
UNIVERSITY OF SOUTHAMPTON 

Faculty of Medicine, Health and Biological Sciences 
School of Medicine 

Division of Human Genetics 

Do cytokine gene polymorphisms influence the development of primary 
gastric extra-nodal marginal zone B-cell (MALT) lymphoma subsequent to 

Helicobacter pylori infection? 

by 

Helen North 

Thesis for the degree of Doctor of Philosophy 

December 2006 



UNIVERSITY OF SOUTHAMPTON 
ABSTRACT 

FACULTY OF MEDICINE, HEALTH AND BIOLOGICAL SCIENCES 
SCHOOL OF MEDICINE 

DIVISION OF HUMAN GENETICS 
Doctor of Philosophy 

Do cytokine gene polymorphisms influence the development of primary gastric extra
nodal marginal zone B-cell (MALT) lymphoma subsequent to Helicobacter pylori 

infection? 

By Helen North 

Infection with Helicobacter pylori has been associated with several upper 
gastrointestinal diseases, including primary gastric extra-nodal marginal zone B-cell 
(MALT) lymphoma (GML). However, most individuals infected with H. pylori do not 
develop severe disease, strongly indicating that host factors are involved in disease 
development. GML develops from the acquired extra-nodal mucosa-associated 
lymphoid tissue that develops following chronic inflammation in response to H. pylori 
infection. In addition, the topography of inflammation is associated with clinical 
outcome and GML is associated with pan-gastritis of the stomach. Cytokines playa 
crucial role in regulating inflammation, are essential for the development of acquired 
MALT and modulate gastric physiological responses following infection. Therefore, 
cytokines playa key role in all of the pre-clinical sequelae of GML. There is individual 
variation in the level of expression of cytokines and some of this variation is due to 
polymorphisms in cytokine genes. In this case-control association study, single 
nucleotide polymorphisms (SNPs) in cytokine genes were investigated, to determine if 
host cytokine gene polymorphisms influenced the development of GML following H. 
pylori infection. In addition, the presence of the t( 11; 18)( q21 ;q21) translocation in 
GML is associated with adverse clinical outcome, therefore these SNPs were assessed 
to determine if there was an association with the presence or absence of this 
translocation. 

The majority of DNA for the case-control association study would be extracted from 
an archival, paraffin-embedded, formalin-fixed, gastric biopsy. Therefore, the first 
phase of this project was to select the most appropriate method for genotyping SNPs 
using DNA derived from this source of material. Two polymerase chain reaction (PCR) 
genotyping methods were compared, amplification refractory mutation system - PCR 
(ARMS-PCR) and TaqMan® 5' nuclease assay for allelic discrimination (5' nuclease 
assay). Both methods accurately assigned genotypes, however a much higher 
percentage of samples was successfully genotyped using the 5' nuclease method 
(96.1 % - 99.4%) compared to the ARMS-PCR method (80.5% - 90%). Therefore, the 
5' nuclease method was subsequently used in the case-control association study. 

Eighteen SNPs selected from 14 cytokine genes and their promoter regions were 
selected for the case-control association study; ILIA-889, ILlB-31, IUB-511, 
ILlB+3953, ILIRN+2018, IL4-590, IL6-174, IL8-251, ILlO-592, ILI2B+1188, ILI8-
137, ILI8-607, IFNG+874, IFNGR1-56, TGFBI-509, TNF-308, TNF-376, and 
LTA+252. The cytokine genotype and haplotype frequencies from 206 primary GML 
patients were compared with 568 uncomplicated H. pylori positive gastritis controls 
collected from three European populations, UK, Germany and the Netherlands. 

None of the cytokine polymorphisms investigated was significantly associated 
with the development of GML subsequent to H. pylori infection in all three 
European populations. In addition, there was no trend towards significance in all 
three populations, to indicate that any of the SNPs investigated were associated 
with the development of disease. Therefore, the SNPs investigated do not have a 
major influence in the development of GML subsequent to H. pylori infection. This 
indicates that the pro-inflammatory cytokine polymorphisms that favour the 
development of distal gastric adenocarcinoma do not appear to have a major 
influence in the development of GML subsequent to H. pylori infection. This might 
indicate that the aetiology of H. pylori associated gastric adenocarcinoma and GML 
are different. 
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Chapter 1: Introduction. 

1.1. General introduction to Helicobacter pylori and associated gastric 

diseases. 

Gastric colonisation with the Gram-negative bacteria Helicobacter 

pylori (H. pylori) is extremely common worldwide and, by some estimates, 

currently affects over half the world's population (Parsonnet 1998), but 

historically may have infected nearly all humans (Ghose 2002; reviewed in 

Blaser 1998). Essentially, all infected individuals will have chronic gastric 

inflammation, but for the vast majority this will be asymptomatic (Bode 1998). 

However for a minority, infection progresses into clinically significant gastric 

disease (reviewed in Parsonnet 1998; Blaser 1998). Approximately 20% of 

infected individuals will develop peptic ulcer disease in their lifetime and 

between 1-3 % will develop gastric malignancies. H. pylori infection is 

acknowledged to cause duodenal and gastric ulcers, distal gastric (antral and 

fundic) adenocarcinoma and primary gastric extra-nodal marginal zone B-ce11 

lymphoma of mucosa-associated lymphoid tissue. The predisposition among H. 

pylori infected individuals to develop either duodenal ulcers or gastric 

malignancy closely correlates with the topography of gastric inflammation. 

Antral predominant gastritis heightens the risk of duodenal ulcers, whereas pan

gastritis is a risk factor for gastric malignancy. Indeed, patients who develop 

duodenal ulcers have a reduced risk of developing gastric malignancy (Hansson 

1996). 

The clinical outcome following H. pylori infection is determined by 

a complex interaction of environmental influences and host genetic and 

bacterial virulence factors. To maintain prolonged colonization of the 

human gastric mucosa, H. pylori must avoid both innate and adaptive 

immune responses, and during its long co-existence with humans it has 

evolved strategies to achieve this and persist in the presence of mild 

inflammation of the gastric epithelium. Severe disease might reflect loss of 

this balance between colonisation and mild inflammation. The continuing 

antigen drive, H. pylori immune-escape mechanisms and a pathogenic 

immune response are involved in the development of gastric disease. This 

introduction will discuss infection with H. pylori and factors involved in the 
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development of gastric disease, in particular the development of primary 

gastric extra-nodal marginal zone B-cell (MALT) lymphoma subsequent to 

H. pylori infection, which for this thesis will be abbreviated to GML. The 

aims of this study are to evaluate the influence of host cytokine gene 

polymorphisms on the development of GML following H. pylori infection 

and the presence of the translocation, t( 11; 18)( q21 ;q21), which is associated 

with adverse prognosis in GML patients. 

1.2. Identification and prevalence of H. pylori. 

In 1984, Marshall and Warren published a paper describing a Gram

negative microaerophilic bacillus, now called Helicobacter pylori, that was 

identified in the antral mucosa of patients with chronic gastritis, duodenal or 

gastric ulcers. 

H. pylori infection is almost always acquired in childhood (Mitchell 

1992; Banatvala 1993; Cullen 1993) and usually persists for life unless 

specifically treated with antibiotics (Kuipers 1993). The mode of transmission 

of H. pylori infection is not known but person-to-person transmission, in 

particular from mother to child, seems to be the most likely route (Berkowicz 

1987; Drumm 1990). The major risk factor for acquiring H. pylori infection is 

poor socioeconomic conditions during childhood (Correa 1990; Fiedorek 1991; 

Sitas 1991; Webb 1994; McCallion 1996). In developing countries the 

prevalence of infection can be 80% in children 10 years old (Perez-Perez 1990; 

Graham 1991; Holcombe 1992; Lindkvist 1996; PeIser 1997). In developed 

countries, while the overall prevalence of H. pylori in children is often only 

10%, up to 50% of children living in poor socioeconomic circumstances may 

harbour the infection (Fiedorek 1991). The prevalence of H. pylori infection in 

developed countries ranges from 10% in children to 60% in 60 year olds. This 

increasing prevalence of H. pylori infection with increasing age seems to be 

attributable to a cohort effect. Poorer living conditions in the first half of the 

twentieth century, in particular, the greater density of children per household 

and less developed sanitation systems, is believed to be responsible for this 

cohort effect (Drumm 1990; Sitas 1991; Mitchell 1992; Banatvala 1993). 
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1.3. H. pylori colonisation of the stomach. 

In order to colonise the stomach, the first barrier H. pylori must 

overcome is the acidic pH in the lumen of the stomach. H. pylori initially 

colonise the antral region of the stomach (fig. 1.1 , 1.2 and 1.3) where the pH i 

higher compared to the acid-secreting corpus region. To survive, H. pylori 

produce a potent urease to split urea into ammonia and carbon dioxide, which 

effectively buffer the surrounding microenvironment and the bacterial cytosol 

(Weeks 2000). The bacteria possess flagella, which enable corkscrew motility 

through the mucin layer that protects the gastric epithelium, to reach the more 

neutral pH below the mucus. The bacteria also produce mucinase to digest the 

mucins. In the antral region of the stomach, the bacteria are found within the 

mucin layer and on the gastric epithelium surface, as well as within the upper 

regions of the gastric glands. Specific H. pylori adhesins anchor the bacteria to 

the mucins as well as mediating close interaction with the epithelium sLlliace 

(Evans 2000). The presence of specific adhesins and the corresponding host 

ligand affects H. pylori's ability to colonise micro environments of the stomach 

(reviewed in Peek 2005). 

Fig. 1.1. Normal mucosa layer of the gastric wall. 

stom.a.ch lwneu 

-- mllCllS la.yer 

ellithelial cell layer 
(foveolar cells) 

pits 

Normal mucosa from the antral region of the stomach. Adapted from Fengoglio
Preiser 1997. 
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Fig. 1.2. H. pylori adherent to gastric epithelial cells. 

st~.mach lumen 

H. pylori associated with the epithelia cell surface of the stomach wall. Adapted 
from Fengoglio-Preiser 1997. 

Fig. 1.3. Diverse cell types within the gastric mucosa . 

• ,.0 •• 
0 ' 

~} gash'ic l)it 

'. ~. 

~:-.--- mucous neck cell 
.~ 

l)<uietal cell 
secretes acid 

endocline cell, e .g. G cell secretes 
gasbin, D cell secretes somatostatin. 

Foveolar cells (epithelial cells) form a single layer that act as an impermeable 
barrier, separating the contents of the stomach lumen from the layers of the 
gastric wall. The mucosal layer is rich in gastric glands of various types. Mucus 
cells (predominantly located in the antral region) secrete mucus, whereas 
parietal cells (predominantly located in the corpus region) secrete acid. All 
glands have endocrine cells at the pit of the gland that control secretion. 
Adapted from Fengoglio-Preiser 1997. 
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1.4. Immune response to H. pylori. 

The presence of H. pylori initiates an acute immune response that is 

characterised by an influx of neutrophils into the lamina propria (fig. 1.4). The 

innate immune response is activated by a range of stimuli, including the Toll

like receptors (TLRs) and nucleotide-binding oligomerisation domain receptors 

(NOD), which recognise pathogen-associated molecular patterns. These stimuli 

activate epithelial cytokine and chemokine release. The release of the 

chemokine, interleukin-8 (IL-8) by epithelial cells plays an important part in the 

initial immune response to H. pylori, as it is strongly chemotactic for 

neutrophils (Crabtree 1993). The influx of neutrophils, which in-turn can 

produce IL-12 in response to bacterial products, contribute to the expansion of 

the inflammatory cascade (Trinchieri 2003). Activation of macrophages results 

in the release of cytokines such as tumour necrosis factor-a (TNFa), IL-l, IL-6 

and IL-12. Raised levels of interferon-y (IFNy), TNFa, IL-1~, IL-6, IL-8, and 

IL-12, but not IL-4, have consistently been detected in antral biopsies of H. 

pylori positive compared to H. pylori negative individuals (Crabtree 1993; 

Kartunnen 1995; Peek 1995; D'Elios 1997; Yamaoka 1997; Bamford 1998). 

This initial local cytokine 'milieu' is crucial in driving the subsequent specific 

adaptive immune response. Persistence of H. pylori infection results in chronic 

gastric inflammation and is manifested by continuous epithelial cell cytokine 

and chemokine signalling, infiltration by neutrophils, macrophages, 

lymphocytes, dendritic cells, NK cells, and mast cells. Chronic inflammation is 

characterised by the development of acquired mucosa associated lymphoid 

tissue (MALT). The stomach is normally devoid of organised lymphoid tissue 

such as lymph nodes, but in the presence of persistent infection, such as H. 

pylori, acquired MALT develops. The acquired MALT is organised into distinct 

B-cell areas surrounded by other haematopoietic cells such as T -cells and 

dendritic cells and is similar to the distinct T and B-cell areas that are seen in 

secondary lymphoid organs, such as lymph nodes and Peyer's patches. 

Cytokines, such as lymphotoxin-a (LTa), chemokines, adhesion molecules and 

their ligands are instrumental in the development of the acquired MALT 

(Pasparakis 1996). 
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Fig. 1.4. Acute gastritis. 
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Acute gastritis of the gastric mucosa showing the influx of polymorphonuclear 
leucocytes. Adapted from Fengoglio-Preiser 1997. 

Infection with H. pylori culminates in a specific adaptive immune 

response, with the generation of local and systemic antibodies. H. pylori 

infected individuals, both asymptomatic and with ulcers, exhibit a high 

frequency of immunoglobulin-M (IgM) and IgA secreting plasma cells 

(Mattsson 1998). H. pylori proteins are processed and presented to CD4+ T

cells via MHC class II molecules and CD4+ T -cells specific to H. pylori 

antigens such as CagA, urease, H. pylori heat shock protein 60 and VacA have 

been identified. CD8+ T -cells represent a minority of lymphoid cells infiltrating 

the gastric mucosa in H. pylori infected individuals (Bamford 1998). However, 

despite the initiation of a specific adaptive immune response, the infection 

persists and unless treated specific.ally with antibiotics, H. pylori will continue 

to colonise the stomach for life. H. pylori appear to have achieved in the 

majority of individuals a balance in which the immune system is stimulated 

sufficiently to cause inflammation and epithelial damage at the site of infection, 

but without the elimination of the bacteria by the immune response. Mild 

inflammation presumably supports H. pylori survival in the nutrient-poor 
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environment between the epithelium and the mucus layer. To persist, H. pylori 

may be able to evade or even modulate the immune response to prevent 

elimination (reviewed in Baldari 2005). For the majority of H. pylori infected 

individuals this asymptomatic balance is maintained for many decades or the 

lifetime of the host. However, for the minority of patients who progress from 

infection to clinical disease it is normally a very lengthy process and usually 

occurs after several decades of infection. Although H. pylori causes acute and 

chronic inflammation in the stomach, the magnitude and topography of the 

inflammation varies from strain to strain, as well as from host to host, which is 

believed to arise due to genetic variation of both the bacterium and the host. 

Differences in clinical outcome in patients following infection are clearly 

related to this variation. Bacterial virulence factors have been identified, which 

have been associated with gastric disease and influencing the level of 

inflammation and these are now discussed. 

1.5. H. pylori virulence factors. 

Genetic studies have shown H. pylori strains are enormously diverse and 

certain bacterial virulence factors have been associated with both the level of 

inflammation as well as gastric disease. However, the identification of H. pylori 

genes predictive of the clinical outcome following infection remains to be 

achieved (Yamaoka 2002; Lehours 2004; Lu 2005). 

1.5.1. H. pylori genome. 

H. pylori has a circular genome of approximately 1.67 megabases 

(Tomb 1997) which encodes systems for motility, scavenging for iron, for DNA 

restriction and modification, a minimal set of metabolic genes, genes for many 

potential adhesins, lipoproteins and outer membrane proteins, as well as 

mechanisms for antigenic variation. H. pylori isolates from unrelated 

individuals have a significant amount of variation at the nucleotide level across 

the genome. Indeed, within an individual, the bacterial population is not entirely 

clonal, reflecting H. pylori's particularly high mutation rate and very high 

recombinational frequency (Suerbaum 1998; Bjorkholm 2001). Thus, each host 

is colonized not by a single clone but rather by a cloud of usually closely related 

organisms and genetic drift occurs within the H. pylori populations during the 
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lifelong colonisation of the host (Kuipers 2000; Israel 2001). H. pylori is also 

highly competent for uptake of DNA from other H. pylori strains. However, 

comparison of the genomic sequence of two independent clinical isolates 

showed the overall genomic organization, gene order and predicted protein 

sequences were very similar with only 7% of the genes being strain-specific, 

and over half of these were clustered in a single hypervariable region called the 

plasticity zone (AIm 1999). Israel et al (2001) compared 15 clinical H. pylori 

isolates and showed 22% of genes were variable and strain specific. Overall, 

this indicates that there are conserved core genes that represent the majority of 

the H. pylori genome, which encode for metabolic and cellular processes, and a 

minority of strain specific genes (Salama 2000). 

1.5.2. Type I and II strains. 

H. pylori strains have been divided into two main groups, type I and type 

II strains (Xiang 1995). Type I strains possess a cag pathogenicity island 

(cagPAI), approximately 40kb chromosomal DNA sequence, that consists of 

between 27-31 genes including a type IV secretory apparatus (Censini 1996; 

Salama 2000). Type I strains are also characterised by the production of the 

vacuolating cytotoxin (VacA) and the cytotoxin associated antigen (CagA). 

Type II strains do not possess the cagP AI and produce little VacA. Type I 

strains are more virulent, are associated with strong gastric inflammation and 

more severe pathologies than type II strains (Gerhard 1999; Backert 2004). 

Serological studies of patients with duodenal ulcers and gastric malignancy 

show that they are significantly more often infected with type I H. pylori strains. 

1.5.2.1. The cagPAI and the type IV Secretion Machinery. 

The cagP AI contains many genes including a type IV secretion system, 

which in other bacteria is specialized in transferring macromolecules, such as 

DNA and proteins, across the bacterial membrane into host cells (reviewed in 

Censini 2001). The secretory system forms a needle-like structure spanning the 

inner and outer membranes of the bacterium. On contact with host cells the 

secretion system is inserted into the plasma membrane and permits transfer of 

bacterial protein(s) to the cytoplasm, where they modulate host cell functions. In 

H. pylori the type IV system has been shown to inject the CagA protein into 
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epithelial cells, both in vitro (Segal 1999; Odenbreit 2000), and ill vivo 

(Yamazaki 2003). In addition, the cagP AI leads to secretion of cytokines and 

chemokines such as IL-8 by epithelial cells (Sharma 1998; Foryst-Ludwig 2000; 

Fischer 2001). Through transformation the entire cagP AI may be restored or lost 

between strains infecting the stomach (Kersulyte 1999). 

1.5.2.2. CagA protein. 

The strain-specific H. pylori gene, cagA, is located on the border of the 

cagPAI chromosomal region (Covacci 1993; Tummuru 1993). Presence of the 

cagA gene in H. pylori strains has been associated with an increased risk of 

dyspepsia (Loffield 2001), peptic ulcer disease (Cover 1990; Crabtree 1991 b; 

Nomura 2002a) and gastric adenocarcinoma (Blaser 1995; Nomura 2002b). No 

homologs are known for cagA in other Helicobacter species or in other bacteria, 

suggesting that it reflects a human gastric-specific gene. The CagA protein is 

extremely antigenic, and antibodies to CagA are readily detected in the serum 

from H. pylori positive patients. 

The exact function of CagA is unknown, but it is thought to be the first 

bacterial protein to be translocated into host epithelial cells by the type IV 

secretory apparatus and has been shown to interact with a number of host 

signalling molecules (Asahi 2000; Odenbreit 2000; Stein 2000). After 

translocation, the 128-145kDa CagA protein, which contains a variable number 

of tyrosine-phosphorylation sites, can be phosphorylated by host cell enzymes 

including members of the Src family ofkinases (Segal 1996 and 1999; 

Odenbreit 2000; Aras 2003a; Azuma 2004). CagA recruitment of Src kinase 

results in the de-phosphorylation of host cell proteins (Selbach 2002; Higashi 

2002; Tsutsumi 2003; Higashi 2004). Thus, CagA interacts with several of the 

major signal-transduction pathways present in epithelial cells and subsequently 

influences host cellular functions. 

In individual strains, parts of the cagP AI, including the cagA gene, may 

be deleted. In addition, the cagA gene shows phylogeographic variation with 

Eastern, Western, and hybrid genotypes (Azuma 2004). DNA sequences 

encoding the tyrosine-phosphorylation motifs are variable in number and 

flanked by repetitive elements, allowing their deletion or duplication, which 

affects the phenotype ofthe injected CagA protein (Aras 2003a). The East-
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Asian CagA specific sequence confers stronger SHP-2 binding activity than 

Western CagA specific sequence (Higashi 2002). Thus, the association of cagA 

with increased gastric inflammation and more severe pathologies may be 

dependent on cagA variants, as well as influenced by other genes within the 

cagPAI (Atherton 2002; Argent 2004; Azuma 2004). 

1.5.2.3. VacA protein. 

The vacA gene is distant to the cagP AI and encodes for the 139kDa 

VacA protein (Cover 1994). As with the cagA gene, no close homologs of vacA 

exist in other Helicobacter species or in other bacteria, which suggests its 

importance in the specific relationship of H. pylori with the human stomach. 

The active form of the VacA protein induces extensive cytoplasmic vacuolation 

in epithelial cells that leads to epithelial cell death (Telford 1994). Although all 

strains have the vacA gene only 40% of strains cause vacuolation of the 

epithelium. Vacuolation of the epithelium is dependent on the insertion of VacA 

into cell membranes to form anion-selective channels which allow nutrients and 

urea to pass from the epithelial cell into the extracellular space, thereby 

providing nutrients for the bacteria (Szabo 1999; and reviewed in: Montecucco 

2003). 

The vacA gene is naturally polymorphic. The two most polymorphic 

regions are the signal region (type sla, sIb, sIc or s2, encodes the signal peptide 

and the N terminus of the mature protein) and the mid region (type ml or m2, 

which encodes part of the pS8 domain and is important in binding to specific 

epithelial cell surface receptors). All combinations of the signal and mid region 

occur naturally, although s2/ml is rare (Letley 1999). In vitro studies using 

HeLa cells showed sllml strains caused more extensive vacuolation than sllm2 

strains and the s2/m2 strain was non-vacuolating. Thus, the sImI strain is the 

most toxic form of VacA. 

VacA has several specific effects that may contribute to H. pylori 

persistence in the gastric niche. Not only does it form pores and vacuoles in 

epithelial cell membranes, allowing egress of anions and urea, and thereby 

increasing epithelial cell tum-over (Cover 2003), VacA may also induce 

loosening of epithelial tight junctions, potentially allowing nutrients to cross the 

mucosal barrier to the gastric luminal niche of H. pylori (Papini 1998; Szabo 
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1999; Tombola 2001). This may also allow virulence factors past the epithelial 

layer to the underlying lamina propria. 

VacA may not only target epithelial cells, but can affect other cell types 

including cells of the immune system, potentially inducing immune suppression. 

VacA blocks phagosome maturation in macrophages enabling H. pylori to 

survive phagocytosis (Zheng 2003), and selectively inhibits antigen presentation 

in B-cells by its effects on antigen processing compartments (Molinari 1998). 

VacA may also be immunosuppressive by direct action on T -cells. VacA 

inhibits the activation and proliferation of T -cells in vitro. These effects may 

result from the specific receptors VacA binds to on the cell surface, initiating 

signal transduction pathways, and/or effects on endosomal vesicles (Gerbert 

2003; Boncristiano 2003; Sundrud 2004). Therefore the actions ofVacA benefit 

H. pylori persistence, not only by epithelial cell damage to aid nutrient delivery 

from the gastric mucosa, but also by potentially modulation of the immune 

response. 

In several Western populations, patients infected with VacA s2/m2 

strains have been shown to have a much lower risk of peptic ulceration and 

gastric adenocarcinoma than patients infected with sllml and s1/m2 strains 

(Kidd 1999). The s 1 strain is found in >90% of patients with duodenal ulcers, 

whereas the s2 type is isolated from less than 10% ((Kidd 1999; Letley 2003). 

The sImI strain is detected in 89% of patients with gastric adenocarcinoma, 

compared to only 40% of H. pylori gastritis patients (Kidd 1999; Miehlke 

2000). This increases to 95% in gastric adenocarcinoma patients from Japan, 

which might explain the high frequency of gastric cancer in this country (Zhou 

2004). In contrast to this, most clinical isolates express less vacuolating or non

vacuolating forms (Atherton 1995). 

1.5.3. H. pylori adhesins. 

1.5.3.1. The Lewis b blood group antigen and BabA2 protein. 

Once below the mucus, adherence of H. pylori to mucins and the gastric 

epithelial layer involves specific H. pylori outer membrane molecules binding to 

host receptors. Several epithelial structures have been implicated in adhesion, 

but the best-studied receptor is the Lewis blood group antigens. The bacterial 

gene babA encodes for an outer membrane protein (BabA) and a particular 
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allele, babA2, which encodes the BabA2 protein binds to the Lewis b (Leb
) 

blood group antigen and mediates attachment of H. pylori to the epithelial 

surface. In 1993, Boren et al reported that H. pylori bound to receptors on 

gastric epithelial cells that were Leb antigen and H antigen (blood group 0) 

positive. Since blood group A with Leb
, and B with Leb did not bind H. pylori, 

blood group A and B individuals are less susceptible to infection. This may 

explain earlier observations that blood group 0 persons have a higher incidence 

of ulcers than group A and B individuals. 

1.5.3.2. The H. pylori adhesins SabA and OipA. 

SabA is an H. pylori outer membrane adhesin, which binds to sialyl

Lewis x antigens, which are up-regulated during chronic inflammation and 

found on epithelial cells and neutrophils (Mahdavi 2002). Thus, during chronic 

inflammation increased expression of sialy-LeX antigens may allow greater 

colonisation of SabA+ H. pylori strains. 

The H. pylori outer membrane protein, OipA, has been associated as a 

virulence factor and its expression on the surface of H. pylori influences the 

release of the chemokine IL-S from epithelial cells in vitro (Yamaoka 2000 and 

2004). Therefore, expression of the oipA gene may influence the severity of 

acute inflammation following H. pylori infection due to enhanced IL-S 

secretion. 

Expression of many outer membrane proteins, including SabA and 

OipA, is regulated by dinucleotide repeats in the coding regions of the 

respective genes. If the 'on' signal sequence is present within the gene then the 

protein is expressed, whereas if the 'off' sequence within the genome is present, 

little protein is expressed. 

1.5.4. H. pylori neutrophil activating protein. 

H. pylori infected mucosa result in an influx of neutrophils and 

mononuclear cells. Recruitment of these cells is due to different factors 

including the chemokine IL-S. H. pylori produces neutrophil activating protein 

(NAP), which is directly chemoattractant to neutrophils and monocytes (Evans 

1995), and is probably one of the mechanisms responsible for the mass influx of 

these cells to the gastric mucosa, as it is extremely inflammatory (Dundon 
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2002). Neutrophil infiltration is likely to contribute to epithelial damage as 

recruitment activates phagocyte NADPH oxidase to produce reactive oxygen 

and nitrogen intermediates (ROI and RNI) (Satin 2000). 

1.5.5. Linkage of virulence genes in H. pylori strains. 

The presence of the cagA gene and the cagP AI (type I strains) is 

significantly associated with the presence of the babA2 allele, sImI alleles of 

vacA, and also oipA 'on' genotype. This contrasts with cagA negative strains 

(type II strains), 90% of which are also negative for the babA2 allele, have 

s2/m2 vacA alleles and have the oipA 'off' genotype. Therefore, these H. pylori 

genes are in linkage with each other. When co-expressed, the CagA, sImI 

VacA, and BabA2 proteins synergistically worsen inflammation and are 

associated with a higher risk of developing intestinal metaplasia in several 

European populations (Atherton 1995; Zambon 2003). German patients infected 

with H. pylori babA2+ strains were significantly associated with duodenal 

ulcers (P=0.0002) (Gerhard 1999) and gastric adenocarcinoma (P=0.03) (Rad 

2002), compared with babA2- strains. In addition 'triple positive' type I strains 

(cagA+, vacAsl, babA2+) showed a highly significant correlation with 

duodenal ulcers (P=0.2xlO-5
) and adenocarcinoma (P=0.014). This has recently 

been confirmed by a study of patients from Germany, Portugal and Finland 

(Olfat 2005). However the same group did not identify an association with 

babA2+ strains in Swedish duodenal ulcer patients. However, the in vitro assays 

did reveal high adhesion properties correlated with the presence of duodenal 

ulcers. In addition, the presence of babA2 and cagA, although present in >80% 

of Japanese H. pylori strains, did not correlate with clinical outcome 

(Mizushima 2001). Thus, although adherence appears to be important in clinical 

outcome, this may be achieved by different adhesins and host receptors. 

Thus, there is clear evidence of bacterial genetic virulence factors that 

are associated with heightened gastric inflammation and disease development. 

In addition, several H. pylori constituents essential for colonization or virulence 

also have the capacity to manipulate the immune response. 
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1.6. H. pylori evasion of the immune response. 

If a microbe is to persist in a vertebrate host, its biggest challenge is to 

avoid clearance by the immune system. Transient H. pylori colonization has 

been documented in both primates and humans (Dubois 1996; Perez-Perez 

2003) implying that colonisation did not inevitably follow infection. However, 

eradication of the organism is believed to be a rare event once colonisation has 

been established. Following H. pylori infection, there is rapid host recognition 

in the form of both innate and adaptive immune responses, including the 

generation of specific local and systemic antibodies (Peek 1995). The lifelong 

colonization of the stomach by the bacteria demonstrates the effectiveness of H. 

pylori strategies to evade host immunity. An important first step is to survive 

without tissue invasion, and the bulk of H. pylori reside in the gastric lumen, 

beyond the reach of most host immune effector mechanisms. However, H. 

pylori can establish intimate contact with the surface epithelium, and some H. 

pylori proteins cross the epithelial barrier (Mai 1992) and both innate and 

adaptive immune responses are activated (Peek 1995). Although it is not able to 

completely avoid immune activation, H. pylori have evolved potential 

mechanisms to reduce recognition by immune sensors, suppress activation of 

immune cells and evade immune effectors. 

1.6.1. Evasion of innate immunity. 

The innate immune response can be activated by TLRs and H. pylori 

have evolved to minimize such stimulation. TLR5 recognizes bacterial flagella 

such as those of Salmonella typhimurium but it is not stimulated by H. pylori 

flagella (Lee 2003; Gewirtz 2004). TLR9 recognizes the largely unmethylated 

DNA of most bacteria but the highly methylated H. pylori DNA minimizes 

recognition. Some pathogenic bacteria can modify the lipid A portion of their 

lipopolysaccharide (LPS) to prevent stimulating the innate immune response. H. 

pylori LPS is anergic compared to the LPS of other enteric bacteria due to lipid 

A core modifications (Tran 2004). 
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Although H. pylori can be effectively ingested by professional 

phagocytes (Odenbreit 2001), H. pylori type I strains (CagA+ and VacA+) are 

more resistant to killing than other Gram-negative bacteria (reviewed in Allen 

2001). Several studies have shown that H. pylori bacteria phagocytosed within 

macrophage compartments can interrupt phagosome maturation allowing the 

bacteria to survive phagocytosis (Zheng 2003; Chaturvedi 2004; Bussiere 2005; 

Allen 2005). Oxidative stress resistance is one of the key properties that enable 

pathogenic bacteria to survive the toxic reactive oxygen and nitrogen species 

(ROI and RNI) released by the host. To manage oxidative stress and contribute 

to successful colonization, H. pylori, like many other bacteria, produce enzymes 

that remove ROI. H. pylori has several enzymes such as the MdaB protein, an 

NADPH quinone reductase (Wang 2004), alkyl hydroperoxide reductase, thiol

specific peroxidase and bacterioferritin comigratory protein (Wang 2005), 

enzymes that catalyse the reduction of hydrogen peroxide and organic 

hydroperoxides. 

However despite the above evasive mechanisms, H. pylori activate the 

nuclear factor - kappa B transcription factor (NF-KB) in epithelial cells 

apparently through recognition by NODI. NODI, an innate intracellular 

pathogen-recognition molecule, detects soluble components of Gram-negative 

bacterial peptidoglycan (Viala 2004). Although H. pylori are generally non

invasive, recognition by epithelial cells via NODI is dependent on the delivery 

of the peptidoglycan by the bacterial secretory type IV system, encoded in the 

cagPAI (Viala 2004). The resultant NF-KB induced pro-inflammatory cytokine 

expression is an important and continuing inflammatory stimulus. 

1.6.2. Evasion of adaptive immunity. 

H. pylori activates the adaptive immune system, as indicated by both 

humoral and cellular recognition of its antigens, although it may have evolved 

to substantially down-regulate and avoid adaptive immune effectors. 

Recognition by the adaptive immune system requires antigen presentation, and 

H. pylori interfere with both uptake and processing of antigens, partially through 

a VacA effect. VacA has been shown to interfere with antigen processing in B-
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cells and subsequent presentation of peptides to T -cells (Molinari 1998). H. 

pylori also suppress T-cell proliferation, activation and induce selective T-cell 

apoptosis in vitro (Gebert 2003; Wang 2001, Boncristiano 2003; Gerhard 2005). 

The resulting defects in T-cell activation may prevent the adaptive immune 

response to be effective against H. pylori, allowing chronic colonization of the 

gastric niche. 

Dendritic cells (DCs) may playa role in H. pylori potential to modulate 

or adapt in the presence of an immune response. C-type lectins, such as DC

SIGN, are DCs surface receptors that recognise carbohydrate structures and on 

binding, internalise pathogens for antigen processing and presentation to 

activate T - cells. DC-SIGN binds H. pylori strains expressing Lewis antigens 

(Le) (Appelmelk 2000; Bergman 2004). Studies have shown that Le+ H. pylori 

variants were able to bind to DC-SIGN and be presented on gastric DCs and this 

inhibited the development of a strong T helper 1 profile (Thl) (see section 1.7). 

In contrast, Le- variants escaped binding to DCs and a strong Th 1 immune 

response was generated (Bergman 2004). Furthermore, the expression of Lewis 

antigens on H. pylori, as well as other surface antigens, can be switched on and 

off (phase-variable expression), allowing the bacteria to adapt in the presence of 

an immune response (Aras 2003b). 

Whether the immune response is modulated by H. pylori and influences 

the clinical outcome remains to be determined. In addition to the bacterial 

virulence factors already discussed, inter-individual variation in the host 

immune response to H. pylori infection may also influence the clinical outcome. 

1.7. Cytokines and the Thl vs. Th2 immune response. 

Cytokines modulate both the cellular and humoral arms of the immune 

response. N a"ive CD4+ T helper cells (Th), after engagement of the T-cell 

receptor (TCR) by the appropriate peptide-MHC complex, can differentiate 

from an initial common state (ThO) into at least two functional types, Th 1 and 

Th2, during an immune response (Mosmann 1986). These subtypes differ in the 

cytokines they secrete. Thl cells secrete pro-inflammatory cytokines (IFNy, IL-

2, TNFa) that complement T-cell proliferation. This pathway is essentially cell-
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mediated immunity, and will maintain a prolonged int1ammatory response. Th2 

cells secrete cytokines such as IL-4, -5, -13. The Th2 pathway is essentially an 

anti-inflammatory profile and initiates a humoral pathway, which promotes B

cell growth. Maintenance of the Th1ITh2 balance is crucial to the efficient 

functioning of the immune system. 

The cytokines IL-12 and IL-4, acting through signal transducer and 

activator of transcription 4 (STAT4) and STAT6 respectively, are key 

determinants in the differentiation of T -cells to the Th 1 or Th2 phenotype 

(reviewed in Murphy 2002). IL-12, and in synergy with IL-18, will polarize the 

differentiation of naIve T -cells to a Th1 profile secreting IFNy and cell mediated 

responses (reviewed in Szabo 2003). Th1 cells express the transcription factor 

T-bet, which has a central role in Th1 development (Szabo 2000) and induces 

transcriptional competence of the IFNy encoding gene (Mullen 2002). In 

contrast, the transcription factor GAT A3 is crucial for inducing some of the key 

attributes of Th2 cells, in particular transcriptional competence of the cytokine 

cluster which includes the genes encoding IL-4, IL-5 and IL-13 (Zheng 1997). 

Many studies indicate that the mucosal immune response to H. pylori 

infection has a predominant Th 1 profile. Raised levels of IFNy, IL-1~, TNFu, 

IL-6, IL-8 and IL-12 have consistently been detected in antral biopsies of H. 

pylori positive compared to negative individuals (Peek 1995). A Th1 profile, 

characterised by IFNy and TNFa secreting effector cells, with high levels of IL-

12, a Th1 stimulating cytokine, in the gastric mucosa contribute to this 

polarization of the T-cell response (D'Elios 1997). H. pylori specific activated 

T -cells from human biopsies have consistently been shown to express IFNy but 

not IL-4 or IL-5 (Karttunen 1995; D'Elios 1997; Bamford 1998). In addition, 

increased levels of IL-18, which acts synergistically with IL-12 to induce a Th 1 

profile have been identified in H. pylori infected mucosa (Tomita 2001). 

The immune response, and in particular, the severity of the gastric 

inflammation is believed to be a key factor in H. pylori pathogenesis and there 

are clearly distinct differences in the level and topography of inflammation 

between individuals in response to H. pylori infection. This variation may be 

dependent on the Th1ITh2 balance of the immune response (reviewed in Del 

Giudice 2001). Although it is difficult to assess whether the Thl response 
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contributes to tissue injury in patients and thus pre-clinical sequelae, animal 

models of H. pylori infection clearly show that infection itself does not elicit 

gastric inflammation. Mice lacking an adaptive immune response show minimal 

pathology after infection with H. pylori or H. felis. The contribution of TNFa 

and IFNy to the induction of gastric inflammation and protection from H. pylori 

infection has been studied in knockout mice (Yamamoto 2004). TNFa -/- or 

IFNy -/- knockout mice had higher numbers of H. pylori bacteria colonising the 

stomach than wildtype mice, indicating that these two cytokines are important 

in controlling Helicobacter colonisation. H. pylori infection in IFNy deficient 

mice led to decreased levels of gastric inflammation and atrophy compared with 

wild-type mice, and in vivo neutralisation of IFNy in mice infected with H. felis, 

similarly reduced the severity of gastritis. However, TN Fa -/- mice had the 

same degree of inflammation as wild type mice. Thus, in mice, gastric 

inflammation and atrophic changes are abrogated in the absence of the key Thl 

cytokine IFNy and can be induced by IFNy infusion, even in the absence of 

Helicobacter (Smythies 2000). Indeed mice with a predominant Th 1 response 

develop more gastric inflammation during Helicobacter colonization than those 

with a Th2 response (Fox 2000). Experiments that involved T-cell transfer 

between mice showed that these effects were dependent on Th 1 cells 

(Mohammadi 1997). These studies indicate that although a Thl response will 

minimise H. pylori colonisation, it has a key role in the level of inflammation 

and is likely to be pathogenic if uncontrolled. 

A Thl response needs to be modulated by a Th2 response and the anti

inflammatory effects of transforming growth factor-~ (TGF~) and IL-lO. TGF~ 

is constitutively expressed in gastric mucosa and is a negative regulator of Th 1 

type immune responses. TGF~ null mice spontaneously develop gastritis and 

inflammatory bowel disease. In H. felis infected mice gastric pathologies are 

significantly more severe in IL-I0-/- knockout mice compared to wild-type 

mice (Chen 2001; Ismail 2003). In addition, a more severe gastric inflammation 

is seen in IL-4 deficient Helicobacter infected mice compared to IFNy deficient 

mice (Smythies 2000). 

Whether re-directing the immune response towards a predominant Th2 

response against H. pylori would provide protective immunity and reduce 
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pathogenic consequences is unknown (reviewed in Del Guidice 2001). 

However, certain strains of mice (C57 IBL6) infected with H. fe/is that mount a 

polarized Th1 type response develop extensive gastric inflammation, whereas 

genetically distinct mice (BALB/c) that respond to infection with a Th2 type 

response develop only minimal gastritis. In humans, peptic ulceration is rare 

during immune suppression with cyclosporin A or pregnancy, a Th2-

predominant state. Furthermore, it has been suggested that the relative scarcity 

of H. pylori associated disease in Africa despite high H. pylori prevalence (the 

"African enigma") may be due to predominant Th2 responses to H. pylori 

among black Africans (Fox 2000; Blaser 1993). This may result from co

infection with helminths generating a predominant Th2 immune response 

(Whary 2004 and 2005). 

1.S. Immune response in development of disease 

Therefore, a critical question is whether the level and type of immune 

response following H. pylori infection influences disease outcome? A strong 

Thl response may minimise colonisation of H. pylori, but if excessive may be 

pathogenic leading to tissue destruction, atrophy and intestinal metaplasia. 

Gastric biopsies from H. pylori positive and negative patients had a significant 

correlation between in situ secretion of IFNy and TNFa with the severity of 

gastritis, H. pylori density and epithelial cell apoptosis (Lehmann 2002). In 

acute inflammation rapid mobilisation of polymorphonuclear cells is essential, 

but in chronic infections such as H. pylori, persistent activation of cytokines and 

immune cells is likely to be detrimental. A Th1 type response would enhanced 

activation of macrophages and polymorphonuclear cells that would lead to 

greater tissue destruction through the production of reactive oxygen radicals and 

nitric oxide Activated neutrophils release highly toxic oxygen reactive species, 

which can cause a wide range of DNA damage including double strand breaks. 

In addition to their role in the level and type of inflammation, gastric 

mucosal cytokines appear to be important in disease pathogenesis by 

modulating gastric physiological responses. Infection with H. pylori is 

associated with increased gastrin and decreased mucosal somatostatin 

secretion, changes which are reversed following H. pylori eradication. The 
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resultant hypergastrinaemia associated with infection appears to be due to 

cytokine action on the endocrine cells releasing these hormones. Cytokines, 

such as IFNy, IL-1 ~ and TNFu, influence the release of gastrin from G cells, 

whereas IL-4 influences somatostatin secretion from D cells (Zavros 2005). 

1.8.1. Gastric acid secretion. 

The predisposition among H. pylori infected individuals to develop 

duodenal ulcers or gastric malignancy closely correlates with the topography of 

gastric inflammation. Antral predominant gastritis heightens the risk of 

duodenal ulcers whereas pan-gastritis is a risk factor for gastric adenocarcinoma 

and GML. Gastric acid secretion is crucial in determining the anatomical 

distribution of H. pylori infection (Uemura 2001), and gastric acid secretion is 

itself modulated by cytokines. High acid production by parietal cells in the 

corpus mucosa probably protects it from colonisation, and the mucus secreting 

antral region is the site of H. pylori infection initially. Antral H. pylori gastritis 

is associated with up-regulation of gastrin, the acid stimulatory hormone, 

secreted from G-cells within the glands of the gastric mucosa, and down 

regulation of somatostatin (SOM), an inhibitory gastrointestinal hormone, 

normally secreted from D-cells located within the gastric mucosa. This results 

in a net increase in acid secretion. The amount of acid produced is then 

dependent on the health of the corpus and the parietal cell mass. In hosts with a 

lower acid secretory capacity, H. pylori is able to colonise a wider niche than is 

possible in higher acid producing hosts. Colonisation of a wider niche leads to 

further reduction in acid production as the corpus becomes hyperplastic and 

eventually atrophic with the loss of acid secreting glands. 

In patients with duodenal ulcers, the H. pylori gastritis is usually 

restricted to the antral region with only very low-grade corpus H. pylori 

gastritis. These patients retain normal (or high) acid secretion and have a 

large parietal cell mass that is relatively H. pylori free. The high acid 

production is associated with duodenal gastric metaplasia (DGM), a 

protective mechanism against the continual delivery of increased acid to the 

duodenum. The presence of DGM in the duodenum allows H. pylori to 

colonise this region, further weakening the mucosa here, which together 
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with high levels of acid, results in the development of ulcers. These patients 

very rarely develop gastric adenocarcinoma (Hansson 1996). This contrasts 

with patients with extensive corpus gastritis, who are more likely to develop 

hypochlorhydria and gastric atrophy, which are precursors for the 

development of gastric adenocarcinoma (Correa 1976; Reviewed in Meining 

2001). 

1.8.2. The role of cytokines in the development of gastric adenocarcinoma. 

The level of gastric acid secretion is regulated by cytokines. 

Cytokines, such as IL-l~, TNFa, IFNy and IL-4 affect the hormone 

secretory cells of the stomach, which subsequently regulate gastric acid 

production (Zavros 2003). Treatment of mice with IFNy, a Thl cytokine, 

was sufficient to induce gastritis with concomitant increase in gastrin 

secretion and decrease somatostatin levels, both of which are hallmarks of 

H. pylori gastric pathogenesis. In contrast, the Th2 profile cytokine, IL-4, 

increased somatostatin levels and effectively suppressed gastrin expression 

and secretion. Zavros et al (2003) demonstrated that pre-treatment with IL-4 

prevented the development of gastritis in infected wild-type but not in 

somatostatin null mice. Immunofluorescence showed the presence of IL-4 

receptors on the gastric somatostatin secreting cells. In addition, IL-4 

stimulated somatostatin release from primary D cell cultures. Treatment of 

mice chronically infected with H. felis for two months with the somatostatin 

analogue octreotide resolved inflammation. Therefore, these experiments 

identified a mechanism by which IL-4 resolves inflammation in the stomach 

by stimulating the release of somatostatin from gastric D cells. 

IL-l ~ is up-regulated in the presence of H. pylori and is a pro

inflammatory cytokine, important in initiating and amplifying the immune 

response to infection. IL-1 ~ is also the most powerful known inhibitor of 

gastric acid secretion. EI-Omar et al (2000) have studied several 

polymorphisms in cytokine genes in relation to gastric adenocarcinoma. 

Polymorphisms within the ILl gene cluster on chromosome 2q13-14 (ILIB-

31C and IL1RN*2 alleles) that are believed to enhance production and 

functional activity ofIL-1 ~ were associated with an increased risk of both 
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hypochlorhydria and gastric adenocarcinoma (El OImu' 2000). In addition, 

gene polymorphisms that are believed to affect the expression levels of 

TNFa, IL-4, IL-6 and IL-lO cytokines were investigated in a US group of 

gastrointestinal cancer patients (EI-Omar 2003). Genotypes believed to 

enhance TNFa production (TNF-308A allele) and a haplotype believed to 

confer low expression of the anti-inflammatory cytokine IL-lO CILlO -

1082A, -819T, -592A haplotype) were associated with more than a doubling 

risk of developing gastric adenocarcinoma. Indeed, calTiage of multiple pro

inflammatory polymorphisms ofTNF, IL1B, IL1RN, and ILlO conferred 

greater risk (OR of 2.8 for one, 5.4 for two, 27.3 for three or four high risk 

genotypes). This indicated that, in addition to acid secretion as previously 

discussed, a genetic pro-inflammatory cytokine profile increases the risk of 

distal gastric adenocarcinoma in response to H. pylori infection. In addition, 

these polymorphisms were not associated with other upper gastrointestinal 

cancers, such as squamous cell carcinoma and adenocarcinoma of the 

oesophagus and cardia gastric adenocarcinoma. 

This introduction has so far discussed the influence of H. pylori and the 

host immune response in the development of gastritis, peptic ulcers and gastric 

adenocarcinoma. The remainder of this introduction will discuss the 

development of GML subsequent to H. pylori infection. 

1.9. Primary gastric extra-nodal marginal zone B-celllymphoma of 

mucosa-associated lymphoid tissue (GML). 

1.9.1. GML and association with H. pylori infection. 

Development of GML is closely associated with H. pylori infection. 

Patients are significantly more likely than matched controls to have evidence of 

previous H. pylori infection (Parsonnet 1994) and the presence of the organism 

can be identified in the gastric mucosa in 92% of patients with GML 

(Wotherspoon 1991). In addition, low-grade lymphomas have been shown to 

regress following eradication of H. pylori (Wotherspoon 1993). Indeed, 

eradication with antibiotics results in approximately 70% of low-grade GML 
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regressing. Eradication of H. pylori infection is by triple therapy comprising an 

acid reducing agent (omeprazole or lansoprazole) and two antimicrobial drugs 

(clarythromycin and amoxycillin or metronidazole), given for one or two weeks. 

Eradication is usually achieved after one or two courses of treatment. 

1.9.2. Diagnosis of GML. 

Compared to the other gastric diseases already discussed, GML is rare, 

with only 0.71 cases/l 00 000 per year (Severson 1990). Invariably the 

lymphoma occurs in adults (median age 61 years), with a male to female ratio of 

1: 1.2. GML is a neoplastic clonal B-cell population with the immunophenotype 

CD79a+, CD20+, CD5-, CDI0-, CD23-, CD43-/+, and CDllc-/+. The 

neoplastic B-cells usually express surface IgM but not surface IgD. 

Rearrangement and somatic hypermutation of the immunoglobulin genes has 

occurred and the cells express the marginal zone cell associated antigens CD21 

and CD35. Thus, the normal equivalent of these tumour cells is believed to be 

marginal zone B-cells (Suarez 2006). Marginal zone B-cells are found within 

the marginal zone of lymphoid organs such as the spleen, lymph nodes and 

MALT with infection. In MALT lymphoma the marginal zone is expanded and 

surrounds the germinal centre and the neoplastic cells extend into the adjacent 

mucosa and invade the glandular epithelium. 

Low-grade lymphoma is diagnosed by the presence of a dense lymphoid 

infiltrate of centrocyte like cells in the lamina propria of the gastric mucosa (fig. 

1.5), multiple lymphoepitheliallesions (LEL are defined as aggregates of three 

or more marginal zone cells with distortion or destruction of the epithelium) 

(fig. 1.6), loss of gastric glands by the lymphoid infiltrate and moderate atypia. 

Diagnosis is based on the histology and immunophenotype from a gastric 

biopsy. In the gastric mucosa the tumour cells are present with a heterogeneous 

population of T and B-cells. The tumour infiltrate is located in the marginal 

zone of reactive B-cell follicles of MALT tissue and extends into the 

interfollicular region. Tumour cells also infiltrate the gastric epithelium and may 

over run the germinal centres (called follicular colonisation). 
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Fig. 1.5. Gastric extra-nodal marginal zone B-cell (MALT) lymphoma. 
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The tumour cells surround reactive follicles and infiltrate the mucosa. Adapted 
from Jaffe 200 1. 

Fig. 1.6. GML characterised by the presence of LELs. 
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Lymphoepitheliallesion. Adapted from Jaffe 2001. 
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1.9.3. The immune response to H. pylori infection and the development of 

GML. 

GML develops from the acquired MALT produced in response to H. 

pylori infection. MALT lymphomas rarely arise in the well-developed MALT of 

the gastro-intestinal tract e.g. Peyer's patches of the small intestine, and are 

usually seen in the stomach, thyroid gland, orbit and salivary gland where the 

original MALT is poorly developed, but is acquired due to an infection. GML 

always contain reactive T lymphocytes in close association with the malignant 

B-cells, and both non-malignant CD4+ and CD8+ T-cells are seen mixed with 

the tumour B-cells. 

It seems that the immune response to H. pylori is intimately involved in 

the development of GML. Development of GML is antigen driven, requiring T

cell help. In in vitro studies, neoplastic B-cells taken from GML patients 

proliferated in response to strain specific H. pylori (Hussell 1993). This was 

also dependent on the presence of autologous T -cells, which needed to be in 

contact for the neoplastic B-cells to proliferate and this was abrogated if 

antibodies to CD40 ligand were present (Hussell1996). Although the tumour B

cells were H. pylori sensitive their immunoglobulin specificity was shown to be 

autoimmune (Greiner 1998). Indeed, auto-antibodies probably as a consequence 

of H. pylori infection have been detected by several studies (Negrini 1996; 

Crabtree 1993; Faller 1997). GML tend to remain localised in the stomach and 

this may be dependent on the need for continuous antigen stimulus and/or help 

provided by the acquired lymphoid tissue, especially H. pylori specific tumour 

infiltrating T -cells. In 70% of low-grade GML patients the lymphoma regresses 

following H. pylori eradication (Isaacson 2005). However, the presence of 

malignant B-cells can still be detected using polymerase chain reaction to 

identify the presence of clonal immunoglobulin heavy chain (IgH) genes. It is 

believed that the H. pylori specific T -cells no longer drive the proliferation of 

the malignant B-cells, once the H. pylori antigenic drive has been removed. 

Therefore, malignant B-cells may be in a dormant phase, but are still 

polymerase chain reaction positive for clonal IgH genes. Re-infection with H. 

pylori tends to result in a relapse of the lymphoma. 
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1.9.4. Identification of trans locations in GML patients. 

Certain genomic abnormalities have been detected in GML cases and 

although their exact role in the development of disease is not known they are 

reviewed next. 

The t( 11; 18)( q21 ;q21) is the most common translocation detected in 

low-grade GML. This translocation results in the fusion of the amino terminal 

of the API2 gene (chromosome 11 q21) to the carboxyl terminal of the MALT 1 

gene (chromosome 18q21) and generates a fusion product (Dierlamm 1999). 

The API2 gene is believed to be an apoptosis inhibitor and inhibits caspases 3,7 

and 9. MALTI is involved in the antigen receptor activation of the transcription 

factor complex, NF-K8. Wild-type API2 or MALT 1 are incapable of activating 

NF-K8, however, the fusion product is a potent activator (Uren 2000; Lucas 

2001). Approximately 30% of patients with low-grade GML do not respond to 

H. pylori eradication as a therapy to initiate lymphoma regression. H. Liu et al 

(2001) assessed whether the presence of the t( 11; 18)( q21 ;q21) translocation 

predicted lymphoma resistance to H. pylori eradication. They screened 10 

responsive and 12 non-responsive low-grade GML patients to H. pylori 

eradication treatment. Nine of the 12 non-responders had the translocation, 

whereas this translocation was not detected in any of the responders. Therefore, 

t(lI;18)(q21;q21) translocation-positive GML patients correspond to cases that 

do not respond to H. pylori eradication (Liu 2002a). When GML invades deeper 

layers of the gastric wall and disseminates to local lymph nodes and distal sites, 

the tumour loses its dependency on H. pylori specific T -cells and no longer 

responds to H. pylori eradication. Therefore, the t( 11; 18)( q21 ;q21) translocation 

may support increased B-ce1l survival and decreased dependency on autologous 

T -cell help, thereby enabling metastasis. The presence of this translocation can 

therefore be used as a diagnostic marker for adverse clinical features of low

grade GML. In addition, the presence of the t( 11; 18)( q21 ;q21) translocation is 

significantly associated with infection by H. pylori CagA positive strains. 

Fourteen out of fifteen (93%) t(lI;18)(q21;q21) translocation-positive GML 

patients were infected with CagA positive strains compared to 14/27 (51.9%) 

translocation-negative cases (P< 0.01) (Ye 2003). This translocation has only 

been detected in MALT lymphomas, and predominantly from lymphomas 
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arising at sites of the lung and stomach (Ye 2003). In addition, in 

t(11; 18)(q21 ;q21) translocation-positive cases no other chromosomal 

abnormalities have been identified. 

Two other translocations have been identified in MALT lymphomas, 

t(1;14)(p22;q32) and t(14;18)(q32;q21) translocations. The t(l;14)(p22;q32) 

translocation occurs in around 1-2% of H. pylori associated GML cases and 

causes the deregulation ofBCLI0 (chromosomelp22). BCLlO specifically 

relays the antigen receptor signalling to the NF-KB pathway (Ruland 2001). The 

to ;14) and t(11; 18) translocations in GML cases appear to be mutually 

exclusive. The t04;18)(q32;q21) translocation involving the MALT 1 gene has 

been described in MALT lymphomas arising in the lung and eye (Streubel 

2003), although this translocation may be rare in lymphomas arising in the 

stomach. 

1.10. Cytokines: A role in the development of GML? 

Gastric inflammation and acquired MALT are a prerequisite for the 

development of GML. Therefore, factors involved in the initiation and 

regulation of the inflammatory response may confer susceptibility to or 

protection from this lymphoma. As already discussed, cytokines playa crucial 

role in regulating inflammation, are essential for the development of acquired 

MALT and modulate gastric physiological responses following infection. In 

addition, the topography of inflammation is associated with clinical outcome 

and GML is associated with pan-gastritis. Cytokines playa key role in all of 

these pre-clinical sequelae and therefore, are potential candidates for correlating 

with the development of this disease. There is individual variation in the level of 

expression of cytokines and some of this variation is due to polymorph isms in 

cytokine genes. Inter-individual differences in the level of cytokine expression 

may lead to differences in the modulation of an immune response to an 

infection. 

1.10.1. Polymorphisms in cytokine genes. 

The inflammatory response may be genetically programmed with some 

people having a very vigorous response and others a more measured response to 
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the same stimulus. Indeed, Sorensen et al (1988) demonstrated that adopted 

individuals carried a greater risk of death from infectious causes that was 

equivalent to that of their natural, rather than adoptive parents. Thus, they 

established that death in adults from infectious causes had a genetic background 

and the genetic variation known to exist in the immune system may have a role. 

Cytokine genes and their receptors are polymorphic, although the exon 

sequences are usually highly conserved (notable exceptions include TGFB 1 and 

TNFRII (p75) genes). The majority of known polymorphisms are found in the 

upstream promoter sequences, in introns and in 3' untranslated regions (UTR) 

which in many cases results in differential in vitro expression of the respective 

pro- or anti-inflammatory cytokine e.g. TNFa (Wilson 1997), IL-1P (El-Omar 

2000; Rad 2004) and IL-lO (Turner 1997; Eskdale 1998; Rad 2004). However 

in vivo, the situation is cel1ainly more complex and may be influenced by both 

the stimulus and the cell type (Kroeger 2000; Allen 1999; Gibson 2001). 

Polymorphisms in the human ILIA, IL1B, IL1RN (IL-1 receptor antagonist), 

ITA, IL6, IL8, ILlO, IL12, IL18, IFNG, TGFB1, LTA and TNF genes have all 

been reported to influence cytokine expression. For example, IL-lO is an anti

inflammatory cytokine that inhibits transcription and production of IL-12, TNF, 

major histocompatibility complex (MHC) expression, co-stimulatory molecules 

and reduced production of ROI and RNI by phagocytes. There are many 

polymorphisms within the promoter region of the ILIO gene, which are believed 

to contribute to the inter-individual variability in IL-lO expression levels. A 

study looking at environmental and genetic effects on IL-10 in monozygotic and 

dizygotic twins showed that 50% of the variation in level of expression was due 

to a genetic component (Reuss 2002). Studies of the ILlO gene have described 

at least 49 polymorphisms, only one of which causes an amino acid substitution 

in the IL-lO protein. However, some of these polymorphisms influence the level 

of protein expression. Polymorphisms within the 5'and 3' regulatory sequences 

may affect transcription by altering the sequence at sites where transcription 

factors bind, whereas intronic polymorphisms may affect mRNA splicing and 

rate of mRNA degradation. Several studies have looked at individual single 

nucleotide polymorphisms (SNPs), or haplotypes within the ILlO gene region 

and correlated this with expression leveJs. For example, SNPs at positions -

1082, -819, -592 of the ILlO gene form three well-conserved haplotypes, GCC, 
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ACC and AT A. For the majority of ill vitro studies the GCC haplotype is 

associated with 'high expression' and AT A haplotype is associated with the 

'low expression' forms ofIL-lO. However, other polymorphic sites may in 

addition affect expression of IL-l 0 (Bidwell 1999 and 2001; Haukim 2002). 

Some of these polymorphisms, considered to alter the rate of gene 

transcription, are thought to influence inflammatory processes in response to 

infectious diseases and in support of this, many of these polymorphisms show 

associations with susceptibility to a number of immune-mediated diseases 

(reviewed in: Bidwell 1999 and 2001; Haukim 2002). Currently, it is unknown 

if the polymorphisms associated with differential cytokine expression and the 

overall cytokine genetic profile of an individual results in qualitative or 

quantitative programming of the inflammatory response. However, there are 

plenty of examples in the literature that support this hypothesis. For example, 

associations between polymorphisms in the promoter of the TNF gene and 

rheumatoid arthritis (Brinkman 1997), cerebral malaria (McGuire 1994; 

McGuire 1999; Knight 1999) and ILlO promoter polymorphisms with systemic 

lupus erythematosus (Lazarus 1997; Gibson 2001) and pathogenesis to AIDS 

(Shin 2000). Recent reports have linked cytokine gene polymorphisms with 

influencing gastric inflammation following H. pylori infection (Rad 2004) and 

subsequent development of gastric adenocarcinoma (EI-Omar 2000). In 

addition, a number of studies have reported associations between TN Fa and/or 

lymphotoxin-a (LTa) and certain cancers, including chronic lymphocytic 

leukaemia (Demeter 1997), non-Hodgkin's lymphoma (NHL) (Warzocha 1998; 

Juszczynski 2002; Spink 2006) and breast cancer (Chouchane 1997). In 

cutaneous malignant melanoma, ILlO genotypes associated with low IL-10 

expression in vitro are associated with disease susceptibility (Howell 2001). 

H. pylori infection is characterised by a strong neutrophil and 

lymphocyte infiltration. The T helper response towards H. pylori is generally 

considered to be Th1 phenotype, leading to a cell-mediated immune response. 

This Th1 response may contribute to cancer development as down regulation of 

the Th1 response in mice with concurrent helminth infection was shown to 

protect against atrophy, intestinal metaplasia and invasive gastric carcinoma 

(Fox 2000). IL-l2 is the key cytokine in directing the immune response towards 

a Thl phenotype, which acts synergistically with IL-l8, whereas IL-4 plays a 
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key role in the differentiation of T -cells into Th2 cells that promote a humoral 

response. Important cytokines characterising Th 1 mediated immune responses 

are IFNy, TNFu, IL-l~ and IL-8, all being up-regulated during chronic H. pylori 

infection. IL-IO and TGF~, which are highly expressed in the H. pylori infected 

stomach (Karttunen 1997), are important regulatory cytokines influencing the 

balance of the cell- mediated immune response. 

For the study presented in this thesis, SNPs associated with differential 

expression of candidate pro- and anti-inflammatory cytokines, particularly 

cytokines with altered expression as a result of the immune response to H. 

pylori, were investigated in primary gastric extra- nodal marginal zone B-cell 

(MALT) lymphoma patients (GML) and a large H. pylori infected patient 

control group with uncomplicated chronic gastritis from three European 

populations. The aim of the study was to determine the influence, if any, of 

polymorphisms in cytokine genes on the development of GML subsequent to H. 

pylori infection. These results will be of interest in comparison with the IL-

1~/IL-1 receptor antagonist results associated with gastric adenocarcinoma 

reported by EI-Omar et al (2000; 2003; Furuta 2002). 

Eighteen SNPs were selected from 14 cytokine genes and their promoter 

regions. The selection of the SNPs was based on one or more of the following 

criteria: the cytokine has an altered expression level in response to H. pylori 

infection; there is evidence of the SNP affecting expression levels in vivo and/or 

in vitro; there is evidence that the SNP is associated with an inflammatory 

disease. Based on these criteria, five SNPs within the ILl gene cluster 

(chromosome 2q12-14) were selected; IL1A-889 (CIT), IL1B-31 (TIC), IL1B-

511(CIT), IL1B+3953 (CIT) and IL1RN+2018 (TIC). Three SNPs within the 

TNF region (chromosome 6p21.3) were selected; TNF-308 (GIA), TNF-376 

(GIA), and LTA+252(AlG). Finally, a further ten SNPs from cytokines or their 

receptors that modulate T helper lymphocyte responses were selected; IL4-590 

(CIT), IL6-174 (GIC), IL8-251 (T/A), ILlO-592 (CIA), IL12B+1188 (AlC), 

IL18-137 (GIC), IL18-607 (CIA), IFNG+874 (AIT), IFNGRl-56 (TIC) and 

TGFBl-509 (CIT). 
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1.10.2. The selected cytokine SNPs: 

1.10.2.1. ILl gene region (ILIA, IL1B IL1RN): 

ILIA, ILIB and ILIRN are three related genes located within the ILl 

gene cluster on chromosome 2q, which encode the pro-inflammatory 

cytokines IL-I a, IL-1~, as well as their endogenous receptor antagonist, IL

Ira, respectively. IL-1 ~ is a pro-inflammatory cytokine and a potent inhibitor 

of gastric acid production. IL-1~ is up-regulated in the presence of H. pylori 

and is important in initiating and amplifying the immune response to this 

infection. It exhibits stable expression differences among individuals and these 

inter-individual differences are associated with polymorphisms in the genes of 

the ILl region. IL1B-31, -511 and +3953 are three SNPs located within the 

IL1B gene and its promoter. The IL1B-511 T allele, which is in complete 

linkage disequilibrium (LD) with the IL1B-31C allele, is associated with 

increased IL-1 ~ secretion from peripheral blood mononuclear cells (PBMC) 

(Hurme 1998). The -31 polymorphism involves a TATA sequence which is 

abolished in the C allele. El-Omar (2000) assessed in vitro DNA-protein 

binding of this polymorphism using electrophoretic mobility shift analysis 

(EMS). LPS stimulation of PBMC indicated that one or more proteins, 

presumably transcription factors, interact with IL1B-31 T allele but not the-

31 C allele. In addition, no differences in binding activity were detected 

between the two alleles of the IL1B-511 polymorphism. The -31 

polymorphism may be a functional polymorphism, as the T allele showed an 

increase in protein binding compared to the -31C allele in the EMS assay and 

therefore, any association of the -511 polymorphism is due to LD with the -31 

SNP. 

The functional impact of the IL1+3953 SNP was studied by analysing 

the in vitro stimulated PBMC IL-1 ~ response. PBMC with 1 or 2 copies of the 

IL1B+3953T allele resulted in a 2- to 4-fold increase in IL-1 ~ production 

when stimulated with LPS compared to PBMC that have two copies of allele 

C. This indicates that the ILl +3953 polymorphism may result in quantitative 

differences in expression levels (Pociot 1992). 

The ILl receptor antagonist gene (IL1RN) has a penta-allelic 86bp 

variable number of tandem repeat region (VNTR) in intron 2, of which allele 2 
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(IL1RN*2) was previously associated with enhanced IL-1 ~ secretion (Hurmc 

1998; Santilla 1998; Hwang 2002). IL1RN+2018C allele, located in exon 2, is 

in near complete linkage disequilibrium (>90%) with IL1RN*2 allele (Smith 

2004) and is associated with decreased levels of IL-1ra protein (Andus 1997), as 

well as associated with enhanced IL-1~ production in vitro (Santilla 1998). 

The IL1B-31C/IL1-511TI IL1RN*2 haplotype has been associated 

with increased IL-l ~ expression, more severe inflammation, an increased 

prevalence of intestinal metaplasia and gastric atrophy in H. pylori chronic 

gastritis patients (Rad 2004). In addition, the IL1B-31CI IL1RN*2 haplotype 

has been detected in several European populations to be associated with a 

significant increase in the risk of developing chronic hypochlorhydria and 

gastric adenocarcinoma following H. pylori infection (EI-Omar 2000;· 

Machado 2001; Furuta 2002; Zambon 2002). 

A functional polymorphism has been identified in the promoter region 

of the ILIA gene, a C to T polymorphism at position -889. Individuals with 

the -889TT genotype had significantly increased levels of ILIA mRNA levels 

and increased protein levels in their plasma compared to individuals with the -

889CC genotype. Furthermore, the T allele at -889 creates a consynsus 

sequence for the transcription factor skn-I. Possession of ILI-889T allele was 

associated with early onset, juvenile rheumatoid arthritis with iridocyclitis 

(P=0.002, OR=6.2) (McDowellI995) and early onset Alzheimer's disease 

(Dominici 2002). 

1.10.2.2. IL4 gene: 

The cytokine IL-4 mediates a variety of interactions among components 

of the immune system including inducing immature T -cells to assume a Th2 

phenotype and to repress Th I-inducing signals. 

A single nucleotide polymorphism, IL4-590, in the promoter of the 

multi-functional cytokine IL-4 affects the binding of nuclear factor for activated 

T -cells (NFAT), a key transcriptional activator of IL-4 in T -cells. This 

regulatory polymorphism influences the balance of cytokine signalling in the 

immune system (Rockman 2003). When Th2 cells are stimulated by antigen 

presenting cells (APC), signal transduction cascades lead to the 
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dephosphorylation and nuclear translocation of pre-existing cytosolic NFAT, as 

well as the transcriptional up-regulation of the AP-I group of transcription 

factors. Co-operative binding ofNFAT and API to the IL4 promoter activates 

its transcription. The human IL4 promoter contains six invariant binding sites 

for NFAT, but because of a polymorphism at position -590 from the 

transcriptional start site, the -590T allele contains an experimentally verified 

seventh binding site. Transfection of allelic reporter constructs into cultured T

cells has shown that the presence of this seventh NFAT binding site has a 

synergistic affect on transcription rate. IL4-590T allele results in more than 3-

fold greater expression than -590C. The influence of the site on IL-4 expression 

has also been confirmed in vivo. The additional NFAT binding site at -590T 

creates a hair-trigger for IL4 transcription. The resulting sensitivity is 

advantageous when a Th2 response is required, as when individuals are 

confronted with extracellular pathogens such as intestinal helminths. On the 

other hand, -590C is favoured when a Thl response is required, as when 

individuals are confronted with intracellular pathogens, such as tuberculosis or 

leprosy, or when they face CXCR4 binding viruses. 

1.10.2.3. IL6 gene: 

IL-6 is a multi-functional cytokine with diverse functions including 

stimulation of the acute phase response following infection or injury, 

differentiation and activation of macrophages and T -cells and growth and 

terminal differentiation of B-cells. IL-6 is not constitutively expressed but is 

induced in response to several inflammatory stimuli such as IL-l, TN Fa and 

LPS (reviewed in Terry 2000). In IL-6 knockout mice, the T-cell dependent 

antibody response is dramatically compromised in response to infection. 

Circulating levels of IL-6 are largely regulated at the level of expression due to 

the rapid clearance of this cytokine. Experiments in Bela cells indicate that the -

180 to -123 promoter region is crucial for transcription in response to cytokines 

such as IL-l and TNFa. A polymorphism at position -174 G to C appears to 

affect IL6 transcription. A change from -174G to C creates a potential NF-I 

transcription binding site which, in Bela cells, leads to repression of gene 

expression. In a luciferase reporter vector transiently transfected into BeLa 
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cells, the -174C construct showed 0.624( +/-O.lS)-fold lower expression than the 

-174G construct. After stimulation with LPS or IL-l, expression from the -174C 

construct did not significantly change after 24 hours, whereas expression from 

the -174G construct increased by 2.35(+/-0.10)- and 3.60(+/-0.26)-fold, 

respectively, compared with the unstimulated level. Plasma levels of IL-6 were 

also measured in 102 healthy individuals, and the C allele was found to be 

associated with significantly lower levels of plasma IL-6. These results suggest 

that there is a genetically determined difference in the degree of the IL-6 

response to stressful stimuli between individuals (Fishman 1998). Furthermore, 

systemic-onset juvenile chronic arthritis was associated with a reduced 

incidence of the potentially protective IL6-174CC genotype in young patients 

(Fishman 1998). 

1.10.2.4. IL8 gene: 

H. pylori infection is characterised by a marked neutrophil infiltration 

and elevated gastric mucosal ll..-8 protein levels have been consistently 

associated with active gastritis. The chemokine IL-8 is pro-inflammatory, 

primarily mediating the activation and migration of neutrophils into tissue from 

peripheral blood. Sequencing a l.4kb promoter region directly upstream of the 

transcription start site of the ll..8 gene in 36 healthy individuals identified a 

single polymorphism at position -251 (Hull 2000). Furthermore, expression 

levels of ll..-8 from 50 healthy individuals indicated that the IL8-251A allele 

was associated with increased IL-8 production following LPS stimulation of 

PBMC compared to the ll..8-251 T allele (P=0.07). In addition, in 117 case

parent triad families, the presence of the A allele was significantly associated 

with susceptibility to severe bronchiolitis disease after infection with respiratory 

syncytial virus (RSV) (P=0.004) (Hull 2000). This indicates that susceptibility 

to severe disease may be a consequence of increased IL-8 production after 

infection with RSV. 

1.10.2.5. ILI0 gene: 

ll..-1O is an anti-inflammatory cytokine that down-regulates TNFa, IL-

12, MHC class II molecules and co-stimulatory molecules as well as the 
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production of reactive oxygen and nitrogen intermediates, particularly on 

phagocytic cells and antigen presenting cells (APC) (reviewed in Trinchieri 

2001). In part through inhibition of lL-12 and co-stimulatory molecule 

expression on APC, lL-lO has an overall immunosuppressive effect on the 

generation ofThl responses. In addition, IL-lO profoundly affects the 

bactericidal activity of phagocytic cells, allowing intracellular survival of 

pathogens such as Mycobacterium tuberculosis and Leishmania major. 

Furthermore, lL-10 is essential to protect infected animals from severe 

inflammatory pathology. IL-10 knockout mice succumb within 1-2 weeks of 

infection to a systemic inflammatory response with enhanced production of IL-

12, INFyand TNFa. 

As previously discussed, several polymorphisms have been identified in 

the lLlO gene and its promoter. Carriers of the IL10-1082G/-819C/-592C (GCC 

haplotype) had higher mucosallL 1 0 mRN A levels than AT A haplotype carriers 

and were associated with colonisation of more virulent cagA+ strains in H. 

pylori infected patients with chronic gastritis (Rad 2004). Carriers homozygous 

for thelLlO 'low haplotype' ATA (-1082A1-819T, -592A) had significantly 

increased risks of non-cardia gastric adenocarcinoma (OR=2.5, 95% CI= 1.1-

5.7) (EI-Omar 2003). However, it should be noted that the -819 and -592 are in 

complete LD (Turner 1997). 

1.10.2.6. IL12 genes: 

Various factors influence the decision of a naIve T-cell to function either 

as a Thl- or Th2-cell, including the presence of IL-12 or IL-4 at the time of 

initial CD4+ T-cell activation. lL-12 is mainly produced by antigen presenting 

cells in response to certain bacterial and parasitic infections. IL-12 binding to its 

receptor, results in signal transduction cascade and nuclear translocation of the 

signal transducer and activation of transcription 4 (STAT4) to induce IFNy 

production. IFNyalso rapidly induces the expression of T -bet, a Th 1 specific 

transcription factor, that is thought to be a master switch controlling Thl 

differentiation. lL-12 is a pro-inflammatory cytokine composed of two 

disulfide-linked chains, p40 and p35, encoded by lL12B and IL12A genes, 

respectively and located on different chromosomes (5q31-33 and 3pI2-3qI3.2). 
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The co-expression of both subunits is required to generate a biologically active 

heterodimer (p70), which appears to be predominantly regulated at the level of 

IL12B transcription (Gubler 1991). This cytokine plays a key role in the 

promotion of a Th1 immune response in the gastrointestinal mucosa. Enhanced 

IL12 mRNA levels have been reported in H. pylori infected individuals 

(Karttunen 1997; Bauditz 1999). The functional polymorphism at position 

+1188 (AlC) in the 3'UTR in exon 8 of the IL12B gene has been shown to be 

biologically relevant (Seegers 2002). Presence of the C allele was associated 

with increased IL-12 p70 secretion by stimulated monocytes. Furthermore, this 

polymorphism has been associated with disease susceptibility to several chronic 

inflammatory, autoimmune and infectious diseases such as insulin-dependent 

diabetes mellitus (Morahan 2001), multiple sclerosis (van Veen 2001) psoriasis 

(Tsunemi 2002) and cerebral malaria (Morahan 2002). 

1.10.2.7. IL18 gene: 

IL-18 is a pro-inflammatory cytokine mainly produced by activated 

macrophages and in synergy with IL-12 can induce IFNy, particularly from T

cells and NK cells. Two polymorphisms have been identified in the promoter 

region of IL18 that have been shown to affect transcription. A change from C to 

A at position -607 disrupts a potential cAMP-responsive element binding site. 

In addition, a change at position -137 from G to C changes the H4TF-l nuclear 

factor binding site (Giedraitis 2001). Expression analysis by reverse transcritase 

PCR showed individuals homozygous for -607C and -137G had higher levels 

ofIL18 mRNA compared to other genotypes (P=0.17). Although this is not 

statistically significant, in reporter assays this haplotype also showed higher 

transcriptional activity (Giedraitis 2001). 

1.10.2.8. IFNG gene: 

A polymorphism at position +874(T/A) in the first intron of the IFNG 

gene has been reported (Pravica 2000). Allele T of this SNP shows an absolute 

correlation with allele 2 of a penta-allelic CA micro satellite polymorphism, 

which has been associated with high IFNy production from PBMC (Pravica 

1999). Furthermore, the +874 polymorphism in intron 1 coincides with a 
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putative NF-KB binding site (the consensus NF-KB binding sequence is 

GGGANTYYCC), which may have functional consequences for the 

transcription of the IFNG gene. The +874 T allele creates the sequence 

AATCTC and EMS studies show NF-KB binding to this sequence (Pravica 

2000). 

1.10.2.9. IFNGR1 gene: 

The release of IFNy enhances anti-bacterial immunity. It binds to the 

IFNy receptor (IFNGR), which comprises IFNGR1 and IFNGR2 chains. 

Binding activates signalling via Janus kinases (JAK) and activates STAT 1. 

STAT1 homodimers enter the nucleus and bind to IFNy activated site (GAS) 

promoter sequences and stimulate gene transcription of genes encoding 

inducible nitric oxide synthase (iNOS), an enzyme that generates NO radicals 

and phagocyte (NADPR) oxidase, which generates oxygen radicals. IFNy 

functions predominantly on macrophages and induces a microbicidal state 

against pathogens. 

IFNGR1 encodes the chain 1 of the IFNy receptor. A genome wide 

screen of H. pylori positive families (Senegalese population) found an 

association with a 90cM region of chromosome 6 around marker D651 009 

(located next to the IFNGR1 gene). A multipoint LOD score of 3.1 was 

obtained at IFNGR1. Sequencing of the IFNGR1 gene revealed three 

polymorphisms, including the IFNGRl-56 TIC SNP, which was found to be 

associated with high antibody concentrations to H. pylori. The inclusion of this 

polymorphism in the linkage analysis raised the LOD score to 4.2. Thus, the 

IFNGR-56 C to T polymorphism was associated with H. pylori infection (Thye 

2003). Furthermore, this SNP was shown to influence transcriptional activity in 

reporter gene assays (Rosenzweig 2004). 

1.10.2.10. TGFB1 gene: 

TGF~l negatively regulates Th1 cell development (Letterio1998; Wahl 

1994) and TGF~l knockout mice spontaneously develop gastritis and 

inflammatory bowel disease (Rahm 2002; Monteleone 2001). In a study of 170 

pairs of either monozygotic or dizygotic twins the heritable estimate for TGFB 1 
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was 0.54 (95% CI=0.39-0.66) (Grainger 1999). Sequencing of the promoter 

region identified two polymorphisms in strong LD, -800 and -509 SNPs. 

Furthermore, the -509C to T polymorphism was significantly associated with 

TGF~ 1 plasma concentration, with the -509T allele associated with higher 

concentrations of TGF~ 1 (Grainger 1999). 

1.10.2.11. TNFILTA gene region: 

Secreted or membrane bound TNFa and secreted LTa binds to TNFR55 

and TNFR75 receptors to activate the TNF pathway. TNFa is a potent cytokine 

with a range of pro-inflammatory activities. It is produced by monocytes and 

macrophages although other cells such as T and B-cells can produce significant 

amounts. The TNF and LTA genes lie in the major histocompatibility complex 

on chromosome 6. TNFa has potent biological actions, and its production is 

tightly regulated. The level of TNFa is controlled at the transcription level by 

LPS and IFNy, as well as post-transcriptional regulation due to RNA stability 

and translation efficiency. In response to LPS stimulation of macrophages, TNF 

transcription increases 3-fold, TNF mRNA increases 50- to 100-fold and protein 

secretion increases by a factor of 1O,000-fold (Beutler 1989). Several 

polymorphisms have been reported in the TNF gene region and a complex 

pattern of polymorphisms is seen that is associated with secretion levels 

(reviewed in Hajeer 2001). The majority of expression studies have focused on 

the G/A polymorphism at position -308. In some in vitro studies the A allele 

was associated with heightened TNFa secretion. However, other studies have 

not found a correlation (reviewed in Allen 1999). However, the presence of high 

or low TNFa plasma levels is associated with disease. Inheritance of a 'low 

TNFa secretion' phenotype (TNF-308G) was associated with a ten-fold 

increased risk of fatal outcome from meningococcal disease (OR=8.9, 95% 

CI=1.8-45), while high IL-10 production was associated with a twenty-fold 

increased risk of fatality (OR=19.5, 95% CI=2.3-165) and inheritance of both 

conferred greatest risk (Westendorp 1997). Fatal cerebral malaria is associated 

with high circulating levels of TNFa, which correlates with inheritance of 'high 

TNFa expression' phenotype (TNF-308A; TNF-376A) (McGuire 1994; Knight 

1999). Systemic release of TN Fa and LTa has been found to be associated with 
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the severity of NHL (Warzocha 1998) and TNF/L T A haplotypes associated 

with development ofNHL (Spink 2006). Warzocha et al (1998) showed patients 

with high circulating levels of TNFa and LTa, and high TNFa plasma levels 

were associated with poorer disease outcome. In 273 lymphoma patients the 

TNF-308A allele was significantly associated with higher plasma levels of 

TNFa at diagnosis. Presence of two or more TNFILTA 'high producing' alleles 

(TNF-308A and LTA+252G) was significantly associated with higher rate of 

relapse and progression of disease (P=0.007). 

Wilson et al (1997) have shown the TNF-308 polymorphism has a direct 

effect on TNF gene regulation in reporter gene assays and conclude that the 

TNF-308A allele may be responsible for the high TNFa phenotype and its 

associations with more severe disease in infections such as malaria and 

leishmaniasis. The TNF-308A allele in B-celliines has higher constitutive and 

inducible levels of TNFa expression than presence of the TNF-308G allele. The 

TNF-308G allele creates a lObp sequence homologous to the consensus binding 

site for activator protein 2 (AP-2), which is disrupted in the TNF-308A allele. 

Functional assays demonstrated that AP-2 binding represses the activity of the 

TNF promoter in lurkat cell line, indicating that the TNF-308 SNP affects gene 

expreSSIOn. 

Finally, carriers of TNF-308A allele were significantly associated with 

an increased risk of non-cardia gastric adenocarcinoma (OR=2.2, 95% CI= 1.4-

3.7) (EI-Omar 2003). 

Monocytes and macrophages are a major source of TNFa. Knight et al 

(1999) identified a SNP in the TNF promoter at position -376 from the 

transcriptional start site, that was protected from DNAse I digestion in a well

differentiated monocyte cell line. EMS assays revealed that the pattern of 

protein binding to this site was different between the two alleles (-376G to A). 

An additional 95kDa protein binds to the TNF promoter when the -376A allele 

is present, which is abolished when the -376G allele is present. This DNA 

binding protein was identified as OCT -1, a ubiquitous transcription factor with 

the consensus binding sequence ATGCAAA T. OCT -1 is known to interact with 

a broad range of transcription factors. Therefore, the -376 polymorphism as 
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well as altering the promoter sequence, may also be responsible for influencing 

the structural conformation of the region. Indeed, binding of OCT -1 to the -

376A region is predicted to cause this region of DNA to adopt a higher degree 

of curvature. In reporter gene assays the -376A SNP showed a 35% increase in 

TNF expression compared to the wild-type, -376G (P=0.002). Furthermore, to 

determine if the -376 polymorphism exerts a functional effect in vivo, Knight et 

al examined the relationship of this SNP with clinical outcome of cerebral 

malarial infection. TNF has a pivotal role in human malaria, acting both to 

suppress parasitic growth as well as being implicated in the pathogenesis of 

cerebral malaria. Individuals with the -376A allele were increased in the 

cerebral malaria group compared to the ethnic-, age-, sex- and residency

matched control group with mild malaria in two different population, a 

Gambian study (OR=4.3, 95% CI=1.5-12.8, P=0.008) and a Kenyan study 

(OR=4.6, 95% CI=1.3-15.7, P=0.016) (total individuals in the two studies was 

2,192 cases). Thus, the rare TNF-376A allele influences the transcriptional 

activity of the TNF gene. 

Soluble LTa and TNFa bind the same receptors and share many 

biological and structural characteristics. However, there is a membrane form of 

LTa, when co-expressed with another protein LTP, it forms a heteromeric cell 

surface, membrane bound molecule, tethered by the transmembrane region of 

LTp. LTP is not functional by itself but the LTap form binds to the receptor 

LTPR. A different function for LTap (referred to here as the LT pathway) has 

emerged that is distinct from TNF functions. To ensure T and B-cells encounter 

antigens the immune system has developed highly structured environments such 

as the lymph nodes and marginal zone of the spleen. The LT pathway can 

trigger the development of secondary lymphoid organs and is involved in the 

formation of ectopic lymphoid structures (organised lymphocytic aggregates 

that form at sites of chronic inflammation). Signalling through the membrane 

bound LT pathway is crucial in the maintenance of the organisation and 

architecture of the secondary lymphoid organs. Cell surface bound LT is 

expressed by activated lymphocytes and a subset of resting B-cells, whereas, the 

receptor is expressed mainly by dendritic cells, monocytes and non-
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haematopoietic cells. Furthermore, inhibitors of the LT pathway reduce disease 

in a wide range of autoimmune diseases. 

A polymorphism at position +252 in the first intron of the LTA gene has 

been identified. Presence of the lower frequency G allele has been shown to 

result in raised LTa concentrations in stimulated PBMC (Messer 1991; Knight 

2003). This SNP is within a phorbol ester responsive DNA element and has 

affinity for the transcription factor family, AP-1, jun and c-fos. 

The TNF-308A and LTA+252G alleles are in LD and both are thought 

to result in 'high producer' TNFa and LTa expression, respectively. In 

addition, these alleles are in LD with the HLA-A1, -B8, -DR3, -DQ2 haplotype. 

This haplotype is associated with autoimmunity as well as rapid progression of 

HIV infection to AIDS. 

1.11. Case-control association studies. 

Complex diseases do not exhibit classical Mendelian patterns of 

inheritance and it is harder to identify causal genes due to several factors. 

Disease development is likely to be influenced by multiple genetic as well as 

environmental factors. Currently, allelic association studies provide the most 

powerful method for locating genes of small effect contributing to complex 

diseases (Daniels 1998). Identification of a positive association of a genetic 

marker with a disease in several populations indicates the allele may be a causal 

gene or is in linkage disequilibrium with the causal gene. However, careful 

consideration must be given to the power and design of the study. Selection of 

the phenotype of cases and controls is critical to the success of identifying 

causal genes. 

Finally, a summary of factors that may be involved in the 

progression to GML following H. pylori infection is shown in figure 1.7. 
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Fig. 1.7. Summary of bacterial and host factors that influence 

development of GML. 

H. pylori infection in the stomach 

• Influenced by host genetic factors e.g. blood group antigens. 

• Influenced by bacterial genetic factors e.g. babA2, sabA. 

• Stimulates innate and adaptive immune response. 

• Acute inflammation 

• Chronic inflammation 

• Acquired MALT 

• H. pylori specific antibody and T -cells generated. 

• H. pylori evades the immune response by adapting to its environment 

Degree and location of inflammation is influenced by host and bacterial genetic 

factors: 

• Bacterial genes (cagPAI, cagA, sImI vacA, mechanisms to modulate 

the immune response). 

• Host genes (acid production, ThI-Th2 balance, ?cytokine genes). 

• Environmental (smoking, diet). 

Low grade GML develops: 

• A neoplastic clonal, autoimmune B-cell. 

• Dependent on presence of H. pylori. 

• Dependent on presence of H. pylori specific intratumoural T - cells. 

• Responds favourably to H. pylori eradication. 

• Translocations t( 11; 18) or t(1; 14) 

H. pylori independent GML: 

• Resistant to H. pylori eradication 

• Metastasis 
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Aims. 

The immune response to H. pylori infection is intimately involved with 

the development of primary gastric extra-nodal marginal zone B-cell (MALT) 

lymphoma (GML). Cytokines, which initiate and regulate the inflammatory 

response, may influence the development of this disease. Single nucleotide 

polymorphisms (SNPs) within cytokine genes, that are believed to affect 

cytokine expression and the inter-individual variation in inflammatory 

responses, are potential candidates for influencing the development of this 

disease. Therefore, a case-control association study compared the cytokine 

genotype and haplotype frequencies from primary GML patients and 

uncomplicated H. pylori positive gastritis controls collected from three 

European caucasoid populations, UK, Germany and the Netherlands. 

The majority of DNA for the GML patient groups and H. pylori gastritis 

control groups would be extracted from an archival, paraffin-embedded, 

formalin-fixed, gastric biopsy. Therefore, the first phase of this project was to 

select the most appropriate method for genotyping SNPs using DNA derived 

from this source of material. A comparison of two polymerase chain reaction 

(PCR) genotyping methods, amplification refractory mutation system - PCR 

(ARMS-PCR) and TaqMan® 5' nuclease assay for allelic discrimination (5' 

nuclease assay), was performed to determine the most appropriate method for 

genotyping. For this method comparison, four SNPs located in cytokine gene 

promoter regions were selected, ILIB-5Il, IL4-590, IL6-I74, and TNF-308. 

For this comparison, DNA extracted from 335 archival gastric biopsies was 

genotyped using the 5' nuclease method and a proportion of these samples were 

genotyped using the ARMS-PCR method. The percentage of samples 

successfully genotyped for these four SNPs, as well as the accuracy and ease of 

genotyping was assessed for these two methods. 

Following selection of the most suitable genotyping method, the second 

stage of this project was to evaluate the hypothesis: 

Are known SNPs in cytokine genes associated with the development of 

primary gastric extra-nodal marginal zone B-cell (MALT) lymphoma subsequent to 

Helicobacter pylori infection? 
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A case-control association study compared the cytokine genotype and 

haplotype frequencies from 206 primary GML patients and 568 uncomplicated H. 

pylori positive gastritis controls collected from three populations, UK, Germany 

and the Netherlands. Eighteen SNPs selected from 14 cytokine genes and their 

promoter regions were selected for the case-control association study; ILIA-889, 

ILIB-31, ILIB-511, ILIB+3953, ILIRN+2018, IL4-590, IL6-174, IL8-251, ILIO-

592, ILI2+1188, ILI8-137, IL18-607, IFNG+874, IFNGRl-56, TGFBl-509, TNF-

308, TNF-376, and LTA+252. 

The presence of the t( 11; 18)( q21 ;q21) translocation in GML patients 

is associated with adverse clinical outcome. It is not known if cytokine 

polymorphisms are associated with the presence or absence of this 

translocation. Therefore, the identification of the t( 11; 18)( q21 ;q21) 

translocation in the GML cases from each population was determined to 

evaluate the hypothesis: 

Are cytokine polymorphisms associated with the presence or absence of the 

t(11; 18)(q21 ;q21) translocation in GML patients subsequent to H. pylori 

infection? 
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Chapter 2: General materials and methods. 

2.1. General materials. 

2.1.1. Reagents. 

All reagents used for the manipulation of DNA, RNA and for PCR 

amplification were of analytical reagent grade. 

Reagent 

Acetone, >99.5% 

Acrylamide: Bisacrylamide solution, 40% (19: 1) 

Agarose 

Source 

Sigma Aldrich 

Sigma Aldrich 

Helena Biosciences 

Ammonium persulphate, >98% Sigma Aldrich 

Bromophenol Blue (3' 3" 5' 5' 'tetrabromophenolsulfonethalein) 

Sigma Aldrich 

Cresol Red sodium salt, dye content 95% Sigma Aldrich 

2'-Deoxynuc1eoside 5'-Triphosphate (100rnM each of dATP, dCTP, dGTP, 

dTTP) Amersham Pharmacia 

Ethylenediaminetetraacetic acid (EDTA), 0.5M 

Ethanol, Absolute 96-100% 

Ethidium Bromide, 100mg tablets 

Formamide (Hi-DiTM) 

Isopropanol, >99% 

Mineral oil 

Nonidet P40@ 

Sigma Aldrich 

Sigma Aldrich 

Sigma Aldrich 

Applied Biosystems 

Sigma Aldrich 

Sigma Aldrich 

Merck 

pBR322/Hae III digest (diluted to 50llg12001l1 in H20) 

PCR reagents: 

AmpliTaq Gold (5U/IlI) 

PCR Buffer II, x10 

Magnesium chloride, 25rnM 

Sigma Aldrich 

Applied Biosystems 

Applied Biosystems 

Applied Biosystems 

qPCR Mastermix, x2 (contains 1unit hotstart Taq DNA polymerase, dNTP 

mix, 5rnM MgCh, PCR buffer and ROX as a passive reference). 

Eurogentec 

Proteinase K, lyophilised powder Sigma Aldrich 
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Sucrose, 99% Sigma Aldrich 

TAE, x50 concentrate (Ultrapure 2.0M Tris-Acetate and 100nlM Na2EDTA) 

National Diagnostics 

TBE, xlO concentrate (Ultrapure 0.89M Tris- Borate pH 8.3 and 20mM 

Na2EDTA) 

TEMED (N,N,N1,N1-Tetramethylethylenediamine) 

Tris-HCl, 1M pH 8 

Tween 20® 

Xylene, 99% 

2.1.2. Solutions. 

Ammonium persulphate, 20% solution: 

National Diagnostics 

Sigma Aldrich 

Sigma Aldrich 

Merck 

Merck 

0.2g dissolved in 1rnl deionised H20. For each polyacrylamide gel the 

ammonium persulphate was freshly prepared. 

Electrophoresis loading dye, x6 concentrate: 

4g Sucrose, 0.025g Bromophenol Blue and 10rnls x6 TBE. 

Ethidium bromide solution, lOmg/ml: 

One 100mg ethidium bromide tablet was dissolved in 10ml deionised 

H20. 

Paraffin lysis buffer: 

100mM Tris-HCI (pH 8), 4mM EDTA, 0.45% Nonidet P40® and 0.45% 

Tween 20®. The lysis buffer was filter-sterilised using 0.2JlM pore filters. 

Proteinase K solution, 10mg/ml: 

100mg lyophilised proteinase K powder was dissolved at room 

temperature in lOrnl TE buffer. The solution was filter-sterilised using 0.2JlM 

pore filters. 

Ix T AE electrophoresis buffer: 

T AE x50 concentrate diluted in deionised H20. 

0.5x TBE electrophoresis buffer: 

TBE xlO concentrate diluted in deionised H20. 

Tris-EDTA (TE) buffer: 

10mM Tris-HCI and 1mM EDTA, pH8. The TE buffer was filter

sterilised using 0.2JlM pore filters. 
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The water used for PCR reactions was prepared using a Millipore Milli-Q Water 

purification system. 

2.2. General methods. 

Basic molecular techniques were performed as described in Sambrook et 

al (1989). 

2.2.1. Electrophoresis using 6% polyacrylamide gels (6%). 

The following reagents were mixed in the order listed below in a 20ml 

universal (Sterilin): 

Reagent Volume 

H2O 7.0ml 

TBE x 1 concentrate 10.0ml 

AcrylamidelBisacrylamide 3.0ml 

20% Ammonium persulphate 150/-11 

TEMED 22.5/-11 

The gel mix was poured between two glass plates (18x 16cm) (Hoefer 

Scientific instruments) and a comb inserted to form the wells of the gel. This 

was allowed to set for 30 minutes. The gel was placed in a vertical slab gel 

electrophoresis tank (Hoefer Scientific Instruments) with 0.5x TBE as a running 

buffer. Ten /-11 of the PCR product was mixed with 2/-11 x6 loading dye and 

loaded onto the gel. PCR products were run in parallel with the molecular 

weight marker pBR322/Hae III digest and electrophoresed for one hour at 240 

volts. Gels were stained with a solution of 0.5/lg/ml ethidium bromide in 0.5x 

TBE for five minutes. The PCR products were visualised using an UV 

transilluminator and photo imager (Syngene). 

2.2.2. Electrophoresis using 2 % agarose gels. 

109 agarose powder was dissolved in 500ml TAE x 1 concentrate by 

heating on a hot plate (Bibby Stuart) and stirred continuously with a magnetic 

stirrer. When the agarose was completely dissolved 27.5/-11 of a lOmg/ml 

ethidium bromide solution was added to obtain a final concentration of 

0.5/lg/ml. The agarose solution was cooled to approximately 50°C at which 
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point it was carefully poured onto a horizontal tray and combs inserted to form 

the wells of the gel (Flowgen). The gel was allowed to set for 40 minutes, after 

which the combs were removed and the gel placed in a horizontal slab gel 

electrophoresis tank (Flowgen). Ten f,ll volumes of the PCR products were 

loaded onto the gel and run for 25 minutes at 170 volts using xl T AE as an 

electrophoresis running buffer. To determine the size of the amplicons the 

molecular weight marker pBR322/Hae III digest was run in parallel on the gel. 

PCR amplicons were visualised using an UV transilluminator and photo imager 

(Syngene). 

2.2.3. DNA extraction from archival, paraffin-embedded tissue biopsies. 

The blade and blockholder of a microtome (Leitz) was thoroughly 

cleaned using xylene and acetone prior to cutting sections of tissue from 

each paraffin-embedded gastric biopsy. The biopsy surface was trimmed 

initially and this tissue was discarded. Five 10f,lm sections were cut and 

transferred to a 1.5ml DNase free microcentrifuge tube. Samples were 

processed in batches of thirty and in parallel with an empty (no template) 

1.5ml microcentrifuge tube, which was subsequently used as a PCR 

negative control to determine the presence of any contamination. 

The paraffin was dissolved in Iml of xylene with gentle agitation for 

twenty minutes at room temperature. Following centrifugation at 15 OOOg 

for 5 minutes the supernatant was discarded. This procedure was repeated 

using Iml 1: 1 xylene: ethanol to remove the last traces of paraffin. The 

DNA was precipitated by two washes of Iml absolute ethanol, gentle 

agitation at room temperature for 2 minutes, followed by centrifugation at 

15 OOOg for 5 minutes, at which point the supernatant was discarded. The 

last traces of ethanol were removed by drying the samples at 55°C in a dri

block (Techne). Samples were incubated overnight at 55°C with 100f,l1 

sterile paraffin lysis buffer and 6.7f,l1 of lOmg/ml proteinase K. After 

incubation the Proteinase K was inactivated by heating the samples to 

>95°C for 5 minutes in the dri-block, followed by centrifugation for 5 

minutes at 15 OOOg. The supernatant was transferred into a 0.6ml DNase 

free microcentrifuge tube. The quality and quantity of the extracted DNA 
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present in the supernatant was assessed using the Gene control PCR (section 

2.2.4.) and the RNase P assay (section 2.2.S.). 

2.2.4. Assessment of the DNA quality using the gene control peR. 

The quality of extracted DNA was assessed by a single multiplex 

generic PCR using primers that amplify IOObp, 200bp, 300bp, and 400bp 

size products (van Dongen 2003). Every fifth sample extracted, as well as 

the no template controls, was assessed using this method. This assay 

indicated the size of the DNA fragments available for PCR amplification. 

Using 0.2m! thin walled PCR tubes (Biohit), the quality of a DNA sample 

was assessed using the following SOl1l PCR reaction: 

Reagent Volume/ Final 

reaction concentration 

H2O 30.3111 

PCR Buffer II, x 10 S.Ol1l xl 

dNTP mix (1.2SmM) 8.0111 0.2mM 

MgCh(2SmM) 4.0111 2.0mM 

Each primer (Oswel DNA (total 2.Spmol each 

Services) volume 2111) primer 

AmpliTaq Gold (SU/l1l) 0.2111 I unit 

DNA O.Sl1l Approx. SO-

100ng 

PCR tubes were placed in a PCR machine (DNA engine thermal cycler, 

MJ Research, GRI) and the DNA amplified using the following cycling 

conditions, 10 min at 94°C, followed by 3S cycles of, I min at 94°C, I min at 

60°C, I min at 72°C, then followed by 10 min at 72°C. PCR products were 

separated by electrophoresis using a 6% polyacrylamide gel (section 2.2.1.). 

The presence of IOObp, 200bp, 300bp and 400bp amplicons indicated the size of 

amplifiable DNA. 
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2.2.5. Assessment of DNA quality and concentration using the RNase P 

assay. 

DNA quality and concentration was further determined using a 

commercial kit, RNase P assay (Applied Biosystems) and real time quantitative 

PCR. The RNase P assay consists of oligonucleotide primers and an 

oligonucleotide probe fluorescently labelled with the fluorophore 6-FAM and 

with TAMRA as a quencher. The primers amplify a target genomic DNA region 

that contains the human RNase P gene, a single copy gene. The probe is specific 

for the gene and the assay can be used to quantify copies of the gene in a DNA 

sample when compared to a DNA control of known concentration (supplied 

with the RNase P assay, Applied Biosystems). The purpose of this assay was to 

determine the optimal concentration of DNA for subsequent genotyping. This 

assay was also used to standardise the concentration of amplifiable DNA in all 

samples to improve genotyping calling. 

2.2.5.1. The RNase P assay. 

The human genomic DNA standard of known concentration (RNase P 

assay) was tested in duplicate at the following concentrations, 2.5ng, 5ng, lOng, 

and 20ng in order to generate a standard curve. DNA samples were initially 

diluted at a ratio of 1:5 with TE buffer and tested in parallel with the DNA 

standard. Five III PCR reactions were set up as follows using a 384-well 

TaqMan® optical microplate (Applied Biosystems): 

Reagent Volume/ Final 

reaction concentration 

qPCR Mastermix, x2 2.5111 xl 

RNase P probe and primer 0.25111 200nM probe 

mix, x20 (Applied 900nM each 

Biosystems) pnmer 

H2O 1.25111 

DNA** 1111 Approx.2-20ng 

** extracted DNA sample, or DNA standard of known concentration (RNase P 

assay), or H20 (PCR negative control). 
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The 384-well plates were sealed with optical film (Applied Biosystems), 

centrifuged at 3000g for 1 minute and placed onto the 7900HT SDS instrument 

(Applied Biosystems) for real time quantitative PCR using the following PCR 

cycling conditions, 95°C for 10 minutes, followed by 45 cycles of, 95°C for 15 

seconds and 60°C for 1 minute. Following PCR amplification a standard curve 

was generated for the 2.5ng, 5ng, lOng and 20ng concentrations of the DNA 

standard using the 7900HT SDS instrument software. From the standard curve 

the concentration of amplifiable DNA in all samples was determined. 

2.2.6. TaqMan® 5' nuclease allelic discrimination (5' nuclease assay). 

TaqMan® 5' nuclease allelic discrimination assays (5' nuclease assay) 

(Reid 1996) were developed for genotyping single nucleotide polymorphisms in 

DNA derived from paraffin-embedded, formalin-fixed, tissue biopsies. The 5' 

nuclease assay is a single tube PCR assay consisting of a forward and reverse 

oligonucleotide primer to amplify the target region and two fluorescent labelled 

oligonucleotide probes to detect the two alleles of a single nucleotide 

polymorphism (SNP). The two oligonucleotide probes are labelled with a 

different reporter fluorophore at the 5' end, one labelled with VIC and the other 

labelled with 6-FAM, as well as a quencher dye located at the 3' end of the 

probes. Alleles that differ in sequence by a single nucleotide can be detected 

using this method. 

2.2.6.1. Design of probes and primers for the 5' nuclease assay. 

2.2.6.1.1. Design of primers and probes for the 5'nuclease assays using 

Primer Express ™ software. 

Oligonucleotide primers and TaqMan® MGB (minor groove binding) 

probes were designed for 5' nuclease assays using the software Primer 

Express™ v2.0 (Applied Biosystems). Genomic DNA sequences were obtained 

from GenBank and the location of the SNP identified. Approximately, 150bp 

sequence upstream and down stream of the SNP was assessed and a BLAST@ 

search performed (Basic local alignment search tool) 

(http://www.ncbi.nlm.nih.govIBLAST)ofthis300bpsequence.This indicated 

the uniqueness of the sequence compared to other regions of the human 
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genome, the presence of repetitive elements as well as the location of other 

polymorphisms within the 300bp sequence. Using the Primer ExpressTl'l 

software and the 300bp sequence two probes were designed to detect the two 

alleles of the SNP using the following criteria as defined by the manufacturer, 

Applied Biosystems. Both MGB probes must anneal to the same DNA strand 

and have the following characteristics: 

l. Probe length must be as short as possible and between 13-25 

bases in size. 

2. Avoid deoxyguanosine triphosphate (G) at the 5' end of the 

probe, as this will quench the reporter fluorescence. 

3. The difference between the melting temperatures (Tm) of the 

two probes must be <1°C, and the optimal range of the probe 

Tm is 66-67°C. 

4. Location of the SNP is ideally in the middle or towards the 3' 

end of the probe. 

5. A void runs of a repeat nucleotide. 

6. %GC content: 30-80%. 

Following the design of the probes, primers were designed using the 

following criteria as defined by the manufacturer, Applied Biosystems: 

l. The overall amplicon length should be as short as possible but 

between 50-150bp. 

2. Primers must be as close to the probes as possible without 

overlapping. 

3. Primer Tm: 58-60°C, optimal 59°C. 

4. Primer length: approx 20 nucleotides. 

5. Avoid GC clamp at 3' ends of primers. 

6. %GC content: 30-80% 

Finally, following the design of suitable probes and primers the 

secondary structure and the possibility of primer-dimer formation were 

determined. The probes and primers were designed to work using the following 

PCR cycling conditions, 95°C for 10 minutes, followed by 45 cycles of 95°C 

for 15 seconds and 62°C for 1 minute. The following probes and primers were 
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designed using this method to identify SNPs in DNA derived from archival 

tissue biopsies and the 5' nuclease assay. The GenBank gene sequence used to 

design the probes and primers as well as the SNP reference sequence are 

provided in parenthesis. All probes and primer sequences are written in the 5' to 

3' orientation and bold italic indicates the site of the polymorphism: 

ILIB-511 (SNP reference sequence 16944; Genbank accession number 

X04500) (expected amplicon size 66bp) 

Forward primer GGTCTCT ACCTTGGGTGGTGTT 

Reverse primer TCCTCAGAGGCTCCTGCAAT 

6-FAM MGB probe detects the T allele TCTGCCTCAGGAGC 

VIC MGB probe detects the C allele TGCCTCGGGAGCT 

IL1RN+2018 (SNP reference sequence 419598; Genbank accession numbers 

U65590 and AY196903) (expected amplicon size 79bp) 

Forward primer GACCTTCTATCTGAGGAACAACCAA 

Reverse primer CAACCACTCACCTTCT AAATTGACA 

6-FAM MGB probe detects the C allele TAGTTGCCGGATACTT 

VIC MGB probe detects the T allele CT AGTTGCTGGA T ACTT 

IL4-590 (SNP reference sequence 2243250; Genbank accession number 

M23442) (expected amplicon size 80bp) 

Forward primer CCTGTCCTTCTCAAAACACTAAACTTG 

Reverse primer GCAGAAT AACAGGCAGACTCTCCT A 

6-FAM MGB probe detects the T allele AGAACATTGTTCCCCAGTG 

VIC MGB probe detects the C allele AGAACATTGTCCCCCAGT 

IL6-174 (SNP reference sequence 1800795; Genbank accession number. 

V00081 ) (expected amp Ii con size 80bp) 

Forward primer GCTGCACTTTTCCCCCT AGTT 

Reverse primer GCTGATTGGAAACCTT ATT AAGATTGT 

6-FAM MGB probe detects the C allele CTTTAGCATGGCAAGAC 

VIC MGB probe detects the G allele CTTT AGCATCGCAAGAC 
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IL8-251 (SNP reference sequence 4073; Genbank accession number M23130) 

(expected amplicon size 87bp) 

Forward primer TGTCACATGGTCT ATGAT AAAGTT ATCT AGA 

Reverse primer TTT AAAAT ACTGAAGCTCCACAATTTG 

6-FAM MGB probe detects the A allele AGCATACAATTGATAATT 

VIC MGB probe detects the T allele AGCATACATfTGATAATT 

TNF-308 (SNP reference sequence 1800629; Genbank accession number 

M16441) (expected amplicon size 66bp) 

Forward primer GAAATGGAGGCAAT AGGTTTTGA 

Reverse primer GTAGGACCCTGGAGGCTGACC 

6-FAM MGB probe detects the G allele CCGTCCCCATGCC 

VIC MGB probe detects the A allele CCGTCCTCATGCC 

2.2.6.1.2. Assays-by-DesignTM Service (Applied Biosystems). 

During the course of this study the Assays-by-DesignTM Service from 

Applied Biosystems became available for the design of probes and primers for 

5' nuclease assays. To use this service a genomic DNA sequence of 300 

nucleotides containing the SNP and marked with any other known 

polymorphisms was submitted to Applied Biosystems for oligonucleotide 

primers and MGB probes to be designed. Genomic DNA sequences were 

obtained from GenBank and the location of the SNP identified. Approximately 

150bp sequence upstream and down stream of the SNP was assessed by 

performing a BLAST@ search, which indicated the uniqueness of the sequence 

compared to other regions of the human genome, the presence of repetitive 

elements as well as the location of other polymorphisms within the 300bp 

sequence. The 300bp sequence with the above information was then submitted 

to Applied Biosystems for oligonucleotide primers and MGB probes to be 

designed. The following probes and primers were designed using this service. 

All probes and primer sequences are written in the 5' to 3' orientation, and bold 

italic indicates the polymorphic nucleotide. The SNP reference sequence and the 

Genbank sequence accession number are provided in parenthesis: 
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ILIA-889 (SNP reference sequence 1800589; Genbank accession number 

X03833) (expected amplicon size 81bp) 

Forward primer ATTAT AAAAGCTGAGAAATTCTTT AAT AAT AGT AACC 

Reverse 'primer GGAAGGCATGGATTTTT ACAT ATGA 

6~FAM MGB probe detects the T allele AGGCAACATCATTG 

VIC MGB probe detects the C allele CAACACCATTGAAGG 

ILIB-31 (SNP reference sequence 1143627; Genbank accession number 

X04500) (expected amplicon size 77bp) 

Forward primer AGAAATTTCTCAGCCTCCTACTTCTG 

Reverse primer AGGTTTGGT ATCTGCCAGTTTCTC 

6-FAM MGB probe detects the T allele TTGAAAGCTATAAAAAC 

VIC MGB probe detects the C allele TTTGAAAGCCAT AAAA 

ILIB+3953 (SNP reference sequence 1143634; Genbank accession number 

X04500) (expected amplicon size 74bp) 

Forward primer CCTAAACAACATGTGCTCCACATT 

Reverse primer ATCGTGCACATAAGCCTCGTTA 

6-FAM MGB probe detects the C allele TGTGTCGAAGAAGAT 

VIC MGB probe detects the T allele TCCCATGTGTCAAAGA 

ILlO-592 (SNP reference sequence 1800872; Genbank accession number 

X78437) (expectedamplicon size 87bp) 

Forward primer GGT AAAGGAGCCTGGAACACATC 

Reverse primer CCCTTCCATTTTACTTTCCAGAGA 

6-FAM MGB probe detects the A allele CGCCTGTACTGTAGGA 

VIC MGB probe detects the C allele CGCCTGTCCTGT AGG 

ILI2+1188 (SNP reference sequence 17875322; Genbank accession 

numberAY008847) (expected amplicon size 81bp) 

Forward primer GGATCACAATGAT ATCTTTGCTGT ATTT 

Reverse primer CT AT ACAT AAATT AGCTGATTGTTTCAATGAG 

6-FAM MGB probe detects the C allele TTTAGCATCGAACTATAC 

VIC MGB probe detects the A allele CATTTAGCATCTAACTATAC 
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IL18-137 (SNP reference sequence 187238; Genbank accession number 

AB015961) (expected amplicon size 73bp) 

Forward primer GGCACAGAGCCCCAACTTT 

Reverse primer CGAGT ACTTCTTTT AATGT AAT A TCACT A TTTTCA 

6-FAM MGB probe detects the C allele CGGAAGAAAACATTT 

VIC MGB probe detects the G allele CGGAAGAAAAGATTT 

IL18-607 (SNP reference sequence 1946518; Genbank accession number 

AB015961) (expected amplicon size 74bp) 

Forward primer CCCAAGCTTACTTTCTGTTGCA 

Reverse primer AAGCCACACGGAT ACCATCATT 

6-FAM MGB probe detects the A allele AAGTGTAAAAATTATTAAATAAA 

VIC MGB probe detects the C allele AAAAATT ATT ACAT AAAATTCT 

IFNG+874 (SNP reference sequence 2430561; Genbank accession number 

100219) (expected amplicon size 74bp) 

Forward primer ACATTCACAATTGATTTT ATTCTT ACAACA 

Reverse primer GTGCGAGTGTGTGTGTGTGTGT 

6-FAM MGB probe detects the T allele TGTGTGTGAGATTTG 

VIC MGB probe detects the A allele TGTGTGTGTGATTTGA 

IFNGR1-56 (SNP reference sequence 17550899; Genbank accession number 

U19241) (expected amplicon size 60bp) 

Forward primer GGTGACGGAAGTGACGTAAGG 

Reverse primer CGCCTGCGGGACCAG 

6-FAM MGB probe detects the T allele CCAGCACTGCCCT 

VIC MGB probe detects the C allele CCAGCGCTGCCCT 

TGFB1-509 (SNP reference sequence 1800469; Genbank accession number 

AC011462) (expected amplicon size 84bp) 

Forward primer AATTCTTACAGGTGTCTGCCTCCT 

Reverse primer GCCTCCGGAGGGTGTCA 

6-FAM MGB probe detects the T allele CATCCTTCAGGTGTC 

VIC MGB probe detects the C allele CCATCCCTCAGGTGT 
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TNF-376 (SNP reference sequence 1800750; Genbank accession number 

M16441) (expected amplicon size 78bp) 

Forward primer CCCCTCCCAGTTCT AGTTCTATCTT 

Reverse primer GGGACCAGGTCTGTGGTCTG 

6-FAM MGB probe detects the G allele TTTCCTTCTAACTTCC 

VIC MGB probe detects the A allele TTCCTTCT AATTTCC 

Assay-by-design (ABD) TNF-308 

(SNP reference sequence 1800629; Genbank accession number M16441) 

(expected amplicon size 63bp) 

Forward primer CCAAAAGAAATGGAGGCAATAGGTT 

Reverse primer GGACCCTGGAGGCTGAAC 

6-FAM MGB probe detects the A allele CCCGTCCTCATGCC 

VIC MGB probe detects the G allele CCCGTCCCCATGCC 

LTA+252 (SNP reference sequence 909253; Genbank accession number 

X02911 ) (expected amplicon size 77bp) 

Forward primer CAGTCTCATTGTCTCTGTCACACATT 

Reverse primer ACAGAGAGAGACAGGAAGGGAACA 

6-FAM MGB probe detects the G allele CCATGGTTCCTCTC 

VIC MGB probe detects the A allele CTGCCATGATTCC 

2.2.6.2. SNP genotyping using the 5' nuclease assays. 

For each 5' nuclease assay, DNA samples, positive and negative 

controls and approximately 5% of duplicate samples were genotyped within a 

single 384-well plate. If available three positive controls were tested for each 

possible genotype i.e. three controls homozygous for allele 1, three 

heterozygous controls and three controls homozygous for allele 2, for each SNP. 

Positive controls were DNA samples kindly provided by Dr. WM Howell. The 

DNA positive controls were previously extracted from a peripheral blood 

sample from bone marrow donors, which had been genotyped using the 

amplification refractory mutation system - PCR (ARMS-PCR) method (Howell 

2003). Samples were genotyped using 2-10ng of amplifiable DNA in a 1O~1 

PCR volume, as determined by the RNase P assay (section 2.2.5.1.). The 
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concentrations of probes, primers and PCR reagents were according to the 

manufacturers guidelines for the 7900HT SDS instrument (Applied 

Biosystems). Using a 384-well TaqMan® optical microplate (Applied 

Biosystems), the following protocol was used: 

Reagent Volume/ Final 

reaction concentration 

qPCR Mastermix, x2 5/-11 xl 

VIC labelled MGB probe (1 O/-1M) 0.2/-11 200nM 

(Applied Biosystems) 

6-FAM labelled MGB probe (lO/-1M) 0.2/-11 200nM 

(Applied Biosystems) 

Forward primer (1 O/-1M) (Applied 0.9/-11 900nM 

Biosystems) 

Reverse primer (1 O/-1M) (Applied 0.9/-11 900nM 

Biosystems) 

Standardised concentration of 2/-11 2-10ng 

DNA** 

H2O 0.8/-11 
.. 

** Either extracted DNA sample, DNA posItIve control, or H20 as a negatIve 

control. 

Plates were sealed with optical cover film (Applied Biosystems), 

centrifuged at 3000g for 1 minute and placed on the 7900HT SDS instrument 

(Applied Biosystems). Samples were amplified using one of the following two 

cycling programs: 

1. Assays designed using Primer Express™ (section 2.2.6.1.1.); 95°C for 10 

minutes, followed by 45 cycles of, 95°C for 15 seconds and 62°C for 1 

minute. 

2. Assays-by-DesignTM service (section 2.2.6.1.2.); 95°C for 10 minutes, 

followed by 45 cycles of, 95°C for 15 seconds and 60°C for 1 minute. 

Following amplification, the fluorescence in each well of the plate was 

recorded using the end-point program of the 7900HT SDS instrument from 
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which the software generated an allelic discrimination scatterplot. Clustering of 

the data points into three distinct groups and assessment of the controls and 

hidden duplicates enabled the genotypes of the samples to be determined. The 

accuracy of PCR amplification from these assays was also confirmed by 

visualisation of the expected PCR amplicon using 6% polyacrylamide gel 

electrophoresis and staining with ethidium bromide (section 2.2.1) for three of 

the DNA samples for each assay. 

2.2.7. SNP genotyping using ARMS-peR. 

Primers for genotyping SNPs in DNA derived from peripheral blood and 

archival tissue biopsies using the ARMS-PCR method had previously been 

designed and optimised for the following polymorphisms (Howell 2003); TNF-

308, ILIB-511, IL6-174 and IL4-590. Samples were genotyped using 2-lOng//l1 

amplifiable DNA in a 1O~1 PCR volume. Each DNA sample was tested in two 

separate PCR reactions to determine the genotype. The two separate PCR 

reactions for each DNA sample were set-up as follows: 

1. PCR reaction 1 consisted of a primer mix containing a forward primer specific 

for allele 1 and a common reverse primer. 

2. PCR reaction 2 consisted of a primer mix containing a forward primer specific 

for allele 2 and the common reverse primer. 

Five ~l of allele 1 specific primer mix (2~M) was aliquoted into a well 

of a 96-well plate (AB gene) and 5~1 of allele 2 specific primer mix (2~M) was 

aliquoted into a paired well of the 96-well plate (AB gene). The final working 

concentration of the primer mixes in a 1 O~l PCR was 1 ~M. A PCR reaction mix 

was prepared using the following reagents: 

Reagent Volume Final concentration 

(10~1 PCR) 

PCR Buffer II, xlO 50~1 xl 

dNTP mix (2mM) 50~1 200~M 

MgCh (25mM) 50~1 2.5mM 

AmpliTaq Gold (5U/~I) 2.5~1 0.25 units 

60% (w/v) sterile 75~1 

sucrose/cresol red solution 
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To the two paired-wells of the 96-well plate containing the primer 

mixes, 4.5111 of the above PCR reaction mix was added. Finally, 0.5111 (2-

lOng/ill) of DNA was added to each of the two wells. A negative control (0.5~ll 

H 20) containing no DNA template, as well as the same positive controls (0.5111 of 

DNA) used for the 5' nuclease assays were also tested in parallel to determine the 

accuracy of the primers and PCR conditions. Plates were sealed with cover film 

(AB gene), placed in a PCR machine (DNA engine thermal cycler, MJ 

Research, GRI) and samples amplified using the specific PCR cycling 

conditions optimised for each assay (sections 2.2.7.1. - 2.2.7.4.2.). Following 

PCR amplification, PCR amplicons were separated by 2 % agarose gel 

electrophoresis and visualised using an UV transilluminator (section 2.2.2.). 

2.2.7.1. ILIB-Sll ARMS-PCR assay for archival biopsy derived DNA. 

This assay determined the CIT SNP at position -511 in the promoter 

region of the IL1B gene. Primer sequences (Oswel DNA Services) are written in 

the 5' to 3' orientation, and bold italic indicates site of polymorphism: 

ILl-511 common primer AATGGGT ACAATGAAGGGCCA 

ILl-511 T allele specific primer TGCAATTGACAGAGAGCTCCT 

ILl-511 C allele specific primer TGCAATTGACAGAGAGCTCCC 

The following PCR cycling conditions were used: 10 minutes at 96°C, 

followed by 10 cycles of, 20 seconds at 96°C, 50 seconds at 64 DC, 40 seconds 

at 72°C, followed by 20 cycles of, 20 seconds at 96°C, 50 seconds at 60 DC, 40 

seconds at 72°C. The expected size of the PCR amplicon from the IL1B-511 

assay was 103bp. 

2.2.7.2. IL6-174 ARMS-PCR assay for archival biopsy derived DNA. 

This assay determined the G/C SNP at position -174 in the promoter 

region of the IL6 gene. Primer sequences (Oswel DNA Services) are written in 

the 5' to 3' orientation, and bold italic indicates site of polymorphism: 

IL6-174 common primer TTTGTTGGAGGGTGAGGGTGG 

IL6-174 G allele specific primer TTCCCCCTAGTTGTGTCTTGCG 

IL6-174 C allele specific primer TTCCCCCT AGTTGTGTCTTGCC 
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The following PCR cycling conditions were used: 10 minutes at 96°C, 

followed by 10 cycles of, 20 seconds at 96°C, 50 seconds at 63.5 °c, 40 seconds 

at 72°C, followed by 20 cycles of, 20 seconds at 96°C, 50 seconds at 60 DC, 40 

seconds at 72°C. The expected size of the PCR amplicon from the IL6-174 

assay was 108bp. 

2.2.7.3. TNF-308 ARMS-PCR assay for archival biopsy derived DNA. 

This assay determined the G/A SNP at position -308 in the promoter 

region of the TNF gene. Primer sequences (Oswel DNA Services) are written in 

the 5' to 3' orientation, and bold italic indicates site of pol ymorphism: 

TNF-308 common primer 

TNF-308 G allele specific primer 

TNF-308 A allele specific primer 

TCTCGGTTTCTTCTCCATCG 

ATAGGTTTTGAGGGGCATGG 

ATAGGTTTTGAGGGGCATGA 

The following PCR cycling conditions were used: 10 minutes at 96°C, 

followed by 10 cycles of, 15 seconds at 96°C, 50 seconds at 65 DC, 40 seconds 

at 72°C, followed by 20 cycles of, 10 seconds at 96°C, 50 seconds at 60 DC, 40 

seconds at 72°C. The expected size of the PCR amplicon from the TNF-308 

assay was 184bp. 

2.2.7.4. IL4-590 ARMS-PCR assay for archival biopsy derived DNA. 

ITA-590 genotyping by ARMS-PCR using biopsy derived DNA required 

an initial generic PCR (section 2.2.7.1.) to amplify the IL4 promoter region, 

followed by ARMS-PCR (section 2.2.7.4.2.) to detect the TIC SNP at position-

590 of the IL4 gene promoter. Primer sequences (Oswel DNA Services) are 

written in the 5' to 3' orientation, and bold italic indicates site of polymorphism: 

Generic ITA promoter Primers: 

ITA generic primer L GTTGT AATGCAGTCCTCCTG 

ITA generic primer U ACT AGGCCTCACCTGAT ACG 

ITA-590 specific primers: 

ITA-590 common primer AGTACAGGTGGCA TCTTGGAAA 

ITA-590 T specific primer CTAAACTTGGGAGAACATTGTT 

ITA-590 C specific primer CT AAACTTGGGAGAACATTGTC 
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2.2.7.4.1. Generic peR to amplify the IL4 promoter region. 

The following protocol was used to amplify the DNA region containing 

the IL4 promoter region. 

Reagent Volume/ Final 

reaction concentration 

PCR Buffer II, xlO 10111 xl 

MgClz (25 mM) 8111 2mM 

dNTP mix (2mM) 16111 3 00 11M 

60% Sucrose (w/v) 20111 

H2O 31.8111 

50 pmoles/1l1 IL4-590 L 2.0 III 100 pmoles 

primer 

50 pmoles/Ill IL4-590 U 2.0 III 100 pmoles 

primer 

DNA 10.0 III Approx.l Ilg 

AmpliTaq Gold (5U/!ll) 0.2 III 1 unit 

Total peR volume = 100111 per reaction. 

In a 0.6ml DNase free PCR tube, 90111 of the above PCR reaction mix 

followed by 10111 of DNA (1llg) was added. This was covered with 100111 of 

mineral oil to prevent evaporation. In parallel, a negative control (H20 as a 

substitute for the DNA template) was set up with each PCR run to check for 

contamination. PCR tubes were placed in an H ybaid Omnigene PCR machine to 

amplify the generic IL4 product using the following cycling parameters, 94 DC 

for 10 minutes, followed by 30 cycles of, 94 DC for 30 seconds, 61 DC for 1 

minute and 72 DC for 90 seconds, followed by 72 DC for 8 minutes. Following 

amplification, the PCR amplicon was transferred to a fresh 0.6ml tube. 

Electrophoresis of PCR products was performed using 2% agarose gels (section 

2.2.2.) to assess the success and specificity of amplification. The size of the 

expected generic IL4 PCR amplicon is 253bp. 

2.2.7.4.2. IL4-590 ARMS-peR. 

U sing the PCR amplicon generated from the generic IL4 promoter 

region PCR (section 2.2.7.4.1) as the template, the following PCR reaction was 
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prepared to genotype for the CIT SNP at position -590 of the IL4 promoter. A 

PCR reaction mix was prepared using the following reagents: 

Reagent Volume Final concentration 

(10111 PCR) 

PCR Buffer II, xlO 50111 xl 

dNTP mix (2mM) 50111 200)lM 

MgClz (25mM) 35111 1.7mM 

AmpliTaq Gold (5U/l1l) 2.5111 0.25 units 

60% (w/v) sucrose/cresol red 90111 

solution 

Samples were amplified in a PCR machine (DNA engine thermal cycler, 

MJ Research,GRI) with the following cycling conditions: 96°C for 10 minutes, 

followed by 5 cycles of, 96°C for 15 seconds, 70°C for 50 seconds, 72°C for 40 

seconds, and followed by 15 cycles of, 96°C for 10 seconds, 65°C for 50 

seconds, 72°C for 40 seconds. The expected amplicon is 131 base pairs. 

2.2.8. Detection of the t(11;18)(q21;q21) translocation. 

This work was performed at Cambridge University, Department of 

Histopathology, Addenbrooke's Hospital under the guidance of Professor 

M-Q Du and Dr. H Liu. The t(11;18)(q21;q21) translocation can be 

identified in a proportion of patients with MALT lymphoma and results 

from the fusion of the amino terminal of the API2 gene (Apoptosis inhibitor 

gene) to the carboxyl terminal of the MALT 1 gene and generates a chimeric 

fusion product. The presence of the translocation can be identified from an 

archival paraffin-embedded, formalin-fixed tissue biopsy of the malignancy 

by detecting the chimeric fusion product using cDNA generated from RNA 

extracted from the biopsy. 

2.2.8.1. RNA extraction from paraffin-embedded tissues. 

Using a microtome as previously described (section 2.2.3) four 

10J..lM sections of biopsy tissue were cut and transferred into a 
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DNaselRNase free 1.5ml microcentrifuge tube. In parallel, an empty 

paraffin wax block was also cut after every fourth biopsy sample to act as a 

negative control between each batch of four biopsies. No more than four 

samples were processed at anyone time to reduce the risk of contamination. 

To remove the paraffin Iml xylene was added and gently agitated at 

room temperature for 20 minutes. Following centrifugation at 15 OOOg for 5 

minutes the supernatant was discarded. Three separate washes of Iml 

absolute ethanol with gentle agitation for one minute, followed by 

centrifugation at 15 OOOg for 5 minutes and removal of the supernatant each 

time was performed. After the last centrifugation the sample was dried at 

55°C in a dri-block (Techne). RNA was isolated using a commercial kit, 

Ambion Paraffin Block RNA Isolation Kit (AMS Biotechnology), according 

to the manufacturers instructions. Briefly, lOO1l1 Proteinase K Digestion 

Buffer (Ambion) and 5111 Proteinase K Solution (20mg/ml) (Ambion) was 

added to each sample and incubated in a waterbath at 4YC for two hours. 

Following this incubation, tubes were briefly spun and 600lli RNA 

Extraction Buffer (Ambion) was added followed by pulse vortexing for 5-

second bursts, 5 times. Samples were left to incubate at room temperature 

for 5 minutes. 700lli of the phenol phase of acid phenol chloroform 

(Ambion) was added and the samples pulse vortexed for 5 seconds, 5 times, 

and finally incubated at room temperature for 5 minutes. Samples were 

centrifuged at 15 OOOg for 5 minutes and the aqueous layer containing the 

RNA was carefully transferred to a DNase/RNase free 1.5ml 

microcentrifuge tube. One III linear acrylamide (5mg/ml) (Ambion) was 

added. An equal volume of isopropanol to the aqueous phase (approximately 

600IlI) was added and mixed thoroughly by inversion and placed in a freezer 

at -20°C overnight for the RNA to precipitate out. The following morning 

samples were centrifuged at 4°C for 15 minutes at 15 OOOg. The supernatant 

was discarded and 500lli of cold 75% ethanol was added to the pellet and 

vortexed briefly to wash. Samples were spun at 4°C for 5 minutes at 15 

OOOg, followed by removal of the supernatant. Samples were dried for 10 

minutes at 55°C in the dri-block, and finally the RNA was resuspended in 

20111 RNA Storage Solution (Ambion). 
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2.2.8.2. Assessment of RNA concentration. 

The concentration of extracted RNA was assessed using a 

spectrophotometer (UV 11 0 1 Biotech Photometer, WP A). Absorbance 

readings were taken for each sample at wavelengths of 260nm and 280nm. 

The reading at 260nm allowed the calculation of the concentration of 

nucleic acid in the sample, while the ratio of the readings at 260nm and 

280nm (A2601 A280) provided an estimate of the purity of the nucleic acid. 

The concentration of RNA in the sample was then determined using the 

calculation, BxCxDxA260 (ng/fll), where B is the dilution factor, C is the 

concentration constant (33 for RNA) and D is the factor to compensate for 

cuvette thickness. Pure RNA preparations have A2601 A280 ratios of 2.0. If 

there is protein contamination in the sample the ratio will be significantly 

less and accurate quantitation of the RNA concentration is not possible. 

RNA extracted from archival biopsy tissue usually has a ratio of between 

1.3-1.6, therefore only an approximate RNA concentration was achieved. 

2.2.8.3. Transcription of RNA into eDNA. 

The total RNA extracted from the biopsy tissue was transcribed into 

cDNA using the commercial kit, Invitrogen™ First-Strand Synthesis system 

for reverse transcriptase-PCR. cDNA was generated using a mixture of gene 

specific primers comprising 1 pmol each of the three MALT 1 reverse 

primers and also the glucose-6-phosphate dehydrogenase (G6PD) reverse 

primer. 

Primer name 

G6PD-898 

Reverse 1, MALTl-p-ASI 

Reverse 2, MALTl-p-AS2 

Reverse 3, MALTl-p-AS3 

Primer sequence (5'-3') 

CGAAGTGCATCTGGCTCC 

CCAAGACTGCCTTTGACTCT 

GGATTCAGAGACGCCATCAA 

CAAAGGCTGGTCAGTTGTTT 

The following was performed on ice in a 0.6ml DNase/RNase free 

microcentrifuge tube. One flg RNA was made up to a total volume of 8fll 

with DPEC (diethyl pyrocarbonate )-treated water. One fll of the gene 

specific primer mix (lflM concentration, kindly provided by Dr. H Liu) and 

Ifll dNTP mix (lOmM each dATP, dCTP, dGTP, dTTP) was added to the 
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RNA. Samples were incubated in a waterbath at 6YC for 5 minutes then 

plunged into ice for one minute to denature the samples. In parallel, a 9~tl 

reaction mix was prepared consisting of 2~1 lOx RT buffer (200mM Tris

HCI (pH 8.4) and 500mM KCI) (Invitrogen), 4~1 25mM MgClz (Invitrogen), 

2~1 O.IM DTT (Invitrogen), 1~1 RNaseOUTTM (Invitrogen). To the 9~tl 

reaction mix, the 1O~1 volume containing l~g denatured RNA was added. 

The samples were incubated in a waterbath at 50°C for two minutes and 

finally, 1~1 Superscript™ II RT enzyme (50 units/~l) (Invitrogen) was added 

and incubated in a waterbath at 50°C for 50 minutes. The reaction was 

terminated by placing samples in a waterbath at 70°C for 15 minutes, 

followed by cooling on ice for 30 seconds. One ~l RNase H enzyme (2 

units/~l) (Invitrogen) was added to the samples and incubated in a waterbath 

at 3TC for 20 minutes to digest the RNA template. The resultant cDNA was 

stored at -20°C or used directly for PCR. 

2.2.8.4. Detection of t(11;18)(q21;q21) translocation. 

Primers previously designed by H Liu et al (2002a) to amplify a 

short segment of the fusion junction of the API2-MALTI chimaeric product 

was used to identify the presence of the t( 11; 18)( q21 ;q21) translocation. 

Amplicon products were small and therefore suitable for cDNA generated 

from the fragmented RNA in archival biopsies. Three sets of primers were 

used, a common API2 forward primer that covered 93% of the known API2 

breakpoints and three reverse primers, p-ASl, p-AS2 and p-AS3, that target 

all four variable breakpoints on the MALTI gene. A separate set of primers 

that amplify 67bp and 151bp products of the G6PD gene was included as a 

control to validate RNA quality and reverse transcription-PCR efficiency. 

The primers were designed to span an exon junction to avoid amplification 

from genomic DNA. 
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For each cDNA sample, four individual PCRs were performed with 

each primer pair: 

Primer name Primer sequence (5' -3') Amplicon 

size 

Common Forward GGAAGAGGAGAGAGAAAGAGCA 
API2- p-s 
Reverse I CCAAGACTGCCTTTGACTCT 81bp 
MALTl-p-AS I 
Reverse 2 GGATTCAGAGACGCCATCAA 65bp 338bp 
MALTI-p-AS2 
Reverse 3 CAAAGGCTGGTCAGTTGTTT 71bp 98bp 
MALTI-p-AS3 
G6PD Forward ACGGCAACAGATACAAGAAC 

G6PD Reverse CGAAGTGCATCTGGCTCC 67bp 151bp 

A known t(11;18)(q21;q21) positive control (API2-MALTl fusion 

cDNA sample), the paraffin extraction negative control (no template) and a 

PCR negative control (H20) were also tested in parallel with samples. The 

following 25 fll PCR reactions were prepared: 

Reagent Volume/ Final concentration 

Reaction (2Sfll PCR) 

Platinum PCR buffer, xlO 2.Sfll Xl 

(Invitrogen) 

dNTP mix, 2SmM 0.2fll 0.2mM 

(Invitrogen) 

MgCb, SOmM (Invitrogen) 0.8fll 1.6mM 

Platinum Taq DNA 0.2fll 1.0 unit 

polymerase (SU/fll) 

Forward primer 1 O~M O.Sfll 0.2~M 

Reverse primer I O~M O.Sfll 0.2~M 

cDNA lfll 

H2O 19.3fll 

The PCR was performed using a Thermohybaid PX2 engine and the 

following cycling parameters; 94°C for 3 minutes, followed by ten cycles of 
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94°C for 30 seconds, 66 D C for 30 seconds (decreased by I°C/cycle until 

59°C), 72°C for 30 seconds. Followed by 30 cycles of 94 °C for 30 seconds, 

56°C for 30 seconds, 72°C for 30 seconds and finally a ten-minute 

incubation at 72°C. Four ~l of the PCR products were analysed in parallel 

with a 25bp molecular weight ladder (Bioline) by electrophoresis using 

polyacrylamide gels and staining with ethidium bromide (section 2.2.1). 

The control samples were examined before an assessment was made 

for the presence of the translocation. If the 67bp product was clearly 

amplified from the G6PD PCR, and the positive control (known 

t(11;18)(q21;q21) cDNA sample), the paraffin extraction negative control 

(no template) and a PCR negative control (H20) were as expected, the 

presence of the t(11;18)(q21;q21) translocation could be determined. The 

presence of a prominent amplicon of expected size in any of the three PCR 

assays specific for the API2-MALT1 fusion product indicated the presence 

of the translocation. If no 67bp product was amplified from the G6PD PCR 

then it was determined that insufficient RNA or RNA quality was obtained 

from the biopsy sample and that the sample was unsuitable for the 

assessment of the presence of the translocation. 

2.2.9. Sequencing. 

The accuracy of the 5' nuclease assays and genotype calling was 

confirmed by sequencing a proportion of samples genotyped in each assay. 

Three samples (one genotyped as homozygous for allele 1, one genotyped as 

homozygous for allele 2 and one heterozygous example) were selected and 

the genotypes confirmed by sequencing. An initial PCR amplification of the 

target region was performed using oligonucleotide primers (section 2.2.9.3) 

followed by column purification of the PCR products using QIAquick PCR 

purification kit (Qiagen). The purified PCR template was then amplified 

using an unlabelled oligonucleotide sequencing primer in the presence of a 

mixture of 3' -fluorescentl y labelled dideoxynucleoside triphosphates (dye 

terminators) and deoxynucleoside triphosphates (Big Dye ® Terminator v.1.1 

cycle sequencing kit, Applied Biosystems) and analysed by capillary 

electrophoresis using an ABI Prism® 3100 Genetic Analyzer (Applied 

Biosystems). 
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2.2.9.1. Initial amplification of the target region for subsequent 

sequencing. 

PCR amplification of the target region was performed using 

unlabelled oligonucleotide primers. Using 0.2ml thin walled PCR tubes 

(Biohit) the following 25j..Ll PCRs were prepared: 

Reagent Volume/reaction Final 

concentration 

PCR Buffer II, xl 0 2.5j..Ll xl 

dNTP mix (2mM) 2. 5 j..Ll 200j..LM 

MgCh(25mM) 2j..Ll 2mM 

AmpliTaq Gold 0.1 j..Ll 0.5U 

(5U/j..LI) 

Forward primer 1j..LI O.4j..LM 

(lOj..LM) 

Reverse primer 1j..LI O.4j..LM 

(lOj..LM) 

DNA (2-3ng/j..LI) 2j..LI 4-6ng 

dH20 13.9j..LI 

Samples were amplified in a PCR machine (DNA engine thermal 

cycler, MJ Research, GRI) using the following cycling conditions, 94°C for 

10 min, followed by 35 cycles of, 94°C for 1 min, 60°C for 1 min, 72°C for 

1 min, followed by 72°C for 4 minutes. The size, quality and quantity of the 

PCR amplicon were assessed using 2% agarose gel electrophoresis (section 

2.2.2.) and comparison with the quantitative molecular weight marker, 

Hypedadder I (Bioline). Following assessment of PCR amplification, 

amplicons were column purified to remove unincorporated primers, dNTPs 

and buffers using QIAquick PCR purification kit (Qiagen) according to the 

manufacturers instructions. Products were recovered in 30j..Ll of the elution 

buffer to give a final PCR product concentration of between 2-1 Ong/j..Ll. 
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2.2.9.2. Sequencing of the amplified target region. 

Ideally, another primer internal to the primers that amplified the 

target region is used for sequencing. In addition, sequencing should be 

performed in both the forward and reverse directions. However, due to the 

small, fragmented size of the DNA extracted from archival biopsy tissue this 

was not possible and the primers used to amplify the target region were also 

used for the sequencing PCR. Sequencing was performed using 2-10ng of 

amplified template (section 2.2.9.1.) in a 20111 PCR volume using Big Dye® 

Terminator v1.1 cycle sequencing reagents (Applied Biosystems). The 

following PCR reaction was prepared using 0.2ml thin-walled PCR tubes: 

Reagent Volume/reaction Final 

concentration 

Big Dye® reaction mix 8111 xl 

(x2.5) 

Sequencing primer 0.32111 3.2pmol 

(lOIlM) 

Template (2-1 Ong/ Ill) 1111 2-10ng 

dH20 10.68111 

Samples underwent linear amplification using a PCR machine (DNA 

engine thermal cycler, MJ Research, GRI) with the following cycling 

conditions, 96°C for 10 min, followed by 25 cycles of, 96°C for 10 secs, 

50°C for 5 secs, 60°C for 4 minutes. Following completion of the 

sequencing reaction, the products were purified to remove unincorporated 

dye terminators prior to capillary electrophoresis using alcohol precipitation 

with isopropanol. Samples were resuspended in 10111 formamide (Hi-DFM 

Formarnide, Applied Biosystems), transferred to a well of a 96-well plate 

(MicroAmp® reaction plate, Applied Biosystems) and denatured into single 

strands by heating to 94°C for 5 minutes in a PCR machine (DNA engine 

thermal cycler, MJ Research, GRI). Finally, the single strand sequencing 

products were analysed by electrophoresis using 36cm length capillaries 

containing POP-4™ polymer (Applied Biosystems) and using the ABI 

Prism® 3100 Genetic Analyzer (Applied Biosystems). 
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2.2.9.3. Sequencing primers. 

All primers are written in the 5' -3' direction: 

ILIA-889 forward sequencing primer: ACATTCATTTGCTAAGAGTCTG 

ILIA-889 reverse sequencing primer: GTATGCGTAAGGCCTCAGCCAG 

ILIB-511 forward sequencing primer: GTAACAGCACCTGGTCTTGCAG 

ILIB-511 reverse sequencing primer: TTCCCACTTACAGATGGAT AAATG 

ILIB-31 forward sequencing primer: CCTAAGAAGCTTCCACCAATACTC 

ILIB-31 reverse sequencing primer: GTCATACTTGAGCAATGAAGATTG 

ILIB+3953 forward sequencing primer: TATGCTCAGGTGTCCTCCAAG 

ILIB+3953 reverse sequencing primer: TATGGACCAGACATCACCAAGC 

ILIRN+2018 forward sequencing primer: AGCACAAGGCTGGGCACATG 

ILIRN+2018 reverse sequencing primer: ACATTGCACCTAGGGTTTGTG 

IL4-590 forward sequencing primer: ACCT ACCTTGCCAAGGGCTTC 

IL4-590 reverse sequencing primer: GT ACAGGTGGCATCTTGGAAAC 

IL6-174 forward sequencing primer: GTAAAGGAAGAGTGGTTCTGC 

IL6-174 reverse sequencing primer: GAGACTCTAATATTGAGACTCATG 

IL8-251 forward sequencing primer: CATCCATGATCTTGTTCTAACACC 

IL8-251 reverse sequencing primer: CAAATACGGAGTATGACGAAAG 

ILlO-592 forward sequencing primer: CACTTCCCCCAAGCACAGTTG 

ILlO-592 reverse sequencing primer: CTTAGGTCTCTGGGCCTTAGT 

IL12+1188 forward sequencing primer: TAAAGACACAACGGAATAGACC 

IL12+1188 reverse sequencing primer: GCATGAAGGCCCATGGCAAC 

ILI8-137 forward sequencing primer: GAAGATGCTTCTAATGGACTAAG 

IL18-137 reverse sequencing primer: CTTTCCTAGGGCAATGGAAGTC 

IL18-607 forward sequencing primer: CAGGAATAGAAAGTTTTAACACTG 

IL18-607 reverse sequencing primer: GTGGAACAGGAGTCCATTTTC 

TNF-308 forward sequencing primer: CCTCCCAGTTCT AGTTCT A TC 

TNF-308 reverse sequencing primer: GACACACAAGCATCAAGGATAC 

TNF-376 forward sequencing primer: GGCCTCAGGACTCAACACAG 

TNF-376 reverse sequencing primer: TGGGCCACTGACTGATTTGTG 

LTA+252 forward sequencing primer: CTGCACCTGCTGCCTGGATC 

LTA+252 reverse sequencing primer: AGATCGACAGAGAAGGGGAC 
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IFNG+874 forward sequencing primer: 

TTCATTATTTGTTTAAAACTTAGCTG 

IFNG+874 reverse sequencing primer: CAGGTTTCTATTACATCTACTG 

IFNGRl-56 forward sequencing primer: TGCGGCTTCCCGGACTTGAC 

IFNGRl-56 reverse sequencing primer: CTCACACCCTGCATGACAAG 

TGFB 1-509 forward sequencing primer: TCGCAGGGTGTTGAGTGACAG 

TGFBl-509 reverse sequencing primer: CAGAACGGAAGGAGAGTCAG 

i J. 
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Chapter 3: Comparison of two methods, ARMS-PCR and TaqMan® 5' 

Nuclease allelic discrimination assay, for genotyping DNA derived from 

archival tissue. 

3.1. Introduction. 

3.1.1. Polymorphism within the human genome. 

Common types of sequence variation in the human genome include 

single nucleotide polymorphisms (SNPs), insertions or deletions of a few 

nucleotides, and variation in the repeat number of a sequence motif (variable 

number tandem repeat, VNTR). SNPs are the most common type of known 

sequence variation in the human genome. SNPs occur on average once every 

250-1000bp in the human genome although the intensity of SNPs across regions 

is greatly variable (Miller 2005). Therefore, SNPs can be used as markers for 

mapping phenotypes and disease traits by linkage or association studies. A SNP 

may be in linkage disequilibrium with another polymorphism influencing the 

phenotype or may directly have a functional relevance in the phenotype. 

Selection of the method for SNP genotyping is dependent on the quality and 

quantity of DNA samples to be processed, as well as accuracy, speed and cost. 

3.1.2. SNP genotyping DNA derived from archival biopsy tissue: A 

comparison of two methods. 

For the case-control association study presented in chapter 4, the source 

of DNA for the majority of cases and controls was from archival, paraffin

embedded, formalin-fixed, gastric biopsies. Therefore, the first phase of this 

project was to select the most appropriate method for genotyping SNPs using 

DNA derived from this source. Two polymerase chain reaction (PCR) methods 

for SNP genotyping, namely amplification refractory mutation system - PCR 

(ARMS-PCR) and TaqMan® 5' nuclease allelic discrimination (5' nuclease 

assay), were compared to determine the most appropriate method for typing 

DNA derived from archival paraffin-embedded, formalin-fixed, gastric biopsies. 

The selected method would subsequently be used to genotype DNA for the 

case-control association study outlined in chapter four. 
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3.1.2.1. Description of the ARMS-PCR method. 

ARMs-peR is a method suitable for detecting a single point mutation 

such as a SNP (Krausa 1993). Accurate genotyping is dependent on the 

optimisation of peR conditions so that the enzyme, Taq DNA polymerase, will 

not amplify from oligonucleotide primers mismatched at the 3' end to the 

template DNA. Therefore, under strict peR conditions, successful peR 

amplification results if the primers are identical in sequence to the template 

DNA. If the exact target sequence is not present amplification does not occur or 

is significantly reduced. Target sequences that differ by a single nucleotide can 

be discriminated. Two separate peR reactions are required (fig.3.1), the first 

contains primers specific for the wild type allele and the second contains 

primers that amplify template DNA containing the variant allele. Following 

strict peR amplification, the presence or absence of peR products of the correct 

amplicon size indicates the genotype of the DNA sample. Ideally, internal 

control primers that amplify a conserved region of the genome are also included 

to distinguish between a failed peR reaction and a true negative reaction. 

Fig.3.1 Diagram of ARMS-PCR. 

Reaction 1: G allele specific primer set. 

G allele specific primer 

5' C ... direction of transcription 

3' G 5' 
5' c 3' 

... 5' 
common reverse primer 

Reaction 2: A allele specific primer set. 

A allele specific primer 

5' T ... direction of transcription 

3' A 5' 
5' T 3' 

... 5' 
common reverse primer 

Two separate peR reactions are required to detect the presence of the two 
possible alleles of a G/A SNP. The specificity of the two reactions is dependent 
on strict peR conditions to prevent mis-priming. 
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The success of this assay is dependent on primers and PCR conditions 

that will not mis-prime and amplify non-target sequences, whilst allowing 

efficient amplification of the target sequence. Extensive optimisation of PCR 

conditions is required to achieve this and involves determining the optimal 

concentration of magnesium ions and the temperature of the annealing phase in 

the PCR, as well as the DNA sequence. The type and position of the nucleotide 

mismatches between the primer and DNA template affect both the stability of 

the duplex and the efficiency of the Taq DNA polymerase (Kwok 1990). In 

addition, different optimal conditions are sometimes required depending on the 

source of DNA. For example, DNA derived from peripheral blood may require 

a lower magnesium concentration than samples derived from archival biopsy 

tissue. Finally, after successful optimisation the ARMS-PCR can be used for 

genotyping, although positive and negative (no DNA template) control samples 

must always be genotyped in parallel with unknown samples to ensure the assay 

is specific and sensitive. The PCR amplicons can be visualised by agarose gel 

electrophoresis and staining with ethidium bromide. The ARMS-PCR method is 

a low to medium throughput system and is therefore not ideal for processing 

large numbers of samples. However, the set up and running costs are minimal as 

no specialist equipment or reagents are required. 

3.1.2.2. Description of the TaqMan® 5' nuclease allelic discrimination 

assay. 

The 5' nuclease assay is a single tube PCR assay that uses different 

fluorescent labelled probes to detect the two alleles of a SNP (Heid 1996). 

Forward and reverse primers are designed that amplify the target region. Two 

oligonucleotide probes are also designed each labelled with a different reporter 

fluorophore at the 5'end (usually one labelled with VIC and the other labelled 

with 6-FAM), each detecting one of the two possible alleles of a SNP. The 

probes are also labelled with a quencher dye at the 3' end e.g. TAMRA. When 

the probe is intact, the proximity of the reporter dye to the quencher results in 

suppression of the reporter fluorescence by fluorescent resonance energy 

transfer (FRET) (Clegg 1995). If the specific allele is present in the template 

DNA, the allele-specific probe will hybridise to the template DNA between the 

forward and reverse primers. This method then exploits the 5' exonuclease 

activity ofTaq DNA polymerase to cleave the probe in a 5' to 3' direction. As 
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the Taq DNA polymerase extends from the 3' end of the forward primer, the 5'-

3' nucleolytic activity of the Taq DNA polymerase cleaves the probe only if the 

probe is hybridised to the template DNA (fig.3.2). The probe fragments are 

displaced and polymerisation of the DNA strand continues. Cleavage of the 

probe separates the reporter dye from the quencher dye, which results in 

increased fluorescence of the reporter. The 3' end of the probe is blocked to 

prevent extension of the probe during PCR. This process occurs in every PCR 

cycle and does not interfere with the exponential accumulation of the amplicon. 
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Fig.3.2. Diagram of 5' nuclease allelic discrimination assay. 

A. A single tube PCR assay. The 5' nuclease method i a 
single tube PCR a ay containing 
a forward and rever e primer pair 
to anlplify the SNP region and 
two fluorescent labelled 

Forward 6;) a oligonucleotide probe , which 
5,_P_r_im_e_r ___ ... ~.-_ C ~ detect the two allele of a SNP. 
3'--- ----- G --------5' One probe, specific for allele 1, i 
5' C 3' labelled at the 5 end with the 

B. Probes and primers bind. 

Forward ~ 5' Primer 

.... ------5' • 
Reverse reporter fluorophore 6-FAM ( ). 

! 

Primer The second probe, pecific for 
allele 2, is labelled with VIC 
( . Both probes are labelled at 
the 3' end with a quencher dye 
e.g. T AMRA ( . ). 

When the p~obe is intact the 
reporter fluorescence is 
quenched due to the 
proximity of the quencher 
and FRET. If the target 

3' 
5' 

'---_ ____ __________ ; : sequence is present on the 

C. Cleavage of the probe. 

, 
~ 

3' 
5' 

D. Fluorescence is emitted, 

.,. -.,. 
5' 
3' 

5 ' 
3' .. 

<if-------.5' DNA template, the probe .. 

• I 

, j 
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Reverse 
Primer 

5' 
3 ' 

~ 3' 
5' 

3 ' 
5' 

hybridises between the 
forward and reverse 
primers. 

The probe is cleaved by the 
5'-3' exonuclease activity of 
the Taq DNA polymerase as 
it polymerises from the 3' 
end of the forward primer. 
The 3' end of the probe is 
blocked, so it is not 
extended during the PCR 
reaction, 

Cleavage of the probe 
separates the 5' fluorophore 
(6-FAM) from the quencher 
and the fluorescence is 
emitted, 



The level of fluorescence can he detected by excitation with an argon 

ion laser and recorded by a CCD camera. This method i u ed for the ABI 

7900HT SDS instrument that detects fluorescent emis ion between 500nm and 

660nm. As the fluorescent emissions of the fluorophores VIC and 6-FAM are at 

opposite ends of this range, the two fluorescent dyes can be distinguished. 

During real time PCR the fluorescence is recorded at every cycle of the PCR, 

and monitors the progression .of amplification of the target DNA. Allelic 

discrimination can be determined by detecting fluorescence at the end of the 

PCR (end point) when the results are represented as a scatterplot. The x-axi of 

the scatterplot is a scale of increasing fluorescence from probe 1 (detecting 

allele X) and the y-axis is a scale of increasing fluorescence from probe 2 

(detecting allele Y) (fig. 3.3). 

Fig. 3.3. Allelic discrimination scatterplot. 

3.0 

.,; . 
3.1 .;: 

• ., . 
• •• 1 · .... ~ ... it'. . t + • . · • 

lincreasing 1 
FAM 2.0 

fluorescence 

2 .1 

.JJti ~ . 1.6 

0 .8 1.0 1.2 1.4 1.0 1.8 2 .0 2 .2 

increasing VIC fluorescence 

• DNA sample are 
homozygote for the 
allele detected by the 
VIC probe 

• DNA samples are 
homozygote for the 
allele detected by the 
FAMprobe 

• Heterozygous 
samples as both VIC 
and FAM 
fluorescence is 
detected. 

negative controls 

At the end of the 5' nuclease PCR the fluorescence emitted from the two 
fluorophores 6-FAM and VIC are recorded and the results presented as a 
scatterplot. Each dot represents an individual PCR reaction containing a DNA 
sample, the forward and reverse primers and the two fluorescent-labelled 
probes. 
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Alleles that differ in sequence by a single nucleotide can be detected 

using this method. An advantage of this method is that probes and primers are 

designed to work under the same PCR conditions therefore no extensive 

optimisation is required for successful genotyping. In addition, no post-PCR 

manipulation is required and the system is designed for high throughput 

genotyping. However, the initial set-up costs are high as specialist equipment 

and reagents are required, such as an ABI 7900HT SDS instrument. 

3.2. Materials and methods. 

3.2.1. DNA samples for method comparison. 

Ethical approval for this project was obtained from Southampton and 

SW Hants Local Research Ethics Committee. A sequential series of 335 cases 

diagnosed as H. pylori positive gastritis between 1997 and 2001 at Southampton 

General Hospital were selected. In all cases, DNA was extracted from an 

archival, paraffin-embedded, formalin-fixed gastric biopsy (chapter 2.2.3.). 

Samples were processed in batches of thirty and in parallel with an empty tube 

(DNA extraction negative control), which was subsequently used as a PCR 

negative control to determine the presence of any contamination 

3.2.2. The Gene control PCR; to assess the quality of extracted DNA. 

The quality of the extracted DNA was assessed using the Gene control 

PCR (chapter 2.2.4.), a single multiplex generic PCR that amplifies 100bp, 

200bp, 300bp, and 400bp size products if template of sufficient size is available 

(van Dongen 2003). Every fifth sample extracted (N = 68, 20% of the 335 

samples), as well as the DNA extraction negative controls, was assessed using 

this method. This assay indicated the size of the DNA fragments available for 

PCR amplification. 

3.2.3. RNase P assay; to assess the optimal DNA concentration for efficient 

PCR amplification. 

The DNA extracted from archival paraffin-embedded, formalin-fixed 

gastric biopsies was assessed using the RNase P assay (chapter 2.2.5) to 

determine the optimal DNA concentration for efficient PCR amplification. 

DNA extracted from this source of material is often degraded and contaminated 

by the presence of PCR inhibitors. To evaluate the effect of DN A concentration 
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on PCR amplification when using samples derived from this source, 51 of the 

DNA samples extracted were tested undiluted, and at a ratio of 1 :2, 1:5 and 1: 10 

dilution with TE buffer and assessed using the RNase P assay. Comparison of 

the real-time amplification plots and the standard curve generated from a human 

genomic DNA sample of known concentration determined the optimal dilution 

for efficient PCR amplification of these samples. 

3.2.4. Selection of SNPs for method comparison. 

For this comparison the following four SNPs located in cytokine gene 

promoter regions were selected, ILIB-511 (CfT), IL4-590 (CfT), IL6-174 

(G/C), and TNF-308 (G/A). The SNP number indicates the position of the SNP 

relative to the transcription start site of the gene. 

3.2.5. SNP genotyping using the 5' nuclease method. 

For each of the four SNPs, 5' nuclease assays were developed using 

DNA derived from paraffin-embedded, formalin-fixed, tissue biopsies (chapter 

2.2.6.). For each assay all 335 DNA samples as well as positive and negative 

controls were genotyped within 384-well typing plates. Three positive controls 

were tested for each possible genotype i.e. three controls homozygous for allele 

1, three heterozygous controls and three controls homozygous for allele 2, for 

each SNP. Positive controls were DNA samples kindly provided by Dr.WM 

Howell. The DNA positive controls had previously been extracted from a 

peripheral blood sample from bone marrow donors and genotyped using 

ARMS-PCR (Howell 2003). Samples were genotyped using 2-lOng amplifiable 

DNA in a 10~1 PCR volume (Chapter 2.2.6.2.). 

3.2.6. SNP genotyping using ARMS-peR method. 

Primers for the ARMS-PCR assays for these four SNPs had previously 

been designed and optimised for allelic discrimination of DNA derived from 

peripheral blood and archival biopsies (Howell 2003) (Chapter 2.2.7.). Of the 

335 DNA samples, 87 were tested using the TNF-308 ARMS-PCR assay, 50 

were tested in the ILIB-511 ARMS-PCR assay and 30 were tested using the 

IL6-174 ARMS-PCR assay. Only ten samples were tested using the IL4-590 

ARMS-PCR assay, as this assay required further optimisation for successful 

genotyping of DNA derived from this source. The same positive and negative 
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controls used for the 5' nuclease assays (section 3.2.5.) were used to confirm the 

sensitivity and specificity of the ARMS-PCR assays. 

3.3. Results. 

3.3.1. Assessment of the quality of DNA. 

100bp, 200bp and 300bp size products were amplified from all DNA 

samples tested (N = 68) (fig.3.4). 400bp amplicons were clearly detected in only 

54% (37/68) of the DNA samples. This confirmed that sufficient intact 300bp 

lengths of DNA were available for PCR amplification in all the samples tested. 

Fig.3.4. Gene control peR to determine the size and quality of extracted 
DNA. 

Amplicons of 100bp, 200bp, 300bp and 400bp size were clearly detected in 
samples 35, 50 to 70, 90 and 100 using the gene control PCR. For the remaining 
samples 300bp products were clearly detected with weaker detection of the 
400bp amplicon. C = DNA extraction negative control; PCR neg = PCR 
negative control (H20); 

3.3.2. Assessment of DNA concentration using the RNase P assay. 

Initially, 51 DNA samples were tested undiluted and at a ratio of 1 :2, 1:5 

and 1: 10 using the RNase P assay. The effect of diluting the DNA samples 

derived from an archival biopsy is shown in figure 3.5. Increasing dilution of 

these DNA samples improved the efficiency of the PCR in spite of the reduction 

in DNA concentration. This was probably due to the presence of PCR inhibitors 
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in the DNA samples extracted from archival biopsies. Testing the DNA samples 

undiluted and at a dilution of 1:2 (final dilution in the 5)..LI peR volume was 1:5 

and 1: 10 respectively) resulted in inhibition of the peR. However, this 

inhibition was adequately removed using DNA at a dilution of 1:5 and 1: 10 

(final dilution in the 5)..LI peR volume was 1 :25 and 1 :50 respectively), which 

amplified almost identically (fig. 3.5). 

Fig.3.5. Effect of diluting a DNA sample derived from an archival biopsy. 
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Comparison of the real time PCR amplification of the DNA standard (green) and a 
DNA sample extracted from an archival biopsy (blue) using the RNase P assay. 
Increasing the dilution of the DNA sample improves the efficiency of the PCR and 
correlates with a lower PCR cycle number (x-axis) . In contrast, increasing the 
concentration of the DNA standard correlates with a lower PCR cycle number. The red 
line on the graph represents the threshold and is the point of detection . 

Following the initial assessment of the first 51 samples, all 335 DNA 

samples were diluted at a ratio of 1: 5 and assessed using the RNase P assay. 

This dilution of DNA resulted in the majority of DNA samples to amplify 

exponentially from approximately peR cycle number 22 to 27 (fig. 3.6), whilst 
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minimising the effect of peR inhibition. Samples that fell outside of thi range 

were .diluted further to standardise all DNA sample . This dilution equated to a 

concentration of between 2-lOng of amplifiable DNA when compared to the 

human genomic DNA standard. This optimal concentration/dilution of DNA 

was then subsequently used for both the ARMS-peR and 5' nuclease a ays. 

Fig. 3.6. Standardisation of DNA samples derived from archival biopsies. 
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Using the RNase P assay the concentration of amplifiable DNA derived from 
archival biopsies can be standardised for peR assays. Here all but two of the 
samples tested are standardised to amplify exponentially from peR cycle 
numbers 22-27. 

The RNase P assay was used to determine the optimum dilution of DNA 

for efficient peR amplification. However, from the data (fig. 3.5) it is evident 

that this assay is an inappropriate method to quantify the concentration of DNA 

extracted from archival biopsies. Diluting these samples consequently 

determined a higher DNA concentration, even though a smaller amount of DNA 
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was present (table 3.1). This effect is likely to result from the dilution reducing 

the concentration of PCR inhibitors present in the paraffin-extracted samples. 

Table 3.1. Assessment of the DNA concentration by comparison with the 
human genomic DNA standard in the RNase P assay. 

Sample Reporter Quantity 
type Sample Name Assay dye Ct number (ng) 

Standard Human genomic DNA 20ng RNaseP FAM 22.88 20 
Standard Human genomic DNA lOng RNaseP FAM 24.29 10 
Standard Human genomic DNA 5ng RNaseP FAM 25.85 5 
Standard Human genomic DNA 2.5ng RNaseP FAM 27.25 2.5 
unknown DNA sample 1, undiluted RNaseP FAM 40 0 
unknown DNA sample 1, 1:2 dilution RNaseP FAM 34.48 0.06 
unknown DNA sample 1, 1:5 dilution RNaseP FAM 25.67 5.18 
unknown DNA sample 1,1:10 dilution RNaseP FAM 26.07 4.21 
NTC DNA extraction neg. control RNaseP FAM 40 0 
NTC PCR negative control (H2O) RNaseP FAM 40 0 

Table 3.1 shows an example of quantifying an unknown DNA sample (DNA 
sample 1) against a known standard using the RNase P assay. Unfortunately, 
this method does not account for the effect of PCR inhibitors and is therefore, 
inaccurate in quantifying DNA samples contaminated with PCR inhibitors. 

3.3.3. Comparison of SNP genotyping methods. 

For each of the four 5' nuclease assays, all 335 DNA samples were 

tested (fig. 3.7, 3.9, 3.11 and 3.13). At least thirty of these samples were also 

tested using allele specific ARMS-PCR for three out of the four assays, TNF-

308 (A/G) (N = 87) (fig. 3.8), ILIB-511 (CIT) (N = 50) (fig.3.1O) and IL6-174 

(G/C) (N = 30) (fig 3.12). Only ten samples were tested using the IL4-590 

ARMS-PCR method, of which none were adequately genotyped (fig. 3.14). 

This method required a generic PCR amplification of the IL4 promoter region 

(253bp amplicon) followed by ARMS-PCR to detect the SNP (131bp 

amplicon). This assay required extensive optimisation before it would be 

applicable for these DNA samples from archival tissue and was not pursued any 

further. The difference in the number of samples tested was dependent on the 

time required to genotype samples, the 5' nuclease method is designed as a high 

throughput system, whereas ARMS-PCR is a low to medium throughput 

system. 
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Fig. 3.7. The 5' nuclease assay for genotyping the TNF-30S SNP. 
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Fig. 3.S. Allele specific ARMS-peR assay for genotyping the TNF-30S SNP. 

DNA samples 1-15 were extracted from archival gastritis biopsies and tested 
using the ARMS-PCR assay designed to genotype for the TNF-308 SNP. Two 
10)..1.1 PCR reactions with primers specific for either the A or G allele are 
required to type each sample. Cl, C2, and C3 are the positive DNA control 
samples, which genotyped as GG, AG and AA respectively. Samples 1,2,5 to 
10, 12 and 15 are homozygous for the G allele. Samples 4, 11 and 14 are AG 
heterozygotes. The rare AA homozygote is not present amongst any of these 
samples tested. DNA samples 3 and 13 have failed to amplify any specific 
products. Neg control = DNA extraction negative control; PCR neg = PCR 
negative control (H20). 
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Fig. 3.9. The 5' nuclease assay for genotyping the IL1B -511 SNP. 
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Fig. 3.10. Allele specific ARMS-peR assay for genotyping the IL1B -511 

SNP. 

DNA samples 1-13 were extracted from archival gastritis biopsies and tested 
using the ARMS-PCR assay designed to genotype for the !LIB -511 SNP. Two 
10~l PCR reactions with primers specific for either Cor T allele are required to 
type each sample. Cl, C2, and C3 are the positive DNA control samples, which 
genotyped as CC, TT and TC respectively. Samples 1, 11 and 12 are 
heterozygous for C and T alleles. Samples 2 to 8 are homozygous for the C 
allele. Samples 9, 10 and 13 have failed, although there are very weak products 
present for the C allele in samples 9 and 13. Neg control = DNA extraction 
negative control; PCR neg = PCR negative control (H20). 
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Fig. 3.11. The 5' nuclease assay for genotyping the IL6-174 SNP. 
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Fig.3.12 ARMs-peR assay for genotyping the IL6-174 SNP. 

Two 1O1l1 PCR reactions with primers specific for either the C or G allele are 
required to type each sample. C1 , C2, and C3 are the positive DNA control 
samples, which genotyped as CC, GG and CG respectively. Samples 3, 5, 7, 14 
to 16, 18, 23 , 25 and 28 to 30 are heterozygous for the C and G alleles. Samples 
4,9, 13, 17, 19,21 and 24 are homozygous for the 'C allele. Samples 6, 10 to 12, 
20,26 and 27 are homozygous for the G allele. Samples 1, 2, 8 and 22 have 
failed out of the 30 samples tested. Neg control = DNA extraction negative 
control; PCR neg = PCR negative control (H20 ). . 
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Fig. 3.13. The 5' nuclease assay for genotyping the IL4-590 SNP. 
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Fig. 3.14. ARMS-peR for genotyping the IL4-590 SNP. 

Positive DNA control samples were extracted from peripheral blood samples 
and genotyped as CC for Cl , TC for C2 to C4 and TT for CS. DNA samples 1 
to 3, which were extracted from archival biopsies, have failed to amplify any 
PCR products. Neg control = DNA extraction negative control; PCR neg = PCR 
negative control (H20 ). 
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There were no typing discrepancies between the two methods for all 

samples successfully genotyped. This indicated that both assays were equally 

accurate in assigning genotypes for DNA derived from archival tissue. Table 3.2 

compares the percentage of DNA samples successfully genotyped by the two 

PCR methods. The percentage of samples successfully genotyped using the four 

5' nuclease assays ranged from 96.1 % (322/335) to 99.4% (333/335), whereas 

for three out of the four ARMS-PCR assays this ranged from 80% (70/87) to 

90% (45/50). For the fourth ARMS-PCR assay, IL4-590 (CIT) SNP, no DNA 

samples extracted from archival biopsies were successfully genotyped. This 

assay required an initial generic PCR amplification of a 253bp amplicon of the 

IL4 promoter region, followed by an ARMS-PCR assay to generate a 131bp 

amplicon. In comparison, 99.1 % (332/335) of samples were successfully 

genotyped using the 5' nuclease assay for the IL4 -590 (CIT) SNP, which 

amplified a 79bp amplicon. Indeed, the number of samples successfully 

genotyped using the ARMS-PCR method increased as the PCR amplicon size 

decreased. This is most likely the cause of the poor results for the IL4-590 

ARMS-PCR assay compared to the other ARMS-PCR assays as well as the 

better results for the 5' nuclease assays (table 3.2). 

Table 3.2. Comparison of the percentage of samples successfully genotyped 

using ARMS-PCR and 5' nuclease assays. 

SNP 5' nuclease assay ARMS-PCR 
GIN (%) amplicon (bp) GIN (%) amplicon (bp) 

TNF-308 322/335 (96.1) 60 70/87 (80) 184 
(G/A) 
IL1B-511 332/335 (99.1) 66 45/50 (90) 103 
(CIT) 
IL6 -174 333/335 (99.4) 80 26/30 (87) 108 
(C/G) 
IL4-590 332/335 (99.1) 79 0110 (O)(a) 2531131(b) 
(CIT) 

The percentage of samples successfully genotyped using the two PCR 
methods are shown as well as the size of the PCR amplicons. G = number of 
samples successfully genotyped; N = total number of samples tested; (a) = 
none of the ten samples tested were successfully genotyped. This PCR 
required further optimisation before applicable to these DNA samples; (b) = 
1st round generic PCR generates a 253bp amplicon of the IL4 promoter 
region, the 2nd round ARMS-PCR generates a 131bp amplicon; 
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3.4. Discussion. 

Although 300bp lengths of DNA were amplified in all samples tested 

using the generic gene control PCR, this did not necessarily result in successful 

amplification using allele specific PCR, as reflected by the variable but 

significant failure rate in genotyping. This is likely to be due to the stringent 

PCR conditions required to prevent mis-priming that are necessary for a 

successful allelic discrimination PCR as opposed to a generic PCR. 

The RNase P assay was found to be an inaccurate method to determine 

the concentration of amplifiable DNA extracted from archival biopsies when 

compared with the DNA standard of known concentration. The effect of 

diluting a DNA sample extracted from archival tissue resulted in increasing the 

efficiency of the PCR, even though a lower concentration of template DNA had 

to be present. This was probably due to the presence of PCR inhibitors in these 

DNA samples extracted from formalin-fixed, paraffin-embedded biopsies 

(Kosel 2001). Dilution of the DNA sample most likely reduced the effect of the 

PCR inhibitors, and at a dilution of 1:25 or 1:50 in the final PCR volume, 

sufficient quantity of template DNA was present for successful PCR 

amplification, whilst minimising the effect of the PCR inhibitors. PCR 

inhibitors are usually factors that inhibit Taq DNA polymerase and prevent 

efficient amplification of the template DNA. Therefore, the RNase P assay was 

suitable for selecting the optimal dilution of a DNA sample extracted from 

archival tissue for PCR, but not for quantifying the DNA concentration against 

the known DNA standard. Consequently, all DNA samples were initially diluted 

1:5 with TE buffer and assessed in the RNase P assay and if necessary, diluted 

further to standardise all samples. This ensured all samples subsequently 

performed with equal efficiency during PCR. Standardisation of the DNA 

samples improves genotype calling when using PCR assays. 

The ARMS-PCR and 5' nuclease assays are equally accurate in 

genotyping DNA derived from archival biopsies, as there were no genotyping 

discrepancies. In this study, the 5' nuclease method was more suitable for 

genotyping the fragmented DNA samples derived from archival biopsies when 

compared to the ARMS-PCR method. A much higher percentage of samples 

were successfully genotyped using the 5' nuclease method, which ranged from 

96.1 % - 99.4% for the four SNP assays, compared to the ARMS-PCR method, 

which ranged from 0% - 90% for the four SNP assays. The success of an assay 
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for genotyping these DNA samples was most likely to be dependent on the size 

of the peR amplicon, which for the 5' nuclease assays ranged from 60bp to 

80bp, compared to the ARMS-peR assays, which ranged from l03bp to 253bp. 

The 5' nuclease assay is designed to amplify very short peR products as the 

recommended overall amplicon length should be as short as possible but 

between 50-150bp (chapter 2.2.6.1.1). However, if the ARMS-peR assays had 

been designed to amplify shorter products then the percentage of samples 

successfully genotyped would possibly have increased, as indicated from the 

results presented in table 3.2. Indeed, the percentage of samples successfully 

genotyped using the ARMS-peR method increased as the amplicon length 

decreased. This is most likely the main reason for the poor results for the 

ARMS-peR IL4-590 assay when using this source of DNA, which required an 

initial amplification of a 253bp product. 

Although genotyping using the 5' nuclease method was very successful, 

a direct comparison with the ARMS-peR method does require caution. The 

overall amount of DNA used for genotyping by the two methods was the same 

and both used 10111 peR volumes, however the DNA concentration, primer 

concentration, peR reagents and peR cycling conditions were different. The 5' 

nuclease method used 1 III of 1:5 dilution of DNA in a single 10111 peR reaction 

(final DNA dilution 1 :50), whereas the ARMS-peR assay required two separate 

reactions, each using 0.5111 of 1:5 dilution of DNA in a 10111 peR volume (final 

DNA dilution 1: 100). However, both methods were used according to published 

guidelines and from the results in this study more samples were successfully 

genotyped using the 5' nuclease method compared to ARMS-peR when using 

DNA derived from archival biopsy tissue. 

The ARMS-peR method, as currently established for genotyping DNA 

from archival tissues, has no internal peR control. Therefore, there is a chance 

that if one of the two reactions fails a sample may be mistyped as homozygous 

rather than heterozygous, although results from this study did not reveal any 

genotyping discrepancies. Incorporation of appropriate internal peR controls 

may be problematic when dealing with variably degraded DNA. peR 

optimisation to determine the appropriate concentrations of the allele specific 

primers and the internal control primers would be extensive. Internal control 

primers are not necessary for the 5' nuclease assay. 
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The ARMS-peR method requires two separate reactions and post-peR 

experimental manipulation. The 5' nuclease method is a single reaction with no 

post-peR manipulation, offering advantages for medium to high throughput 

genotyping, and this was reflected in the ease of genotyping 335 samples by the 

5' nuclease method compared to genotyping between 30-87 samples using 

ARMS-peR. From the single scatterplot generated using the 5' nuclease 

method, genotypes can be simultaneously interpreted for 384 samples. This is 

ideal for batch calling and randomisation of cases and control samples on a 

single plate for association studies. 

The 5' nuclease method was faster to establish and apply from primer 

design through to genotyping samples, than the ARMS-peR method. However, 

the 5' nuclease method was more expensive (5~l peR costs 30p IDNA 

sample/SNP) compared to the ARMS-peR method « lOp IDNA sample/SNP). 

In addition, the initial cost of specialist equipment for 5' nuclease genotyping is 

much higher compared to establishing the ARMS-peR method. 

3.5. Conclusions. 

A dilution factor of 1 :50 of the DNA samples extracted from paraffin

embedded, formalin-fixed archival gastric biopsies in the final peR volume 

ensured sufficient template DNA was available for successful peR whilst 

minimising the effect of peR inhibitors. 

The 5' nuclease method was faster from primer design through to 

genotyping of DNA samples compared to the ARMS-peR method and required 

no optimisation. From this study, although both methods were equally accurate 

in genotyping DNA derived from archival tissue, a much higher percentage of 

samples were successfully genotyped using the 5' nuclease method when 

compared to the ARMS-peR method, although set up and running costs were 

three fold greater. Accordingly, the 5' nuclease allelic discrimination method 

was selected for genotyping cytokine SNPs using DNA derived from archival 

tissues for the case-control association study in chapter 4. 
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Chapter 4: Do polymorphisms in cytokine genes influence the development 

of primary gastric extra-nodal marginal zone B-cell (MALT) lymphoma 

following H. pylori infection? 

4.1. Introduction. 

H. pylori infection causes a wide spectrum of gastric pathologies from 

asymptomatic gastritis and peptic ulcer disease to gastric malignancy. As 

discussed in chapter one, in addition to bacterial virulence factors, the host 

immune response plays a pivotal role in the clinical outcome of chronic H. 

pylori infection. There are high inter-individual differences in the extent and 

pattern of gastric inflammation among H. pylori infected patients and clinical 

consequences develop in only a small subgroup. 

4.1.1. Cytokines, polymorphisms and association with disease. 

Cytokines playa critical role in the regulation of the immune response 

and a considerable number of cytokine gene polymorphisms have been 

identified. The majority of known polymorphisms are found in the upstream 

promoter sequences, in introns and in 3' untranslated regions which in many 

cases results in differential in vitro expression of the respective pro- or anti

inflammatory cytokine e.g. TNFa (Wilson 1997), IL-l~ (El-Omar 2000; Rad 

2004) and IL-I0 (Turner 1997; Eskdale 1998; Rad 2004). However in vivo, the 

situation is certainly more complex and may be influenced by both the stimulus 

and the cell type (Kroeger 2000; Allen 1999; Gibson 2001). Polymorphisms in 

the human ILlO, ILIB, TNF, IFNG and ILIRN genes have all been reported to 

influence cytokine expression (table 4.1). Some of these polymorphisms, 

considered to alter the rate of gene transcription, are thought to influence 

inflammatory processes in response to infectious diseases and in support of this, 

many of these polymorphisms show associations with susceptibility to a number 

of immune-mediated diseases (reviewed in: Bidwell 1999 and 2001; Haukim 

2002). Currently, it is unknown if the polymorphisms associated with 

differential cytokine expression and the overall cytokine genetic profile of an 

individual results in qualitative or quantitative programming of the 

inflammatory response. However, there are plenty of examples in the literature 

that support this hypothesis. For example, associations between polymorphisms 
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in the promoter of the TNF gene and rheumatoid arthritis (Brinkman 1997), 

cerebral malaria (McGuire 1994; McGuire 1999; Knight 1999) and ILI0 

promoter polymorphisms with systemic lupus erythematosus (Lazarus 1997; 

Gibson 2001) and pathogenesis to AIDS (Shin 2000). Recent reports have 

linked cytokine gene polymorphisms with influencing gastric inflammation 

following H. pylori infection (Rad 2004) and subsequent development of gastric 

adenocarcinoma (EI-Omar 2000). In addition, a number of studies have reported 

associations between TNFa and/or lymphotoxin-a (LTa) and certain cancers, 

including chronic lymphocytic leukaemia (Demeter 1997), non-Hodgkin's 

lymphoma (Warzocha 1998; Juszczynski 2002) and breast cancer (Chouchane 

1997). In cutaneous malignant melanoma, ILlO genotypes associated with low 

IL-10 expression in vitro are associated with disease susceptibility (Howell 

2001). 

H. pylori infection is characterised by a strong neutrophil and 

lymphocyte infiltration. The T helper response towards H. pylori is generally 

considered to be Th1 phenotype, leading to a cell-mediated immune response. 

This Th1 response may contribute to cancer development as down regulation of 

the Th1 response in mice with concurrent helminth infection was shown to 

protect against atrophy, intestinal metaplasia and invasive gastric carcinoma 

(Fox 2000). IL-12 is the key cytokine in directing the immune response towards 

a Th1 phenotype, which acts synergistically with IL-18, whereas IL-4 plays a 

key role in the differentiation of T cells into Th2 cells that promote a humoral 

response. Important cytokines characterising Th1 mediated immune responses 

are IFNy, TNFa, IL-1P and IL-8, all being up-regulated during chronic H. pylori 

infection. IL-10 and TGFp, which are highly expressed in the H. pylori infected 

stomach (Karttunen 1997), are important regulatory cytokines influencing the 

balance of the cell- mediated immune response. 
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Table 4.1. Selection of Cytokine SNPs. 

~ytokine Up-regulated Function Poly- Effect of polymorphism Associated with 
pene in H. pylori morphism autoimIl1unclinflallllnatl) 

infection ry disease 
ILIA Yes (I) Binds same receptor -889 T allele at -889 creates a Juvenile rheumatoid 

as IL-lp. consensus sequence for the arthritis (4). 
Significantly more transcription factor skn-l. Alzheimer's disease \2). 
ILIA mRNA in -889TI associated with 
cagA+ compared to increased levels of ILl A 
cagA- H. pylori mRNA and protein levels 
infected patients (I) compared to -889CC 

genotype (2, 3). 

ILIB Yes (I) Key pro- +3953 Affects transcription (5). 
inflammatory T allele resulted in 2-4 fold 
cytokine. increase in IL-l P from 
Inhibits gastric acid monocytes when stimulated 
secretion. with LPS compared to 
Significantly more monocytes with two copies of 
IL-IP in cagA+ C allele (6). 
compared to cagA-
H. pylori infected 
patients (1,41). 

-31 The -31 T polymorphism -31C and IL-IRN*2 
creates a TAT A sequence. haplotype associated 
Using electrophoretic with increased risk of 
mobility shift analysis of LPS chronic hypochlorydria 
stimulation ofPMNs and gastric cancer (7). 
indicated that one or more This haplotype is also 
proteins (presumably associated with an 
transcription factors) increased risk of severe 
interacted with ILlB-31T inflammation and 
allele but not the -31C allele intestinal metaplasia (8). 
(7). 

-511 -511 T allele in strong LD Increased risk of severe 
with -31C (>90%LD), assoc inflammation and 
with slight but not significant intestinal metaplasia (8). 
increase in IL-IP (9,10). 
Effect of -511 polymorphism 
may be due to complete LD 
with -31 polymorphism. 

ILlRN ? The IL-I receptor 86bp VNTR Allele 2 associated with Increased risk of severe 
antagonist (intron 2) increased IL-I ra in plasma inflammation and 
inhibits binding of and enhanced IL-l P secretion intestinal metaplasia (8), 
IL-Ia and IL-I P to (9,10,12,13). hypochlorhydria and 
their common gastric adenocarcinoma 
receptor. (7). 

In near complete LD +2018 IL-IRN+2018 allele2 (C 
with the ILRN 86bp (ex on 2) allele) in near complete LD 
VNTR (15). (>99%) with IL-IRN 86bp 

VNTR allele 2 (15) and is 
associated with decreased 
levels of IL-lra protein (6). 

IL4 No Crucial for the -590 Creates an NFAT binding Malignant B-cells from 
(16,17,18) differentiation of site. T allele 3-fold increase MALT lymphomas 

nalve T cells into in transcription compared to proliferate in response 
Th2 cells that C allele (45,55). to CD40 signalling and 
promote humoral IL-4 (20). 
immunity. 
is OM and -Lgastrin 
(19). 

IL6 Yes Expression induced -174 -180 to -123 crucial for Systemic onset juvenile 
(21,22) in response to IL-I, induction of expression in chronic arthritis (24). 

TNF, LPS. response to IL-lITNF. 
B-cell differentiation. -174G-7C creates a potential 

NF-I transcription binding 
site. GG genotype is 
associated with i expression 
in vitro (23). 
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IL8 Yes (I) This chemokine -251 A allele associated with Associatcd with sc\'crc 
attracts neutrophils to higher IL-8 le\'cls (53). bl'llnchiolitis follo\\in~ 
the site of RSY infection (5'+). 
inflammation. 
Significantly more 
IL-8 in cagA+ 
compared to eagA-
R. pylori infected 
patients (1,14,40,48). 

ILl 0 Yes (25) Potent anti- -592 GCC (-1082, -819C, -592C) Malignant B-cells fmlll 
inflammatory associated with high lL-1 0 MALT lymphomas 
cytokine. expression and AT A (- proliferate in response 
B cell maturation. 1082A, -819T, -592A) with to CD40 signallin~ and 
IL-IO deficient mice low expression. -819 in 100% IL-IO (20). 
develop spontaneous LD with -592 (10, II). 
chronic enterocolitis. 
IL-IO deficient mice 
have 100 fold 
decrease in R. pylori 
colonisation (26). 

ILl 2 Yes (17,27) Secreted by lLl2B+ll C allele associated with Type I diabetes (29) 
macrophages and 88 increased IL-12 secretion Cerebral malaria nO) 
dendritic cells in (Encodes (28). 
response to IL-12p40 
infections. Promotes subunit) 
Th I response. 
Induces IFNy 
production by T and 
NKcells. 

ILl 8 Yes (32) Mainly produced by -J37 and - J 37C and -607 A associated Role in chronic 
activated -607 with low expression (35). inflammatory 
macrophages. diseases (33). 
Acts synergistically Up-regulated in Crohn's 
with IL-12 to disease (34). 
promote Thl 
response. 

TNF Yes (17,21) Key pro- -308 A allele in some studies has Anti-TNF is a treatment 
inflammatory been associated with for Crohn' s disease and 
cytokine. heightened TNFa secretion rheumatoid arthritis. 
Important in (36). TNF -308A allele 
development and G creates a binding site for associated with greatt:r 
organisation of AP-2 (activator protein-2). risk of death from 
lymphoid tissue. cerebral malaria and 
Inhibits gastric acid associated with higher 
secretion. levels of circulating 
Transcription TNF(50,51). 
controlled by LPS 
and IFNy. 

-376 A allele creates an Oct-I -376A allele associated 
binding site (37,38). with cerebral malaria 

(37). 

LTA ? Involved in +252 Lies within a phorbol ester TNF-308A, LTA+252G 
development of responsive DNA element. G haplotype associated 
secondary lymphoid allele is associated with i with increased risk of 
organs. LTa production (39). Diffuse large B-cell 
Soluble LTa binds lymphoma (40) 
same receptors as 
TNF. 

IFNG Yes (16,17) IFNyenhances +874 T allele in LD with allele 2 of T infiltrating cells in 

antibacterial a penta-allelic CA two cases of MALT 
immunity. Key microsatellite polymorphism, lymphoma 

activator of which has been associated predominantly produce 
macrophages and with high IFNy production IFNy(44). 
induces microbicidal (42,43). 
state. 
tgastrin, tSOM (19). 
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IFNGRI ? Receptor for n"r<y. .. 56 C-7 T SNP affects expression Genome \\'ide Iinha~L' 
leve Is (3 1). analysis \\'ith II. I'yl, 'ri 

infection (52). 

TGFBI No (46) Anti .. inflammatory. .. 509 SNP influences expression TGF~ 1 detected in 
Knock out mice (47). T allele associated with tumours of gastriL' 
develop severe multi .. increased levels TGF~ I. canccr patients (49). 
organ inflammation. 

SOM = somatastatm; LPS = lipopolysacchande; PMNs = polymorphonuclear cells; LD = 
linkage disequilibrium; ? = unknown, 

1 Peek 1995; 2 Dominici 2002; 3 Kornman 1998; 4 McDowell 1995; 5 Pociot 1992; 6 Andus 
1997; 7 EI-Omar 2000; 8 Rad 2003; 9 Hurme 1998; 10 Rad 2004; II Turner 1997; 12 Santtila 
1998; 13 Hwang 2002; 14 Crabtree 1993; 15 Smith 2004; 16 Karttunen 1995; 17 D'Elios 1997; 
18 Shimizu 2004; 19 Zavros 2003; 20 Greiner 1997; 21 Crabtree 1991a; 22 Lindholm 2001; 23 
Fishman 1998; 24 Terry 2000; 25 Karttunen 1997; 26 Chen 2001; 27 Bauditz 1999; 28 Seegers 
2002; 29 Morahan 2001; 30 Morahan 2002; 31 Rosenzweig 2004; 32 Tomita 2001; 33 Akira 
2000; 34 Monteleone 1999; 35 Giedraitis 2001; 36 Wilson 1997; 37 Knight 1999; 38 Brinkman 
1997; 39 Messer 1991;' 40 Rothman 2006; 41 Yamaoka 1997; 42 Pravica 1999; 43 Pravica 2000; 
44 Hauer 1997; 45 Wray 2003; 46 Monteleone 2004; 47 Grainger 1999; 48 Noach 1994; 49 
Ebert 2000; 50 Wilson 1992; 51 McGuire 1994; 52 Thye 2003; 53 Hull 2000; 54 Hull 2001; 55 
Rockman 2003, 

For this study, SNPs associated with differential expression of candidate 

pro- and anti-inflammatory cytokines, particularly cytokines with altered 

expression as a result of the immune response to H. pylori, were investigated in 

primary gastric extra- nodal marginal zone B-cell (MALT) lymphoma patients 

(abbreviated to GML) and a large H. pylori infected patient control group with 

uncomplicated chronic gastritis from three European populations, The aim of 

the study was to determine the influence, if any, of polymorphisms in cytokine 

genes on the development of GML subsequent to H. pylori infection, These 

results will be of interest in comparison with the IL-l ~/IL-l receptor antagonist 

results associated with gastric adenocarcinoma reported by El-Omar et al (2000; 

2003; Furuta 2002). 
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4.2. Materials and methods. 

4.2.1. Selection of cytokine gene polymorphisms. 

Eighteen SNPs were selected from 14 cytokine genes and their promoter 

regions. The selection of the SNPs was based on one or more of the following 

criteria (table 4.1): the cytokine has an altered expression level in response to H. 

pylori infection; there is evidence of the SNP affecting expression levels in vivo 

and/or in vitro; there is evidence that the SNP is associated with an 

inflammatory disease; and finally both alleles are common, with an allele 

frequency equal to or greater than 20%, in caucasoids. All alleles except the rare 

TNF-376A allele were of sufficient frequency for the study to have 80% power 

to detect significant differences in genotype frequencies between cases and 

control groups conferring an odds ratio of greater than 2 with 95% confidence. 

Power calculations were performed using Epi Info Revision 2 (2003) statistical 

package and based upon the number of cases and controls examined using the 

frequency of the rarest genotype for a SNP among the control subjects. 

Based on these criteria, five SNPs within the ILl gene cluster 

(chromosome 2q12-14) were selected (fig. 4.1); IL1A-889 (CIT), IL1B-31 

(TIC), IL1B-511(CIT), IL1B+3953 (CIT) and IL1RN+2018 (TIC). Three SNPs 

within the TNF region (chromosome 6p21.3) were selected; TNF-308 (O/A), 

TNF-376 (O/A), and LTA+252(AlO). Finally, a further ten SNPs from 

cytokines or their receptors that modulate T helper lymphocyte responses were 

selected; IL4-590 (CIT), IL6-174 (O/C), IL8-251 (T/A), ILlO-592 (CIA), 

IL12B+1188 (AlC), IL18-137 (O/C), IL18-607 (CIA), IFNO+874 (AfT), 

IFNORl-56 (TIC), and TOFBl-509 (CIT). 
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Fig. 4.1. ILl gene cluster on chromosome 2q12-14. 
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Organisation of the ILl gene cluster on chromosome 2q showing the 
approximate base position (x 104

). Direction of transcription is shown beneath 
each gene by a horizontal arrow. Exons are shown by vertical lines or boxes. 
Polymorphic nucleotides examined in the IL 1 A, IL 1 Band IL 1 RN genes are 
shown. The position of the IL1RN 86bp VNTR in relation to +2018 SNP is also 
shown. Adapted from Smith 2004. 

4.2.2. Selection of GML patients and H. pylori gastritis controls. 

Ethical approval for this project was obtained from Southampton and 

SW Hants Local Research Ethics Committee. This project has received German 

and Dutch ethical approval for the use of archival human material for genetic 

studies. 

4.2.2.1. German patients and controls. 

Professor Andreas Neubauer and colleagues from the Phillips 

University, Marburg, Germany, kindly provided DNA extracted from peripheral 

blood from 79 confirmed primary gastric extra-nodal marginal zone B-cell 

lymphoma cases (GML). All cases were diagnosed as low-grade, stage EI, 

GML with H. pylori infection. In addition, archival gastric biopsies from 154 

German patients diagnosed with uncomplicated H. pylori gastritis were 
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provided as a German control group. The ratio of male to female for the GML 

cases was 1 : 1.3 -and 1.3 : 1 for the control group. The age range was 35-90 

years with a mean of 69.5 years for the GML group compared to an age range of 

14-91 years with a mean of 55.8 years for the control group (table 4.2). 

4.2.2.2. Netherlands patients and controls. 

Professor Daphne de long from the Netherlands Cancer Institute, 

Amsterdam, kindly provided 72 cases diagnosed between 1994 and 2002, and 

confirmed as low-grade primary gastric extra-nodal marginal zone B-ce11 

lymphoma. The majority (90%, 65172) were confirmed as H. pylori positive, for 

the remaining seven cases infection status with H. pylori was unknown. A 

consecutive series of 224 uncomplicated H. pylori gastritis cases diagnosed 

between 1999 and 2002 were provided as a control group. Tissue sections from 

an archival gastric biopsy of uninvolved, non-malignant mucosa were provided 

for all cases and controls. The ratio of males to females was 1.3 : 1 for the GML 

group compared to 1 : 1.1 for the control group. The age range was 27-86 years 

with a mean of 59.2 years for the GML group compared to the control group, 

which had an age range of 19-88 years with a mean of 60.1 years. 

4.2.2.3. UK patients and controls. 

Dr Andrew Wotherspoon from the Royal Marsden Hospital, Sutton, UK 

kindly provided twenty-three cases confirmed as H. pylori positive, primary 

gastric low-grade extra-nodal marginal zone B-ce11lymphoma. A further 32 

cases diagnosed between 1990 and 2001 at Southampton General Hospital, UK 

were selected for this study. Only 11 of the 32 Southampton cases (34%) were 

confirmed as H. pylori positive. For the remaining Southampton cases infection 

with H. pylori was unknown. The lack of detection of H. pylori in the 

Southampton cases may be due to the presence of malignant tissue in these 

biopsies. H. pylori is often absent at the site of the lymphoma where destruction 

of the normal tissue architecture appears to be incompatible with the ability of 

the bacteria to reside in this micro-niche. The UK control group was a 

sequential series of 190 cases diagnosed between 1997 and 2001 at 

Southampton General Hospital as H. pylori positive gastritis with acute and 

chronic inflammation. The gastritis controls had no history of gastro-intestinal 
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dysplasia or malignancy, Coeliac or Crohn's Disease. Diagnosis of all cases and 

controls was based on histological examination from gastric biopsies. The 

pathology reports and biopsy sections were reviewed again by Dr Adrian 

Bateman prior to inclusion in this study. Tissue sections from an archival gastric 

biopsy were provided for all cases and controls. The ratio of male to female in 

the GML group was 2.4 : 1 with an age range of 26-94 years and the mean age 

was 65.5 years. The ratio of male to female in the control group was 1.1 : 1 with 

an age range of 21-97 years and the mean age was 60.5 years. 

Table 4.2. Cases and controls of the association study: 

number age range mean age ratio of 
_~ ___ ~~,~~v.~~v~_ of cases ~'-'lyrs)~'~" -'~(y'rs)~~"" male: femai'e 
Netherlands: 

GML cases 

gastritis controls 

German: 
I~C'~~_'~_~' __ '~""""""~"'_'" I"~'~""""" "" I" , ...• ,., "',' 

diagnosis known infection 
"" "" -~'~'~-'~"""" " ;;iiti'· f("pYlorl (%) 

GML cases 79 35-90 69.5 1.0: 1.3 low-grade OML 100% 
'--""'~"'-""~-~"" . """~"'" I·", ~""~' 
gastritis controls 154 14-91 55.8 1.3: 1.0 H. pylori gastritis 100% 

gastritis controls 190 21-97 

""""""""""""""""""'" """""" "'" 

OM1,=: primary ga.~~i<:'~~tJ"a.~~0cla.lIll<lf~<ll~I1~J:3~ce~lYI11p~oJTIa. 

H. pylori gastritis 
I 
i 

, .. ..1 

100% 

4.2.2.4. Risk of popUlation stratification in the patient and control groups. 

Population stratification due to inappropriate matching of cases and 

controls is a confounding factor in association studies. In this study, the male to 

female ratio in the Netherlands and German GML cases and gastritis control 

groups and the UK g'astritis control group are not significantly different and are 

comparable to the ratio seen in GML described by Isaacson et al (2001). 

Isaacson state that most GML cases occur in adults with a median age of 61 yrs 

with a slight female preponderance and a male: female ratio of 1.0 : 1.2. 

However, caution must be applied to any interpretation of the UK GML cases, 

as there are nearly 2.5 times more males to females in this study group. In 

addition, careful consideration must be given to the age differences that are 

present between each GML and gastritis control group (table 4.2), as this has the 

potential to result in spurious associations, due to differences in population 
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stratification between cases and controls. In-order to reduce this risk, cases and 

controls should ideally be age-, sex- and ethnicity matched. However, this will 

reduce the power of this study as the numbers of cases and controls would be 

reduced. Therefore, the risk of these factors would be considered post-analysis 

of the genotype frequencies. 

4.2.3. DNA extraction. 

For all cases and controls DNA was extracted from an archival, 

paraffin wax embedded, formalin-fixed, archival gastric biopsy except for 

the 79 German GML cases from which peripheral blood derived DNA was 

provided. In addition, as previously mentioned, DNA was extracted from 

non-malignant tissue except for the 32 Southampton GML cases, which had 

variable amounts of malignant tissue. For all archival biopsies five 10jlM 

sections were cut as previously described in chapter 2.2.3. During the DNA 

extraction process no more than thirty samples were processed at anyone 

time in order to minimise the risk of contamination. In addition, batches 

were processed in parallel with an empty 1.5ml microcentrifuge tube, which 

was subsequently used as a negative control. This DNA extraction negative 

control was tested in all subsequent peR assays to detect the presence of 

any contamination. 

4.2.4. Assessment of the quality and concentration of DNA. 

The quality of extracted DNA was assessed for a proportion of cases 

using the multiplex generic gene control peR as previously described (chapter 

2.2.4.). For the Netherlands group, 51172 (71 %) of the GML cases and 1021224 

(46%) of the H. pylori gastritis control group were assessed (table 4.2); For the 

UK group, 35/55 (64%) of the GML cases and 311190 (16%) of the H. pylori 

gastritis control group were assessed; For the German H. pylori gastritis control 

group 311154 (20%) were assessed. As DNA was extracted from peripheral 

blood for the German GML cases it was assumed good quality DNA of a high 

molecular weight was obtained and therefore these samples were not assessed 

using the gene control peR. However, all DNA samples were assessed using 

the RNase P assay. To determine the optimal DNA dilution for subsequent 

genotyping, the DNA from all cases and controls were initially diluted 1:5 with 
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TE buffer and assessed using the RNase P assay and real time quantitative PCR 

as described in chapter 2.2.5. This determined the optimal dilution of DNA for 

efficient peR amplification and standardised the samples for the SNP 

genotyping assays. 

4.2.5. Preparation of DNA for SNP genotyping for the case-control 

association study. 

The methodology for the preparation of genotyping trays is presented 

here to emphasize the generation of good quality 384-well typing plates that 

contained a mix of GML patient and gastritis control group DNA samples from 

the three European populations, as well as positive and negative DNA controls 

and at least 4% of replicate samples. Using the following method the risk of bias 

in genotype calling was reduced. 

The Quadra robotic arm (Tomtec) is an automated instrument that will 

accurately dispense reagents in to a 384-well plate format. This instrument was 

used to dispense 2/ll DNA (1-5ng//ll) into 384-well plates for subsequent 

genotyping using the 5' nuclease method. To achieve this, four x 96-well 

microtitre plates CAB gene), each well containing 60111 of DNA (approximately 

1-5ng/lll) were used as mastertrays from which 2111 of DNA was dispensed into 

384-well TaqMan@ optical microplates (Applied Biosystems) using the Quadra 

robotic arm. This resulted in each 384-well plate comprised of an automated 

mix of cases and control DNA samples, negative controls consisting of no DNA 

template controls (10/384 wells) and DNA extraction negative controls (12/384 

wells), positive controls of known genotype if available, and between 4% and 

12.5% replicates. The percentages of replicates were as follows; Netherlands 

GML cases 9/72 (12.5%), Netherlands gastritis controls 181224 (8%), UK GML 

cases 6/55 (11 %), UK gastritis controls 11/190(6%) and German gastritis 

controls 6/154 (4%). The positive controls where peripheral blood derived DNA 

samples previously genotyped by ARMS-PCR and at least two samples of 

known genotype for each of the three possible genotypes (homozygous for 

allele 1, heterozygous and homozygous for allele 2) were tested in each of the 

following assays; ILIB-31, ILIB-511, IL4-590, IL6-174, IL8-251, ILlO-592, 

ILI2B+1188, IFNG+874, TNF-308, LTA+252, and TNF-376 (the rare TNF-

376AA genotype was not tested). Positive controls were not available for the 
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following assays; ILIA-889, ILIB+3953, ILIRN+2018, ILI8-137, ILIS-607, 

IFNGRI-56, and TGFBI-509. The 384-well plates were sealed with film (AB 

gene) and stored at -20De until required and used within one month of 

production. 

4.2.6. Genotyping using 5' nuclease allelic discrimination assays. 

TaqMan® 5' nuclease allelic discrimination assays (5' nuclease assay) 

were developed for genotyping DNA derived from paraffin-embedded, 

formalin-fixed biopsies and peripheral blood (chapter 2.5). For these assays, 

DNA samples derived from archival biopsies were genotyped using 10111 peR 

volumes. DNA from the German GML cases were derived from peripheral 

blood and were tested separately using 5111 peR volumes. 

The specificity of peR amplification of these 5' nuclease assays was 

confirmed by visualisation of the size of the amplicon product using 6% 

polyacrylamide gel electrophoresis and staining with ethidium bromide (chapter 

2.2.1-2). This was performed for aIl5'nuclease assays using the amplicon from 

the UK gastritis samples 1,2 and 3. In addition, to confirm the accuracy of 

genotype calling for the eighteen SNP assays, three samples, one of each 

genotype, were subsequently confirmed by sequencing as described in chapter 

2.2.9. 

4.2.7. Statistical analysis. 

All sample information and genotyping results were entered on to the 

statistical program database, SPSS (version 10.0) and the genotype and allele 

frequencies determined. The Hardy-Weinberg (H-W) equation was used to 

determine whether the genotype frequencies (GF) observed were in agreement 

with expected values according to H-W equilibrium. Genotype frequencies were 

compared between cases and controls for each population using Fisher's Exact 

2x2 contingency tables and a P value of less than 0.05 was considered 

significant. 

Dr. N. Maniatis, Division of Human Genetics, University of 

Southampton, kindly analysed the linkage disequilibium (LD) and the probable 

haplotype frequencies of the four SNPs within the ILIA and ILIB genes. The 

disequilibrium coefficient (Rho) was used (cedar.genetics.soton.ac.uk) and is a 
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statistical measure of the LD between two SNPs. It is dependent on the distance 

and the rate of recombination between the two SNPs. The probable haplotypes 

were determined using the program 'SNPHAP' (www

gene.cimr.cam.ac.uklclayton/software/snphap). This program estimates the 

haplotype frequencies using data from unrelated individuals by an expectation

maximisation algorithm to calculate maximum likelihood estimates of 

haplotype frequencies from the genotype frequencies. 

4.3. Results. 

4.3.1. The quality and concentration of extracted DNA. 

The DNA extraction negative controls were tested using the gene control 

peR, the RNase P assay and all 5' nuclease genotyping assays and were found 

to be negative in all assays indicating there was no detectable contamination 

from DNA extraction through to peR set up. Table 4.3 shows the percentage of 

samples tested using the gene control peR and the percentage of these samples 

able to amplify 100,200,300 or 400bp products. From this, the overall DNA 

quality of the Netherlands samples (fig. 4.2), the German samples and the UK 

gastritis control samples was excellent as the majority of samples amplified over 

300bp products. The quality of DNA from the UK GML cases was variable and 

of a poorer quality compared to the DNA extracted from the UK gastritis 

control samples. DNA from four of the assessed UK GML samples were very 

degraded and very little 100bp amplicon was detected using the gene control 

peR. In addition, of the 35 samples tested, 200bp and 300bp amplicons were 

only detected in 13 (37%) samples and 400bp products were not amplified from 

any of the UK GML cases. Therefore, the quality of the UK GML DNA 

samples was relatively poor. The variation in DNA quality detected between the 

different groups was likely to be due to the source of material from which the 

DNA was extracted. The control DNA samples from all three populations were 

extracted from archival gastric biopsies and, as can be seen from table 4.3, had 

comparable DNA quality. DNA samples from the German GML cases were 

derived from peripheral blood and therefore not assessed using the gene control 

peR, as it was assumed that the DNA fragment length would not be extensively 

degraded. DNA from the Netherlands GML cases was extracted from archival 

gastric biopsies of uninvolved, non-malignant gastric mucosa and although the 
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DNA quality appeared slightly reduced (300bp amplicons were detected in 39/ 

51 (76%) of samples tested), it was still very good. However, for the UK GML 

cases the DNA was extracted from an archival biopsy containing variable 

amounts of lymphoma tissue. The presence of lymphoma tissue may have been 

a factor influencing the overall poorer quality of the DNA from this group. In 

addition, the formalin-fixation time is a critical factor in influencing the size of 

extracted DNA. Fixation in un-buffered formalin for >24hours results in the 

extraction of smaller fragments of DNA (Inoue 1996). The fixation protocols 

for the archival samples in this study are unknown, but this may have influenced 

the quality of the DNA from the UK GML cases. However, this assay 

confirmed that sufficient intact 100bp lengths of DNA were available for peR 

amplification in all samples tested except for four of the UK GML case 

samples. This length of DNA is sufficient for successful genotyping using the 

designed 5' nuclease assays, which require less than 80bp lengths of DNA for 

amplification. 

Table 4.3. Assessment of the quality of DNA using the gene control peR. 

Gene control peR amplicon size: 
Sample type Percentage Percentage detection rate in samples 

tested (N) tested. 
100bp 200bp 300bp 400bp 

Netherlands 46% 100% 100% 100% 83% 
gastritis (1021224) (851102) 
Netherlands 71% 100% 100% 76% 16% 
GML (51172) (39/51) (8/51) 
German 20% 100% 100% 100% 81% 
gastritis (311154) (25/31) 
GermanGML Not tested* - - - -
UK gastritis 16% 100% 100% 100% 84% 

(311190) (26/31) 
UKGML 64% 89% 37% 37% 0% 

(35/55) (31/35) (13/35) (13/35) 
* Peripheral blood derived DNA. 

Table 4.3 and fig. 4.2 show the results of the gene control peR. This assay 
indicated the quality and fragment size of extracted DNA available for peR 
amplification. 
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Fig. 4.2. Example of the quality of DNA extracted from archival biopsies. 

Gene control PCR of Netherlands gastritis samples 613-22. All samples except 
sample 617 amplified up to 400bp products. 

4.3.2. Standardisation of DNA samples for subsequent genotyping. 

All DNA samples were assessed using the RNase P assay (chapter 2.2.5) 

to determine the optimal DNA concentration for efficient PCR amplification 

and standardise the DNA samples for subsequent genotyping. DNA from 

German GML cases (DNA provided from peripheral blood), diluted at 1:5 had a 

DNA concentration of between 2ng//..Ll to 400ng/j..ll DNA when assessed against 

the known DNA standard in the RNase P assay (table 4.4). From these results 

the DNA concentration was adjusted to between 2-lOng/j..ll to standardise all 

DNA samples for subsequent genotyping. 
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Table 4.4. Quantification of German GML cases against DNA standard in 

the RNase P assay. 

Sample PCR cycle Quantity 
type Sample Name Assay number (ng) 

Standard control DNA lOng RNaseP 22.11 10 
Standard control DNA 5ng RNaseP 23.7 5 
Standard control DNA 2.5ng RNaseP 25.57 2.5 
Unknown German GML DNA 1 RNaseP 25.3 4.16 
Unknown German GML DNA 2 RNaseP 25.53 3.78 
Unknown German GML DNA 3 RNaseP 21.33 22.56 
Unknown German GML DNA 4 RNaseP 22.3 14.93 
NTC no template control RNaseP 40 0 

Standards of known DNA concentration (2.5ng, 5ng, lOng) were used to 
generate a standard curve using the RNase P assay. The concentration of DNA 
in the German GML cases was determined from this standard curve. Table 4.4 
shows the concentration of DNA determined for German GML cases 1-4. 

As previously discussed in chapter 3, the RNase P assay is an 

inappropriate method for determining the concentration of DNA derived from 

archival biopsies due to the presence of PCR inhibitors. However, this method 

is suitable to select the optimal dilution of DNA derived from these biopsies for 

efficient PCR amplification and genotyping. Figure 4.3 shows the Netherlands 

GML sample 501 tested undiluted and at a dilution of 1: 5 and 1: 10 with TE 

buffer using the RNase P assay. From the three real-time amplification curves 

for this sample, the PCR inhibition detected in the undiluted DNA sample was 

adequately reduced using DNA at a dilution of 1:5 and 1: 10, which amplified 

almost identically. All of the Netherlands DNA samples (fig. 4.4), and all 

German and UK gastritis samples amplified efficiently at a dilution of 1:5 using 

the RNase P assay. This optimal dilution for efficient PCR amplification 

equated to a concentration of between 2-lOng of amplifiable DNA when 

compared to the human genomic DNA standard (fig.4.3). This dilution was 

selected for these samples for subsequent genotyping. The majority (42/55, 

76%) of UK GML DNA samples amplified efficiently using a dilution of 1:5, 

although a different optimal dilution for some samples was selected, and this 

ranged from 1:2 to 1: 10. 
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Fig. 4.3. The effect of diluting DNA derived from an archival biopsy in the 

RNase P assay. 
·on 

1.000 &-1 

1.000 

P CR cycle number 

Comparison of the real-time PCR amplification of the DNA standard (green) 
and Netherlands GML DNA sample 501 extracted from an archival biopsy 
(blue) using the RNase P assay. Increasing DNA concentration of the standard 
correlates with a lower PCR cycle number, whereas increasing dilution of 
sample 501 correlates with a lower PCR cycle number. 
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Fig. 4.4. Standardisation of Netherlands DNA samples using the RNase P 

assay. 
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The optimum DNA dilution for samples derived from archival biopsies was 
determined for efficient peR amplification. Here a dilution of 1:5 resulted in the 
majority of Netherlands gastritis DNA samples to amplify exponentially from 
approximately peR cycle number 22 to 27 using the RNase P assay. 

4.3.3. Cytokine genotyping using 5' nuclease assays. 

All cases and control samples were genotyped using the eighteen 5' 

nuclease SNP assays .. In all assays, the negative controls clustered together near 

the baseline on the allelic discrimination scattel-plots, with no peR amplification 

detected from the real-time amplification plots. All hidden replicates agreed 

giving 100% precision. All positive control samples tested typed in agreement 

with previous genotyping by ARMS-peR. 

To confirm the specificity of amplification for each of the eighteen 5' 

nuclease assays, the peR products amplified from three of the DNA samples 

(UK gastritis samples 1,2 and 3) were run on a 6% polyacrylamide gel. This 

confirmed that the amplicon from all assays corresponded to the expected 

product size, and that there were no additional peR products (fig. 4.5). 

111 



Fig. 4.5. Amplicons generated from 5' nuclease allelic discrimination 

assays. 

peR products from UK gastritis DNA samples 1, 2 and 3 were run on a 6% 
polyacrylamide gel, which confirmed the amplicon size corresponded to the 
expected product size, with no additional non-specific peR amplifications. 
Shown here are the amplicons for ll..,lB+3953, ll..,10-592, ll..,18-607, and ll..,18-
137 assays which are 74bp, 78bp, 74bp, and 73bp amplicons respectively. 

Genotypes were assigned for the majority of GML cases and gastritis 

controls for each population for the eighteen SNPs (tables 4.5, 4.6, and 4.7). 

Genotype calling was determined by clustering of the data points into three 

distinct groups on the scatterplot which were clearly distinguis~able from the 

negative controls (fig. 4.6 and appendix A). However, the genotype for a small 

percentage of samples for some assays was undetermined (fig 4.7). There was 

variability in the quality of the different SNP assays and the number of 

undetermined samples reflected this. The greater the increase in fluorescence 

along the x and y-axis, and if there was no or minimal mis-priming, the greater 

the distinction between the three genotypic clusters on the scatterplot (fig. 4.6), 

and consequently genotype calling by grouping each of the three clusters was 

easy. In assays where the increase in fluorescence was minimal (0.5) and mis

priming occurred (invariably involving the 6-FAM labelled probe), there was 

reduced distinction between the three genotypic clusters and consequently there 

were a greater number of samples undetermined (fig. 4.7). For all undetermined 

samples the real-time peR amplification plots were used to determine the likely 
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genotype to detect if there was skewing of the genotype frequencie . There wa 

no significant difference in the genotype frequencie when the likely genotype 

was included. Tills indicated that the data did not appear to be distorted. 

For the 5' nuclease assays where no positive controls were te ted (~lA-

889, ~lB+3953, ~lRN+2018, ~18-137, ~18-607 , IFNGRl-56, and TGFBl -

509) the three genotypic clusters were determined from the scattel-plot, i.e. 

homozygous for allele 1, homozygous for allele 2 and heterozygous for alleles 1 

and 2, and genotypes assigned (fig. 4.8). To confirm the accuracy of genotype 

calling for the eighteen SNP assays, three samples one of each genotype, 

homozygous for allele 1, heterozygous for alleles 1 and 2 and homozygous for 

allele 2, were subsequently confirmed by sequencing as described in chapter 

2.2.9. All sequenced samples corresponded to the genotype assigned using the 

5' nuclease assays (fig 4.9 and 4.10). 

Fig. 4.6. Scatterplot of German GML cases for ILIB+3953 SNP . 
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Genotype calling for the German GML DNA samples derived from peripheral 
blood using a 5~1 PCR volume. In this assay there was a substantial increase in 
fluorescence along the x- and y-axis from the negative controls and minimal 
mis-priming. Consequently all samples were easily genotyped. 
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Fig. 4.7. Scatterplot of TGFBl-509 for archival derived DNA samples. 
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Scatterplot to determine the genotypes for TGFBl -509 (Crn SNP. This 384 
well plate contains standardised DNA samples derived from archival tissue for 
all Netherlands 72 GML cases, 165 Netherlands gastritis controls, 32 UK GML 
cases, 49 UK gastritis controls, plus negative controls (no template DNA and 
DNA extraction negative controls) , positive controls and replicates. 
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Fig. 4.8. Scatterplot for IL18-137 assay . 
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IL18-137 scatterplot for archival derived DNA samples. Genotypes were 
assigned by grouping of the three clusters. Although all hidden replicates agree, 
no positive controls were available for testing. Therefore, the accuracy of 
genotype calling was confirmed by sequencing three samples. 
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Fig. 4.9. Sequencing of the ILIB-31 SNP. 
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German GML cases 8, 10 and 20 were subsequently sequenced for the IL1B-31 
SNP as (A) CIT heterozygote, (B) C homozygote and (C) T homozygote, 
respectively. This was in agreement with the genotyping results from the 5' 
nuclease assay for IL1B-31 SNP. 
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Fig. 4.10. Sequencing for the ILIB-Sll SNP. 
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German GML cases 8, 10 and 20 were subsequently sequenced for the ~IB-
511 SNP as (A) err heterozygote, (B) T homozygote and (C) e homozygote, 
respectively, This was in agreement with the genotyping results from the 5' 
nuclease assay for ~IB-511 SNP, 
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4.3.4. Genotype frequencies (GF). 

Tables 4.5, 4.6 and 4.7 show the genotype frequencies (GF) for the 

eighteen SNPs investigated in the 14 genes. No deviation from Hardy-Weinberg 

equilibrium at the P = 0.05 significance level was demonstrated for the control 

group for any locus. For the eighteen SNPs investigated, none were significantly 

different between GML patients and H. pylori gastritis controls in all three 

populations. Although no significant difference was detected in all three 

populations, there were significant differences in GF between GML patients and 

H. pylori gastritis controls within single populations for three of the SNPs 

investigated. A P value of less than 0.05 was considered significant (highlighted 

in red). For the remaining 15 SNPs, the GF did not differ significantly between 

cases and controls in any of the three populations. 

The GF of the five SNPs within the ILl gene cluster are shown in table 

4.5. For the Netherlands population two SNPs within this region, ILIA-889 and 

ILIB+3953, showed significant differences in GF. The GF for ILIA-889 CC 

was decreased in the GML patients (32.8%) compared to the gastritis controls 

(53.9%) (P=0.005) and the frequency for ILIA-889 TT was increased in 

patients (17.2%) compared to the controls (6.8%) (P=0.02). Also in this 

population ILIB+3953 TT was increased in the GML patients (12.9%) 

compared to controls (3.4%) (P=0.006). Interestingly, the +3953T allele shows 

strong linkage disequilibrium with -889T allele (see section 4.3.6) and both 

SNPs were significantly increased in GML patients compared to H. pylori 

controls in the Netherlands population. However, these significant differences 

were not detected in the German or UK populations. In addition, this pattern of 

significant differences in gene frequencies detected in the Netherlands 

popUlation was not mirrored in the German or UK popUlations. 
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Table .4.5. ILl region (chromosome 2q12-l4) genotype frequencies. 

Netherlands I Germany UK 
SNP GML gastritis P GML gastritis P GML gastritis P 

N=72 ("!o ) N=224 ("!o ) N=79 ("!o ) N=154 ("!o) N=52 ("!o ) N=190 ("!o ) 
IL1A-889 CT 29 (50.0) 86 (39.3) 0.18 25 (33.3) 73 (48.0) 0.05 16 (34.8) 63 (36.4) 0.86 

CC 19 (32.8) 118 (53.9) 0.005 41 (54.7) 64 (42.1) D.09 25 (54.~ f 94 (54.3) 1 

TT 10 (17.2) 15 (6.8) 0.02 9 (12.0) 15 (9.9) D.65 5 (10.9) 16 (9.2) 0.78 

TOTALS 58 I 219 75 I 152 46 I 173 

IL1B+3953 CT 27 (38.6) 83 (39.9) 0.89 28 (35.4) 54 (39.1) 0.66 18 (35.3) h 60 (;34.3) 1 

CC 34 (48.6) 118 (56.7) 0.27 44 (55.7) 71 (51.4) 0.57 - 32 (62.7) 105 (60.0) 0.75 

TT 9 (12.9) 7 (3.4) 0.006 7 (8.9) 13 (9.4) 1 1 (2.0) I 10 (5.7) 0.46 

TOTALS 70 208 79 I 138 51 I 175 

IL1B-31 CT 34 (49.3) 104 (53.6) 0.56 36 (45.6) 78 (52.3) 0.33 25 (49. m 2 (44.2) 0.63 

CC 9 (13.0) 25 (12.9) 1 7 (8.9) 8 (5.4) 0.4 ~: 6) 22 (13.5) 0.5 

TT 26 (37.7)) 65 (33.5) 0.56 36 (45.6) 63 (42.3) 0.67 ----:;7(33.3) 69 (42.3) 0.33 

TOTALS 69 194 79 149 51 163 

IL1B-511 CT 34 (47.9) 106 (48.2) 1 33 (43.4) 78 (50.6) 0.33 28 (53.8) 85 (45) 0.28 

CC 27 (38.0) 82 (37.3) 1 35 (46.1) 68 (44.2) 0.89 18 (34.6) 81 (42.9) 0.34 

TT 10 (14.1) 32 (14.5) 1 8 (10.5) 8 (5.2) 0.17 6(iTs) 2 3(12.2) 1 

TOTALS 71 I 220 76 154 52 189 

IL1RN+2018 CT 25 (34.7) 89 (40.5) 0.4 27 (36.5) 68 (45) 0.25 18 (36) 70 (37.8) 0.87 

CC 6 (8.3) 12 (5.5) 0.4 6 (8.1) 4 (2.6) 0.08 6 (12) 13 (7) 0.25 

TT 41 (56.9) 119 (54.1) 0.69 41 (55.4) 79 (52.3) 0.67 ~(52) 102 (55.1) 0.75 

TOTALS 72 I 220 74 I 151 50 185 

Table 4.5 shows the genotype frequencies of the SNP's within the ll.,1 gene 
region for cases (GML) and H. pylori gastritis controls. P values were 
calculated using Fisher's Exact test. A value was considered significant if <0.05 . 
All SNPs were in accordance with Hardy -Weinberg equilibrium. 

Table 4.6 shows the GF of the three SNPs located within the TNF 

region. In the Netherlands population the frequency of the LT A + 252 GG 

genotype was decreased in the GML patients (2.9%) compared to the controls 

(13.5%) (P=O.Ol). This SNP also showed a significant difference in the UK 

group as LTA+252 AA was decreased in patients (23 .1 %) compared to the 

gastritis controls (41.5%) (P=0.02) . However, these differences were not 

consistent between the three populations. In addition, a decrease in the 

LTA-t252 GG frequency in Netherlands GML patients is inconsistent with a 

decrease in the LTA+252 AA frequency in UK GML patients. Table 4.7 shows 

the GF of the remaining 10 SNPs investigated. No significant differences were 

identified between GML cases and gastritis controls for any of these SNPs in 

any population. 
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Table 4.6. TNF region (chromosome 6p21.3) genotype frequencies. 

Netherlands Germany UK 
SNP GML I gastritis P GML I gastritis P GML I gastritis P 

N=72 (%) N=224 (%) N=79 (%) N=l54 (%) N=52 (%) N=l90 (%) 
TNF-308 AG 16 (26.2) 56 (26.3) 1 15 (22.4) 34 (22.2) 1 17 (34.0) 57 (30.5) 0.73 

AA 1 (1.6) 12 (5.6) 0.31 2 (3.0) 0(0.0) 0.09 3 (6.0) 7 (3.7) 0.44 
GG 44 (72.1) 145 (68.1) 0.64 50 (74.6) 119 (77.8) 0.61 30 (60.0) 123 (65.8) 0.51 

TOTALS 61 213 67 153 50 187 
TNF-376 AG 2 (2.8) 4 (1.8) 0.63 1 (1.3) 6 (3.9) 0.43 2 (3.8) 6 (3.2) 0.68 

AA 0(0.0) 0(0.0) 1 0(0.0) 0(0.0) 1 0(0.0) 0(0.0) 1 
GG 69 (97.2) 218 (98.2) 0.63 77 (98.7) 147 (96.1) 0.43 50 (96.2) 184 (96.8) 0.68 

TOTALS 71 222 78 153 52 190 
LTA+252 AG 39 (56.5) 103 (46.2) 0.17 39 (50.0) 68 (44.4) 0.49 28 (53.8) 79 (43.2) 0.21 

AA 28 (40.6) 90 (40.4) 1 33 (42.3) 77 (50.3) 0.27 12 (23.1) 76 (41.5) 0.02 
GG 2 (2.9) 30 (13.5) 0.01 6 (7.7) 8 (5.2) 0.56 12 (23.1) 28 (15.3) 0.21 

TOTALS 69'* 223 78 153 52 183 

Table 4.6 shows the genotype frequencies of the SNP's within the TNF gene 
region for cases (GML) and H. pylori gastritis controls. P values were 
calculated using Fisher's Exact test. A value was considered significant if <0.05. 
All SNPs were in accordance with Hardy -Weinberg equilibrium except ** . 
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Table 4.7. Genotype frequencies for remaining cytokine SNPs. 

Netherlands Germany UK 
SNP GML I gastritis P GML I gastritis P GML I gastritis P 

N=72 (0/0) N=224 (0/0) N=79 (%) N=154 (%) N=52 (%) N=190 (%) 
IL4-590 CT 21 (30.9) 61 (28.5) 0.76 20 (27.0) 37 (24.0) 0.63 14 (26.9) 47 (25.0) 0.86 

CC 47 (69.1) 147 (68.7) 1 49 (66.2) 109 (70.8) 0.54 35 (67.3) 137 (72.9) 0.49 
IT 0(0.0) 6 (2.8) 0.34 5 (6.8) 8 (5.2) 0.76 3 (5.8) 4 (2. 1) 0.18 

TOTALS 68 214 74 154 52 188 
IL6-174 CG 32 (45.7) 105 (46.9) 0.89 34 (43.0) 68 (45.3) 0.78 24 (47.1) 94 (49.5) 0.87 

CC 16 (22.9) 38 (17.0) 0.29 18 (22.8) 22 (14.7) 0.14 9 (17.6) 32 (16.8) 0.84 
GG 22 (31.4) 81 (36.2) 0.57 27 (34.2) 60 (40.0) 0.47 18 (35.3) 64 (33.7) 0.87 

TOTALS 70 224 79 150 51 190 
IL8-251 AT 31 (50.0) 94 (50.3) 1 43 (54.4) 63 (42.9) 0.12 16 (37.2) 69 (46.9) 0.3 

AA 14 (22.6) 40 (21.4) 0.86 15 (19.0) 35 (23.8) 0.5 10 (23.3) 34 (23.1) 1 
IT 17 (27.4) 53 (28.3) 1 21 (26.6) 49 (33.3) 0.37 17 (39.5) 44 (29.9) 0.27 

TOTALS 62 187 79 147 43 147 
IL 10-592 CA 22 (32.8) 84 (38.0) 0.47 34 (43.6) 49 (31.8) 0.08 18 (40.0) 67 (35.4) 0.61 

CC 42 (62.7) 125 (56.6) 0.4 41 (52.6) 89 (57.8) 0.49 23 (51 .1) 107 (56.6) 0.51 
AA 3 (4.5) 12 (5.4) 1 3 (3.8) 16 (10.4) 0.13 4 (8.9) 15 (7.9) 0.77 

TOTALS 67 221 78 154 45 189 
IL1 2B+ 1188 AC 24 (34.3) 73 (33.6) 1 18 (24.0) 57 (37.3) 0.05 22 (41 .5) 65 (34.8) 0.42 

CC 0 (0.0) 5 (2.3) 0.34 4 (5.3) 9 (5.9) 1 0(0.0) 7 (3.7) 0.35 
AA 46 (65.7) 139 (64.1) 0.89 53 (70.7) 87 (56.9) 0.06 31 (58.5) 11 5 (61 .5) 0.75 

TOTALS 70 217 75 153 53 187 
IL18-137 CG 31 (43.7) 86 (38.6) 0.49 34 (44.2) 62 (40.5) 0.67 18 (35.3) 86 (46.2) 0.2 

CC 8 (11.3) 18 (8.1 ) 0.47 7 (9.1) 11 (7.2) 0.61 2 (3.9) 12 (6.5) 0.74 
GG 32 (45.1) 11 9 (53.4) 0.28 36 (46.8) 80 (52.3) 0.49 31 (60.8) 88 (47.3) 0.11 

TOTALS 71 223 77 153 51 186 
IL18-607 CA 30 (45.5) 84 (45.7) 1 38 (51.4) 70 (47.0) 0.57 19 (45.2) 75 (45.7) 1 

CC 19 (28.8) 62 (33.7) 0.54 23 (31 .1) 56 (37.6) 0.37 18 (42.9) 66 (40.2) 0.86 
AA 17 (25.8) 38 (20.7) 0.39 13 (17.6) 23 (1 5.4) 0.7 5 (11.9) 23 (14.0) 1 

TOTALS 66 184 74 149 42 164 
IFNGR1-56 CT 21 (39.6) 101 (45.9) 0.44 39 (50.0) 72 (46.8) 0.68 13 (50.0) 73 (41.2) 0.4 

CC 11 (20.8) 40 (1 8.2) 0.7 13 (16.7) 25 (16.2) 1 4 (15.4) 29 (16.4) 1 
IT 21 (39.6) 79 (35.9) 0.64 26 (33.3) 57 (37.0) 0.66 9 (34.6) 75 (42.4) 0.53 

TOTALS 53 220 78 154 26 177 
IFNG+874 AT 41 (59.4) 102 (47.4) 0.1 38 (48.7) 73 (52.5) 0.67 18 (39.1) 97 (51 .9) 0.14 

AA 16 (23.2) 63 (29.3) 0.36 26 (33.3) 42 (30.2) 0.65 14 (30.4) 45 (24.1) 0.45 
IT 12 (17.4) 50 (23.3) 0.4 14 (17.9) 24 (17.3) 1 14 (30.4) 45 (24.1) 0.45 

TOTALS 69 215 78 139 46 187 
TGFB1-509 CT 26 (37.1) 85 (38.8) 0.89 36 (46.2) 53 (38.4) 0.31 22 (45.8) 58 (32.2) 0.09 

CC 39 (55.7) 111 (50.7) 0.49 38 (48.7) 71 (51.4) 0.78 23 (47.9) 104 (57.8) 0.25 
IT 5 (7.1) 23 (10.5) 0.49 4(5.1) 14 (10.1) 0.31 3 (6.3) 18 (10.0) 0.58 

TOTALS 70 219 78 138 48 180 

Table 4.7. shows the genotype frequencies of the SNP's for cases (GML) and H. 
pylori gastritis controls. P values were calculated using Fisher's Exact test. A 
value was considered significant if <0.05. All SNPs were in accordance with 
Hardy -Weinberg equilibrium. No significant differences were identified 
between GML cases and gastritis controls for any of these SNPs in any 
population. IL-1 2B+11 88 AC for the German population is highlighted red as 
the P value = 0.05. 
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4.3.5. Allele frequencies (AF). 

The allele frequencies (AP) of the 18 SNPs investigated for the GML 

cases and gastritis controls for each population are shown in table 4.8. The allele 

frequencies for the gastritis control groups for all SNPs investigated were not 

significantly different between the three populations and are in accordance with 

published data (shown in table 4.8). This indicated that the method of 

genotyping was accurate and gave further assurance of the quality of data. 

The allele frequencies for the majority of SNPs (15/18, 83%) did not 

differ significantly between cases and controls, as well as between the different 

popUlations. This would indicate that the selection of the cases and controls are 

not at risk of confounding factors and that the significant differences identified 

in section 4.3.4 for IL1A-889, IL1B+3953 and LTA+252 are not due to 

population stratification. 

Finally, it should be noted that the heterozygous GF and the AF for the 

UK GML cases compared to the UK gastritis control group did not differ 

significantly, and indicated that the quality of genotyping was comparable in the 

two groups. As discussed previously (section 4.3.1), the DNA from the UK 

GML cases was derived from biopsy tissue containing variable amounts of 

lymphoma tissue. Neoplastic tissue contains somatic-cell genetic alterations, 

which tend to accumulate as the tumour progresses to advanced stages. Loss of 

heterozygosity (LOH) is the most common molecular genetic alteration 

observed in human cancers (Zheng 2005). LOH is caused by a variety of genetic 

mechanisms, including deletion, mitotic recombination and gene conversion. 

LOH is a common form of allelic imbalance and therefore, as the UK GML 

cases contained malignant tissue, the genotype frequencies of these samples 

may have been affected by LOH. However, as the heterozygous GF did not 

differ from the control group, this indicated that the genotype frequencies were 

not affected by LOH for the SNPs investigated in this study. 
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Table 4.8. Allele frequencies of the SNPs investigated. 

Allele Frequency Normal Caucasian Population 

Netherlands Germany UK (Hp status unknown) 

Allele GML gastritis GML gastritis GML gastritis Allele frequency (number) 

IL1A-889 C 0.58 0.74 0.71 0.66 0.72 0.73 0.71 (398) a 

T 0.42 0.26 0.29 0.34 0.28 0.27 0.29 (398) a 

IL1B+3953 C 0.68 0.77 0.73 0.71 0.8 0.77 0.79 (245)1 

T 0.32 0.23 0.27 0.29 0.2 0.23 0.21 (245) 1 

IL 1 B-31 C 0.38 0.4 0.32 0.32 0.42 0.36 0.37 (164) b 

T 0.62 0.6 0.68 0.68 0.58 0.64 0.63 (164) b 

IL 1 B-511 C 0.62 0.61 0.68 0.69 0.62 0.65 0.59 (261) b 

T 0.38 0.39 0.32 0.31 0.38 0.35 0.41 (261)b 

IL1RN+2018 C 0.26 0.26 0.26 0.25 0.3 0.26 0.23 (100) c. d 

T 0.74 0.74 0.74 0.75 0.7 0.74 0.77 (100)c.d 

TNF-308 A 0.15 0.19 0.14 0.11 0.23 0.19 0.19 (220)· 

G 0.85 0.81 0.86 0.89 0.77 0.81 0.81 (220)· 

TNF-376 A 0.01 0.01 0.01 0.02 0.02 0.02 0.01 (220)· 

G 0.99 0.99 0.99 0.98 0.98 0.98 0.99 (220) a 

LTA+252 A 0.69 0.63 0.67 0.73 0.5 0.63 0.61 (220) a 

G 0.31 0.37 0.33 0.27 0.5 0.37 0.39 (220) e 

IL4-590 C 0.85 0.83 0.8 0.83 0.81 0.85 0.89 (208) b 

T 0.15 0.17 0.2 0.17 0.19 0.15 0.11 (208) b 

IL6-174 C 0.46 0.4 0.44 0.37 0.41 0.42 0.42 (224) b 

G 0.54 0.6 0.56 0.63 0.59 0.58 0.58 (224) b 

IL8-251 A 0.48 0.47 0.46 0.45 0.42 0.47 0.45 (235) b 

T 0.52 0.53 0.54 0.55 0.58 0.53 0.55 (235) b 

IL10-592 C 0.79 0.76 0.74 0.74 0.71 0.74 0.77 (660) h 

A 0.21 0.24 0.26 0.26 0.29 0.26 0.23 (660) h 

IL 12B+1188 C 0.17 0.19 0.17 0.25 0.21 0.21 0.22 (229) b 

A 0.83 0.81 0.83 0.75 0.79 0.79 0.78 (229) b 

IL 18-137 C 0.33 0.27 0.31 0.27 0.22 0.3 0.25 (278) I 

G 0.67 0.73 0.69 0.73 0.78 0.7 0.75 (278) I 

IL18-607 C 0.52 0.57 0.57 0.61 0.65 0.63 0.62 (278) I 

A 0.48 0.43 0.43 0.39 0.35 0.37 0.38 (278) I 

IFNG+874 A 0.53 0.53 0.58 0.56 0.5 0.5 0.55 (222) b 

T 0.47 0.47 0.42 0.44 0.5 0.5 0.45 (222) b 

IFNGR1-56 C 0.41 0.41 0.42 0.4 0.4 0.37 0.38 (128) I 

T 0.59 0.59 0.58 0.6 0.6 0.63 0.62 (128) I 

TGFB1-509 C 0.74 0.7 0.72 0.71 0.71 0.74 0.69 (322) 9 

T 0.28 0.3 0.28 0.29 0.29 0.26 0.31 (322) 9 

Table 4.8 shows the allele frequencies of the SNP's investigated for the cases 
(GML) and H. pylori gastritis control groups for each population. For 
comparison, the allele frequencies from normal Caucasian populations taken 
from the literature are also provided: a Cox 1998; b Howell 2003; c Guasch 1996; 
d Karasneh 2003; e Howell 2002; f Rosenzweig 2004; g Grainger 1999; h Reynard 
2000; i Giedraitis 2001; j Kaijze12002; 
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4.3.6. Linkage Disequilibrium between the four SNPs within ILIA and B 

genes. 

As there was a significant difference in the Netherlands ILl gene 

frequencies between cases and controls, the ILl region was investigated further. 

There was no statistical difference in GF or AF in the three H. pylori gastriti 

control groups and therefore, these groups was anlalganlated for linkage 

disequilibrium and haplotype analyses. The disequilibrium coefficient (Rho) 

between two SNPs was calculated for all combinations of the four SNPs 

genotyped within the ILIA and IL1B genes (fig. 4.11). This statistical measure 

of linkage between two SNPs identified strong LD between IL1A-889 and 

IL1B+3953 (79% LD) and between IL1B-31 and IL1B-511 (>99% LD). These 

results are in accordance with published data (Cox 1998). In addition, strong 

linkage between IL1B+3953 and IL-1B31 was also detected (77% LD). 

Although linkage between these two SNPs had previously been reported (Cox 

1998), it had not been detected in all populations studied (Guasch 1996), which 

may have been due to the small sample· size studied (n<50) compared to this 

study (n = 568). 

Fig. 4.11. Linkage disequilibrium between the four SNPs within the ILIA 

and ILIB genes. 

IL-1A-889 IL-1B+3953 IL-IB-31 IL-1B-511 

0.785 

0.443 

0.395 

0.768 

0.697 

0.996 

The linkage disequilibrium coefficient (Rho) was calculated between the four 
SNPs investigated within the ILIA and IL1B genes using the H. pylori gastritis 
controls from the three populations (n =568). 
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4.3.7. Frequency of probable haplotypes for the ILIA and ILB gene region. 

In collaboration with Dr. Niklas Maniatis, University of Southampton, 

the predicted haplotypes and their frequencies of the ILIA and ILIB genes were 

determined for each population using an expectation-maximisation algorithm 

(section 4.2.7). Haplotypes were inferred from the genotypes frequencies 

determined for the three H. pylori gastritis groups (n=568), as well as for the 

individual gastritis and GML groups for each population. Three common 

haplotypes were identified that represented over 78% of samples. The remaining 

possible haplotypes had very low frequencies «0.04) and therefore were not 

considered in any further analysis. Table 4.9 shows the three predicted 

haplotypes and their frequency for each population. There were no significant 

differences in haplotype frequencies between the three gastritis control groups, 

which were consistent with haplotype analysis previously published by 

Komman et al (1999). In addition, there was no significant difference in 

haplotype frequencies between GML cases and gastritis control groups for all 

three populations. Therefore, the significant differences identified for the 

Netherlands population for the individual ILIA-889 and IL1B+3953 SNPs was 

not identified when the ILl haplotypes were analysed. 

Table 4.9. The predicted haplotypes and their frequencies for the ILl gene 

region. 

Inferred haplotype frequencies 

Netherlands Germany UK Komman* 

Haplotype gastritis GML gastritis GML gastritis GML 

N=224 N=72 P N=154 N=79 P N=190 N=52 P N=1343 

1121 0.36 0.32 0.88 0.41 0.42 1.00 0.39 0.38 0.86 0.38 

1112 0.32 0.23 0.35 0.22 0.25 0.62 0.29 0.28 0.86 0.27 

2221 0.17 0.24 0.15 0.23 0.20 0.73 0.16 0.12 0.65 0.17 

Total 0.85 0.79 0.86 0.87 0.84 0.78 0.82 

The three predicted haplotypes determined for the four SNPs investigated in the 
ILIA and IL1B genes, which represented over 78% of the samples. Position 1 
of the haplotype = ILIA-889 gene (allele 1 = C allele); position 2 = ILIB+3953 
gene (allele 1 = C allele); position 3 = IL1B-3I gene (allele 1 = C allele); 
position 4 = IL1B-5I1 gene (allele 1 = C allele). Komman* - data is from the 
reference Komman et ai, 1999. 
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4.4. Discussion. 

Taking these results as a whole would tend to suggest that the cytokine 

polymorphisms investigated in this study are unlikely to have a major influence 

in the development of primary GML following H. pylori infection, as no 

significant difference between GML cases and H. pylori controls was detected 

in all three populations. In addition, no trend towards significance was detected 

in all three populations for any of the SNP's investigated. This may have 

indicated a potential influence of a cytokine SNP in the development of GML 

subsequent to H. pylori infection. Therefore, it is unlikely that the SNPs 

investigated in this study for ILIA, ILIB, ILIRN, IL4, -6, -8, 10, -12, -18, 

IFNG, IFNGRI, TGFBI, LTA and TNF cytokine genes playa major role in the 

development of GML following H. pylori infection. However, this does not 

exclude a role of the cytokine in the development of this disease. Investigation 

of SNPs that span the entire gene and its promoter is required to fully evaluate 

the influence of a particular cytokine in the development of this disease. For 

example, there are numerous SNPs within the TNF gene (reviewed in: Hajeer 

2001; Spink 2006) and, as discussed in chapter 1, until the full extent of the 

polymorphisms within a cytokine gene and their influence on expression and 

functional activity are determined, then the SNPs required to be investigated to 

determine a cytokine's role in the development of disease will remain 

controversial. 

A significant difference was detected for the lymphotoxin alpha cytokine 

gene polymorphism at position +252, located in the first intron of the gene. 

Presence of the G allele has been shown to result in raised LTa concentrations 

in stimulated mononuclear cells (Messer 1991; Knight 2003). This SNP showed 

a significant difference in GF between GML cases and controls for the 

Netherlands and the UK populations but not for the German population. 

However, the significant differences were not consistent for the Netherlands and 

UK populations, since a decrease in the LTA+252 GG frequency in Netherlands 

GML patients is inconsistent with a decrease in the LTA+252 AA frequency in 

UK GML patients compared to their control groups. However, these results do 

require exploration in a larger study group to determine if this is due to chance 

and to clarify this result. Interestingly, systemic release of TNFa and LTa has 
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been found to be associated with the severity of non-Hodgkin lymphoma (NHL) 

(Warzocha 1998) and TNF/LT A haplotypes associated with development of 

NHL (Spink 2006). However in contrast to this study, cases were mainly 

follicular and diffuse large B-celllymphoma patients. Warzocha et al showed 

patients with high circulating levels of TN Fa and LTa, and high TNFa plasma 

levels were associated with poorer disease outcome. The TNF-308A allele was 

significantly associated with higher plasma levels of TNFa at diagnosis. 

Presence of two or more TNFILTA 'high producing' alleles (TNF-308A and 

LTA+252G) was significantly associated with higher rate of relapse and 

progression of disease. In addition, Spink et al identified that TNF haplotypes 

were associated with disease risk. 

Comparison of the IL 1 results shows that this study found no significant 

differences between cases and controls in any population for the ILIB-31 CC 

genotype or the ILIRN+2018 CC genotype. IL1RN+2018C allele, located in 

exon 2, is in near complete linkage disequilibrium with allele 2 of the 86bp 

VNTR in the second intron of the gene encoding the interleukin-l receptor 

antagonist (ILIRN*2 allele) (Smith 2004). This contrasts with a significant 

association of the haplotype IL1B-31CI ILIRN*2 that has been detected in 

several European populations to be associated with a significant increase in the 

risk of developing chronic hypochlorhydria and gastric adenocarcinoma 

following H. pylori infection (EI-Omar 2000; Machado 2001; Furuta 2002; 

Zambon 2002). This might indicate that the aetiology of H. pylori associated 

gastric adenocarcinoma and GML are different. However, our results for ILIB-

31 polymorphism are in agreement with the published findings from Rollinson 

et al (2003), which were published during the course of this study. This group 

looked at ILl gene polymorphisms in relation to 66 GML cases and 163 healthy 

controls for a UK (Sheffield) based study and found there was no significant 

difference for the ILIB-31 CC genotype between cases and controls. However, 

in the Sheffield study the ILIRN*212 genotype (homozygous for allele two of 

the VNTR within intron 2 of the ILl receptor antagonist) was significantly 

increased in GML patients (33.9%) compared to healthy controls (8%) (OR 

5.51, CI 2.61-14.07). An aim of this study was then subsequently to seek 

independent confirmation of the IL1RN finding by Rollinson et al. In this study, 

we were unable to genotype for the IL1RN VNTR as the size of the alleles were 
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too large to be detected using the fragmented DNA extracted from archival 

biopsies (allele 1 consists of 4 repeats, allele 2 consists of two repeats, allele 3 

consists of 5 repeats, allele 4 consists of 3 repeats and allele 5 consists of 6 

repeats of the 86bp VNTR). However, this VNTR in intron 2 of the ILl receptor 

antagonist is in strong linkage disequilibrium (>90%) with a SNP in exon 2, 

ILI+2018 (Smith 2004). Therefore, this SNP was used to genotype all GML 

cases and gastritis controls. However, we did not identify a significant 

difference in the genotype frequency between cases and controls in any of the 

three European populations and therefore, did not replicate the finding by the 

Rollinson study. This may be due to the use of a more appropriate control 

group, namely H. pylori infected controls rather than a control group of healthy 

individuals as used in the Rollinson study. In addition, the results presented here 

are concordant with the findings published in 2004 (Hellmig 2004), which used 

344 H. pylori positive patients without gastric lymphoma as a control group and 

compared with 153 GML cases. This study, as does ours, found no significant 

association for ILI-31 or ILIRN 86bp VNTR with the development ofGML 

subsequent to H. pylori infection. In addition, the allele frequencies for these 

two SNPs in the cases and control groups were in agreement with our 

frequencies. 

Interestingly, there were significant differences within the ILl gene 

cluster between Netherlands GML cases and gastritis controls, but this trend 

was not detected in the German or UK populations. Differences in confounding 

factors, such as ethnicity, age and sex, between the Netherlands GML cases and 

gastritis controls could result in the significant differences identified. However, 

as the majority of SNPs investigated (15/18,83%) did not differ significantly 

between the Netherlands cases and controls, this would indicate that the 

selection of the cases and controls are not at risk of confounding factors and the 

significant differences identified for ILIA-889 and ILIB+3953 is unlikely to be 

due to population stratification. 

Sampling variation could account for the differences detected and 

therefore to eliminate this risk these significant differences need to be confirmed 

in a second study group. Differences in environmental factors may account for 

the differences in significance detected but the cultural and geographical 

locations of the three populations at first sight would lead the observer to 
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believe they are not dramatically different. The quality of genotyping could 

affect the significance but as cases and controls were a randomised mix and 

suitably controlled this risk has been reduced and subsequently confirmed by 

sequencing. Finally, a difference in the selection of the cases in the three 

populations could explain these findings. As previously discussed in chapter 1 

certain translocations, in particular t( 11; 18)( q2l ;q2l), have been identified in a 

proportion of GML cases and this may be a difference between the GML cases 

in the three populations studied. Therefore, if the presence of this translocation 

is significantly different between the GML groups and if the frequencies of the 

ILl polymorphisms differ between translocation positive and translocation 

negative GML patients, then this may explain the differential ILl associations 

identified between the different populations. In chapter five this translocation 

was determined for the GML cases from each population to evaluate the 

hypothesis 'are ILl genotypes associated with the presence or absence of the 

t(11;18)(q2l;q2l) translocation?' Interestingly the two SNPs, ILlA-889 and 

ILlB+3953, that show a significant difference between the GML cases and 

gastritis controls within the Netherlands population are closest together 

compared to the other SNPs studied within the ILl gene cluster (fig. 4.1). These 

SNPs may potentially reflect an association with the development of GML in 

this Netherlands group of patients or are in LD with a polymorphism 

centromeric to this region. 
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Chapter 5: Detection of the t(U;18)(q21;q21) translocation in primary 

gastric extra-nodal marginal zone B-cell (MALT) lymphoma cases and its 

relation to polymorphisms in the ILl gene region. 

5.1. Introduction 

Mucosa-associated lymphoid tissue (MALT) lymphomas can arise in a 

variety of extra-nodal sites such as the gastrointestinal tract, lung, eye and 

thyroid. At least three different, apparently site-related, chromosomal 

translocations have been implicated in the development and progression of 

MALT lymphoma, t(l1;18)(q21;q21), t(l;14)(p22;q32) and t(14;18)(q32;q21). 

These three translocations appear to affect the same signalling pathway, the 

nuclear factor-KB pathway (NF- KB) reSUlting in activation of NF-KB (Lucas 

2001). NF- KB has a central role in immunity, inflammation and apoptosis 

(reviewed in: Bours 2000) and is a transcription factor for several genes 

including cytokines, growth factors, cell adhesion molecules and apoptosis 

inhibitors. 

The most common translocation t( 11; 18)( q21 ;q21) can be present in 15-

40% of cases. The frequency of this translocation is site - related and is 

common in MALT lymphomas arising in the gastrointestinal tract and lung, but 

rare in lymphomas of the conjunctiva and orbit and almost absent in lymphomas 

of the salivary glands, thyroid, liver and skin (Ye 2003). The t(l;14)(p22;q32) 

and t(14;18)(q32;q21) translocations have infrequently been identified in 

MALT lymphomas arising in the stomach (table 5.1). In addition, the 

t(l1; 18)(q21;q21) translocation has been identified specifically in MALT 

lymphoma and has not been detected in any other lymphoma subtypes including 

the closely related nodal and splenic marginal zone lymphoma (Isaacson 2005). 
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Table 5.1. The three common translocations identified in MALT 

lymphomas. 

Translocation t(l1; 18)( q21 ;q21) t(1;14)(p22;q32) t(14;18)(q32;q21) 
Effect API2-MALT1 i BCLlO i MALTl 

chimera 
% of cases 15-40% 1-2% 20% 
Location of GI tract, lung GI tract, lung Rarely identified in 
lymphoma lymphomas arising 

in the GI tract. 
MALT1 expression Cytoplasmic weak Cytoplasmic weak Cytoplasmic strong 
BCL10 expression Nuclear strong Nuclear strong Cytoplasmic strong 
NF-K13 activation Yes Yes Yes 
Additional genomic No Yes Yes 
abnormalities 

API2 - cellular inhibitor of apoptosis protein 2.; MALT! - a paracaspase; BeLlO - adaptor 
protein; i - over-expression; GI - gastrointestinal. Adapted from Bertoni 2006. 

Thus, presence of the t( 11; 18)( q21 ;q21) translocation is identified 

specifically in a proportion of patients with MALT lymphoma, particularly 

lymphomas arising in the gastrointestinal tract and lungs. This translocation 

results in the fusion of the amino terminal of the API2 gene (apoptosis inhibitor 

gene) on chromosome 11 q21 with the carboxyl terminal of the MALT 1 gene on 

chromosome 18q21 and generates a functional chimera product. The API2 gene 

encodes a protein that belongs to the inhibitor of apoptosis protein family. This 

molecule has 3 N-terminal BIR (baculoviral lAP repeat) domains, a middle 

caspase recruitment domain (CARD), and a C-terminal zinc binding RING 

finger domain (figure 5.1). MALT 1 , a paracaspase, comprises an N-terminal 

death domain (DD), two immunoglobulin-like C2 domains and a caspase-like 

domain (figure 5.1). All the breakpoints in the API2 gene of the 

t(l1;18)(q21;q21) translocation occur downstream of the third BIR domain but 

upstream of the C-terminal RING domain, with over 90% of all breakpoints 

occurring just before the CARD domain (figure 5.1). Conversely, the 

breakpoints in the MALT 1 gene are variable but always upstream of the 

caspase-like domain. Thus, the resulting fusion product always comprises the 

N-terminal region of API2, with three intact BIR domains and the C-terminal 

MALT1 region containing an intact caspase-like domain (Ye 2003). The 

presence of these domains in the functional fusion product generated from this 
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translocation strongly suggests they have an important role in oncogenesis. The 

t(11;18)(q21;q21) fusion protein can activate NF-KB, which is functionally 

increased when compared to wild-type MALT 1 (Lucas 2001; Zhou 2005). NF

KB activation is one of the downstream effects following stimulation of the T 

and B cell-surface receptors. In unstimulated cells, NF-KB molecules are 

sequestered in the cytoplasm due to binding with inhibitory KB proteins. Upon 

degradation of the inhibitory KB binding proteins, NF-KB is released and 

migrates to the nucleus where it can act as a transcription factor for various 

genes. 

Detection of the t( 11; 18)( q21 ;q21) translocation is a valuable aid in the 

diagnosis of MALT lymphoma and in determining prognosis of primary gastric 

GML, as tumours with this translocation do not respond to H. pylori eradication 

(Liu 2001). 

As identified in chapter 4, two of the SNPs investigated within the 

ILl gene region, IL1A-889 and IL1B+3953, showed significant differences 

in genotype frequency between the Netherlands GML cases and the H. 

pylori infected control group. However, these differences were not detected 

in the German or UK populations, indicating that these ILl genotypes do not 

have a major influence in the development of primary gastric extra-nodal 

marginal zone B-ce11 (MALT) lymphoma subsequent to H. pylori infection. 

However, it is unknown if the presence of the t(11; 18)(q21 ;q21) 

translocation is associated with these ILl genotypes. Therefore, in this 

chapter, the presence of the t( 11; 18)( q21 ;q21) translocation was determined 

for the GML cases from each population, Netherlands, Germany and UK. 

The presence of this translocation was identified to evaluate the hypothesis 

'are the ILl genotypes associated with the presence or absence of the 

t(ll ;18)(q21 ;q21) translocation in GML patients subsequent to H. pylori 

infection?'. The presence of the translocation can be identified from an 

. archival paraffin-embedded, formalin-fixed tissue biopsy of the malignancy 

by detecting the chimeric fusion product using cDNA generated from RNA 

extracted from the biopsy. 
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5.2. Materials and methods. 

Detection of the t(11; 18)(q21 ;q21) translocation in the UK GML cases 

was performed at Cambridge University, Department of Histopathology, 

Addenbrooke's Hospital under the guidance of Professor M-Q Du and Dr. H 

Liu. The presence of the translocation was identified from an archival 

paraffin-embedded, formalin-fixed tissue biopsy of the malignancy by 

detecting the chimeric fusion product using cDNA generated from RNA 

extracted from the biopsy. The presence of this translocation had previously 

been determined for the German and Netherlands GML cases using this 

method and the results kindly provided by Professors Andreas Nuebauer and 

Daphne De J ong. 

5.2.1. RNA extraction and transcription into eDNA. 

Four 10IlM sections of malignant tissue were cut from each archival 

paraffin-embedded biopsy as previously described in chapter 2.2.8.1. To reduce 

the risk of contamination no more than four biopsy samples were processed 

together. To detect the presence of any contamination, 4x10llM sections were 

cut from an empty paraffin wax block following the cutting of the four biopsies. 

This negative (no tissue) control was subsequently used to detect the presence 

of any contamination from the cutting of biopsies, through to extraction of 

RNA, reverse- transcription into cDNA and finally detection of the translocation 

byPCR. 

RNA was extracted from the tissue sections and transcribed into cDNA 

as described in chapter's 2.2.8.1. and 2.2.8.3. cDNA was generated using four 

gene specific primers, which had previously been designed by Liu et al (2002a). 

These gene specific primers used to generate the cDNA comprised of three 

MALTl specific reverse primers, p-AS1, p-AS2, p-AS3 (figure 5.1), and a 

reverse primer specific for the glucose-6-phosphate dehydrogenase gene 

(G6PD). The combination of the three MALT 1 specific primers ensured that all 

MALT1 gene regions would be transcribed irrespective of the translocation 

breakpoints. Generation of cDNA for the G6PD gene region was required to 

validate RNA quality and reverse-transcription PCR efficiency. 
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5.2.2. Detection of the t(U;18)(q21;q21) translocation. 

The presence of the t( 11; 18)( q21 ;q21) translocation was detected by 

amplifying a short segment of the fusion junction of the API2-MAL T 1 chimera 

transcript. Three separate primer mixes were used to detect 93% of all known 

breakpoints. The three primer mixes consisted of a common API2 forward 

primer, p-s, that detected 93% of the known API2 breakpoints in combination 

with one of the following MALT 1 reverse primers, p-AS1, p-AS2 or p-AS3 

(figure 5.1). These three reverse MALT 1 primers had previously been used to 

generate the cDNA from RNA, as discussed in section 5.2.1, and detected all 

four known variable breakpoints of the MALT 1 gene. In parallel, a fourth set of 

primers that amplified 67bp and 151 bp products of the G6PD gene was included 

as a control to validate RNA quality and reverse transcription-peR efficiency. 

The G6PD primers were designed to span an exon-exon junction to avoid 

amplification from genomic DNA. Therefore, for each cDNA sample four 

separate peR assays were performed with each primer pair (chapter 2.2.8.4.), 

three detected 93% of all known breakpoints and the G6PD assay validated the 

quality of the cDNA sample. For each primer pair, a known t01;18)(q21;q21) 

positive control cDNA sample (kindly provided by H. Liu which and previously 

been sequenced to confirm the location of the fusion junction), the paraffin 

extraction negative control (no template) and a peR negative control (H20) 

were also tested in parallel with samples. Following peR amplification, 

products were analysed by electrophoresis using 10% polyacrylamide gels. 

Figure 5.2 shows the expected size of the amplicon products for each primer 

pair. 

All primers were designed by Liu et al (2002a) for amplification from 

archival biopsies. Amplicon products were small (67-98bp) and therefore 

suitable for cDNA generated from the fragmented RNA obtained from archival 

biopsies. The method had previously been validated for the detection of the 

t(11;18)(q21;q21) translocation using archival, paraffin-embedded tissue 

biopsies of primary gastric MALT lymphomas (Liu 2002a). The assay was 

determined to be very sensitive as the translocation was detected from as few as 

100 micro-dissected cells (Liu 2002b). 
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Fig. 5.1 Schematic diagram of the API2 and MALT1 genes. 
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Arrowheads indicate position of the breakpoints, a-h, and their frequency . The 
position of the primers, p-S, p-AS 1, p-AS2 and p-AS3, used to detect the 
t(11;18)(q21;q21) translocation product by PCR is shown. BIR = baculovirs 
IAP repeat; CARD = caspase recruitment domain; DD = death domain. Adapted 
from Isaacson 2005. 

Fig. 5.2. Schematic diagram showing examples of the API2-MALT1 fusion 

transcripts. 
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EXI>ected aml>licon size 
(detected by l>rimers): 

81 bp (p-slp-AS1 ) 338bp (p-slp-AS2) 

65bp (p-slp-AS2) 374bp (p-slp-AS3) 

98bp (p-slp-AS3) 

71 bp (p-slp-AS3) 

The API2-MALTl fusion transcripts detected by the three primer mixes and the 
expected amplicon size. If sufficient length of cDNA is present the fusion 
transcript generated from joining API2 breakpoint b with MALTI breakpoint e 
can be detected in mixes p-s/p-ASI (81bp amplicon) and p-s/p-AS2 (338bp). 
This is also true for the fusion of API2 breakpoint b with MALT 1 breakpoint f, 
which can be detected in mixes p-s/p-AS2 (65bp) and p-s/p-AS3 (374bp). In 
addition splice variants of the API2-MALT1 transcripts have been seen. 
Adapted from Liu 2002a. 
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5.2.3. Interpretation of the peR amplicons. 

peR products amplified from the control samples were examined before 

an assessment was made for the presence of the translocation in the clinical 

samples. Therefore, an assessment for the presence of the translocation in the 

clinical samples was made if the following was determined for the control 

samples; the presence of a 67bp product was clearly amplified from the G6PD 

peR; the expected amplicon size was detected following peR amplification of 

the positive control (known t(11; 18)(q21 ;q21) cDNA sample); the paraffin 

extraction negative control (no template) and the peR negative control (H20) 

were both clearly negative following amplification. Detection of a prominent 

amplicon of expected size in any of the three peR assays specific for the API2-

MALT1 fusion products indicated the presence of the translocation. If the 

controls did not yield the expected results then the assay was deemed invalid 

and an interpretation of the results from the clinical sample could not be made. 

In this instance, it was unknown if the biopsy sample contained the 

translocation. 

5.3. Results. 

5.3.1. Identification and frequency of the t(U;18)(q21;q21) translocation. 

Of the 55 UK GML cases, 26 samples (47%) had insufficient biopsy 

material available to perform this assessment. For the remaining 29 cases, four 

1O~ sections of malignant biopsy material were cut and assessed. Five of 

these cases (9%) failed to amplify the 67bp product from the G6PD peR. This 

indicated that insufficient RNA or cDNA quality was obtained from these 

biopsy samples and therefore it was unknown if the translocation was present in 

these five UK GML cases. Therefore overall, it was unknown if the 

translocation was present in 31 (56%) of the 55 UK GML cases. 

Of the remaining 24 samples, six (11 %) were positive for the 

t(11;18)(q21;q21) translocation. Three cases amplified the 98bp amplicon or a 

splice variant using the p-s/p-AS3 primer pair, a further two cases amplified the 

65bp amplicon using the p-s/p-AS2 primer pair and one case amplified the 81bp 

amplicon using the p-s/p-AS 1 primer pair. Figures 5.3 to 5.6 show the results 

for the UK GML cases 1 to 4. 

136 



For the remaining 18 samples (33%), all controls amplified a expected and at 

least a 67bp amplicon was detected using the G6PD assay. As no 

t(11 ; 18)(q21 ;q21) spe.cific amplicons were detected using cDNA from these 18 

cases it was assumed that the t(11 ;18)(q21;q21) translocation was not present in 

these samples. However, the method used only detects 93 % of all known 

breakpoints. 

Fig. 5.3 The G6PD assay to determine eDNA quality. 
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100bp 

75bp 
67bp arnplic on 

Samples 1-4 assessed using the G6PD peR assay. The 67bp amplicon was 
amplified from all four cDNA samples. In addition, the 151bp amplicon was 
amplified from sample 3 and weakly from sample 4. This indicated that 
'sufficient quality and quantity of cDNA was available for samples 1-4. M = 
molecular marker. peR neg = peR negative control (H20 ). neg control = no 
template negative control. 
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Fig. 5.4. PCR amplicons generated from the p-s/p-ASI primer mix. 

100bp 

75bp 

50bp 

M 2 

81 bp amplicon 

peR reagents 

3 4 

Samples 1-4 assessed using the p-s/p-AS 1 primer mix to detect the 
t(lI;18)(q21;q21) translocation. No amplicons of the expected size were 
amplified from any of samples 1-4. M = molecular marker. peR neg = peR 
negative control (H20). positive = known t(11;18)(q21;q21) positive control. 
neg control = no template negative control. 

Fig. 5.5. PCR amplicons generated from the p-s/p-AS2 primer mix. 
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Samples 1-4 assessed using the p-s/p-AS2 primer mix to detect the 
t(11;18)(q21;q21) translocation. The 65bp amplicon was amplified from sample 
1. This indicated that sample 1 was positive for the t( 11; 18)( q21 ;q21) 
translocation. No amplicons of the expected size were amplified from samples 
2-4. M = molecular marker. peR neg = peR negative control (H20). positive = 
known t( 11; 18)( q21 ;q21) positive control. neg control = no template negative 
control. 
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Fig. 5.6. peR amplicons generated from the p-s/p-AS3 primer mix. 
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Samples 1-4 assessed using the p-s/p-AS3 primer mix to detect the 
. \ 

t(11;18)(q21;q21) translocation. A splice variant of the 98bp amplicon was 
detected in sample 4. This indicated that sample 4 was positive for the 
t(11;18)(q21;q21) translocation. No amplicons of the expected size were 
amplified from samples 1-3. M = molecular marker. PCR neg = PCR negative 
control (H20). positive = known t(11;18)(q21;q21) positive control. neg control 
= no template negative control. 

The frequency of the t( 11; 18)( q21 ;q21) translocation detected in each 

population is presented in table 5.2. The frequency of this translocation was 

higher in the Netherlands GML cases (32%) compared to the German (10%) 

and the UK GML cases (11 %) . However, there was a much larger proportion of 

cases that were not tested or unknown in the German (46%) and UK GML cases 

(56%) compared to the Netherlands GML cases (28%) (table 5.2A). When only 

the cases where a result was obtained were considered, this pattern still 

prevailed and a much higher frequency of translocation positive cases were 

identified in the Netherlands GML group (23 cases, 44%) compared to the 

German (8 cases, 19%) and UK GML groups (6 cases, 25%) (table 5.2B). 
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Table 5.2. Frequency of the t(11;18)(q21;q21) translocation detected in 

each population. 

A 

translocation Netherlands GML German GML UKGML 

N (%) N (%) N (%) 

t(11; 18)(q21 ;q21) positive 23 (32%) 8 (10%) 6 (11%) 

t(11; 18)(q21 ;q21) negative 29 (40%) 35 (44%) 18 (33%) 

not tested/unknown 20 (28%) 36 (46%) 31 (56%) 

total 72 79 55 

B 

translocation Netherlands GML German GML UKGML 
N (%) N (%) N (%) 

t(11; 18)(q21 ;q21) positive 23 (44%) 8 (19%) 6 (25%) 

t(11; 18)(q21 ;q21) negative 29 (56%) 35 (81%) 18 (75%) 

total 52 43 24 

The frequency of the t( 11; 18)( q21 ;q21) translocation for all GML cases 
included in this study is shown in table A. Table B shows the frequency of the 
GML cases that were either positive or negative for the translocation. 

5.3.2. The ILl region genotypes and the presence of the t(11;18)(q21;q21) 

translocation. 

Table 5.3 shows the genotype frequencies of the SNPs within the ILl 

region in relation to the translocation positive and negative GML cases for each 

population. Although a much higher frequency of the t( 11; 18)( q21 ;q21) 

translocation was detected in the Netherlands GML cases compared to the 

German and UK GML cases (table 5.2), this did not correlate with a significant 

difference in genotype frequencies for any of the SNPs within the ILl region 

(table 5.3). 

140 



Table 5.3. Genotype frequencies of the SNPs within the ILl region in 

relation to the presence of the t(11;lS)(q2l;q2l) translocation. 

Netherlands GML German GML UKGML 

t(11; 18) translocation t(11; 18) translocation t(11; 18) translocation 
SNP pas neg P pas neg P pas neg 

IL1A-889 CT 13 11 0.39 2 8 1.00 2 6 
CC 7 9 1.00 5 19 1.00 4 9 
n 3 7 0.31 1 5 1.00 0 3 

Total 23 27 8 32 6 18 
IL1B+3953 CT 8 12 0.57 3 12 1.00 2 6 

CC 11 11 0.78 5 18 0.70 4 11 

n 4 4 1.00 0 5 0.56 0 1 
Total 23 27 8 35 6 18 

ILB-31 CT 13 14 0.78 6 15 0.13 2 13 
CC 3 2 0.65 1 2 0.47 1 0 

n 7 11 0.56 1 18 0.06 3 5 
Total 23 27 8 35 6 18 

IL1B-511 CT 13 14 0.78 5 14 0.22 2 13 
CC 7 11 0.57 1 17 0.11 3 5 
n 3 3 1.00 1 3 0.54 1 0 

Total 23 28 7 34 6 18 
IL1RN+2018 CT 6 10 0.56 4 13 0.69 2 6 

CC 2 3 1.00 0 4 0.57 0 2 
n 15 16 0.57 4 17 1.00 4 10 

Total 23 29 8 34 6 18 

P values were calculated using Fisher's Exact test. There was no significant 
difference in the genotype frequencies for any of the ILl region SNPs and the 
presence of the t(11;18)(q21;q21) translocation for any of the populations. 

In addition, the genotype frequencies for all 18 SNPs from the 14 

cytokine genes investigated did not differ significantly between translocation 

positive and translocation negative GML cases in any of the populations (data 

not shown). 

5.4. Discussion. 

There was a much higher frequency oft(lI;18)(q21;q21) 

translocation positive cases within the Netherlands GML group compared to 

the German and UK GML groups. Therefore, there was clinical 

heterogeneity between the Netherlands GML group and the German and UK 

GML groups. Thus, the selection of the Netherlands GML cases may have 

been biased towards patients with a poor response to H. pylori eradication as 

a form of treatment compared to the German and UK GML cases. This 

difference in the GML cases may have influenced the significant differences 

detected in the ll..,l genotype frequencies identified in the Netherlands 
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population but not in the German or UK populations. However, a direct 

association between the presence of the t01;18)(q21;q21) translocation and 

the SNPs within the ILl region was not identified. 
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Chapter 6: Final conclusions. 

6.1. Infection and susceptibility to disease. 

Susceptibility to infection and the severity of ensuing disease is 

dependent on several factors including environmental and microorganism based 

variables. However, studying only the environmental and virulence factors of 

the microorganism cannot explain differences in the course of an infection 

between individuals. The role of host genetics, particularly genes encoding 

immune mediators, provides insight into infection and the development and 

severity of disease (Coussens 2002). Evidence is accumulating that both the 

infectious agent and the host immunogenetic background contribute to the 

disease outcome following infection. 

Infection with Helicobacter pylori has been associated with several 

upper gastrointestinal diseases, including distal gastric adenocarcinoma, gastric 

and duodenal ulcer disease and primary gastric extra-nodal marginal zone B-cell 

(MALT) lymphoma (GML). Several H. pylori virulence genes, such as cagA, 

have been identified and associated with an increased risk of developing severe 

gastritis, atrophic gastritis, both gastric and duodenal ulcers (Nomura 2002a) 

and distal gastric adenocarcinoma (Nomura 2002b). However, most individuals 

infected with H. pylori do not develop severe disease, strongly indicating that 

host factors are also involved in disease development. 

There is growing evidence that regulatory polymorphisms outside the 

exonic regions are important modulators of gene expression (Wray 2003). 

Regulatory polymorphisms can be classified as either cis-acting (present in or 

near the locus of the gene it regulates such as a transcription-factor binding site) 

or trans-acting (a polymorphism in one gene affecting the expression of another 

gene). Several groups have performed genome-wide analysis of the variability 

in gene expression in humans (Cheung 2003; Morley 2004). By examining the 

variation in gene expression these groups have identified genes whose transcript 

levels differed greatly among unrelated and related individuals. Furthermore, 

they found evidence for familial aggregation of the expression phenotype using 

monozygotic twins, siblings and family members. This variation in expression 

was associated with both cis and trans-acting markers at the population and 

familial level (Morley 2004). In addition, SNPs contributed to the variation in 
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human gene expression. Genetic polymorphisms can be assessed using reporter 

gene assays in which cells are transiently transfected with allele or SNP

specific promoter constructs. A review of these studies confirmed that 

functionally significant polymorphisms were located in the proximal regulatory 

promoter regions of genes and 3' untranslated regions (Rockman 2002). These 

functional polymorphisms included sites that affected the binding of 

transcription factors. Notably, the transcription factors, SpI, Oct-I, NF-KS, 

GATA and USF, which all showed variation of binding using gel shift assays 

(reviewed in Knight 2005). Rockman and Wray (2002) estimate that humans are 

heterozygous at more functional cis-acting sites than at amino acids positions, 

with 10,700 functional bi-allelic cis-regulating polymorphisms in an individual. 

A recent study found that 34% of promoter polymorphisms significantly 

modulated reporter gene expression more than 1.5 fold (Hoogendoorn 2003). 

The effects of functional polymorphisms in genes, particularly genes 

encoding cytokines and chemokines, on the outcome of infection are providing 

information concerning the susceptibility to and severity of infection and 

disease. Indeed, EI-Omar (2003) has shown in several populations that 

individuals with cis-acting regulatory polymorphisms within promoter regions 

of cytokine genes that are believed to enhance a pro-inflammatory immune 

response following H. pylori infection have a greater risk of developing distal 

gastric adenocarcinoma. Furthermore, possession of multiple pro-inflammatory 

polymorphisms in TNF, ILIB, ILIRN, and ILIO genes conferred the greatest 

risk (OR of 2.8 for one, 5.4 for two, 27.3 for three or four high risk genotypes), 

indicating that a genetic pro-inflammatory cytokine profile increases the risk of 

distal gastric adenocarcinoma in response to H. pylori infection. 

In contrast to gastric adenocarcinoma, a malignancy of gastric epithelial 

cells, GML, a MALT lymphoma, develops from the acquired extra-nodal 

mucosa-associated lymphoid tissue that develops following chronic infection 

with H. pylori. MALT lymphomas develop in extra-nodal sites, which in the 

absence of infection are normally devoid of organised lymphoid tissue. 

Evidence indicates that MALT lymphomas are associated with chronic antigenic 

stimulation by microbial pathogens and/or autoantigens. A scenario involving 

chronic and sustained stimulation of the immune system leading to lymphoid 
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transformation has emerged. It defines a distinct category of infection-associated 

lymphoid malignancies, in which the infectious agent does not directly infect 

and transform lymphoid cells, such as the oncogenic Epstein-Barr virus, but 

rather indirectly increases the probability of lymphoid transformation by 

chronically stimulating the immune system to maintain a protracted proliferative 

state. Sustained activation of the lymphoid system and lymphocyte proliferation, 

which can be observed during chronic infection, increases the risk of 

transformation and constitutes a risk factor for lymphomas. Infections may 

contribute to lymphomagenesis by promoting favourable conditions for 

lymphocyte transformation, such as increased proliferation, decreased apoptosis 

of lymphoid cells and a highly toxic environment that can cause DNA damage 

due to the presence of ROI and RNI during chronic inflammation. These 

conditions favour the occurrence of oncogenic DNA damage in proliferating 

lymphocytes (Coussens 2002). The intrinsic genetic instability of B-cells during 

isotype class-switching and somatic hypermutation also increases the risk of 

transformation (Goossens 1998; Greeve 2003). 

Gastric inflammation and development of acquired MALT are a 

prerequisite for the development of GML. In addition, the topography of 

inflammation is associated with clinical outcome and GML is associated with 

pangastritis. Cytokines playa crucial role in regulating inflammation, are 

essential for the development of acquired MALT and modulate gastric 

physiological responses following infection. Therefore, cytokines playa key 

role in all of these pre-clinical sequelae of GML. In addition, there is individual 

variation in the level of expression of cytokines and some of this variation is 

due to cis-acting polymorphisms in the promoter regions of cytokine genes. 

Inter-individual differences in the level of cytokine expression may lead to 

differences in the immune response to an infection. In this case-control 

association study, polymorphisms in cytokine genes that are thought to 

influence the inflammatory process in response to infection were investigated to 

determine if host cytokine polymorphisms influenced the development of GML 

following H. pylori infection and if these polymorphisms were associated with 

the presence or absence of the t( 11; 18)( q21 ;q21) translocation. 
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6.2. Significance in case-control association studies. 

Complex diseases do not exhibit classical Mendelian patterns of 

inheritance and it is harder to identify causal genes due to several factors. 

Disease development is likely to be influenced by multiple genetic as well as 

environmental factors. There may be incomplete penetrance where subjects 

inheriting a disease gene do not develop the disease. In addition, phenocopy 

may affect the ability to identify causal genes as more than one gene may cause 

the disease trait. All of these problems will reduce the power to identify causal 

genes. Genetic linkage and positional cloning are appropriate methods for the 

identification of relatively high-risk genes, but this approach has not been 

successful for the identification of genes in complex forms of polygenic 

diseases, such as infectious-disease susceptibility and severity. However, allelic 

association studies do provide the most powerful method for locating genes of 

small effect contributing to complex diseases (Daniels J, 1998). Candidate gene 

studies can detect small to moderate relative risks in the context of aetiological 

and genetic heterogeneity by studying the relevance of functional single 

nucleotide polymorphisms (SNPs) in genes. 

The power of a study is the probability that a study will detect an effect 

of a particular size. Overall, the study presented in this thesis, comparing 203 

cases with 568 controls, had 80% power to detect a risk of disease of at least 1.5 

to carriers of an allele compared to non-carriers, for all SNPs with a lowest 

allele frequency of 20% or higher. Overall, the detectable risk varies from 1.2 

for ll.,8-251 SNP to 4 for TNF-376 SNP. However, for the individual 

populations, German, Netherlands or UK, the detectable risk varies from 1.4 for 

IL8-251 to 7 for TNF-376. In addition, the study was designed to identify trends 

across all three populations that may indicate a locus is associated with the 

development of GML, rather than a statistical significant result. However, none 

of the cytokine polymorphisms investigated were significantly associated with 

the development of primary gastric extra-nodal marginal zone B-cell (MALT) 

lymphoma subsequent to H. pylori infection in all three European populations. 

In addition, there was no trend towards significance in all three popUlations to 

indicate any of the SNPs investigated were associated with development of 

disease. Therefore, the SNPs investigated do not have a major influence in the 

development of GML subsequent to H. pylori infection. This is in accordance 
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with the study by S. Hellmig et al (2004), and confirms the conclusion that the 

pro-inflammatory cytokine polymorphisms that favour the development of 

gastric adenocarcinoma do not appear to have a major influence in the 

development of GML subse"quent to H. pylori infection. However, this does not 

exclude a role of the cytokine in the development of this disease. Investigation 

of SNPs that span the entire gene and its promoter is required to fully evaluate 

the influence of a particular cytokine in the development of this disease. Until 

the full extent of the polymorphisms within a cytokine gene and their influence 

on expression and functional activity are determined, then the SNPs required to 

be investigated to determine a cytokine' s role in the development of disease will 

remain controversial. 

Selection of the phenotype of cases and controls is critical to the success 

of identifying causal genes. If the cases include a heterogeneous collection of 

aetiologies for a complex disease, then the power to detect significant 

association is reduced. Similarly, if the control group are affected but 

undiagnosed or pre-clinical, again power is reduced. In this study, cases were 

selected as low-grade primary gastric extra-nodal marginal zone B-cell (MALT) 

lymphoma from the Netherlands, Germany and the UK. The controls were 

confirmed H. pylori gastritis cases with no indication of atrophy, gastric 

adenocarcinoma or MALT lymphoma. However, in chapter 5 clinical 

heterogeneity in the GML cases was identified, as a much higher proportion of 

Netherlands cases (44%) were t(11; 18)( q21 ;q21) translocation-positive 

compared to the German and UK GML cases (19% and 25%, respectively). 

Studies by H. Liu et al (2002a) identified that the majority of primary GML 

patients who are negative for this translocation respond to H. pylori eradication 

resulting in regression of the lymphoma. In translocation-positive GML patients 

the lymphoma does not regress in response to H. pylori eradication. In addition, 

in translocation-positive patients the lymphoma is more likely to have spread to 

local lymph nodes and distal sites, whereas in translocation-negative cases the 

lymphoma tends to remain localised in the stomach. Thus, the t(11;18)(q21;q21) 

translocation is associated with adverse clinical features. This difference 

between the Netherlands GML cases and the German and UK GML cases may 

have influenced the significant differences identified in the genotype 

frequencies for the IL1-889 and IL1+3953 SNPs (P= 0.005 and 0.006, 
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respectively) detected for the Netherlands population but not the German or UK 

populations. However, a direct association between the ILl SNPs and the 

presence of the translocation was not detected when analysed in chapter 5. The 

levels ofthe significant differences identified for the ILl-889 and ILl+3953 

SNPs (p= 0.005 and 0.006, respectively) in the Netherlands population are 

unlikely to be due to spurious associations. Case-control association studies can 

be susceptible to spurious associations, which are due to differences in 

population stratification between cases and controls, such as age, sex, ethnicity 

and exposure to environmental factors and that the selection of the cases are 

more related to each other than the control group. Therefore, the risk of 

confounding factors must be removed and controls and clinical cases selected 

from the same population. Significant differences between the Netherlands 

cases and controls seem unlikely as the allele frequencies for the control group 

where not significantly different from the German or UK control groups, or 

significantly different from the Netherlands cases for the majority of SNPs 

investigated. As in any statistical test, false positives or false negatives may 

result by chance. However, the level of significance identified for the IL1A-889 

and IL1B+3953 SNPs in the Netherlands population is unlikely to have 

occurred by chance. Although ideally, due to multiple testing (18 tests) on a 

single data set, any statistical significance should be adjusted for multiple 

comparisons. Bonferroni correction can be applied to correct for multiple 

comparisons, and under these circumstances the differences in the genotype 

frequencies for the ILlA-889 and IL1B+3953 SNPs are not statistically 

significant (P= 0.09 and 0.1, respectively). However, Bonferroni correction is 

very strict and may result in loss of a weak association. In addition, the 

appropriate correction for multiple statistical comparisons remains unclear for 

case - control association studies (reviewed in Silverman 2000). Therefore, in 

the design of this study we considered looking for trends in the three 

populations to indicate a SNP was associated with development of disease, 

rather than a true significant result. However, the difference in the frequency of 

the t(11;l8)(q2l;q21) translocation between the three GML populations may 

have reduced the power of this study. Therefore, to clarify this result the SNPs 

within the ILl gene region require further investigation in a second study of 

known t(11; 18)( q2l ;q21) translocation-positive and translocation-negative 
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GML cases. Ideally, to ensure the risk of confounding factors are minimised, 

cases and controls should be age-, sex- and ethnicity-matched. 

It is unknown if the significant differences identified for the Netherlands 

and UK populations within the TNF and LTA region are due to chance or 

reflect an influence of this gene region in the development of GML. LTA+252 

GG genotype was decreased in the Netherlands GML patients (2.9%) compared 

to their control group (13.5%) (P=O.OI). A significant difference in genotype 

frequencies was also identified in the UK group, as LTA+252 AA was 

decreased in patients (23.1 %) compared to the gastritis control group (41.5%) 

(P=0.02). However, these differences were not consistent between the three 

popUlations. A decrease in the LTA+252 GG frequency in the Netherlands 

GML patients is inconsistent with a decrease in the LTA+252 AA frequency in 

the UK GML patients. In addition, no significant differences were identified in 

the German group for the LTA+252 SNP. Furthermore, no significant 

differences in the TNF-308 or -376 genotype frequencies were identified for any 

population. This contrasts with other studies where systemic release of TNFa 

and LTa has been found to be associated with the development of (Spink 2006; 

Rothman 2006) and severity of non-Hodgkin's lymphoma (NHL) (Warzocha 

1998; Juszczynski 2002). However in contrast to this study, cases were mainly 

follicular and diffuse large B-celllymphoma patients (DLBCL). Warzocha et al 

(1998) showed patients with high circulating levels of TN Fa and LTa, and high 

TNFa plasma levels were associated with poorer disease outcome. The TNF-

308A allele was significantly associated with higher plasma levels of TNFa at 

diagnosis. Recently a study by the International Lymphoma Epidemiology 

Consortium on 3586 cases ofNHL and 4018 controls of European descent, 

identified TNF-308A was associated with increased risk for DLBCL (P<O.OOOI, 

OR=1.65, CI=1.16-2.34) the main histological subtype studied, but not for 

follicular lymphoma (Rothman 2006). In addition, Spink et al (2006) identified 

that TNF haplotypes were associated with disease risk. The TNF/LT A gene 

region shows genetic variation and is associated with susceptibility to a number 

of infectious and autoimmune conditions, as well as NHL. Stable 'high' and 

'low' TNFa producers can be identified in populations and is dependent on a 

genetic component. However, this region shows a complex pattern of 
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haplotypes and the exact functional polymorphisms remain extremely 

controversial and appear highly context specific, depending on the cell type and 

stimulus. It is important to understand the full haplotype structure if 

fundamental effects of regulatory SNPs are to be resolved and disease 

associations finely mapped (reviewed in Knight 2005). Defining specific 

functional regulatory polymorphisms remains problematic and no doubt has 

contributed to the differences in results of association studies. There is difficulty 

in fine mapping the functional polymorphism due to linkage disequilibrium and 

the complex pattern of haplotypes of some loci. In addition, the experimental 

tools available to resolve the effects of non-coding sequence variation on gene 

expression are often highly influenced by the cell type, stimulus and 

environmental conditions (Rockman 2002). This results in difficulty in defining 

the specific functional polymorphism(s) at the experimental level. For example, 

the presence of the Duffy blood group antigen on the surface of erythrocytes is 

essential for invasion of the malarial parasite Plasmodium vivax. Individuals 

who lack the Duffy protein are protected from malaria caused by this parasite 

(Horuk 1993). The molecular basis for this protection was found to be due to a 

SNP at nucleotide position -46, located in the promoter region of the FY gene. 

In the presence of the T to C SNP, the binding site for the transcription factor 

GATA-1 was disrupted (Tournamille 1995). Individuals that posses this allele 

do not express the Duffy protein on erythrocytes but do express it on all other 

cell types. This arises because GAT A-I is a transcription factor specific for 

erythrocytes and therefore, this SNP only causes a functional change in this 

specific cell. Thus, the functional effect of the SNP is only detected in 

erythrocytes. 

Therefore, the inconsistent results in our study for the LTA+252 SNP 

requires exploration in a larger study group of known translocation status 

patients. Ideally, examination of the TNFIL T A extended haplotype should be 

performed to clarify the role of this region in the development of GML and to 

determine if the results of this study are due to chance. 
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6.3. Development of GML. 

Therefore, what factors favour the development of GML subsequent to 

H. pylori infection? This study has shown that the polymorphisms investigated 

are unlikely to have a major influence in the development of GML. However, 

the role of the ll.J gene region and the presence of the t(11; 18)( q21 ;q21) 

translocation remains to be evaluated. This is in contrast to the development of 

distal gastric adenocarcinoma (EI Omar 2000 and 2003). This indicates that 

although both malignancies require the same pre-clinical sequaele of chronic 

inflammation, acquired MALT and pangastritis, the events leading to 

transformation are potentially different. Epidemiological evidence strongly 

supports a causal role for H. pylori in gastric carcinogenesis. The infection was 

recognized as a Class I human carcinogen by the International Agency for 

Research on Cancer in 1994. However, the bacterium does not induce 

carcinogenesis by itself. The present scientific consensus, for both GML and 

distal gastric adenocarcinoma, is that the bacterial oncogenic role is mediated by 

the chronic active inflammation it elicits in the gastric mucosa (Correa 2006; 

Suarez 2006). Although the ultimate basic mechanism of carcinogenesis is 

unknown, strongly suggestive evidence points to oxidative stress as having a 

pivotal role in the process of gastric adenocarcinoma (Correa 2006). Correa has 

proposed the 'atrophy-metaplasia-dysplasia-carcinoma' model leading to 

development of distal gastric adenocarcinoma, which can be described as a 

series of sequential phases. Initially, chronic active inflammation occurs in 

response to H. pylori infection. Infiltration of the gastric mucosa by 

polymorphonuclear neutrophils, the development of mucosa-associated 

lymphoid tissue and damage to the epithelial cells, characterize this phase. The 

second phase is dominated by alterations of the epithelial cell cycle, especially 

increased rates of apoptosis and cell proliferation. During the third phase 

nuclear and architectural abnormalities develop, which represent progressive 

mutational events as expected in classical molecular models of carcinogenesis. 

Thus, in the presence of a continuing antigen drive, chronic pro-inflammatory 

immune response and a lower acid environment, greater bacterial colonisation 

of the gastric epithelium results in pangastritis and a high epithelium turnover. 

These conditions favour the development of distal gastric adenocarcinoma. In 

addition, bacterial virulence factors (cagPAI, VacA, BabA), which are 
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associated with enhanced inflammation, are risk factors for the development of 

distal gastric adenocarcinoma. 

Following chronic infection and development of acquired MALT, 

survival and selection of the B-cells is determined by the B-cell antigen receptor 

(BCR) specificity, ligation of co-receptors and cytokine-receptor signal 

transduction. In the presence of persisting antigens a polyclonal B-cell response 

is elicited. The mature B-cells are heterogeneous with respect to their micro

anatomic location in the lymphoid organs and functional properties (reviewed in 

Shapiro-Shelef 2005). Follicular B-cells constitute the major subset of B-cells 

and participate in T-cell dependent immune responses in the germinal centre 

(GC), where they receive help from antigen-specific T -cells through specific 

receptors such as CD40-CD40L engagement. The GC reaction leads to isotype 

class-switched B-cells with somatic hypermutations (SHM) in their 

immunoglobulin gene segments. These B-cells differentiate into either plasma 

cells secreting high-affinity antibody or memory B-cells. In contrast, the 

marginal zone (MZ) which surrounds B-cell follicles in the spleen and in extra

nodal lymphoid tissue, contains a distinctsubset of B-cells, the marginal zone 

B-cells (IgMhigh IgDlow CD21 high CD231ow/
-). MZ B-cells are generally believed 

to participate in T-cell independent immune responses to microbial pathogens. 

The specificity of their BCR is skewed towards recognition of T-cell 

independent antigens, although they can participate in T-cell dependent immune 

responses (Weller 2005). They contribute significantly to the immunity of 

invasive infections with polysaccharide-encapsulated bacteria (Guo 1997; 

Benedict 1999; Guinamard 2000). Unlike follicular B-cells, they respond 

rapidly to lipopolysaccharide, CD40 ligation or cross-linking of their BCR 

(Snapper 1993; Oliver 1999). This property, together with their 'activated' 

phenotype of CD21 high CD35high and CD2310w (Gray 1984; Snapper 1993; Oliver 

1999; Morse 2001) suggest MZ B-cells are equipped to react immediately to 

pathogens. Upon recognition of antigen, they rapidly proliferate and 

differentiate into primarily IgM-secreting plasma cells, producing the bulk of 

the primary antibody response. There is evidence that their BCR maybe poly

reactive (Dammers 2005). However, in contrast to rodent MZ B-cells, over 90% 

of adult human MZ B-cells are somatically mutated. This has resulted in the 

development pathway of MZ B-cells to be strongly debated (Weller 2005; 
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Willenbrock 2005). However, there is evidence that recruitment and selection of 

MZ B-cells can occur in the absence of exogenous antigen and may occur early 

in B-cell development by low affinity self-antigens (Dammers 2005; Wen 

2005). 

The neoplastic cells from MALT lymphomas exhibit features of MZ B

cells from which they are thought to have derived. In MALT lymphomas, the 

MZ is expanded and surrounds residual GCs. Strikingly, neoplastic B-cells from 

GML are not specific for H pylori antigens but rather for auto-antigens found in 

the gastric mucosa. These auto-reactive B-cells are thought to receive cognate 

help from H pylori-specific T -cells displaying cross-reactivity with gastric auto

antigens. Interestingly, the clonal B-cells were present in the gastritis years 

before the clinical emergence of the lymphoma (Zucca 1998). Therefore, what 

triggered them to become malignant? Proliferation of cells alone does not cause 

cancer. However, sustained cell proliferation in an environment rich in 

inflammatory cells, growth factors and DNA-damage promoting agents all 

increase neoplastic risk. These cells continue to proliferate in a 

microenvironment that supports their growth and survival. Suarez et al (2006) 

have described a model for the development of MALT lymphomas, which 

manifest initially as indolent low-grade proliferations. Co-stimulation is 

provided by cytokines and members of the tumour necrosis factor superfamily 

such as CD40-CD40L in T -cell-dependent responses and B-cell activating 

factor (BAFF) primarily produced by dendritic cells in T -cell-independent 

responses. In the case of H pylori, T -cells specific for H pylori epitopes provide 

help to B-cells that recognize cross-reactive auto-antigens present in the gastric 

mucosa such as fucosylated sialyl-Lewis x through CD40-CD40L co

stimulation. Pathogens have selected countless mechanisms allowing them to 

persist in the host and colonize their specific niches. Molecular mimicry, a 

situation in which microbial pathogens express antigenic motifs shared with the 

host, is a mechanism that favours microbial persistence in the tolerogenic 

immune system towards auto-antigens. Several H pylori antigens resemble auto

antigens, notably the fucosylated Lewis antigens expressed on the surface of the 

gastric mucosa. 

Occurrence of genetic events provides a selective advantage leading to 

the outgrowth of an antigen-responsive clone. Antigen dependence reflects the 
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requirement for BCR signals and activation of the NF-nB pathway for cell 

survival (reviewed in Thome 2004). Development of antigen-independent 

MALT lymphoma is associated with the presence of the t(11; 18)(q21 ;q21) 

translocation. This results in the ability of neoplastic B-cells to proliferate in an 

antigen-independent fashion. The t(11; 18)(q21 ;q21), t(1; 14)(p22;q32) and 

t(14;18)(q32;q21) translocations appear to affect the NF-HB signalling pathway, 

resulting in activation ofNF-KB (Lucas 2001). Furthermore, Zhou et al (2006) 

have compared the chromosomal abnormalities in translocation negative and 

translocation-positive GML cases using comparative genomic hybridisation. In 

general, both chromosomal gains and losses were far more frequent in t( 11; 18)

negative (median = 3.4 imbalances) than t(U;18)-positive cases (median = 1.6 

imbalances), with gains being more frequent than losses. Recurrent 

chromosomal gains involving whole or major parts of a chromosome were seen 

for chromosomes 3, 12, 18 and 22 (23%, 19%, 19% and 27% respectively) and 

discrete recurrent chromosomal gains were found at 9q34 (11126 = 42%). In 

addition, bioinformatic analysis of genes mapping to the 9q34 region revealed 

potential targets. Among them, TRAF2 and CARD9 are known interaction 

partners of BCL10, playing a role in NF-KB activation. Interphase fluorescent 

in-situ hybridisation confirmed genomic gain of the TRAF2, CARD9 and 

MALT 1 loci in 5/6 and 212 cases showing chromosomal gains at 9q34 and 

18q21 respectively. These results suggest that genomic gain of genes that 

modulate NF-KB activation, such as MALT1, TRAF2 and CARD9, may playa 

role in the pathogenesis of translocation-negative GML (Zhou 2006). 

Therefore, these studies suggest a role of NF-KB activation in not only 

the progression but also the development of GML. In addition, mice deficient or 

mutated for CARMA 1 , BCL10 and MALT 1, components of NF-KB signalling 

pathway, have apparently normal development of immature B-cells but the 

differentiation into MZ B-cells is markedly affected (Thome 2004). This 

indicates that signalling from the BCR via these molecules is required for the 

development of MZ B-cells. In addition, specific NF-KB family members have 

crucial roles in the development of MZ B-cells, as mice deficient in the p50 

subunit ofNF-KB have markedly reduced numbers of MZ B-cells. The 

molecular function of the NF-KB family members with respect to generation and 

survival of MZ B-cells is not understood (reviewed in Thome 2004) but 
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possibly involve the activation of transcriptional tmgets following ligation of 

the BCR and/or survival regulating TNF family members such as BAFF. 

Therefore, a reduced threshold for triggering proliferation may pre-dispose MZ 

B-cells to neoplasia and mutations in genes regulating apoptosis, such as the 

anti-apoptotic role of the NF-K8 pathway, may lead to malignancy (Morse 

2001). 

In conclusion, a role for human genetic variation in the pathogenesis of 

GML remains elusive. 

, ' 
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Appendix A: Examples of the eighteen 5' nuclease assays. 

1) ILIB-511 assay. 
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3) ILl +3953 assay. 
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4) ILIA-889 assay. 
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6) JL4-590 assay_ 
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7) ll.6-174 assay_ 
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8) IL8-251 assay. 

9) ILlO-592 assay. 
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10) IL12B+1188 assay. 
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12) IL18-607 assay . 
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13) TNF-308 assay. 
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14) TNF-376 assay. 
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16) IFNG+874 assay. 
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18) TGFB-509 assay. 
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