SNPs/haplotypes, except the two described in chapters 3 and 

4 o f this thesis.

6,8 Relevance and interrelationship of genes included in the study

Most o f the genes considered in this study express proteins with interlinked 

physiological roles. TLR4, TNFo; and IL-1/3 initiate and amplify the inflammatory 

process while IL -lra and IL-10 are suppressors of inflammation. TLR4 and lL-1 

receptor type 1 (IL -lR l, the receptor for IL-lj8) share similar signalling pathways 

leading to activation o f MAP kinases and translocation o f NF/cB into the nucleus [411], 

This results in transcription o f genes regulating the inflammatory and adaptive immune , 

responses. The signalling pathway shared by TLR4 and IL-1/3 involves the recruitment

180
j



of adapter protein MyD88, It has been shown that MyD88 deficient mice do not express 

TNFa in response to activation of TLR4 and IL -lR l [125]. Additionally, LPS, which 

signals through TLR4, also induces the synthesis of IL-10 through SP-1 and STAT3 

[118, 477]. Mice deficient in IL-10 or its receptor develop inflammatory bowel disease 

(IBD) and an increase in TNFa production due to the deficiency of IL-10 is an 

important cause of development of IBD. In the GIT, TNFo: production by TLR4 

signalling is balanced by induction of the JAK/STAT pathway by TNFo: leading to 

suppression of cytokine signalling through IL-10 [478]. The IL-JRN gene is adjacent to 

the IL-IB gene on chromosome 2ql4, The secreted form of its protein IL-lra inhibits 

the actions of IL-1/3 by binding competitively to the IL -lR l and 2 without signalHng. 

The levels of IL-lra vary in parallel with IL-1/5 in a number of biological systems and 

maintenance of an optimum balance between IL-lra and IL-1|S may have an important 

role in the prevention of inflammatory diseases [479, 480].

6,4 Role ofTNFA in infections and cancer

Surgery for oesophageal cancer is associated with a high incidence of post

operative complications, especially infections. Risk stratification in selection of patients 

for surgery is therefore important. There are a number of pre- and intra-operative 

confounding factors that may influence the outcome of surgery. These include the stage 

and location of tumour, extent of resection, the expertise of the surgeon, the transfusion 

requirement, nutritional status of the patient, and comorbidities. In this study nearly all 

the cases were operated upon by one surgeon and the other factors are discussed under 

the logistic regression model development. Many complications can arise after 

oesophageal surgeries including anastomotic leakage, graft necrosis, recurrent laryngeal 

nerve peresis, chylothorax and cardiac complications. However, post-operative 

infections are the most common cause of morbidity after oesophagectomy. TNFo: plays 

a definitively protective role against infections and an important, albeit paradoxical, role 

in tumorigenesis [428, 481-483]. All the four TNFA gene 5’ flanking region SNPs 

included in this study have been shown to have a functional role or association with 

diseases [484]. We found a significantly higher frequency of TNFo; -308GG genotype in 

patients that developed post-operative infections. In another study done in our 

laboratory, Duggan et.al. demonstrated that an anti-inflammatory profile of TNFo: and 

IL-10 (i.e a higher IL-10/ TNFo: ratio) was protective against compHcated recovery after 

cardiac surgery [485]. They also identified an IL-10 haplotype that was less frequent in
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post-operative complications group but did not find any association of TNFA genotypes 

with any group. It is important to note that subjects in that study were not cancer cases.

Nearly all human cells express TNFo: receptors on their surfaces. Their 

responses to TNFo! however, can be very different, depending on the preexisting state of 

each cell. TNFo: signalling primarily effectuates defence against infections, although it 

is also used for the day-to-day remodeling o f tissues. The presence o f LPS on bacterial 

surfaces stimulates blood cells to release TNFo; which promotes an inflammatory 

response to fight the infection. The proinflammatory effect o f TNFo: has led to the use 

o f anti-TNF therapy in intractable cases o f inflammatory disorders such as 

inflammatory bowel disease, rheumatoid arthritis, and psoriasis. One o f the side effects 

o f anti-TNFo! therapy, which reduces the bioavailability o f TNFo; is increased 

susceptibility to systemic infections [486, 487]. Low bioavailability o f TNFo; may 

therefore be a disadvantage. We propose that a low TNFo: secretor genotype such as 

TNFA -308GG may make an individual more susceptible to infections after major 

surgery due to a weaker inflammatory response, and may be an important preoperative 

risk factor [488, 489].

A low dose o f TNFa positively regulates tumour growth, angiogenesis, and 

metastasis [428, 490, 491], whereas a high dose causes tumour necrosis. There is 

enough evidence in the literature to suggest that the TNFA -308A allele is associated 

with a high level o f TNFo: secretion [122, 423]. It has been shown that the relative 

incidence of prostate cancer is 14-fold higher in men with the TNFA -308A allele, and 

that increased release o f TNFo: contributes to the severity o f non-Hodgkin lymphoma 

[406]. However, the present study did not find any association o f TNFo; promoter region 

SNPs with any histological type o f oesophageal cancer.

6,5 IL-IB and oesophageal cancer

The data from this study showed no association between any IL-IB  gene SNP 

and OAC. However, on post hoc analysis, an association between IL-IB  -51 ICC 

genotype and OSCC was observed, which is by no means surprising. Zienolddiny et al. 

have reported an over representation o f the IL-IB  -511C allele in non-small cell lung 

cancer patients [406, 410]. Moreover, the role o f the IL-1 gene cluster in carcinogenesis 

has been investigated extensively, and reports o f association with squamous cell 

carcinomas have been published previously [471]. Experimental data support a crucial 

role o f IL-1 as an autocrine and/or paracrine stimulus in murine and human



carcinogenesis [300]. Recently, association studies in humans have shown that 

polymorphisms of the IL-1 gene were associated with pancreatic cancer [396].

The quality of DNA obtained from archival material is usually inferior to that 

obtained from fresh tissue and requires proficient handling for reliable genotyping 

results. Of the 93 OSCC cases, DNA samples for 51 were obtained from the PETs and 

42 came from whole blood. We had randomly selected 150 PETs from the electronic 

database of the Pathology Department, and retrieved 144 from the archives (6 blocks 

could not be located in the archives). An additional 20 blocks were excluded from the 

study because they contained tumour tissue. Of the remaining 124 PET cases, 67 were 

OSCC and 52 were OACs (5 were other cancers). DNA was successfully extracted from 

all these samples. Spectrophotometric analysis showed a DNA concentration of 10-20 

ng//xl in all cases. Taqman technology was used for genotyping the DNA from PETs. 

The assay was repeated for a minimum of 3 times for each sample. 92 PETs were 

included in the final analysis because the rest either did not amplify in PCR or did not 

give the same genotype in the three repeat assays. When PETs were excluded from 

statistical analysis the statistically significant difference in distribution of IL-1 B SNPs 

between the controls and OSCC cases disappeared. Excluding PET cases significantly 

reduced the power and the probability of finding a true difference as only 42 OSCC 

cases were available for analysis. In the PET group 74% of OSCC cases had CC 

genotype as opposed to 48% in the blood sample group. Despite this difference, the 

probability of genotyping error is negligible because of the extensive duplication of 

assays. Moreover, the same samples were also genotyped for TNFA gene SNPs and no 

difference was observed between cases and controls. However, since out of a total of 67 

PET OSCCs only 51 were included in the final analysis, there is a possibility of 

selection for CC genotypes. It is also possible that the PETs represented more 

aggressive OSCCs as they were all resected cases and were no longer alive (37% of 

PET OSCCs were stage Ilb or above compared with 27% in blood samples). 

Admittedly, the number of cases was a limitation of the study and a much larger sample 

size is required to achieve a higher degree of confidence, but we believe, regardless of 

the source i.e. PET or whole blood, all the OSCC cases should be considered as one 

group.

In view of the the direct exposure of the oesophagus to unaltered chemicals in 

the diet, an adequate immune response is indispensable to protection against potential 

carcinogenic sfimuli in the initial stages of metaplasia/dysplasia. It has been shown that 

the initial immune response against the first few transformed cells may depend upon an
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optimal balance o f pro- and anti-inflammatory cytokines [289, 364, 492, 493]. IL-lj3 

has a modulating effect on inflammation, and we suggest that the IL-IB  -51 ICC 

genotype being a lower producer o f IL-1/3, may generate an inflammatory response of 

suboptimal strength against the progressing malignant transformation, especially in aged 

individuals.

6,6 P73, IL-10, IL-IRN, and TLR4genes

Ryan et al. (see section 6.2) had shown a protective effect o f AT/AT 

homozygotes in the exon 2 o f the p73 gene on the development o f oesophageal cancer. 

However, the present study did not support the findings o f the Ryan et al. study and 

there was no difference in the distribution of AT/GC alleles in the controls and 

oesophageal cancer cases. The sample size in the Ryan et al. study was relatively 

smaller (84 cases vs about 160 in this study) and it is possible that the low power of that 

study resulted in a positive finding by chance. The sample size calculated for the present 

study was based on the two major groups in this study i.e. the oesophageal cancer 

patient group and the healthy control group, and will be discussed further in section 6.10 

below.

No difference was found in the distribution o f the SNPs o f the remaining genes 

in the healthy controls, the two histological types of oesophageal cancer, and the three 

post-operative groups. The biological relevance o f these genes in inflammation and 

cancers has been shown in other studies [492]. A larger sample size and inclusion of a 

larger number o f SNPs might reveal an association if  present. We suggest that all the 

SNPs o f these genes, including the 5’ flanking regions, should be typed using the 

tagSNPs from the HapMap project. In addition to these genes, other cytokine genes 

should also be included to investigate the role o f inflammation related cytokine genes in 

oesophageal cancer or susceptibility to infections. Potential candidates are interferon a. 

(IFN-Q!), interferon y, IL-6, IL-2, IL-12, and IL-15. IFN-a is used in the therapy of a 

number o f cancers, including chronic myeloid leukaemia and renal cell carcinoma 

[494]. IFN- 7  has a central role in modulating the innate and adaptive immune system 

with regard to tumours. It neutralizes antitumour CTL activity in ovarian cancer cell 

lines due to upregulation o f an inhibitory CD94/NKG2-A dependent pathway in the 

effector cells, associated with the expression o f HLA-E and G on the tumour cells [492]. 

A high serum IL-6 level is a robust prognostic factor for poor survival in renal cell and 

ovarian carcinomas [495, 496]. IL-2 and IL-12 both coordinate and regulate the innate 

and adaptive immune responses and have role in adjuvant antineoplastic therapy [492].



IL-15 displays much of the biology of IL-2 in vitro, shares the same receptor and is an 

important lymphocyte activator [93].

No single biomarker can detect a given cancer with 100% sensitivity (positive in 

all diseased subjects) and 100% specificity (negative in all disease-free subjects). Panels 

of biomarkers with different individual sensitivities and specificities are therefore 

needed. Whole genome association studies should be helpful in identifying a reliable 

panel of DNA markers in oesophageal cancer. In addition, other genes should be 

considered in future studies in the light of the Massachusetts Institute of Technology 

(MIT) study and the data expected from the Cancer Genome Atlas Project (see section 

6.9). Potential genes here are cell adhesion genes, colony stimulating factor genes, 

chemokine genes, and transcription related genes.

6,7Immune system, inflammation, and cancer

Many studies have shown that an inadequate immune response increases the risk 

for carcinogenesis. In a study of 608 cardiac transplant patients at the University of 

Pittsburgh between 1980 and 1993, the prevalence of lung tumours was 25 fold higher 

than in the general population [497, 498]. Similar studies carried out in transplant 

patients in Australia, New Zealand, Finland, Denmark and Sweden showed higher risk 

ratios for development of colon, lung and endocrine tumours as compared with general 

population [344, 474]. The GIT has abundant and well organized immune structures 

embedded within its walls. During evolution sophisticated immune regulatory 

mechanisms have developed in the GIT that enable it to differentiate between 

pathogenic and non-pathogenic organisms. The sheer number of bacteria within the 

lumen of the gut makes this a daunting task and, not surprisingly, in some genetically 

predisposed individuals, chronic immune responses sometimes result in undesirable 

consequences. Many inflammatory conditions of the GIT are important risk factors for 

malignancies. Noteworthy among these are ulcerative colitis, HP gastritis, and BO. The 

influence of gene polymorphisms on the inflammatory response has been the central 

theme of this thesis. It has been emphasized that polymorphisms in the regulatory 

regions of important inflammation related genes such as TNFA, IL-IB, IL-IRN, IL-10, 

and TLR4 can alter the inflammatory response [289, 409]. Many studies have shown 

that some alleles/genotypes of these genes are comparatively more proinflammatory. 

These include the IL-IB  -51 ITT genotype, TNFA -308AA genotype, IL-10 ATA/ATA 

haplotype at positions -1082, -819, and -592, IL-lRN allele2, and the TLR4+896A 

allele [108].
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6.8 Inflammation and the two contrasting histological types of 

oesophageal cancer

Oesophageal cancer is a devastating disease. Predominantly, it has two 

contrasting histological types and both, in one way or another, are related to 

inflammation o f the oesophagus [499]. OAC is a disease o f the privileged and its 

dramatic rise in the last three decades has been accompanied by scientific, technological 

and economic successes o f the western world. Notable among these are the discovery 

and eradication o f HP, a parallel increase in the number o f endoscopies and an increase 

in BMI beyond the healthy limits. A precursor o f OAC, namely reflux oesophagitis, 

announces its presence forthwith by causing heartburn and sleep disturbance, and hence 

brings possibility o f developing OAC to public attention even before its inception. Acid 

and bile are the principal irritants that cause oesophageal inflammation. A visit to 

physician is not uncommon and endoscopic examination frequently reveals salmon pink 

patches o f inflammation against a pearly white mucosal background. Suppressors of 

gastric acid secretion such as proton pump inhibitors or H2 receptor antagonists are 

usually prescribed, along with advice to adopt preventive measures (HP infection also 

leads to hypochlorhydria and hence, theoretically, is protective against lower 

oesophageal damage by acid [500]). OSCC, on the contrary, usually develops 

insidiously in the economically underprivileged and malnourished populations, living in 

unhygienic conditions with little access to modem medical care [501]. It is more
• tV i •

common in Asians and Africans before the 8 decade o f life [402]. Alcohol intake, 

smoking, and HPV infection [109] have been implicated in its development, hi contrast 

to OAC, which sometimes has precursor conditions like GORD and BO, no 

symptomatic and alarming inflammatory conditions herald the appearance o f OSCC. 

Some conditions predisposing to OSCC have been discussed in chapter 3. As mentioned 

previously, the severity o f inflammation antecedent to OAC and OSCC depends partly 

upon the injurious agent (acid, HPV, etc.) and partly upon host genetic factors.

6.9 The influence o f mutations and genetic variation on gene expression

Cancer is primarily a genetic disease, and scientists have traditionally focused on the 

genes that have a biologically relevant role in the pathogenesis o f cancer. The close 

association o f inflammation and cancer makes inflammation related genes strong 

candidates in the search for mutations or markers [502]. Li a recent study, researchers at 

the MIT sequenced 13000 o f the 21000 known genes, in 11 breast and 11 colon tumours 

[503]. The best annotated genes were chosen. Only the protein coding regions were
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sequenced and the results showed that an average breast or colon cancer had 93 mutated 

genes. Most commonly mutated genes were cell adhesion and transcription related 

genes. The study yielded a total of 189 candidate cancer genes. This reveals the 

tremendous complexity of cancer development and also shows that each tumour may 

have a different pattern of mutations. Such studies require enormous resources and 

indeed a $1.5 bilHon Cancer Genome Atlas project is now underway to sequence 2000 

cancer susceptibility genes in 12500 tumour samples [503]. One of the suggestions for 

the Cancer Genome Atlas project at the participants’ workshop in 2005 was to search 

for mutations in regulatory regions of the genes which determine the level of production 

of proteins [504].

This Ph.D. research project, with its limited resources and logistical constraints, 

investigated a hypothesis in the traditional fashion, rather than fishing for data, which 

requires huge resources. All the genes included in this study have been highly conserved 

in evolution. It has been shown that many genes that have similar sequence in humans 

and mice work differently in the two species [473]. This strongly suggests that the non

coding regions of the genome play an important role in determination of phenotype 

through their effect on the pattern of gene expression. We had hypothesized that SNPs 

in regulatory regions of inflammation related genes, by their influence on protein 

synthesis, may alter the course of inflammation, and hence the ability to protect against 

cancer or infections. Inherited SNPs, unlike mutations, do not play a direct role in 

disease pathogenesis, but through their effect on level of protein expression and in 

combination with appropriate environmental stimuli may be a contributory factor in 

disease pathobiology [505], or they might just be markers in linkage with the 

susceptibility genes. It is also generally agreed that environmental factors often exert 

their influence through genetic mechanisms, which are further influenced by the DNA 

sequence variations most notably SNPs [486]. The polymorphisms included in this 

study are known to have functional effects. The TNFA -308AA genotype is associated 

with higher production of TNFa. [409], and the IL-IB -511C SNP (which is in complete 

linkage disequilibrium with -3IT SNP) is associated with comparatively lower 

production of IL-1/3 [506]. Similarly polymorphisms of IL-10 and IL-IRN genes have 

implications for protein synthesis [289]. In case of TLR4, +896 A/G is a non- 

synonymous SNP that affects the protein function, rather than its level of expression 

[507, 508].
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6,10 Study design and sample size

We used a hospital-based case-control study which is an appropriate strategy to 

easily get participants’ agreement to provide tissue samples. All the study samples were 

obtained from hospital sources including healthy controls, blood bank controls, and 

hospital matched controls. Since the controls were hospital or laboratory staff, they were 

much more amenable to participation. The controls represented all the geographical 

areas of Ireland. In contrast, controls selected from a population sample could 

potentially present higher rates of participation refusal, thus inducing selection bias. In 

order to have an adequately powered study to test the effect of gene polymorphisms, 

calculations of sample sizes depend upon population prevalence, as well as the size of 

the effect to be estimated. Case-control studies are known for large variations, 

inconclusive results and lack of biological plausibility. These are usually due to small 

sample sizes, lack of power to show statistical significance, and control selection [79]. 

Additional problems are faced in gene polymorphisms studies in cancer. Some risk 

factors are unknown or resources are not available to measure the known risk factors 

that could influence the development of cancer and access to entire statistical population 

of cases in not possible. In this study we did not have access to the complete 

demographic data of the control population. In calculating sample size if it is known 

that a given allele increases susceptibility for a specific cancer and its prevalence in the 

population is known e.g. 15%, a case-control study will need around 200 cases and 

similar number of controls to estimate the effect of that allele. However, if it is 

unknown whether the gene causes susceptibility, additional information is required for 

sample size calculation. This includes a biologically relevant effect size. Type 1 error 

(usually 0.05) and the required power of the study (usually 80% or more). Moreover, 

testing interactions between genes and envirormiental factors requires studies with 

additional participants [231].

The study of SNP markers is an indirect association study because the 

susceptibility gene is not known. The power of indirect association studies is not well 

understood [289, 364, 492, 493]. The power of indirect association studies in case- 

control design is reduced compared with direct susceptibility gene studies. Moreover, 

the greater the number of independent SNP markers, the more difficult it is to achieve a 

significance level because of Bonferroni correction. In this study the IL-IB -511 and -31 

SNPs were in complete linkage, and most of the other SNPs were located close to each 

other in promoter regions and hence were not completely independent. Moreover, we 

had hypothesized that the genes considered in this study are candidate susceptibility
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genes because of the functional role of their polymorphisms in inflammation, and as 

suggested by other studies [180]. Hence the power of the study was not reduced 

significantly.

This study had fifteen genetic polymorphisms and all had different prevalences 

in Caucasians. It was difficult to predict a biological effect size because it was not 

known to what extent does a given SNP increase the susceptibility to oesophageal 

cancer. To achieve an acceptable sample size, an effect size of 20% was assumed to be 

biologically relevant and other values mentioned previously were included in 

calculating sample size, as described in the Methods and Materials section. Since a 

number of variables, described previously, were to be used in the analysis, all efforts 

were made to recruit as many study subjects as possible to maintain an acceptable 

power for subgroup analysis irrespective of the initial sample size calculation.

This study was carried out exclusively on a population of frish ancestry, 

therefore selection bias and confounding due to ethnicity did not affect this study. The 

distribution of genetic and environmental exposures is relatively uniform among the 

Irish population, hence no significant misclassification of exposure status affected the 

analysis of data. There were a higher proportion of females in the control group, and the 

mean age of the cases was higher than that of the controls by about 20 years. The 

mismatch of gender and age was adjusted for in the logistic regression model, and 

because the SNPs are located on autosomal chromosomes they have an equal 

probability of being transmitted to the offspring irrespective of gender (as opposed to 

sex chromosomes). Hence gender and age did not affect the distribution of genotypes in 

the control and the case populations. Similarly, age did not affect the distribution of 

genotypes. Association of a SNP with the dependent variable does not imply a causal 

relationship, so the confounding effect of the known and unknown variables had 

minimal impact on the interpretation of the findings. An important purpose of this study 

was to search for potential biomarkers of oesophageal cancers and post-operative 

outcome in the candidate genes. The sensitivity and specificity of the biomarkers are 

validated by future studies on much larger sample sizes and over a long period of time.

6,11 Logistic regression models

Based on the data obtained from genotyping and the patient clinical variables available 

in the database, two logistic regression models were developed in this study. Both the 

models were developed using the blockwise entry method in SPSS. Only those variables 

were entered in the models that have a known biological relevance.
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After the initial exploratory univariate analysis, the first model was developed 

for predicting the odds o f having a particular histological type o f oesophageal cancer in 

the presence o f known risk factors and IL-IB -51 ICC genotype. Smoking and alcohol 

intake are well known risk factors for OSCC [12]. It is also known that both the 

histological types o f  oesophageal cancer are more common in males above 60 years of 

age, and that obesity is associated with increased risk o f cancers, especially OAC. 

Weight loss is more pronounced in OSCC as compared with OAC, and GORD, 

heartburn and BO increase the risk o f  OAC. All these variables were entered in the first 

model. BO, BMI, and IL-IB -51 ICC genotype turned out to be significant predictors of 

histological type. BO and BMI were highly correlated and the presence o f both in the 

model made IL-IB -51 ICC genotype insignificant. BMI was removed from the final 

model, and BO and IL-IB -51 ICC genotype accounted for 32% o f variance in 

histological type. Sixty eight percent o f predictability was attributable to factors that 

were not present in the model and perhaps unknown. According to the model, in a 

person presenting with known symptoms o f oesophageal cancer, the absence o f BO and 

the presence o f IL-IB -511 CC genotype will increase the odds o f having OSCC 2.2 

times.

The second model was developed to identify predictors o f post-oesophagectomy 

infections. Preoperative and intraoperative risk factors for post-operative complications 

were included in the model. The type o f operative technique was not considered as a 

risk factor. The predictors entered in the model were TNFA -308GG genotype, age, 

weight, smoking, alcohol intake, stage o f tumour, and blood loss during surgery. TNFA 

-308GG genotype and age were significant predictors while weight was marginally 

significant. The final model retained TNF -308GG genotype and age. According to our 

data, with every year increase in age, while controlling for other variables, the odds of 

developing post-operative infections increased by 1.1 (95% Cl 1.02, 1.11) but having a 

TNFA -308GG genotype increased the odds by 4.2 (95% Cl 1.7, 10.5). Predictors such 

as chronic obstructive pulmonary disease, vital capacity o f the lungs, forced expiratory 

volume, cardiovascular risk factors, and others did not show any indication of 

association on univariate analysis.

6,12 Therapeutic implications

The links between cancer and inflammation are beginning to have therapeutic 

implications. Neoplastic transformation is intimately linked to alterations in the 

signalling pathways o f cytokines [509]. Cytokines play an important role in cancer
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tissue homeostasis. Some cytokines play paradoxical roles in relation to cancers, and 

their actions depend upon many factors such as the proliferative state of the cells, their 

concentration in the tumour microenvironment and their interaction with other cytokines 

[479]. These cytokines include TNFo; interleukins, interferons, colony stimulating 

factors, angiogenic factors and growth factors. TNFa is thought to play a role in cancer 

cachexia, and anti-TNF therapy may be beneficial in this regard. Recently, dramatic 

results have been obtained for the treatment of multiple melanomas of the lower limbs 

by delivering TNFa [510]. TNFa is highly toxic if introduced systemically in the 

required dose. In an ingenious procedure, the lower limb blood circulation was isolated 

from the rest of the body using a heart lung machine and the limb was then perfused 

with TNFof. This resulted in complete regression of melanomas within weeks. In 

Rheumatoid arthritis, marginal success has been achieved with the use of directed 

therapy for IL-1 with IL-1 receptor antagonist. It is as yet unclear whether the limited 

effect is related to the rheumatoid arthritis process or linked to suboptimal blocking of 

IL-1 [511-513]. Developments over the past few years have shown that biologic agents 

capable of modulating the immune response play an important role in cancer therapy. 

Some examples are tyrosine kinase inhibitors (Imatinib, Gleevac) in gastrointestinal 

stromal tumours, EGFRA^EGF receptor antibodies in lung and breast cancers, and anti 

CD20 molecules (Rituximab) in haematological malignancies. These molecules are 

being increasingly used as adjuvant cancer therapies. This strongly suggests that 

immunological components play a key role in neoplastic processes and could be 

important therapeutic targets.
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6.13 Conclusions

The interaction of cytokines in the tumour microenvironment is complex and 

leads to activation of some genes and suppression others. Inflammation is an important 

precursor condition for oesophageal cancer. Its association with malignant 

transformation of cells is complicated and not fully understood. Because of the 

unavailability of appropriate biomaterial at the appropriate stage of disease 

development, levels of cytokines in tumours were not measured in this study. It is not 

possible to suggest from the data obtained in this study whether the SNPs mentioned 

below have a causal association with the dependent variables or are markers in linkage 

with the real susceptibility genes. However, it may be concluded that

IL-IB  gene -51 ICC genotype may be a risk factor for OSCC. A more powerful 

study will perhaps shed light on the potential association reported in this work.

Individuals with the TNFA -308GG genotype may be at a higher risk for 

developing post-operative infections after major surgeries. This also needs further 

investigation in a more powerful study.

6.14 Future directions

Many questions remain unanswered in the development of oesophageal cancer.

1. There is a marked difference in the incidence of oesophageal cancer in males 

arid females. Although oesophagus is not a hormone sensitive tissue like breast 

and prostate, the effect of hormones on gene expression in oesophageal cancer 

cell lines needs to be further explored.

2. A number of genes have been shown to be mutated in cancers and have been 

studied extensively in other cancers like CRC, breast and lung. A detailed study 

of protooncogenes, TSGs, and DNA repair system genes needs to be done in 

oesophageal cancer as well by sequencing selected genes and correlating them 

with the expressed proteins in tumour tissue.

3. A whole genome association study of tag SNPs will enable us to get a clearer 

picture of the relationship of DNA sequence variation with oesophageal cancer. 

It will also enable us to detect DNA markers with higher degree of confidence.

4. A relationship of HPV and development of oesophageal cancers has been 

indicated in many studies. No such study has been done in Irish populations. 

This could be studied as small project with PCR for HPV DNA in tumour tissue.
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Appendix A

Information leaflet and Consent Form 

For volunteer participation in Research study

JOINT RESEARCH ETHICS COMMITTEE

ST JAMES'S HOSPITAL AND FEDERATED DUBLIN VOLUNTARY 
HOSPITALS

1. Title of Research studies:
a) A prospective trial investigating the effects of chemoradiotherapy and 

surgery on gut barrier integrity and host immune response in oesophageal 
cancer patients.

b) Relationship of Gene Polymorphisms with Cancer of Oesophagus.

2. Introduction:
We would like to invite you to participate in a research project studying the effects of 
various aspects of your treatment on the spread of cancer and your ability to fight 
infection. You are under no obligation to participate and if, when you have read and 
heard about the study, you would prefer not to do so, we will accept your decision 
without question.

Some patients who have surgery for cancer develop recurrences that may be due to 
microscopic deposits of cancer in the bone marrow. We believe that chemotherapy 
before surgery in certain cases may prevent these from growing. We further believe that 
chemoradiotherapy and surgery alter the body’s response to infection by affecting blood 
cells as they develop in the bone and in the circulation. We hope to get a better idea of 
the processes involved in order to improve our management o f patients like you.

We are also interested in finding if  there is an association between the genes and 
development of cancer. We are trying to find out how the variability in genes affects the 
treatment that is given to a patient. In order to understand the development of cancer, 
we are also studying the non-malignant conditions of reflux oesophagitis and Barretts 
oesophagus. In addition, for comparison we will be examining patients who have no 
abnormality in the oesophagus. We will analyze the following genes.

• TNFA and related genes in the Major Histocompatibility Complex region.
• The IL-1 family of genes including IL-lce, IL-1/3 and their endogenous 

receptor IL-lra.
• P-73 and related genes.
• MDR and related drug transporter genes.
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3. Procedure;

We intend to investigate patients who are having surgery for cancer of the oesophagus, 
stomach or pancreas throughout their treatment period, including their check 
examination six months after their operation. It is unlikely that you would be asked to 
attend extra outpatients’ appointments for this study.
Your participation in this study will not affect the way we treat you. All the 
investigations and tests are standard for someone undergoing surgery with or without 
chemotherapy apart from the extra blood we will require when you visit us, some tissue 
samples we shall take during your operation and a bone marrow sample we shall take 
while you are asleep for your operation. These samples will be used to investigate how 
your treatment affects your immune system and cancer cells in the bone.

4. Beneflts:

This study may have no direct benefit to you but the results may benefit subsequent 
patients. We will be happy, however, to let you see your results and discuss them with 
you.

5. Risks:

The investigations that we are performing do not carry any greater risks than the tests 
you would be having normally during your treatment.

6. Exclusion from participation:

Your doctor has told you that you cannot be in this study if any of the following are 
true: You have evidence of infection or sepsis, you are receiving total parenteral 
nutrition, you are taking steroids or non-steroidal anti inflammatory drugs or, you have 
peptic ulcer disease or inflammatory bowel disease.

7. Alternative treatment:
Your doctor is giving you the most suitable treatment. The use of your blood is not a 
part of your treatment. You do not have to be a part of this study to be treated.

8. Confidentiality:
Your identity will remain confidential. Your name will not be published and will not be 
disclosed to anyone outside the hospital. Your blood sample will have a code number 
assigned to it and the result obtained from your sample will not be traceable to you.

9. Compensation:
No known risks are involved in taking 5 -  10 ml of blood fi'om your body. Your doctors 
are covered by standard medical malpractice insurance. Nothing in this document 
restricts or curtails your rights.

10. Voluntary Participation:
You have volunteered to participate in this study. You may quit at any time. If you 
decide not to participate, or if you quit, you will not be penalised and will not give up 
any benefits, which you had before entering the study.

11. Stopping the study:



You understand that your doctor may stop your participation in the study at any time 
without your consent.

12. Permission:
The research study has hospital Research Ethics Committee approval.

13. Further information:
You can get more information or answers to your questions about the study, your 
participation in the study, and your rights, from
____________________________________ who can be telephoned
at_________________________________________________________ If your doctor
learns of important new information that might affect your desire to remain in the study, 
he will tell you.



CONSENT FORM

ST JAMES'S HOSPITAL AND FEDERATED DUBLIN VOLUNTARY HOSPITALS
JOINT RESEARCH ETHICS COMMITTEE

Title of Research studies:

1. A prospective trial investigating the effects of chemoradiotherapy
and surgery on gut barrier integrity and host immune response in
oesophageal cancer patients.

2. Relationship of Gene Polymorphisms with Cancer of Oesophagus.

This study and this consent form have been explained to me. My doctor has answered all 
my questions to my satisfaction. I believe I understand what will happen if I agree to be part 
of this study.
I have read, or had read to me, this consent form. I have had the opportunity to ask 
questions and all my questions have been answered to my satisfaction. The doctor has 
explained to me that my four genes will be typed. These genes are TNFA, IL-IB, MDR, and 
P-73. I freely and voluntarily agree to be part of this research study, though without
prejudice to my legal and ethical rights. I have received a copy of this agreement and I
understand that, if there is a sponsoring company, a signed copy will be sent to that sponsor.

PARTICIPANT’S NAME:
PARTICIPANT’S SIGNATURE:
Date:
(Date on which the participant was first furnished with this form;)

Where the participant is incapable of comprehending the nature, significance and scope 
of the consent required, the form must be signed by a person competent to give consent to 
his or her participation in the research study (other than a person who applied to undertake 
or conduct the study). If the subject is a minor (under 18 years old) the signature of parent 
or guardian must be obtained:-
NAME OF CONSENTOR, PARENT or GUARDIAN:
SIGNATURE:
RELATION TO PARTICIPANT:

Where the participant is capable of comprehending the nature, significance and scope of 
the consent required, but is physically unable to sign written consent, signatures of two 
witnesses present when consent was given by the participant to a registered medical 
practitioner treating him or her for the illness.

NAME OF FIRST WITNESS: SIGNATURE:
NAME OF SECOND WITNESS: SIGNATURE:

Statement of investigator’s responsibility: I have explained the nature, purpose, 
procedures, benefits, risks of, or alternatives to, this research study. I have offered to answer 
any questions and fully answered such questions. I believe that the participant understands 
my explanation and has freely given informed consent.
Physician’s signature:



Date:
(Keep the original of this form in the participant's medical record, give one copy to 
participant, and keep one copy in the investigator's records).



Appendix B

Protocol for DNA extraction from Whole Blood

Things to do before starting:

• EquiHbrate samples to room temperature (15-25°C).

• Heat a water bath or heating block to 56°C for use in step 4.

• Equilibrate Buffer AE or distilled water to room temperature for elution in step 11.

• Ensure that Buffer AW l, Buffer AW2, and QIAGEN Protease have been prepared

• If a precipitate has formed in Buffer AL, dissolve by incubating at 56°C.

• All centrifugation steps should be carried out at room temperature.

• 200 ii\ of whole blood yields 3-12 /xg of DNA.

1. Pipet 20 fi\ QIAGEN Protease (or Proteinase K) into the bottom of a 1.5 ml 

microcentrifuge tube.

2. Add 200 jLtl sample to the microcentrifuge tube. Use up to 200 /il whole blood, 

plasma, serum, or body fluids, or up to 5 x 106 lymphocytes in 200 jul PBS. If the 

sample volume is less than 200 fil, add the appropriate volume of PBS. QIAamp Spin 

Columns copurify RNA and DNA when both are present in the sample. RNA may 

inhibit some downstream enzymatic reactions, but not PCR. If RNA-free genomic DNA 

is required, 4 lil of an RNase A stock solution (100 mg/ml) should be added to the 

sample before addition of Buffer AL.

Note: It is possible to add QIAGEN Protease (or Proteinase K) to samples that have 

already been dispensed into microcentrifuge tubes. In this case, it is important to ensure 

proper mixing after adding the enzyme.

3. Add 200 jLtl Buffer AL to the sample. Mix by pulse-vortexing for 15s. In order to 

ensure efficient lysis, it is essential that the sample and Buffer AL are mixed thoroughly 

to yield a homogeneous solution.

If the sample volume is larger than 200 jitl, increase the amount of QIAGEN Protease 

(or Proteinase K) and Buffer AL proportionally; e.g., a 400 /xl sample will require 40 fil 

QIAGEN Protease (or Proteinase K) and 400 /zl Buffer AL. If sample volumes larger 

than 400 fil are required, use of QIAamp DNA Blood Midi or Maxi columns is 

recommended; these can process up to 2 ml or up to 10 ml of sample, respectively.



Note: Do not add QIAGEN Protease or Proteinase K directly to Buffer AL.

4. Incubate at 56°C for 10 min. DNA yield reaches a maximum after lysis for 10 min at 

56°C. Longer incubation times have no effect on yield or quality of the purified DNA.

5. Briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from the inside of 

the lid.

6. Add 200 fi\ ethanol (96-100%) to the sample, and mix again by pulse-vortexing for 

15 s. After mixing, briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops 

from the inside of the lid.

If the sample volume is greater than 200 jLtl, increase the amount of alcohol 

proportionally; e.g., a 400 [Jl\  sample will require 400 jxl of alcohol.

7. Insert the QIAamp Spin Column into the VacConnector on the QIAvac vacuum 

manifold. Carefully apply the mixture from step 6 to the QIAamp Spin Column without 

wetting the rim. Switch on the vacuum pump. Be sure to leave lid of the QIAamp Spin 

Column open while applying vacuum. After all lysates have been drawn through the 

spin column, switch off the vacuum pump. The collection tube from the blister pack can 

be saved for the centrifugation in step 10.

If at this stage all of the solution has not passed through the membrane, place the 

QIAamp Spin Column into a clean 2 ml collection tube (provided), close the cap, and 

centrifuge at 6000 x g  (8000 rpm) for 3 min or until all the liquid has completely passed 

through. Place the QIAamp Spin Column into another clean 2 ml collection tube, and 

discard the tube containing the filtrate. Continue with step 8 of the spin protocol on 

page 28.

8. Apply 750 jLil Buffer AWl to the QIAamp Spin Column without wetting the rim. 

Leave the lid of the Spin Column open and switch on the vacuum pump. After all of 

Buffer AWl has been drawn through the spin column, switch off the vacuum pump.

9. Add 750 Buffer AW2 without wetting the rim of the QIAamp Spin Column. Leave 

the lid of the spin column open and switch on the vacuum pump. After all of Buffer 

AW2 has been drawn through the spin column, switch off the vacuum pump.

10. Close the lid of the QIAamp Spin Column, remove it from the vacuum manifold, 

and discard the VacConnector. Place the QIAamp Spin Column into a clean 2 ml 

collection tube and centrifuge at 20,000 x g  (14,000 rpm) for 1 min to dry the 

membrane completely.

11. Place the QIAamp Spin Column in a clean 1.5 ml microcentrifuge tube (not 

provided). Discard the collection tube containing the filtrate. Carefully open the 

QIAamp Spin Column. Add 200 fx\ Buffer AE or distilled water equilibrated to room



temperature. Incubate at room temperature for 1 min, and then centrifuge at 6000 x g  

(8000 rpm) for 1 min. Incubating the QIAamp Spin Column loaded with Buffer AE or 

water for 5 min at room temperature before centrifugation generally increases DNA 

yield. A second elution step with a further 200 jul Buffer AE will increase yields by up 

to 15%. Volumes of more than 200 fil should not be eluted into a 1.5 ml microcentrifuge 

tube because the spin column will come into contact with the eluate, leading to possible 

aerosol formation during centrifugation.

Elution with volumes of less than 200 fi\ increases the final DNA concentration in the 

eluate significantly, but slightly reduces overall DNA yield.



Appendix C

DNA Purification From 5-10 mg Paraffin-embedded Tissue 

Sample De-paraffinization

1. Place 5-10 mg (0.005-0.010 g) of finely minced tissue in a 1.5 ml tube. Add 300 jLtl 

Xylene and incubate 5 minutes with constant mixing at room temperature.

2. Centrifuge at 13,000-16,000 x g for 1-3 minutes to pellet the tissue. Discard the 

Xylene or Hemo-De.

3. Repeat steps 1 and 2, twice (for a total of three washes).

4. Add 300 jLil of 100% Ethanol to the tube and incubate 5 minutes with constant 

mixing at room temperature.

5. Centrifuge at 13,000-16,000 x g for 1-3 minutes to pellet the tissue. Discard the 

ethanol.

6. Repeat steps 4 and 5 (for a total of two ethanol washes).

Cell Lysis

1. Add 300 jixl Cell Lysis Solution, and homogenize using 30-50 strokes with a 

microfuge tube pestle.

2. hicubate lysate at 65°C for 15-60 minutes.

3. If maximum yield is required, 1.5 jLtl Proteinase K Solution (20 mg/ml) may be 

added to the lysate. Mix by inverting 25 times and incubate at 55°C until tissue 

particulates have dissolved (3 hours to overnight). If possible, invert tube periodically 

during the incubation.

RNase Treatment (Optional)

1. Add 1.5 jLtl RNase A Solution (4 mg/ml) to the cell lysate.

2. Mix the sample by inverting the tube 25 times and incubate at 37°C for 15-60 

minutes.



Protein Precipitation

1. Cool sample to room temperature.

2. Add 100 jLtl Protein Precipitation Solution to the RNase A-treated cell lysate.

3. Vortex vigorously at high speed for 20 seconds to mix the Protein Precipitation 

Solution uniformly with the cell lysate.

4. Centrifuge at 13,000-16,000 x g for 3 minutes. The precipitated proteins will form a 

tight pellet. If the protein pellet is not visible, repeat Step 2 followed by incubation on 

ice for 5 minutes, then repeat Step 3.

DNA Precipitation

1. Pour the supernatant containing the DNA (leaving behind the precipitated protein 

pellet) into a clean 1.5 ml microfuge tube containing 300 fi\ 100% Isopropanol (2- 

propanol). If DNA yield is expected to be low (<1 jUg), add 0.5 pd Centra Glycogen 

Solution (20 mg/ml) to the Isopropanol.

2. Mix the tube by inverting gently 50 times.

3. Centrifuge at 13,000-16,000 x g for 5 minutes.

4. Pour off supernatant and drain tube on clean absorbent paper. Add 300 jA 70% 

Ethanol and invert tube several times to wash the DNA pellet.

5. Centrifuge at 13,000-16,000 x g for 1 minute. Carefully pour off the ethanol. Pellet 

may be loose so pour slowly and watch pellet.

6. Invert and drain the tube on clean absorbent paper and allow to air dry 10-15 minutes. 

DNA Hydration

1. Add 20 jLtl DNA Hydration Solution (20 fi\ will give a concentration of 100 ng//xl if 

the total yield is 2 jxg DNA).

2. Rehydrate DNA by incubating sample 1 hour at 65"C and/or overnight at room 

temperature. If possible, tap tube periodically to aid in dispersing the DNA.

3. Store DNA at 4°C. For long-term storage, store at -20°C or -80°C.



Appendix D

Primers used for PCRs 

SNP

TNFA -308 Forward

Reverse

Reference 

TNFA -238

Modified Nested Forward
PCR

Reverse

Nest F Primer 

Reverse 238 R

Reference 

Nested PCR

Forward

Reverse

Forward

Reverse

Reference

IL lB -511 Forward

Reverse

Reference

IL lB -31 Forward (FI)

Reverse (R2)

Primer Sequence

5' GAG GCA ATA GGT TTT GAG GGC CAT 3' 

5' GGG ACA CAC AAG CAT CAA G 3' 

Rheumatology: 2002; 41: 223 - 227

1 st Round

5' AAA CAG ACC ACA GAC CTG GTC 3'

5' CTC ACA CTC CCC ATC CTC CCG GAT C 3'

2nd Round

5' AGG CAA TAG GTT TTC AGG TCC ATG 3'

5' CTC ACA CTC CCC ATC CTC CCG GAT C 3' 

Rheuniatology: 2002; 41; 223 - 227

Flanking (1st Round PCR)

5' GAA GGA AAC AGA CCA CAG AC 3'

5' ATC TGG AGG AAG CGG TAG TG 3'

Nested (2nd Round PCR)

5' AGG CAA TAG GTT TTC AGG TCC ATG 3'

5’ CAC ACT CCC CAT CCT CCC AGA TC 3' 

Cancer Letters 166 (2001) 41 -4 6

5’ TGG CAT TGA TCT GGT TCA TC 3'

5' GTT TAG GAA TCT TCC CAC TT 3' 

Neuroscience letters 284 (2000) 73 - 76

5' AAT GTG GAC ATC AAC TGC A 3'

5 TCA GCT GTT AGA TAA GCA G 3'



ILIB  +3953 

Reference 

ILl RN 

Reference

TAQMAN

TLR4 +896

Reference 

TNFA -238

TNF A -308

IL IB -511

Forward 5' - GTT GTC ATC AGA CTT TGA CC - 3'

Reverse 5' - TTC AGT TCA TAT GGA CCA GA - 3'

Neuroscience letters 284 (2000) 73 - 76

Forward 5' - CTC AGC AAC ACT CCT AT - 3'

Reverse 5' - TCC TGG TCT GCA GGT AA - 3’

Neuroscience letters 284 (2000) 73 - 76 

Gynecologic Oncology 92 (2004) 936 - 940

Primers

Forward 5' CCA TTG AAG AAT TCC GAT TAG CAT 3'

Reverse 5' GGG AAA ATG AAG AAA CAT TTG TCA A 3'

Probes

Allele 1 5' TAG ACT ACT ACC TCG ATG ATA TTA TFG ACT
TAT TT A  ATT C 3'

Allele 2 5' ACT ACT ACC TCG ATG GTA TTA TTG ACT TAT
TTA ATT GT 3'

The Journal of Infectious Diseases 2001; 184:640-2 

Primers

Forward 5' GCA TCA AGG ATA CCC CTC ACA 3'

Reverse 5' ATC AGT CAG TGG CCC AGA AGA 3'

Probes

Allele 1 (G) Tet 5' CCT CCC TGC TCC GAT TCC G 3' Tamra

Allele 2 (A) Fam 5' TCC TCC CTG CTC TGA TTC CGA 3' Tamia

Primers

Forward 5' CAA AAG AAA TGG AGG CAA TAG GTT 3'

Reverse 5’ GGC CAC TGA CTG ATT TGT GTG T 3'

Probes

Allele 1 (G) Tet 5' ACC CCG TCC CCA TGC CC 3’ Tamra

Allele 2 (A) Fam 5' AAC CCC GTC CTC ATG CCC C 3' Tamra

Primers

Forward 5 ’-TCC TCA GAG GCT CCT GCA AT-3 ’



Reverse 5’-TGT GGG TCT CTA CCT TGG GTG-3’

IL IB -31

IL IB +3953

Amplifluor

TNFa -863 

TNFa -857 

ILlO-819 

/ I - / 0-1082 G/A 

IL-10-592 C/A 

IL IB 5200 

p7J_4_g/a 

/?7i_14_c/t

Allele 1 C 

Allele 2 T

Forward

Reverse

Allele 1 C 

Allele 2 T

Forward

Reverse

Allele 1 C 

Allele 2 T

AlleleY

A

T

T

A

A

A

A

T

Probes

Tet 5’-TGT TCT CTG CCT CGG GAG 
CTC TCT G-3’ Tamra

Fam 5 ’-CTG TTC TCT GCC TCA GGA GCT CTC 
TGT C-3’ Tamra

Primers

5 ’-CCC TTT CCT TTA ACT TGA TTG TGA-3 

5 ’-GGT TTG GTA TCT GCC AGT TTC TC-3’ 

Probes

Tet 5’-TCG CTG TTT TTA TGG CTT TCA AAA 
GCA G-3’ Tamra

Fam 5’-CCT CGC TGT TTT TAT AGC TTT CAA 
A AG CAG A-3’ Tamra

Primers

5’-CCT AAA CAA CAT GTG CTC CAC ATT-3’ 

5 ’-TGC ATC GTG CAC ATA AGC CT-3’

Probes

Tet 5 ’-CAG AAC CTA TCT TCT TCG ACA CAT 
GGG ATA AC-3’ Tamra

Fam 5 ’-CAG AAC CTA TCT TCT TTG ACA CAT 
GGG ATA ACG-3’ Tamra

AGTATGGGGACCCCC[C/A]NTTAANGAAGACAGG

GGGACCCCCNNTTAA[C/T]GAAGACAGGGCCATG

GTACAGGTGATGTAA[C/T]ATCTCTGTGCCTCAG

AAGGCTTCTTTGGGA[G/A]GGGGAAGTAGGGATA

TGTGACCCCGCCTGT[C/A]CTGTAGGAAGCCAGT

AAATCAAATTTTGCC[G/A]CCTCGCCTCACGAGG

TCCTTCCTGCAGAGC[G/A]AGCTGCCCTNGGAGG

AGAGCNAGCTGCCCT[C/T]GGAGGCCGGCGTGGG



Appendix E

PCR conditions and Master Mix 

PCR Conditions

TNFA
-308
Step 1 94C X 5m
Step 2 94Cx30s, 59C xlm , 72Cx2m  (34 cycles)
Step 3 72C X 5m

TMFA
-238
Modified
Nested
PCR

Step 1 94Cx 5 m
Step 2 94Cx30s, 57Cx30s, 72Cx30s (34 cycles)
Step 3 72C X 5m

2nd Round
Step 1 94C X 5m
Step 2 94Cx30s, 59C xlm , 72Cx45S (34 cycles)
Step 3 72C X 5m

Nested PCR 2
Step 1 94Cx 5m
Step 2 94Cx30s, 57Cx30s, 72Cx30s (34 cycles)
Step 3 72C X 5m

Master Mix

DNA Tem plate 2 ul
2.5 mM dNTPs (spin) 4 ul (200 uM) 
25mM  MgC12 (vortex) 4 ul (2.0 mM) 
Prim er 308 F 2 ul (20 pmol)
Prim er 308 R 2 ul (20 pmol)
Sterile dH20 30.8 ul 
10 X Buffer 5 ul (I x)
Taq DNA Polymerase 0.2 ul ( lu) 
Total Volume: 50 ul

DNA Tem plate 2 ul
2.5 mM dNTPs (spin) 4 ul (200 uM) 
25mM MgC12 (vortex) 4 ul (2.0 mM) 
Prim er TN F IF 1.5 ul (15 pmol) 
Prim er TN F 1R 1.5 ul (15 pmol) 
Sterile dH20 31.8 ul 
1 0 x B u f f e r 5 u l ( l  x)
Taq DNA Polymerase 0.2 ul ( l u)  
Total Volume: 50 ul

DNA Tem plate 1 ul (from  1st round PCR)
2.5 mM dNTPs (spin) 4 ul (200 uM) 
25mM MgC12 (vortex) 4 ul (2.0 mM) 
Prim er N est F 1.5 ul (15 pmol)
Prim er 238 R 1.5 ul (15 pmol)
Sterile dH 20 32.8 ul 
1 0 x B u f f e r 5 u l ( l  x)
Taq DNA Polymerase 0.2 ul ( lu  / tube) 
Total Volume: 50 ul

DNA Tem plate 2 ul
2.5 mM dNTPs (spin) 4 ul (200 uM ) 
25mM MgC12 (vortex) 4 ul (2.0 mM) 
Primer TN F 1F 1.5 ul (15 pmol)
Prim er TN F IR  1.5 ul (15 pmol)
Sterile dH20 31.8 ul 
1 0 x B u f f e r 5 u l ( l  x)
Taq DNA Polymerase 0.2 ul ( l u)
Total Volume: 50 ul



2"‘‘ Round
Step 1 94Cx 5m
Step 2 94Cx30s, 57Cx30s, 72Cx30s (34 cycles)
Step 3 72C X 5m

ILIB
-511
Step 1 95C X 10m
Step 2 94Cx45s, 54Cx50s, 7 2 C x lm  (36 cycles)
Step 3 72C X 5m

ILIB -31
Step 1 95C X 5m
Step 2 94C xlm , 54C xlm , 72C x lm  (30 cycles)
Step 3 72C X 5m

ILIB
+3953
Step 1 95Cx 10m
Step 2 94Cx45s, 54Cx50s, 72C x lm  (36 cycles)
Step 3 72C x 5m

IL l RN
Step 1 94Cx 5m
Step 2 94Cx Im, 60C Im, 70C xlm , (30 cycles)
Step 3 70C x 4m

DNA Template 1 ul (from  1st nund PCR
2.5 mM dNTPs (spin) 4 ul (20CuM) 
25mM MgC12 (vortex) 4 ul (2.( mM) 
Prim er Nest F 1.5 ul (15 pmol)
Primer Nest R 1.5 ul (15 pmol)
Sterile dH20 32.8 ul 
1 0 x B u f f e r 5 u l ( l  x)
Taq DNA Polym erase 0.2 ul ( l i  / tube) 
Total Volume: 50 ul

DNA Template: 1 ul
2.5 mM dNTPs (spin) 4 ul 
25 mM MgC12 (vortex) 4 ul 
Primer Forward 1.5 ul (15 pm o) 
Primer Reverse 1.5 ul (15 pmol) 
Sterile dH 2 0  32.6 ul 
lOX Buffer 5 ul
Taq DNA polym erase 0.4 ul (2 unit) 
Total: 50 ul

DNA Template: 2 ul
2.5 mM dNTPs (spin) 4 ul 
25 mM MgC12 (vortex) 4 ul 
Primer FI 3 ul (15 pmol)
Primer R2 3 ul (15 pmol)
Sterile dH 2 0  28.8 ul 
lOX Buffer 5 ul
Taq DNA polym erase 0.2 ul (1 unit) 
Total: 50 ul

DNA Template: 2 ul
2.5 mM dNTPs (spin) 4 ul 
25 mM MgC12 (vortex) 4 ul 
P rim er+3953 F 1.5 ul (15 pmol) 
Prim er +3953 R 1.5 u l(1 5  pmcl) 
Sterile d H 2 0  3 1 .8 u l
lOX Buffer 5 ul
Taq DNA polym erase 0.2 ul (1 unit) 
Total: 50 ul

DNA Template: 2 ul
2.5 mM dNTPs (spin) 4 ul 
25 mM MgC12 (vortex) 4 ul 
Primer +3953 F 1.5 ul (15 pmol) 
Primer +3953 R 1.5 ul (15 pmcl) 
Sterile dH 2 0  3 1 .8 u l
lOX Buffer 5 ul
Taq DNA polym erase 0.2 ul (1 unit) 
Total: 50 ul

TAQMAN
TLR4



+896
Step 1 50C X 2m, 95C x 10m

(allows activation o f  A m pliTaq Gold) 

Step 2 95C X 15s, 62C X Im  (39 cycles)
Step 3 IS C h o ld

TNFA
-238
Step 1 50C X 2m, 95C x 10m

(allows activation o f  A m pliTaq Gold)

Step 2 95C x 15s, 58C x Im  (39 cycles)
Step 3 IS C h o ld

T N F A
-308
Step 1 50C X 2m, 95C X 10m

(allows activation o f  A m pliTaq Gold)
Step 2 95C X 15s, 58C x Im  (39 cycles)
Step 3 15C hold

IL IB 
-511
Step 1 50C X 2m, 95C X 10m

(allows activation o f  A m pliTaq Gold)
Step 2 95C X 15s, 62C X Im  (39 cycles)
Step 3 15C hold

IL I B -31
Step 1 50C X 2m, 95C X 10m

(allows activation o f  A m pliTaq Gold)

Step 2 95C X 15s, 62C X Im  (39 cycles)
Step 3 15C hold

IL IB +3953
Step 1 50C X 2m, 95C x 10m

(allows activation o f  A m pliTaq Gold)

Step 2 95C X 15s, 62C X Im  (39 cycles)
Step 3 15C hold

F prim er (1 OuM) 0.54 ul

R prim er (1 OuM) 0.54 ul
A1 2 (A) Tet probe (5uM ) 0.24 ul
A1 1 (G) Fam prove (5uM ) 0.1 ul
H 2 0  0.08 ul
Template: 1.5 ul
Total: 6 ul

F prim er (lOuM ) 2,25 ul

R prim er (1 OuM) 2.25 ul
A1 1 (G) Tet probe (5uM ) 0.5 ul
A1 2 (A) Fam prove (5uM ) 0.5 ul
H 2 0  5.0 ul
Tem plate: 2.0 ul
Total: 25 ul

F prim er (lOuM ) 0.75 ul

R prim er (1 OuM) 0.75 ul
A1 1 (G) Tet probe (5uM ) 0.6 ul
A1 2 (A) Fam prove (5uM ) 0.5 ul
H 2 0  7.9 ul
Template: 2.0 ul
Total: 25 ul

F prim er (lOuM ) 0.75 ul

R prim er (1 OuM) 0.75 ul
A1 1 (C) Tet probe (5uM ) 0.6 ul
A1 2 (T) Fam prove (5uM ) 0.5 ul
H 2 0  7 .9u l
Tem plate: 2.0 ul
Total: 25 ul

F prim er (lOuM ) 0.75 ul

R prim er (1 OuM) 2.25 ul
A1 1 (C) Tet probe (5uM ) 0.5 ul
A1 2 (T) Fam prove (5uM ) 0.5 ul
H 2 0  6.5 ul
Tem plate: 2.0 ul
Total: 25 ul

F prim er (1 OuM) 0.36 ul

R prim er (1 OuM) 0.36 ul 
A1 1 (C) Tet probe (5uM ) 0,24 ul 
A1 2 (T) Fam prove (5uM ) 0.1 ul 
H 2 0  0.44 ul 
Tem plate: 1,5 ul



Total: 6 ul

Amplifluor
Step 1 96C for 3 mins
Step 2 96C X 10 secs - 55C x 5 sec - 72 C x 10 sec

(20 cycles)
Step 3 96C X 10 secs - 55C x 20 sec - 72 C x 40 sec

(22 cycles)

Step 4 72 C X 1 min
20 C X hold

2 Amplifluor Primers (250 uM)
2 Z-Tailed Allele Specific Primers (25 uM)

1 Common Reverse Primer (375 uM)

dNTPs
Taq
Buffer
DNA



Appendix F

RUNNING THE AGAROSE GEL

Things required

A garose (according to %age o f  gel).

250  ml conical flask or a beaker.

W ater bath at 55° C.

EtBr

10 ml non-sterile pipet.
Or a 50 ml graduated jar.

Pipet pump.

M icropipets. P-2, P -20, P -200, P -1000.

Bp Ladder

Samples.

G el loading buffer.

Rack.

Tubes for m ixing the sam ples and sam ple buffer.

Table for lanes.

Tape

G el caster.

Comb.

Discard Bin

d H 2O 500 ml.

500 ml jar

100 ml jar

500 ml beaker or conical flask.

Scissors

W hite tips for loading the w ells.

Timer



RUNNING THE AGAROSE GEL

Experiment:

____________________ STEP
Put a tape around the gel caster.

DONE TIME Remarks

Take a 250  ml beaker or a 250  ml conical flask.
W eigh g o f  A garose to prepare a % gel.
M ix in 1 X  TBE buffer. (5 ml o f  lOX buffer and 
45 ml o f  d H2O).________________________________
B oil in a M icrow ave. W =  4 5 0  (for 50 ml liquid). 
G ive 30 sec pulses. D o n ’t panic when it starts 
boiling. W atch closely! Let it boil for som e  
seconds (say 15 -  30). This w ill push the bubbles 
out.
Cool in a water bath at 55° C.
Put 2 -  3 p.1 o f  EtBr and shake w ell to m ix.
Pour the gel into the caster... Pour slow ly.
Make sure the surface on w hich  you place the 
caster is level. Or else  the gel w ill be thicker on  
one side and thinner on the other side. U se the 
level w ith  bubble to find level surface or use the 
three-screw platform._______________________________
Put the com b in it.
Leave for h a lf an hour to solidify.
Mark the tubes for — sam ples — ladder — control.
Put 5 |u.l o f  Ladder in tube 1.
Put 2 1̂ 1 o f  loading dye into each tube.
Put 8 ]ul o f  each sam ple into the tubes.
Make the gel running buffer. About 400 ml. 
1 OX TBE = 4 0  ml 
dH 20 = 360 ml.
W rite the lanes in the table.
R em ove the tape and com b from the caster.
M ove to the electrophoresis apparatus and take the 
fo llow ing things w ith you.
(Use the pipette dedicated fo r  loading the wells).

W hite Tips Sam ples
Lanes Table Gel
TBE Discard Bin

Place gel in the apparatus —  w ells towards the 
black (negative) electrode._____________________
Pour the running buffer in the apparatus upto the 
fill line o f  the chamber.



Load Samples. Ladder in lane 1. Use white tips.

STEP DONE TIME Remarks
Set the power supply as follows.

1. V =
(Voltage depends on the distance between 
electrodes. 4 to 5 V per cm)
2. mA =
3. W =
4. Time =

Switch o ff the m achine after the run.
Take the gel for viewing in the tray.
See the checklist and wash all the things used.
Put the things back in place.



Agarose Gel Results for

Lane
#

Tube
# Sample Details

Required
Band

(bp)

O ther
Bands Remarks

1 LADDER

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Notes:



Appendix G

Restriction Enzymes used for PCR - RFLP

SNP Restriction Enzyme RE Recognition Site

TNFA -308 
Master Mix

Ncol
dH 20 7 ul 
10 X Buffer 2.5 ul 
Enzyme 0.5 ul 
BSA nil 
DNA 15 ul 
Total 25 ul 
Incubate at 37C 
3 -1 2  hours (0/N )

5' C^CATGG 3'
3’ GGTAC^C 5'

PCR Fragment Size 
Digested Fragments' Sizes

TNFA -238
Modified Nested PCR 
After 2nd round 
Master Mix

BamHI 
dH 20 6.75 ul 
10 X Buffer 2.5 ul 
Enzyme 0.5 ul 
100 X BSA 0.25 ul 
DNA 15 ul 
Total = 25 ul 
Incubated at 37C for 
3 -1 2  hour(0/N )

5' G^GATCC 3'
3' CCTAG^'G 5'

PCR Fragment Size 
Digested Fragments' Sizes

Nested PCR 2 
Master Mix

Bgl II 
dH 20 7 ul 
lOX Buffer 2.5 ul 
Enzyme 0.5 ul 
BSA nil 
DNA 15 ul 
Total: 25 ul at 37C 
for 4 - 1 2  hours

5' A-'GATCT 3'
3’ TCTAG^A 5'

PCR Fragment Size 
Digested Fragments' Sizes

IL IB -511 
Master Mix

Ava I (NEB) 
dH20: 7 ul 
10 X Buffer 2.5 ul 
Enzyme 0.5 ul (5 u) 
BSA nil 
DNA 15 ul 
Total = 25 ul

5' C^PyCGPuG 3'
3' GPuGCPyC 5'

PCR Fragment Size 
Digested Fragments' Sizes

ILIB -31 
Master Mix

Alu I (NEB) 
dH20 7 ul 
lOX buffer 2.5 ul 
Enzyme 05 ul (5 u) 
BSA nil 
DNA 15 ul 
Total 25 ul 
Incubate a 37C for 
3 - 1 2  hours (0/N )

5' AG^CT 3'
3' TC^GA 5'

PCR Fragment Size 
Digested Fragments' Sizes

147 bp 
126/21

155 bp 
130 /25

118bp 
95 x23

304 bp 
114/ 190

574 bp 
248 /326

ILIB +3953 Taq alpha 1 (NEB) 5' T^CGA 3'



1

Master Mix

ILl RN

dH20: 6.75 ul 
10 X Buffer 2.5 ul 
Enzyme 0.5 ul 
100 X B SA  0.25 ul 
DNA 15 UL 
Total: 25 ul

3' AGC-'T 5'

PC R  Fragm ent Size 249 bp
Digested Fragm ents' Sizes 114/135

PC R  Fragm ent Size Copies of 
86 bp 
repeats

410 bp wild type A1 1 4 cop es
240 bp A1 2 2 cop'.es
500 bp A1 3 5 cop.es
325 bp A1 4 3 cop es
595 bp A1 5 6 cop;es



A ppendix H

TaqMan PCR protocol for Lab book 

TAQMAN fo r ____________________________

Samples:_________________________________

THINGS REQUIRED Got them

96 well optical reaction plate

Optical adhesive cover

Applicator

Compression pad (Grey Side Down)

Probes

Primers

Universal Master Mix

DNA

SDS

M ASTER MIX

Qty/tube (/xl) Oty in tubes (|il) Added Remarks

Universal Mix

F primer (10 /xM)

R primer (10 /xM)

TET probe (1) (5 /iM)

FAM probe (2) (5 fxM)

H2O

Template / ntc / nac Don’t add in MM

Total -r

PCR Conditions
Optimized in lab / recommended by manufacturer.

Thermocycler: Gene Amp 9700, Applied Biosystems. Program:

Step Temperature °C Time Remarks
1 50 2m Allows optimal amp Erase activity
2 95 10m Activation of AmpliTaq Gold DNA polymerase
3 95 15s
4 58 or 62 Im
5 go to 3 39 times
6 15 hold



RESULT

PLATE READING FO R __________

MACHINE USED FOR READING. 

SAMPLES

1 2 3 4 5 6 7 8 9 10 11 12

A / / / / / / / / / / /
B / / / / / / / / / / /
C / / / / / / / / / /

/
/

D / / / / / / /
/

/
E / / / / / / / / / /
F / / / / / / / / / / /
G / / / / / / / / / / /
H / / / / / / / / / / / /
Notes;



Appendix I

Reagents, Kits and equipment

Contents o f Qiagen QIAamp DNA Blood Mini Kit are
• Spin Columns
• Collection Tubes
• Buffer AL
• Buffer AW 1
• Buffer AW  2
• Buffer AE
• Qiagen Protease

The loading buffer
25mg bromophenol blue or xylene cyanol 
4g sucrose 
H 2 0  to lOmL
Stored at 4°C to avoid mould growing in the sucrose.
Bromophenol blue migrates at a rate equivalent to 200-400bp DNA.

TBE
(Tris Borate EDTA)
Recipe for 2L o f lOxTBE 
218g Tris base 
11 Og Boric acid 
9.3g EDTA
Dissolve the ingredients in 1.9L o f  distilled water. pH to about 8.3 using NaOH 
and make up to 2L.

Promega Taq Storage Buffer composition
Storage Buffer A 
50mM Tris-HCl 
pH8.0
lOOmM NaCl
0.1 mM EDTA
5mM DTT
50% glycerol
and 1.0% Triton® X-100

Contents of Puregene Tissue DNA extraction kit
Cell Lysis Solution 
Protein Precipitation Solution 
DNA Hydration Solution 
RNase A Solution (4 mg/ml)
Proteinase K solution

Ethidium Bromide



Ethidium Bromide 
Water
Specific Gravity 
pH at 25“ C 
Storage

1 %
99%
1.0
6.9
Room Temprature

Blood collection
Centrifuge
Serum tubes Vacuette Z serum clot activator, Greiner bio-one, UK 
Whole blood tubes BD Vacutainer Preanalytical Systems, UK

Microtome Leica, RM2125, Germany,
Laboratory Instruments &
Supplies, Dublin
Vortex Vortex Genie 2, Sparks Lab 
Supplies, Dublin
For DNA extraction from formalin fixed paraffin embedded tissue

Isopropanol
99+% Sigma-Aldrich GmbH, 
Germany, Cat.No.I9516

Ethanol (Absolute)
Alrich, MI, USA, Cat. No. E702-3 
Xylene Analytical grade (ACS),
Scharlau Spain,
Cat. No. Xi0057

Thermal Cycler
GeneAmp® PCR System 9600Applied Biosystems, UK 
PTC 200 Gradient Cycler 96 well block and heated lid 
MJ RESEARCH



Appendix J

Genetic Power Calculator
Case - control for discrete traits

High risk allele frequency (A) 

Prevalence

Genotype relative risk Aa 

Genotype relative risk AA

D-prime

Marker allele frequency (B)

Number of cases 

Control : case ratio 

and controls)

below)

User-defined type I error rate

User-defined power: determine N 
(1 - type II error rate)

Genetic Power Calculator
Case-control for discrete traits

Case-control parameters 
Number of cases 

Number of controls 

High risk allele frequency (A) 

Prevalence

Genotypic relative risk Aa 
Genotypic relative risk AA 

Genotypic risk for aa (baseline)

0.4
  (0 - 1 )
0.000 (0.0001 - 0.9999)
2
  ( >1 )
2

( >1 )

  (0 - 1 )
0.4

(0 - 1 )

225
  (0 - 10000000 )
1

( >0 )
( 1 = equal number of cases

Unselected controls? (* see

0.05 (0.00000001 - 0.5)
0.80 (0 - 1 )

225

225

0.4

0.0001
2
2
6.098e-05



Marker locus B 
High risk allele frequency (B) 

Linkage disequilibrium (D') 

Penetrance at marker genotype bb 
Penetrance at marker genotype Bb 

Penetrance at marker genotype BB 

Genotypic odds ratio Bb 

Genotypic odds ratio BB

0.4

1

6.098e-05
0.000122

0.000122

2

2

Expected allele frequencies
Case Control

B 0.4878 0.4

b 0.5122 0.6

Expected genotype frequencies
Case Control

BB 0.1951 0.16

Bb 0.5854 0.48
bb 0.2195 0.36

H-W test NCP 6.612 0
Power (alpha=0.05) 0.7296 0.05

Case-control statistics 
Sample NCP = 7.027

Alpha

0.1

Power

0.8428

N cases for 80% 
power
197.9

0.05 0.7552 251.3

0.01 0.5299 373.9

0.001 0.2612 546.7

0.05 0.7552 251.3
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